
Assessment of 
Nutrient Intakes

Clare Collins and Sharon Kirkpatrick

www.mdpi.com/journal/nutrients

Edited by

nutrients

Printed Edition of the Special Issue Published in Nutrients



Clare Collins and Sharon Kirkpatrick (Eds.) 
 

 
Assessment of Nutrient Intakes 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



This book is a reprint of the Special Issue that appeared in the online, open access 
journal, Nutrients (ISSN 2072-6643) from 2014–2016, available at: 

http://www.mdpi.com/journal/nutrients/special_issues/assessment-nutrient-
intakes 
 
 
Guest Editors 
Clare Collins 
Priority Research Centre in Physical Activity and Nutrition, Faculty of Health, 
School of Health Sciences, University of Newcastle 
Australia 
 
Sharon Kirkpatrick 
School of Public Health and Health Systems, University of Waterloo 
Canada 
 
Editorial Office                                Publisher                                   Senior Assistant Editor 
MDPI AG                                       Shu-Kun Lin                            Xiaocen Zhang 
St. Alban-Anlage 66 
Basel, Switzerland 
 
 
 
 
1. Edition 2017 
 
MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade 
 
ISBN 978-3-03842-288-4 (Hbk) 
ISBN 978-3-03842-289-1 (PDF) 
 
 
 
 
Articles in this volume are Open Access and distributed under the Creative Commons 
Attribution license (CC BY), which allows users to download, copy and build upon 
published articles even for commercial purposes, as long as the author and publisher are 
properly credited, which ensures maximum dissemination and a wider impact of our 
publications. The book taken as a whole is © 2017 MDPI, Basel, Switzerland, distributed 
under the terms and conditions of the Creative Commons by Attribution (CC BY-NC-ND) 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/). 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.mdpi.com/journal/nutrients/special_issues/assessment-nutrient-intakes


 
 

III 

 

Table of Contents 
 
List of Contributors ........................................................................................................... IX 

About the Guest Editors ................................................................................................ XIX 

Preface to “Assessment of Nutrient Intakes” ............................................................. XXI 

Section 1: Development and Evaluation of Measures to Collect 
Dietary Data from Populations across the Lifecycle and  
across Contexts 

Ghada Asaad, Maryam Sadegian, Rita Lau, Yunke Xu, Diana C. Soria-Contreras, 
Rhonda C. Bell and Catherine B. Chan 
The Reliability and Validity of the Perceived Dietary Adherence Questionnaire for 
People with Type 2 Diabetes 
Reprinted from: Nutrients 2015, 7(7), 5484–5496 
http://www.mdpi.com/2072-6643/7/7/5231 ...................................................................... 3 

Bryna Shatenstein and Hélène Payette 
Evaluation of the Relative Validity of the Short Diet Questionnaire for Assessing 
Usual Consumption Frequencies of Selected Nutrients and Foods 
Reprinted from: Nutrients 2015, 7(8), 6362–6374 
http://www.mdpi.com/2072-6643/7/8/5282 .................................................................... 17 

Janine L. Wright, Jillian Sherriff, John Mamo and Jane Scott 
Validity of Two New Brief Instruments to Estimate Vegetable Intake in Adults 
Reprinted from: Nutrients 2015, 7(8), 6688–6699 
http://www.mdpi.com/2072-6643/7/8/5305 .................................................................... 30 

Tracy L. Burrows, Melinda J. Hutchesson, Megan E. Rollo, May M. Boggess, 
Maya Guest and Clare E. Collins 
Fruit and Vegetable Intake Assessed by Food Frequency Questionnaire and 
Plasma Carotenoids: A Validation Study in Adults 
Reprinted from: Nutrients 2015, 7(5), 3240–3251 
http://www.mdpi.com/2072-6643/7/5/3240 .................................................................... 42 



 
 

IV 

 

Jun S. Lai, John Attia, Mark McEvoy and Alexis J. Hure 
Biochemical Validation of the Older Australian’s Food Frequency Questionnaire 
Using Carotenoids and Vitamin E 
Reprinted from: Nutrients 2014, 6(11), 4906–4917 
http://www.mdpi.com/2072-6643/6/11/4906 .................................................................. 55 

Tanisha F. Aflague, Carol J. Boushey, Rachael T. Leon Guerrero, Ziad Ahmad, 
Deborah A. Kerr and Edward J. Delp 
Feasibility and Use of the Mobile Food Record for Capturing Eating Occasions 
among Children Ages 3–10 Years in Guam 
Reprinted from: Nutrients 2015, 7(6), 4403–4415 
http://www.mdpi.com/2072-6643/7/6/4403 .................................................................... 67 

Megan E. Rollo, Susan Ash, Philippa Lyons-Wall and Anthony W. Russell 
Evaluation of a Mobile Phone Image-Based Dietary Assessment Method in Adults 
with Type 2 Diabetes 
Reprinted from: Nutrients 2015, 7(6), 4897–4910 
http://www.mdpi.com/2072-6643/7/6/4897 .................................................................... 82 

Amelia J. Harray, Carol J. Boushey, Christina M. Pollard, Edward J. Delp,  
Ziad Ahmad, Satvinder S. Dhaliwal, Syed Aqif Mukhtar and Deborah A. Kerr 
A Novel Dietary Assessment Method to Measure a Healthy and Sustainable Diet 
Using the Mobile Food Record: Protocol and Methodology 
Reprinted from: Nutrients 2015, 7(7), 5375–5395 
http://www.mdpi.com/2072-6643/7/7/5226 .................................................................... 96 

Yasmine Probst, Duc Thanh Nguyen, Minh Khoi Tran and Wanqing Li 
Dietary Assessment on a Mobile Phone Using Image Processing and Pattern 
Recognition Techniques: Algorithm Design and System Prototyping 
Reprinted from: Nutrients 2015, 7(8), 6128–6138 
http://www.mdpi.com/2072-6643/7/8/5274 .................................................................. 119 

  



 
 

V 

 

Michelle C. Carter, Salwa A. Albar, Michelle A. Morris, Umme Z. Mulla,  
Neil Hancock, Charlotte E. Evans, Nisreen A. Alwan, Darren C. Greenwood, 
Laura J. Hardie, Gary S. Frost, Petra A. Wark and Janet E. Cade 
Development of a UK Online 24-h Dietary Assessment Tool: myfood24 
Reprinted from: Nutrients 2015, 7(6), 4016–4032 
http://www.mdpi.com/2072-6643/7/6/4016 .................................................................. 131 

Deborah A. Kerr, Janine L. Wright, Satvinder S. Dhaliwal and Carol J. Boushey 
Does an Adolescent’s Accuracy of Recall Improve with a Second 24-h  
Dietary Recall? 
Reprinted from: Nutrients 2015, 7(5), 3557–3568 
http://www.mdpi.com/2072-6643/7/5/3557 .................................................................. 150 

Section 2: Advances in Biomarkers and Metabolomics 

Natasha Tasevska 
Urinary Sugars—A Biomarker of Total Sugars Intake 
Reprinted from: Nutrients 2015, 7(7), 5816–5833 
http://www.mdpi.com/2072-6643/7/7/5255 .................................................................. 165 

Hong Zheng, Morten R. Clausen, Trine K. Dalsgaard and Hanne C. Bertram 
Metabolomics to Explore Impact of Dairy Intake 
Reprinted from: Nutrients 2015, 7(6), 4875–4896 
http://www.mdpi.com/2072-6643/7/6/4875 .................................................................. 184 

Section 3: Comparisons of Food Consumption Data and  
Statistical Methods 

Willem De Keyzer, Tatiana Bracke, Sarah A. McNaughton, Winsome Parnell, 
Alanna J. Moshfegh, Rosangela A. Pereira, Haeng-Shin Lee, Pieter van't Veer, 
Stefaan De Henauw and Inge Huybrechts 
Cross-Continental Comparison of National Food Consumption Survey Methods—
A Narrative Review 
Reprinted from: Nutrients 2015, 7(5), 3587–3620 
http://www.mdpi.com/2072-6643/7/5/3587 .................................................................. 207 



 
 

VI 

 

Greice H. C. Laureano, Vanessa B. L. Torman, Sandra P. Crispim,  
Arnold L. M. Dekkers and Suzi A. Camey 
Comparison of the ISU, NCI, MSM, and SPADE Methods for Estimating Usual 
Intake: A Simulation Study of Nutrients Consumed Daily 
Reprinted from: Nutrients 2016, 8(3), 166 
http://www.mdpi.com/2072-6643/8/3/166 .................................................................... 242 

Section 4: Application of Dietary Assessment Methods to Enhance 
Our Understanding of Dietary Intakes among Populations 

Ariana Ferrari, Aline Martins de Carvalho, Josiane Steluti, Juliana Teixeira, 
Dirce Maria Lobo Marchioni and Samuel Aguiar Jr. 
Folate and Nutrients Involved in the 1-Carbon Cycle in the Pretreatment of 
Patients for Colorectal Cancer 
Reprinted from: Nutrients 2015, 7(6), 4318–4335 
http://www.mdpi.com/2072-6643/7/6/4318 .................................................................. 259 

Stephanie M. Ramage, Linda J. McCargar, Casey Berglund, Vicki Harber, 
Rhonda C. Bell and the APrON Study Team 
Assessment of Pre-Pregnancy Dietary Intake with a Food Frequency 
Questionnaire in Alberta Women 
Reprinted from: Nutrients 2015, 7(8), 6155–6166 
http://www.mdpi.com/2072-6643/7/8/5277 .................................................................. 279 

Haruno Nishimuro, Hirofumi Ohnishi, Midori Sato,  
Mayumi Ohnishi-Kameyama, Izumi Matsunaga, Shigehiro Naito,  
Katsunari Ippoushi, Hideaki Oike, Tadahiro Nagata, Hiroshi Akasaka, 
Shigeyuki Saitoh, Kazuaki Shimamoto and Masuko Kobori 
Estimated Daily Intake and Seasonal Food Sources of Quercetin in Japan 
Reprinted from: Nutrients 2015, 7(4), 2345–2358 
http://www.mdpi.com/2072-6643/7/4/2345 .................................................................. 291 

Ji Young Choi, Young-Nam Kim and Youn-OK Cho 
Evaluation of Riboflavin Intakes and Status of 20–64-Year-Old Adults in  
South Korea 
Reprinted from: Nutrients 2015, 7(1), 253–264 
http://www.mdpi.com/2072-6643/7/1/253 .................................................................... 306 



 
 

VII 

 

Boris Kaganov, Margherita Caroli, Artur Mazur, Atul Singhal and  
Andrea Vania 
Suboptimal Micronutrient Intake among Children in Europe 
Reprinted from: Nutrients 2015, 7(5), 3524–3535 
http://www.mdpi.com/2072-6643/7/5/3524 .................................................................. 319 

Marleen A. H. Lentjes, Ailsa A. Welch, Angela A. Mulligan, Robert N. Luben, 
Nicholas J. Wareham and Kay-Tee Khaw 
Cod Liver Oil Supplement Consumption and Health: Cross-sectional Results from 
the EPIC-Norfolk Cohort Study 
Reprinted from: Nutrients 2014, 6(10), 4320–4337 
http://www.mdpi.com/2072-6643/6/10/4320 ................................................................ 331 

Susan K. Raatz, Lisa Jahns, LuAnn K. Johnson, Ross Crosby, James E. Mitchell, 
Scott Crow, Carol Peterson, Daniel Le Grange and Stephen A. Wonderlich 
Nutritional Adequacy of Dietary Intake in Women with Anorexia Nervosa 
Reprinted from: Nutrients 2015, 7(5), 3652–3665 
http://www.mdpi.com/2072-6643/7/5/3652 .................................................................. 349 

Victor L. Fulgoni III and Rita B. Buckley 
The Contribution of Fortified Ready-to-Eat Cereal to Vitamin and Mineral Intake 
in the U.S. Population, NHANES 2007–2010 
Reprinted from: Nutrients 2015, 7(6), 3949–3958 
http://www.mdpi.com/2072-6643/7/6/3949 .................................................................. 364 

Section 5: Assessment of Dietary Patterns and Dietary Quality 

Kimberly Ashby-Mitchell, Anna Peeters and Kaarin J. Anstey 
Role of Dietary Pattern Analysis in Determining Cognitive Status in Elderly 
Australian Adults 
Reprinted from: Nutrients 2015, 7(2), 1052–1067 
http://www.mdpi.com/2072-6643/7/2/1052 .................................................................. 378 

  



 
 

VIII 

 

Clare E. Collins, Tracy L. Burrows, Megan E. Rollo, May M. Boggess,  
Jane F. Watson, Maya Guest, Kerith Duncanson, Kristine Pezdirc and  
Melinda J. Hutchesson 
The Comparative Validity and Reproducibility of a Diet Quality Index for Adults: 
The Australian Recommended Food Score 
Reprinted from: Nutrients 2015, 7(2), 785–798 
http://www.mdpi.com/2072-6643/7/2/785 .................................................................... 396 

Alison Daly, Christina M. Pollard, Deborah A. Kerr, Colin W. Binns and 
Michael Phillips 
Using Short Dietary Questions to Develop Indicators of Dietary Behaviour for Use 
in Surveys Exploring Attitudinal and/or Behavioural Aspects of Dietary Choices 
Reprinted from: Nutrients 2015, 7(8), 6330–6345 
http://www.mdpi.com/2072-6643/7/8/5287 .................................................................. 411 

Section 6: Evaluation of a Dietary Intervention 

Kyla L. Smith, Deborah A. Kerr, Erin K. Howie and Leon M. Straker 
Do Overweight Adolescents Adhere to Dietary Intervention Messages?  
Twelve-Month Detailed Dietary Outcomes from Curtin University’s Activity, 
Food and Attitudes Program 
Reprinted from: Nutrients 2015, 7(6), 4363–4382 
http://www.mdpi.com/2072-6643/7/6/4363 .................................................................. 431 

  



 
 

IX 

 

List of Contributors 
 
Tanisha F. Aflague Human Nutrition, Food, and Animal Sciences University of 
Hawaii at Mānoa, Honolulu, HI96822, USA. 

Samuel Aguiar Jr. Department of Pelvic Surgery, A.C. Camargo Cancer Center, 
Rua Professor Antônio Prudente, 211, Liberdade, São Paulo (SP) CEP 01509-010, 
Brazil. 

Ziad Ahmad Video and Image Processing Laboratory, School of Electrical and 
Computer Engineering, Purdue University, West Lafayette, IN 47907-2035, USA. 

Hiroshi Akasaka School of Medicine, Sapporo Medical University,  
Sapporo 060-8556, Japan. 

Salwa A. Albar Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK. 

Nisreen A. Alwan Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK; Academic Unit of Primary Care 
and Population Sciences, Faculty of Medicine, University of Southampton, 
Southampton General Hospital, Southampton SO16 6YD, UK. 

Kaarin J. Anstey Centre for Research on Ageing, Health & Wellbeing, The 
Australian National University, Florey, Building 54, Mills Road, Acton, ACT 2601, 
Australia. 

Ghada Asaad Department of Agricultural, Food and Nutritional Science, 
University of Alberta, Edmonton, AB T6G 2R3, Canada. 

Susan Ash School of Exercise and Nutrition Sciences, Faculty of Health, and 
Institute of Health and Biomedical Innovation, Queensland University of 
Technology, Kelvin Grove, Queensland 4059, Australia. 

Kimberly Ashby-Mitchell Centre for Research on Ageing, Health & Wellbeing, 
The Australian National University, Florey, Building 54, Mills Road, Acton,  
ACT 2601, Australia. 

John Attia School of Medicine and Public Health, University of Newcastle, New 
South Wales 2308, Australia; Hunter Medical Research Institute, New Lambton 
Heights, New South Wales 2305, Australia. 

Rhonda C. Bell Department of Agricultural, Food and Nutritional Science, 4-002 
Li Ka Shing Centre for Health Research Innovation, University of Alberta, 
Edmonton, AB T6G 2E1, Canada. 



 
 

X 

 

Casey Berglund Department of Agricultural, Food and Nutritional Science,  
4-002 Li Ka Shing Centre for Health Research Innovation, University of Alberta, 
Edmonton, AB T6G 2E1, Canada. 

Hanne C. Bertram Department of Food Science, Aarhus University, 
Kirstinebjergvej 10, Aarslev DK-5792, Denmark. 

Colin W. Binns School of Public Health, Curtin University, Kent Street,  
Perth 6845, Australia. 

May M. Boggess Occupational Health and Safety, School of Health Sciences, 
Faculty of Health and Medicine, University of Newcastle, Newcastle 2300, 
Australia; School of Mathematical and Statistical Sciences, College of Liberal Arts 
and Science,  Arizona State University, Tempe, AZ 85287, USA. 

Carol J. Boushey Epidemiology Program, University of Hawaii Cancer Centre, 
Honolulu, HI 96844, USA; Video and Image Processing Laboratory, School of 
Electrical and Computer Engineering, and Department of Nutrition Science, 
Purdue University, West Lafayette, IN 47907, USA. 

Tatiana Bracke Faculty of Science and Technology, Department of Bio- and Food 
Sciences, University College Ghent-Campus Vesalius, Keramiekstraat 80, B-9000 
Ghent, Belgium. 

Rita B. Buckley Buckley/Swartz, 300 Lynn Shore Drive, #603, Lynn,  
MA 01902, USA. 

Tracy L. Burrows Nutrition and Dietetics, School of Health Sciences, Faculty of 
Health and Medicine, and Priority Research Centre in Physical Activity and 
Nutrition, University of Newcastle, Newcastle 2300, Australia. 

Janet E. Cade Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK. 

Suzi A. Camey Post-Graduate Program in Epidemiology and Department of 
Statistics—UFRGS, Porto Alegre 90000-000, Brazil. 

Margherita Caroli Nutrition Unit, Department of Prevention, Azienda Sanitaria 
Locale Brindisi, Brindisi 72021, Italy. 

Michelle C. Carter Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK. 

Catherine B. Chan Department of Physiology, and Department of Agricultural, 
Food and Nutritional Science, University of Alberta, Edmonton, AB T6G 2R3, 
Canada. 



 
 

XI 

 

Youn-OK Cho Department of Food & Nutrition, Duksung Women’s University, 
Seoul 132-714, Korea. 

Ji Young Choi Department of Food & Nutrition, Duksung Women’s University, 
Seoul 132-714, Korea. 

Morten R. Clausen Department of Food Science, Aarhus University, 
Kirstinebjergvej 10, Aarslev DK-5792, Denmark. 

Clare E. Collins Priority Research Centre for Physical Activity and Nutrition, 
School of Health Sciences, Faculty of Health and Medicine, University of 
Newcastle, Newcastle, NSW 2308, Australia. 

Sandra P. Crispim Department of Nutrition, Federal University of Paraná (UFPR), 
Curitiba 80000-000, Brazil. 

Ross Crosby Neuropsychiatric Research Institute, Fargo, ND 58103, USA; 
Department of Clinical Neurosciences, University of North Dakota, Grand Forks, 
ND 58202, USA. 

Scott Crow Department of Psychiatry, University of Minnesota Medical School, 
Minneapolis, MN 55455, USA. 

Trine K. Dalsgaard Department of Food Science, Aarhus University,  
Blichers Allé 20, Tjele DK-8830, Denmark. 

Alison Daly School of Public Health, Curtin University, Kent Street, Perth 6845, 
Australia. 

Aline Martins de Carvalho Department of Nutrition, School of Public Health, 
University of São Paulo, Av. Dr. Arnaldo 715, Consolação, São Paulo (SP) CEP 
01246-904, Brazil. 

Stefaan De Henauw Department of Public Health, Ghent University University 
Hospital 4K3, De Pintelaan, 185, B-9000 Ghent, Belgium; Faculty of Science and 
Technology, Department of Bio- and Food Sciences, University College Ghent-
Campus Vesalius, Keramiekstraat 80, B-9000 Ghent, Belgium. 

Willem De Keyzer Department of Public Health, Ghent University University 
Hospital 4K3, De Pintelaan, 185, B-9000 Ghent, Belgium; Faculty of Science and 
Technology, Department of Bio- and Food Sciences, University College Ghent-
Campus Vesalius, Keramiekstraat 80, B-9000 Ghent, Belgium. 

Arnold L. M. Dekkers Netherlands National Institute for Public Health and the 
Environment, Bilthoven 3720, The Netherlands. 

  



 
 

XII 

 

Edward J. Delp School of Electrical and Computer Engineering Purdue University, 
Lafayette, IN 47907, USA; Video and Image Processing Laboratory, School of 
Electrical and Computer Engineering, Purdue University, West Lafayette, IN 
47907-2035, USA. 

Satvinder S. Dhaliwal School of Public Health, Curtin University, Perth,  
WA 6102, Australia. 

Kerith Duncanson Nutrition and Dietetics, School of Health Sciences, and Priority 
Research Centre in Physical Activity and Nutrition, University of Newcastle, 
Newcastle 2300, Australia. 

Charlotte E. Evans Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK. 

Ariana Ferrari Department of Pelvic Surgery, A.C. Camargo Cancer Center, Rua 
Professor Antônio Prudente, 211, Liberdade, São Paulo (SP) CEP 01509-010, Brazil. 

Gary S. Frost Nutrition and Dietetic Research Group, Department of Investigative 
Medicine, Hammersmith Hospital, Imperial College London, London W12 0NN, 
UK. 

Victor L. Fulgoni III Nutrition Impact, LLC, 9725D Drive North, Battle Creek,  
MI 49014, USA. 

Darren C. Greenwood Division of Biostatistics, Leeds Institute of Genetics, Health 
and Therapeutics, University of Leeds, Leeds LS2 9JT, UK. 

Rachael T. Leon Guerrero College of Natural and Applied Sciences University of 
Guam, Mangilao, GU 96923, USA. 

Maya Guest Priority Research Centre in Physical Activity and Nutrition, and 
School of Health Sciences, Faculty of Health and Medicine, University of 
Newcastle, Newcastle 2300, Australia. 

Neil Hancock Nutritional Epidemiology Group, School of Food Science and 
Nutrition, University of Leeds, Leeds LS2 9JT, UK. 

Vicki Harber Faculty of Physical Education and Recreation , 3-100 University Hall, 
Van Vliet Complex, University of Alberta, Edmonton, AB T6G 2H9, Canada. 

Laura J. Hardie Molecular Epidemiology Unit, Leeds Institute of Genetics, Health 
and Therapeutics, University of Leeds, Leeds LS2 9JT, UK. 

Amelia J. Harray School of Public Health, Curtin University, GPO Box U1987, 
Perth 6845, Australia. 

Erin K. Howie School of Physiotherapy and Exercise Science, Curtin University, 
GPO Box U1987, Perth 6845, Australia. 



 
 

XIII 

 

Alexis J. Hure School of Medicine and Public Health, University of Newcastle, 
New South Wales 2308, Australia; Hunter Medical Research Institute,  
New Lambton Heights, New South Wales 2305, Australia. 

Melinda J. Hutchesson Nutrition and Dietetics, School of Health Sciences, Faculty 
of Health and Medicine, and Priority Research Centre in Physical Activity and 
Nutrition, University of Newcastle, Newcastle 2300, Australia. 

Inge Huybrechts Department of Public Health, Ghent University University 
Hospital 4K3, De Pintelaan, 185, B-9000 Ghent, Belgium; International Agency for 
Research on Cancer (IARC), 150 Cours Albert Thomas, 69372 Lyon Cedex 08, 
France. 

Katsunari Ippoushi National Food Research Institute, National Agriculture and 
Food Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Lisa Jahns USDA, ARS, Human Nutrition Research Center, Grand Forks,  
ND 58203, USA. 

LuAnn K. Johnson USDA, ARS, Human Nutrition Research Center, Grand Forks, 
ND 58203, USA. 

Boris Kaganov Nutrition and Health Clinic, Moscow 109012, Russia. 

Deborah A. Kerr School of Public Health, Curtin University, Perth, WA 6102, 
Australia. 

Kay-Tee Khaw Clinical Gerontology Unit, School of Clinical Medicine, University 
of Cambridge, Addenbrooke’s Hospital, Cambridge CB2 2QQ, UK. 

Young-Nam Kim Department of Food & Nutrition, Duksung Women's University, 
Seoul 132-714, Korea. 

Sharon Kirkpatrick School of Public Health and Health Systems, University of 
Waterloo, Waterloo, ON N2L 3G1, Canada. 

Masuko Kobori National Food Research Institute, National Agriculture and Food 
Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Jun S. Lai School of Medicine and Public Health, and Hunter Medical Research 
Institute, New Lambton Heights, New South Wales 2305, Australia. 

Rita Lau Department of Agricultural, Food and Nutritional Science, University of 
Alberta, Edmonton, AB T6G 2R3, Canada. 

Greice H. C. Laureano Post-Graduate Program in Epidemiology, Federal 
University of Rio Grande do Sul (UFRGS), Porto Alegre 90000-000, Brazil. 

Daniel Le Grange Department of Psychiatry and Department of Pediatrics, 
University of California, San Francisco, San Francisco, CA 94143, USA. 



 
 

XIV 

 

Haeng-Shin Lee Nutrition Management Service and Policy Team, Korea Health 
Industry Development Institute, Chungbuk 363-700, Korea. 

Marleen A. H. Lentjes Department of Public Health and Primary Care, 
Strangeways Research Laboratories, University of Cambridge, 2 Worts Causeway, 
Cambridge CB1 8RN, UK. 

Wanqing Li School of Computing and Information Technology, University of 
Wollongong, Wollongong, NSW 2522, Australia. 

Robert N. Luben Department of Public Health and Primary Care, Strangeways 
Research Laboratories, University of Cambridge, 2 Worts Causeway, Cambridge 
CB1 8RN, UK. 

Philippa Lyons-Wall School of Exercise and Health Sciences, Edith Cowan 
University, Joondalup, Western Australia 6027, Australia. 

John Mamo School of Public Health, Curtin University, Perth 6102, Australia. 

Dirce Maria Lobo Marchioni Department of Nutrition, School of Public Health, 
University of São Paulo, Av. Dr. Arnaldo 715, Consolação, São Paulo (SP) CEP 
01246-904, Brazil. 

Izumi Matsunaga National Food Research Institute, National Agriculture and 
Food Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Artur Mazur Department of Pediatrics, University of Rzeszow,  
Rzeszow 35-350, Poland. 

Linda J. McCargar Department of Agricultural, Food and Nutritional Science,  
4-002 Li Ka Shing Centre for Health Research Innovation, University of Alberta, 
Edmonton, AB T6G 2E1, Canada. 

Mark McEvoy School of Medicine and Public Health, University of Newcastle, 
New South Wales 2308, Australia; Hunter Medical Research Institute, New 
Lambton Heights, New South Wales 2305, Australia. 

Sarah A. McNaughton Centre for Physical Activity and Nutrition Research, 
School of Exercise and Nutrition Sciences, Deakin University, 221 Burwood 
Highway, Melbourne, Victoria 3125, Australia. 

James E. Mitchell Neuropsychiatric Research Institute, Fargo, ND 58103, USA; 
Department of Clinical Neurosciences, University of North Dakota, Grand Forks, 
ND 58202, USA. 

Michelle A. Morris Nutritional Epidemiology Group, School of Food Science and 
Nutrition, and Centre for Spatial Analysis and Policy, School of Geography, 
University of Leeds, Leeds LS2 9JT, UK. 



 
 

XV 

 

Alanna J. Moshfegh Beltsville Human Nutrition Research Center, Agricultural 
Research Service–USDA, 10300 Baltimore Ave., Beltsville MD 20705, USA. 

Syed Aqif Mukhtar Centre for Population Health Research, Curtin University, 
GPO Box U1987, Perth 6845, Australia. 

Umme Z. Mulla Global eHealth Unit, Department of Primary Care and Public 
Health, London School of Public Health, Imperial College London,  
London W6 8RP, UK. 

Angela A. Mulligan Department of Public Health and Primary Care, Strangeways 
Research Laboratories, University of Cambridge,  
2 Worts Causeway, Cambridge CB1 8RN, UK. 

Tadahiro Nagata Department of Human Nutrition, Seitoku University, Matsudo, 
Chiba 271-8555, Japan. 

Shigehiro Naito National Food Research Institute, National Agriculture and Food 
Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Duc Thanh Nguyen School of Computing and Information Technology, 
University of Wollongong, Wollongong, NSW 2522, Australia. 

Haruno Nishimuro National Food Research Institute, National Agriculture and 
Food Research Organization, Tsukuba, Ibaraki 305-8642, Japan; Department of 
Human Nutrition, Seitoku University, Matsudo, Chiba 271-8555, Japan. 

Hirofumi Ohnishi School of Medicine, Sapporo Medical University, Sapporo 060-
8556, Japan. 

Mayumi Ohnishi-Kameyama National Food Research Institute, National 
Agriculture and Food Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Hideaki Oike National Food Research Institute, National Agriculture and Food 
Research Organization, Tsukuba, Ibaraki 305-8642, Japan. 

Winsome Parnell Division of Sciences, Department of Human Nutrition, 
University of Otago, PO Box 56, Dunedin 9054, New Zealand. 

Hélène Payette Centre de Recherche sur le Vieillissement, CIUSSS de l\'Estrie-
CHUS Sherbrooke,  Sherbrooke J1J 3H5, QC, Canada; Sciences de la Santé 
Communautaire, Faculté de Médecine et des Sciences de la Santé, Université de 
Sherbrooke, Sherbrooke J1H 5N4, QC, Canada. 

Anna Peeters Baker IDI Heart and Diabetes Institute, 75 Commercial Rd, 
Melbourne VIC 3004, Australia. 



 
 

XVI 

 

Rosangela A. Pereira Department of Social Nutrition, Instituto de Nutrição Josué 
de Castro, Federal University of Rio de Janeiro, Av. Carlos Chagas Filho 373, 
Cidade Universitária, Ilha do Fundão, Rio de Janeiro 21941-902, Brazil. 

Carol Peterson Department of Psychiatry, University of Minnesota Medical 
School, Minneapolis, MN 55455, USA. 

Kristine Pezdirc School of Health Sciences, Faculty of Health and Medicine, and 
Priority Research Centre in Physical Activity and Nutrition, University of 
Newcastle, Newcastle 2300, Australia. 

Michael Phillips Harry Perkins Institute for Medical Research, University of 
Western Australia, 50 Murray Street, Perth 6000, Australia. 

Christina M. Pollard School of Public Health, Curtin University, Kent Street, 
Perth 6845, Australia; Department of Health in Western Australia, 189 Royal Street, 
East Perth 6004, Australia. 

Yasmine Probst School of Medicine, University of Wollongong, Wollongong, 
NSW 2522, Australia. 

Susan K. Raatz USDA, ARS, Human Nutrition Research Center, Grand Forks, ND 
58203, USA; Department of Food Science and Nutrition, University of Minnesota, 
Saint Paul, MN 55108, USA; Neuropsychiatric Research Institute, Fargo, ND 58103, 
USA. 

Stephanie M. Ramage Department of Agricultural, Food and Nutritional Science, 
4-002 Li Ka Shing Centre for Health Research Innovation, University of Alberta, 
Edmonton, AB T6G 2E1, Canada. 

Megan E. Rollo Priority Research Centre in Physical Activity and Nutrition and 
School of Health Sciences, University of Newcastle, Callaghan, New South  
Wales 2308, Australia. 

Anthony W. Russell Department of Diabetes and Endocrinology, Princess 
Alexandra Hospital, Woolloongabba, Queensland 4102, Australia. 

Maryam Sadegian Department of Agricultural, Food and Nutritional Science, 
University of Alberta, Edmonton, AB T6G 2R3, Canada. 

Shigeyuki Saitoh Sapporo Medical University School of Health Sciences, Sapporo, 
Hokkaido 060-8556, Japan. 

Midori Sato Sobetsu-cho, Usugun, Hokkaido 052-0101 Japan. 

Jane Scott School of Public Health, Curtin University, Perth 6102, Australia. 



 
 

XVII 

 

Bryna Shatenstein Centre de Recherche, Institut Universitaire de Gériatrie de 
Montréal, CIUSSS du Centre-est-de-l'Île-de-Montréal, Montréal H3W 1W5, QC, 
Canada. 

Jillian Sherriff School of Public Health, Curtin University, Perth 6102, Australia. 

Kazuaki Shimamoto Sapporo Medical University, Sapporo, Hokkaido 060-8556, 
Japan. 

Atul Singhal Childhood Nutrition Research Centre, Institute of Child Health, 
London, WC1N 1EH, UK. 

Kyla L. Smith School of Public Health, Curtin University, GPO Box U1987,  
Perth 6845, Australia. 

Diana C. Soria-Contreras Department of Agricultural, Food and Nutritional 
Science, University of Alberta, Edmonton, AB T6G 2R3, Canada. 

Josiane Steluti Department of Nutrition, School of Public Health, University of 
São Paulo, Av. Dr. Arnaldo 715, Consolação, São Paulo (SP) CEP 01246-904, Brazil. 

Leon M. Straker School of Physiotherapy and Exercise Science, Curtin University, 
GPO Box U1987, Perth 6845, Australia. 

Natasha Tasevska Nutrition Program, School of Nutrition and Health Promotion, 
Arizona State University, 500 North 3rd Street, Phoenix, AZ 85004, USA. 

the APrON Study Team Department of Agricultural, Food and Nutritional 
Science, 4-002 Li Ka Shing Centre for Health Research Innovation, University of 
Alberta, Edmonton, AB T6G 2E1, Canada. 

Juliana Teixeira Department of Nutrition, School of Public Health, University of 
São Paulo, Av. Dr. Arnaldo 715, Consolação, São Paulo (SP) CEP 01246-904, Brazil. 

Vanessa B. L. Torman Post-Graduate Program in Epidemiology and Department 
of Statistics—UFRGS, Porto Alegre 90000-000, Brazil. 

Minh Khoi Tran Faculty of Information Technology, University of Science Ho Chi 
Minh City 70000, Vietnam. 

Andrea Vania Centre of Dietetics and Nutrition, Sapienza University,  
Rome 00161, Italy. 

Pieter van't Veer Division of Human Nutrition, Wageningen University, 
Bomenweg 2, Wageningen 6703HD, The Netherlands. 

Nicholas J. Wareham Medical Research Council, Epidemiology Unit, Institute of 
Metabolic Science, Addenbrooke’s Hospital, Cambridge CB2 0QQ, UK. 



 
 

XVIII 

 

Petra A. Wark Global eHealth Unit, Department of Primary Care and Public 
Health, London School of Public Health, Imperial College London,  
London W6 8RP, UK. 

Jane F. Watson School of Health Sciences, Faculty of Health and Medicine, and 
Priority Research Centre in Physical Activity and Nutrition, University of 
Newcastle, Newcastle 2300, Australia. 

Ailsa A. Welch Department of Population Health and Primary Care,  
Norwich Medical School, University of East Anglia, Norwich Research Park, 
Norwich NR4 7TJ, UK. 

Stephen A. Wonderlich Neuropsychiatric Research Institute, Fargo, ND 58103, 
USA; Department of Clinical Neurosciences, University of North Dakota,  
Grand Forks, ND 58202, USA. 

Janine Wright School of Public Health, Curtin University, Perth, WA 6102, 
Australia. 

Yunke Xu Department of Agricultural, Food and Nutritional Science, University 
of Alberta, Edmonton, AB T6G 2R3, Canada. 

Hong Zheng Department of Food Science, Aarhus University, Kirstinebjergvej 10, 
Aarslev DK-5792, Denmark. 

  



 
 

XIX 

 

About the Guest Editors 
 
Clare Collins is a National Health and Medical Research Council of Australia 
Senior Research Fellow in School of Health Sciences (Nutrition and Dietetics), at 
the University of Newcastle, Australia. Her research expertise is in the field of 
nutrition and dietetics, with a major focus on using technology to develop and 
evaluate nutrition interventions for prevention and treatment of diet and weight-
related health conditions, at key life stages and in chronic disease. She has 
published over 250 journal articles, 320 conference papers and also authored a 
number of books. Currently, she is the Director of Research for the School of 
Health Sciences, in the Faculty of Health and Medicine, and Deputy Director of 
the Priority Research Centre for Physical Activity and Nutrition. Professor Collins 
is at the forefront of research to improve what people eat. 

Sharon Kirkpatrick, PhD RD, is an assistant professor in the School of  
Public Health and Health Systems at the University of Waterloo, Canada.  
Dr. Kirkpatrick’s research focuses on advancing methodologies for assessing diet 
and mitigating measurement error in dietary intake data. An area of emphasis is 
the use of technology to reduce researcher and respondent burden and allow the 
collection of high-quality comprehensive intake data in a range of contexts.  
Dr. Kirkpatrick works to enhance the capacity of researchers to collect robust 
dietary intake data through workshops and other training opportunities.  
Dr. Kirkpatrick also has interests in food security and food policy, as well as the 
environmental sustainability of current eating patterns. 

  





 
 

XXI 

 

Preface to “Assessment of Nutrient Intakes” 
 

Accurately measuring consumption of food, drinks and supplements is 
fundamental to nutrition and health research, including surveillance, 
epidemiology and intervention studies. However, assessing food intake is an area 
that is fraught with challenges (Thompson et al., 2015). What people eat is 
inherently complex given that it is a life-long and multifaceted behavior that 
changes over time and varies in relation to age, life stage, environment and many 
other factors. The challenges associated with assessing diet and nutrient intakes 
have led to the productive area of research that is the focus of this book, compiled 
from a Special Issue of the journal Nutrients. 

Usual diet, or long-term average diet, is the phenomenon typically of interest 
in nutrition and health research. However, objective measures of usual diet are 
few and can be of limited use, while carrying high costs and substantial researcher 
and respondent burden (Thompson et al., 2010). As a result, researchers typically 
rely on self-report measures, such as 24-h recalls, food records, food frequency 
questionnaires, and brief instruments. The extent of error in dietary data collected 
using self-report instruments and tools has recently been debated (Archer et al., 
2013; Mitka et al., 2013; Loannidis et al., 2013; Hébert et al., 2014; Subar et al., 
2015), with some critics suggesting that such data be abandoned. However, the 
errors and their implications for interpreting the findings from nutrition research 
have long been recognized. Indeed, nutritionists, statisticians and epidemiologists 
in various parts of the world have made important advances over several years to 
better characterize and understand measurement error within self-reported 
dietary data and to identify ways to address it. These advances have included the 
use of recovery biomarkers, which provide objective measures of true intake for 
energy and a few specific nutrients, to ascertain the types and degree of error 
affecting data collected using different types of instruments (Freedman et al., 2014; 
Freedman et al., 2015). The findings of biomarker-based studies have informed 
recommendations for measuring diet in different types of studies (Thompson et 
al., 2015) and the development of statistical methods that allow for correction for 
error (Carriquiry et al., 2003; Dodd et al., 2006; Freedman et al., 2011; Mossavar-
Rahmani et al., 2015). There has also been work to combine concentration 
biomarker and self-report data to mitigate measurement error (Freedman et al., 
2011; Burrows et al., 2015). Further, the evolving understanding of limitations of 
existing tools, combined with technological advances, have enabled a new 
generation of dietary assessment instruments and strategies, including web-based 
tools, mobile apps, and image-based assessment, which are aimed at mitigating 
some of the challenges of traditional methods and modes of data collection 
(Thompson et al., 2010). 
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This book, compiled from a Special Issue of the journal Nutrients, provides 
examples of the diversity of research efforts underway internationally to advance 
the robust collection and use of dietary data. Included are 27 articles, with 
contributions from Australia, Brazil, Canada, Guam, Japan, Russia, South Korea, 
the United Kingdom, and the United States, as well as several countries in the 
European Union. The range of articles demonstrates efforts being made to 
improve the quality of dietary data collected from populations across the lifecycle 
and across contexts, with applications related to characterizing dietary intakes, as 
well as associations between diet and health. Articles within describe the 
development and/or evaluation of new tools, some of which take advantage of 
technology to address limitations in existing tools. Among these are mobile phone 
instruments, including a novel tool that incorporates not only health but also 
sustainability considerations related to diet, as well as a web-based 24-h recall 
developed in the UK. The use of biomarkers to assess intake and to evaluate  
self-report tools is also highlighted. For example, Tasevska examines evidence to 
support the use of urinary sugars as a biomarker for total sugar intake; Lai et al. 
examine the use of biomarkers to assess the validity of a food frequency 
questionnaire; and Zheng et al. explore the potential of metabolomics as markers 
of intake. 

The articles included also highlight efforts to better understand the optimal 
use of existing tools. For example, Kerr et al. examine whether accuracy of recall 
among adolescents improves with a second administration of a 24-h dietary recall. 
Of interest in terms of understanding the comparability of data generated by 
surveillance systems in different countries, De Keyzer et al. provide a narrative 
review of methods used to assess diet in national food consumption surveys 
across continents. Such reviews and consideration of their findings are 
increasingly important as it is recognized that inconsistency in assessment 
methods complicates the interpretation of the larger evidence base, as well as 
posing a barrier to efforts to conduct pooled and cross-country analyses. Statistical 
methods for estimating usual intake of dietary components are also addressed, 
with a comparison of methods undertaken by Laureano et al.  

Applied papers demonstrate the ways in which existing methods and 
resulting data contribute to our understanding of diet among populations, as well 
as the evaluation of interventions. Papers included also address dietary patterns 
and diet quality indices. These are growing areas within nutrition research, as the 
importance of embracing dietary patterns and capturing the complex interactions 
between all that we eat and drink is increasingly recognized. 

This collection of papers demonstrates that dietary assessment research 
continues to be a lively area of inquiry. The advances in the use of technologic 
innovation and biomarkers to enhance measures of diet have the potential to 
contribute to the collection of higher quality data in future research. This 
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compilation of articles also provides an opportunity to consider gaps in the 
evidence related to the assessment of diet and future research directions that 
could benefit from a more collaborative approach. Working together across 
institutions and countries can provide researchers with the opportunity to learn 
from one another, as well as to leverage scarce resources to advance the field 
internationally. 

Clare Collins and Sharon Kirkpatrick 
Guest Editors 





 
 

 
Section 1:  
Development and Evaluation of 
Measures to Collect Dietary Data 
from Populations across the 
Lifecycle and across Contexts 
 
 
 
 
 
 
 
 
 
 



 



The Reliability and Validity of the Perceived
Dietary Adherence Questionnaire for People
with Type 2 Diabetes
Ghada Asaad, Maryam Sadegian, Rita Lau, Yunke Xu, Diana C. Soria-Contreras,
Rhonda C. Bell and Catherine B. Chan

Abstract: Nutrition therapy is essential for diabetes treatment, and assessment of
dietary intake can be time consuming. The purpose of this study was to develop a
reliable and valid instrument to measure diabetic patients’ adherence to Canadian
diabetes nutrition recommendations. Specific information derived from three,
repeated 24-h dietary recalls of 64 type 2 diabetic patients, aged 59.2 ˘ 9.7 years, was
correlated with a total score and individual items of the Perceived Dietary Adherence
Questionnaire (PDAQ). Test-retest reliability was completed by 27 type 2 diabetic
patients, aged 62.8 ˘ 8.4 years. The correlation coefficients for PDAQ items versus
24-h recalls ranged from 0.46 to 0.11. The intra-class correlation (0.78) was acceptable,
indicating good reliability. The results suggest that PDAQ is a valid and reliable
measure of diabetes nutrition recommendations. Because it is quick to administer
and score, it may be useful as a screening tool in research and as a clinical tool to
monitor dietary adherence.

Reprinted from Nutrients. Cite as: Asaad, G.; Sadegian, M.; Lau, R.; Xu, Y.;
Soria-Contreras, D.C.; Bell, R.C.; Chan, C.B. The Reliability and Validity of the
Perceived Dietary Adherence Questionnaire for People with Type 2 Diabetes.
Nutrients 2015, 7, 5484–5496.

1. Introduction

There has been an increase in the incidence of diabetes worldwide.
Over 347 million individuals have diabetes and it is estimated that by the year 2030,
552 million people will be living with diabetes [1]. In Canada, 2.4 million people
had diabetes in 2009 and by 2019 the number is expected to reach 3.7 million [2].
The economic burden of diabetes in Canada is estimated to rise from $6.3 billion
annually in 2000 and to $16.9 billion in 2020 [3]. Nutrition therapy is a crucial part
of type 2 diabetes treatment and self-management. It has been well documented
that improving dietary intake can reduce glycated hemoglobin (A1c) [4,5], improve
clinical outcomes, and mediate weight loss [5,6]. The Canadian Diabetes Association
(CDA) [7] recommends that diabetic patients to follow Eating Well with Canada’s
Food Guide (CFG) [8] in order to meet their nutrition requirements. Additional
recommendations include limiting saturated fat and restricting added sucrose plus
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fructose to 10% of total energy while increasing consumption of low glycemic index
foods, high-fiber foods, monounsaturated fats and foods rich in n-3 fatty acids [7].

While clinical outcomes such as A1c and blood pressure can easily be monitored
by the medical team treating the diabetic patient, assessing dietary intake and
creating a longitudinal record of dietary intake is not as practical [9]. However,
being able to monitor a health outcome and provide timely feedback to the patient
may help in long-term adherence to dietary goals [10]. Dietary intake is usually
assessed by 24-h recalls, food frequency questionnaires (FFQ) and food records.
These instruments require administration and analysis by a skilled health care
professional [11]. Therefore, these instruments are not suitable for quick assessment
by health care providers. They may also impose a significant patient burden [9–11].
Furthermore, these instruments are not specific for diabetes diet recommendations;
therefore, the questionnaires may not be sensitive enough to assess how well a patient
is adhering to a prescribed dietary pattern. For example, our previous study found
no significant change in the Healthy Eating Index score calculated from 3-day food
records after 12 weeks of following a menu plan for diabetes, despite significantly
lower body mass index, waist circumference and A1c [12]. A shortcoming of the
Healthy Eating Index is that it was not developed for people with diabetes; it
incorporates general food guide serving recommendations but not specific diabetes
recommendations. Few studies have developed a questionnaire to measure the
adherence to disease-relevant guidelines [13,14] or specific diets [15,16] and there
is no short questionnaire to measure a combination of the adherence to CFG [8]
and CDA recommendations [7] in individuals with type 2 diabetes. Therefore, the
Perceived Dietary Adherence Questionnaire (PDAQ) was developed to measure
diabetic patients’ perceptions of their dietary adherence. The present study aimed
to measure the reliability of PDAQ and its validity relative to three repeated 24-h
dietary recalls.

2. Experimental Section

2.1. Subjects

Data from the Physical Activity and Nutrition for Diabetes in Alberta (PANDA)
intervention study (ClinicalTrials.gov registration NCT01625507) were used to test
internal consistency and validity. Briefly, 73 participants were enrolled in the
dietary intervention (Cohort I). Participants were recruited through a variety of
avenues including posters, word-of-mouth, contact via a list of potential participants
maintained by the Alberta Diabetes Institute and via an article about the project in a
local newspaper. The inclusion criteria were: people diagnosed with type 2 diabetes
and able to read and speak English. The exclusion criteria were: having severe
gastrointestinal issues, type 1 diabetes or kidney disease. Anthropometric measures
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(height, weight, waist circumference), A1c, blood pressure, serum lipids, 24-h recall
repeated on three successive days, and PDAQ were obtained at baseline and three
months. Subsequently, additional type 2 diabetes patients (n = 27, Cohort II) were
recruited through poster and database of the Alberta Diabetes Institute to measure
the test and retest reliability of the PDAQ with a one-week interval. The inclusion
and the exclusion criteria were the same as for the intervention study. The University
of Alberta Human Research Ethics Board approved both studies. Written informed
consent was obtained from all participants.

2.2. Perceived Dietary Adherence Questionnaire

The PDAQ was adapted from the Summary of Diabetes Self-care Activities
measure [17]. The questionnaire was modified according to CFG [8] and the
CDA Nutrition Therapy recommendations in place in the 2008 Clinical Practice
guidelines [18]. To test item clarity, four experts were involved in reviewing the
questionnaire items and the PDAQ was pre-tested on 10 non-diabetic volunteers.
Questions raised by the pre-test cohort were addressed prior to using PDAQ in
a research cohort.

The questionnaire consists of a total of nine questions structured to cover the
CDA Nutrition Therapy guidelines [18] with reference to following CFG [8]: overall
adherence to CFG, recommended fruits and vegetables servings, consumption of
low glycemic index carbohydrate-containing foods, high sugar foods, high fiber
foods, n-3 fatty acids, healthy (monounsaturated) oils, and high fat foods. One item
addresses appropriate carbohydrate spacing. The response is based on a seven-point
Likert scale to answer the question phrased as “On how many of the last 7 days did
you . . . ?” (Table 1). Higher scores reflect higher adherence except for items 4 and 9,
which reflect unhealthy choices (foods high in sugar or fat). For these items, higher
scores reflect lower adherence, therefore, for computing a total PDAQ score, the
scores for these items were inverted. Although based on a weekly timeframe, it was
anticipated that the PDAQ would reflect usual dietary patterns based on knowledge
that most people consume similar foods from week to week [19].

2.3. Assessment of Dietary Intake

Baseline dietary intake of Cohort I was measured by three 24-h dietary
recalls (2 weekdays and 1 weekend day) using an internet-based questionnaire
(WebSpan), which has been shown to reduce assessment error and bias [20]. Daily
records were screened for duplicate entries for a single food item. Participants
were excluded from the analysis if they did not completed three 24-h dietary
recalls or implausible total energy values were reported (outside the range of
500–3500 kcal/day for women and 800–4000 kcal/day for men) [21]. The average
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daily total energy, macronutrient intake and intake from the four food groups
described in CFG was obtained from WebSpan based on the 2001b Canadian Nutrient
File database [22], and used for analysis. To calculate the Healthy Eating Index
(HEI) [23] the food items reported by the participants and macronutrient analysis
from WebSpan were used. Glycemic index (GI) score was calculated by following
formula (daily GI = GL/net carbohydrate ˆ 100). GI values were obtained from
two databases [24,25]. Carbohydrate spacing was measured by calculating grams
of carbohydrate consumed at each meal and snack [26], then giving a score from
1 to 6, where 1 represented poor spacing of carbohydrates (all in one meal) and
six represented excellent spacing of carbohydrates (at least 15 g per meal and snack).
PDAQ takes approximately 5 min for participants to complete and one minute to
calculate the score, which was based on a maximum of 7 for each item (with the
items for consumption of foods high in sugar and fat inversely scored), for a total
maximum score of 63.

Table 1. Perceived Dietary Adherence Questionnaire (PDAQ).

Item Response *

1. On how many of the last SEVEN DAYS have you followed a healthful
eating plan such as Eating Well with Canada’s Food Guide with
appropriate serving sizes?

0 1 2 3 4 5 6 7

2. On how many of the last SEVEN DAYS did you eat the number of fruit and
vegetable servings you are supposed to eat based on Canada’s Food Guide? 0 1 2 3 4 5 6 7

3. On how many of the last SEVEN DAYS did you eat carbohydrate-containing
foods with a low Glycemic Index? (Example: dried beans, lentils, barley, pasta,
low fat dairy products)

0 1 2 3 4 5 6 7

4. On how many of the last SEVEN DAYS did you eat foods high in sugar, such
as cakes, cookies, desserts, candies, etc.? 0 1 2 3 4 5 6 7

5. On how many of the last SEVEN DAYS did you eat foods high in fibre such as
oatmeal, high fiber cereals, whole-grain breads? 0 1 2 3 4 5 6 7

6. On how many of the last SEVEN DAYS did you space carbohydrates
evenly throughout the day? 0 1 2 3 4 5 6 7

7. On how many of the last SEVEN DAYS did you eat fish or other foods
high in omega-3 fats? 0 1 2 3 4 5 6 7

8. On how many of the last SEVEN DAYS did you eat foods that contained or
was prepared with canola, walnut, olive, or flax oils? 0 1 2 3 4 5 6 7

9. On how many of the last SEVEN DAYS did you eat foods high in fat
(such as high fat dairy products, fatty meat, fried foods or deep fried foods)? 0 1 2 3 4 5 6 7

* Scoring: to obtain the total PDAQ score, the responses for items 4 and 9 were first
inverted, e.g., a score of 7 becomes 0, then add all of the responses together. The maximum
score was 63.
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2.4. Statistical Methods

Statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago,
IL, USA), Statistical significance was set at p < 0.05. Descriptive statistics were used
to summarize demographic data. The mean ˘ SD was calculated for continuous
variables, and percentage for categorical variables. Comparison of demographic
characteristics between the first cohort (used to test validity) and the second cohort
(used to do test-retest reliability) was assessed by Chi square and unpaired t-tests as
appropriate. Spearman rank-order correlation coefficients were calculated between
PDAQ questions to determine if the perceived adherence to CFG question score
(Question (1)) correlated with the scores of Questions (2) through (9).

Validation: After screening the food intake data for implausible dietary intake
or incomplete three 24-h dietary recalls, nine participants were removed (n = 64).
Normality of nutrient intake distributions was checked statistically. If the normality
assumption failed, data were log10-transformed. The questions of the PDAQ
were individually correlated with specific information derived from the three
24-h dietary recalls (i.e., mean servings of food groups, nutrient intakes, glycemic
index). Specifically, the question related to CFG was correlated with the mean
number of servings of the four food groups. The question related to vegetables
and fruits consumption was correlated with the mean servings of vegetables and
fruits. The question related to consumption of foods with low glycemic index was
correlated with the mean glycemic index score. The question related to consumption
of foods high in sugar was correlated with the average daily intake of added sugar.
The question related to intake of foods high in fibre was correlated with the servings
of whole grains. The question related to spacing carbohydrate throughout the day
was correlated with the total carbohydrate spacing score. The question related
to eating fish or foods high in n-3 fatty acids was correlated with the number of
foods in the dietary recall that were high in n-3 fatty acids. The question related to
using healthy oils was correlated with the intake of monounsaturated fatty acids.
The question related to eating foods high in fat was correlated with the intake of
total fat. The correlation coefficients were interpreted by using Dancey and Reidy’s
categorisation [27].

Reliability: the intra-class correlation coefficient (ICC) was calculated as
an indication of test-retest reliability and internal consistency was measured by
Cronbach’s α coefficient [28].

3. Results

A total of 73 participants were enrolled in the PANDA study, which provided
data for validity testing and internal consistency, and 27 participants were separately
recruited for test-retest reliability testing. The characteristics of the participants are
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reported in Table 2. There were no significant differences between demographic
characteristics of participants in the first versus second cohort except for employment
status (p = 0.008).

The score for the PDAQ was normally distributed and ranged from 10 to 54.
PDAQ scores were not statistically significant different between male (32.5 ˘ 10.6,
n = 39) and female (32.9 ˘ 12.2, n = 34) participants. A significant positive correlation
was found between PDAQ score and age with r = 0.46, 95% CI (0.19, 0.54), and
inversely with weight with r = ´0.36, 95% CI (´0.52, ´0.05).

Total PDAQ scores were associated with nutrient intakes from the average of
the three 24-h dietary recall and correlated moderately with HEI-score (r = 0.41,
95% CI (0.19, 0.54)), as well as with Vegetables and Fruits servings (r = 0.25, 95% CI
(0.03, 0.50)). In contrast, total PDAQ scores were negatively correlated with added
sugar intake (r = ´0.32, 95% CI (´0.51, ´0.12)) and saturated fat intake (r = ´0.25,
95% CI (´0.46, ´0.05)).

Table 2. Baseline characteristics of the first cohort (n = 73) and the second cohort
(n = 27).

Characteristics Cohort I (n = 73) Cohort II (n = 27) p-Value

Age (years) 59.2 ˘ 9.7 62.8 ˘ 8.4 0.096
Duration of diabetes (years) 9.1 ˘ 8.3 11.8 ˘ 7.8 0.127

Gender, %
Male 53.4% 59.3%

Female 46.6% 40.7% 0.603
Ethnicity, %

White 87.7% 70.3%
Other 12.3% 29.7% 0.223

Education, %
High school or less 15% 7.4%

More than high school 85% 92.6% 0.376

Employment, %
Wages and salaries 56.2% 18.5% 0.008

Household income, %
ď$59,999 21.9% 18.5% 0.688
ě$60,000 78.1% 81.5%

To test the validity, we associated individual items of the PDAQ with nutrient
intakes from the average of the three 24-h dietary recalls adjusted for total calories
(Table 3). Following CFG more days per week was associated higher intake of
servings from a variety of the four food groups (p < 0.05). Perceived eating of the
recommended servings of Vegetables and Fruits more days per week was associated
with higher intake of Vegetables and Fruits reported in 24-h recalls (p < 0.05).
Reported consumption of foods with a low glycemic index more days per week
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predicted lower glycemic load (p < 0.05). Reporting eating of foods high in sugar
(e.g., cookies) on more days was associated with higher added sugar intake (p < 0.01).
Perceived eating of foods high in fiber (e.g., oatmeal) predicted higher intake of
whole grains (p < 0.001). Reported consumption of foods high in fat (e.g., fried food)
on more days predicted higher fat intake (p < 0.01). No significant association was
found for spacing carbohydrate, foods high in n-3 fatty acids, and healthy oils versus
the actual intake.

Table 3 presents the correlations between following CFG more days per week
(Question (1) of PDAQ) with each subscale (Questions (2)–(9)). Higher perceived
adherence to following CFG was moderately correlated with higher intake of
Vegetables and Fruits (r = 0.60, 95% CI (0.42, 0.73)), higher intake of foods with
low glycemic index (r = 0.28, 95% CI (0.04, 0.48)), higher intake of foods high in fiber
(r = 0.44, 95% CI (0.22, 0.61)), more likely to space carbohydrate throughout the day
(r = 0.59, 95% CI (0.40, 0.75)), and higher intake of fish high in n-3 fatty acids (r = 0.27,
95% CI (0.08, 0.45)). Conversely, there were negative correlations between perceived
adherence of following CFG and intake of foods high in sugar (r = ´0.36, 95% CI
(´0.55, ´0.18)) and foods high in fat (r = ´0.45, 95% CI (´0.63, ´024)).

Table 3. Validity of Perceived Dietary Adherence Questionnaire (PDAQ) versus
three 24-h dietary recalls *.

PDAQ Item
PDAQ Score
(Mean ˘ SD)
(Maximum 7)

24 h Dietary
Recall Item

Intake
(Mean ˘ SD)

Linear Correlation
Coefficient Between

PDAQ Score and Intake

Following CFG 3.0 ˘ 2.5 Servings from the
four food groups 15.8 ˘ 3.7 0.33 *

F&V servings 4.1 ˘ 2.3 F&V servings 4.9 ˘ 1.9 0.30 *

Low GI 3.6 ˘ 1.9 Glycemic load 49.5 ˘ 4.8 ´0.30 *

High sugar foods 2.7 ˘ 2.2 Added sugar (g) 47.4 ˘ 37.1 0.40 **

High fiber foods 5.0 ˘ 1.9 Servings of whole
grain foods 5.6 ˘ 2.2 0.46 ***

Carb spacing 3.5 ˘ 2.6
At least 15 g

carbohydrate per
meal (maximum 6)

4.3 ˘ 0.8 0.24

n-3 FA 1.7 ˘ 1.6 n-3 PUFA (g) 0.7 ˘ 2.1 0.11

Healthy oils 3.0 ˘ 2.5 MUFA (g) 28.7 ˘ 11.2 0.15

High fat foods 2.6 ˘ 1.7 Total fat (g) 83.9 ˘ 30.7 0.35 **

* N = 64 participants who completed three 24-h recalls. Abbreviations and explanation:
CFG = Eating Well with Canada’s Food Guide; F&V = Fruits and Vegetables; GI = glycemic
index; Carb Spacing = Spacing carbohydrate throughout the day; FA = fatty acids; Healthy
oils = consumption of foods like nuts, olive oil, canola oil; PUFA = polyunsaturated
fatty acids; MUFA = monounsaturated fatty acids. Confidence intervals for significant
correlations are reported in the text. * p < 0.05; ** p < 0.001; *** p < 0.0001.
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Test and re-test reliability was assessed by the intra-class correlation. High
correlations were obtained for five items on the PDAQ (Vegetables and Fruits, foods
high in sugar, foods high in fiber, fish and other foods high in n-3 fatty acids, and
healthy oils) as well as the total PDAQ score (Table 4). Cronbach’s α was 0.78 with
no significant change to the overall α with the deletion of any individual item.

Table 4. Spearman rank-order correlations between frequency of following
Canada’s Food Guide and other items in the Perceived Dietary Adherence
Questionnaire (PDAQ).

PDAQ Item CFG

CFG –
F&V servings 0.604 **

Low GI 0.280 *
High sugar foods ´0.368 **
High fiber foods 0.414 **

Carb spacing 0.594 **
n-3 FA 0.272 *

Healthy oils 0.19
High fat foods ´0.453 **

Abbreviations and explanations: CFG = Eating Well with Canada’s Food Guide;
F&V = Fruits and Vegetables; GI = glycemic index; Carb Spacing = Spacing carbohydrate
throughout the day; FA = fatty acids; Healthy oils = consumption of foods like nuts,
olive oil, canola oil. * p < 0.05; ** p < 0.001; *** p < 0.0001.

4. Discussion

The aim of this study was to establish the validity and reliability of a dietary
assessment tool for people with type 2 diabetes that would be simple to administer
and score, as well as reflect current recommendations for a diabetes diet. Overall,
the PDAQ appears to be a useful indicator of adherence to CFG and diet quality.
Compared with a repeated 24-h recall, it also appears to be valid for assessing
adherence to recommended servings of Vegetables and Fruit, and foods that have low
glycemic index, are high in sugar, fiber or fat. The test-retest reliability was acceptable.

Other authors have developed short questionnaires to assess intake of various
foods or nutrients in the general population whereas the PDAQ is targeted to specific
nutrition recommendations for diabetes. The correlation obtained for Vegetables
and Fruits intake between PDAQ and 24-h recall is comparable to previous studies
that found moderate correlation (r = 0.36–0.65) between Vegetables and Fruit and
short food frequency questionnaires [29,30] or seven-day food records [31]. Likewise,
other short questionnaires found similar moderate correlations with foods high in
sugar, fat and fiber with food records or FFQs [30–32]. Poorer correlation was found
for foods low in glycemic index in our study compared to other studies, which used
short food frequency questionnaires [33,34]. The correlation between self-reported
carbohydrate spacing and the carb spacing score derived from 24-h recalls was not
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significant, which may due to lack of knowledge among diabetic patients [35] as well
as health care providers [36], who are thus unable to instruct patients in the technique.
No significant relationship was observed between questions related to unsaturated
fat and the actual intake of unsaturated fat, which is consistent with Francis and
Stevenson´s questionnaire compared with a 4-day food diary [32]. Overall, the PDAQ
performed similarly to other short questionnaires and has the advantage of being
specific for a particular population, patients with diabetes living in Canada.

We determined that PDAQ had acceptable internal reliability since Cronbach’s
α was 0.78 (Cronbach’s α scores for subscales were also acceptable and ranged
from 0.74 to 0.79). The test-retest correlation coefficient for the entire questionnaire
was acceptable (r = 0.76) suggesting that the PDAQ score is stable over time.
Test-retest administration of PDAQ produced good correlations for questions related
to Vegetables and Fruits, foods high in sugar and fibre, fish or foods high in n-3 fatty
acids, and healthy oils; meanwhile, questions related to spacing carbohydrate and
foods high in fat had moderate correlations (r = 0.40 and 0.53, respectively). The
question related to CFG had poor test-retest correlation (r = 0.21). Low and moderate
ICC values in some individual scores are due to the intra-individual variability [21],
which is likely to be greater in foods that are consumed less often (like fish in
the prairie provinces of Canada). Low test-retest reliability for high fat foods is
interesting, suggesting either that there is true variation in intake or that fat may be
“hidden” in some foods, such as processed foods [37].

The correlations produced in validity tests between following CFG more days
per week and each subscale shows that the PDAQ ranked subjects quite well. We
showed that reporting consistent following of CFG is more likely to be positively
associated with the intake of low-caloric density foods, and negatively associated
with high-caloric density foods. This finding indicates that the PDAQ is a good
instrument to measure adherence to CFG recommendations. We were particularly
interested in examining PDAQ’s ability to assess intakes specifically mentioned in
the CDA Nutrition Therapy Guidelines that may not be captured using scores like
the Healthy Eating Index. PDAQ subscales for low GI foods, high sugar, fiber and
fat foods were moderate predictors of intake substantiated by the 24-h recall data.

We also found correlations between PDAQ and demographic or biological
variables. The positive relationship found between PDAQ and age is similar in
direction to a previous study that examined the association between HEI and age [23].
The diet quality of Americans older adults measured using HEI was better than
younger and middle-aged adults [38]. PDAQ scores were also significantly negatively
correlated with weight, which is consistent with Pate and colleagues’ finding that diet
quality was inversely associated with weight status [39]. There was no significant
relationship observed between PDAQ and gender.

11



Several other short questionnaires for dietary assessment have been developed.
Calfas and colleagues [9] conducted a review to identify dietary measures that can
be potentially used in a primary care setting. All of the instruments measured fat,
and some of the instruments measured cholesterol, fruits, vegetables, and fiber.
Pullen and Walker [13] used the Behavioral Risk Factor Surveillance Survey to assess
adherence to the Dietary Guideline for Americans among midlife and older rural
women. The Dutch Diet Index [14] and the Australian Recommended Food Score [40]
were developed to measure the adherence to country-specific dietary guidelines. All
the previous studies have assessed the reliability and validity of the instruments
in the general population. Hemio and colleagues [31] developed a 16-Item Food
Intake Questionnaire and used it in a type 2 diabetes prevention programme in
Finland to estimate daily nutrient intake in a primary health care setting. To our
knowledge, there are no other comparable questionnaires to assess adherence to
diabetic recommendations in Canada. Therefore, PDAQ could be a useful tool for
dietitians as well as practitioners who are not nutrition experts but who would
like a snapshot of the dietary compliance of individuals with type 2 diabetes in
Canada. It could also be easily adapted to other settings using the relevant disease
and/or country-specific guidelines. In our ongoing research we are using PDAQ
to assess longitudinal changes in dietary adherence in type 2 diabetes participants.
Preliminary analyses suggest that PDAQ is useful for this purpose [41].

One strength of our study is that we used three internet-based, 24-h dietary
recalls to estimate dietary intake, a method that has less bias than some others [20]
and was also relatively simple for the participants to complete. The study
developed a short, simple to administer and score questionnaire that covers the
CDA Nutrition Therapy guidelines [18] with reference to following CFG [8]. Use
of PDAQ could therefore reduce both client and practitioner burden but allow
longitudinal monitoring of dietary adherence to recommendations. The study has
some limitations that need to be recognised. This study has a relatively small
sample size but some previous studies have validated dietary instruments with
a similar number of participants [31,32,39]. However, the small sample size does
limit our ability to conduct multivariate or subgroup analyses such as gender or
age effects. All participants lived in an urban area, therefore, the result may not be
generalizable to those living in rural areas. Another limitation is that participants
in the intervention study were more educated and had higher income compared
with the general population. Although this may not affect the validation study, our
findings might be different if we apply it a population with lower education and
income. Finally, although the CDA does not have a specific recommendation for
sodium, our studies such as that reported in [41] consistently find sodium intake in
excess of current Health Canada guidelines [42]. An item related to sodium intake
could be a useful addition to the PDAQ.
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5. Conclusions

Following the CDA nutrition therapy guidelines is important for improving
health outcomes in people with type 2 diabetes, but there is a need to develop
practical and quick tools that help clinicians and researchers to assess adherence
to these guidelines. We suggest that the PDAQ may be useful to accomplish this
objective and that it can be implemented in research. It may be worthwhile to test
the PDAQ in a clinical setting.
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Evaluation of the Relative Validity of the
Short Diet Questionnaire for Assessing
Usual Consumption Frequencies of Selected
Nutrients and Foods
Bryna Shatenstein and Hélène Payette

Abstract: A 36-item Short Diet Questionnaire (SDQ) was developed to assess usual
consumption frequencies of foods providing fats, fibre, calcium, vitamin D, in
addition to fruits and vegetables. It was pretested among 30 community-dwelling
participants from the Québec Longitudinal Study on Nutrition and Successful Aging,
“NuAge” (n = 1793, 52.4% women), recruited in three age groups (70 ˘ 2 years;
75 ˘ 2 years; 80 ˘ 2 years). Following revision, the SDQ was administered to
527 NuAge participants (55% female), distributed among the three age groups, both
sexes and languages (French, English) prior to the second of three non-consecutive
24 h diet recalls (24HR) and validated relative to the mean of three 24HR. Full data
were available for 396 participants. Most SDQ nutrients and fruit and vegetable
servings were lower than 24HR estimates (p < 0.05) except calcium, vitamin D,
and saturated and trans fats. Spearman correlations between the SDQ and 24HR
were modest and significant (p < 0.01), ranging from 0.19 (cholesterol) to 0.45 (fruits
and vegetables). Cross-classification into quartiles showed 33% of items were jointly
classified into identical quartiles of the distribution, 73% into identical and contiguous
quartiles, and only 7% were frankly misclassified. The SDQ is a reasonably accurate,
rapid approach for ranking usual frequencies of selected nutrients and foods. Further
testing is needed in a broader age range.

Reprinted from Nutrients. Cite as: Shatenstein, B.; Payette, H. Evaluation of the
Relative Validity of the Short Diet Questionnaire for Assessing Usual Consumption
Frequencies of Selected Nutrients and Foods. Nutrients 2015, 7, 6362–6374.

1. Introduction

The Canadian Longitudinal Study on Aging (CLSA) is a national longitudinal
study that will follow 50,000 men and women aged 45 to 85 years (y) at recruitment
over a twenty-year period. The goal of the CLSA is to better understand the aging
process and its determinants through the collection of information on biological,
medical, psychological, social, lifestyle and economic aspects of people’s lives, and
their changes over time [1].

As an important lifestyle component, dietary data are being gathered at multiple
time-points in the CLSA. Of interest were usual intakes of several key nutrients and
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foods of current concern in health promotion and chronic disease prevention in both
younger and older adults (OA), and which have been the focus of population-based
nutritional health promotion campaigns. They include intakes of total fat, and fatty
acid classes (saturated, polyunsaturated, monounsaturated, omega-3 and trans fatty
acids), as well as dietary fibre, calcium, vitamin D, and consumption of fruits and
vegetables. Because of interview time constraints and the challenging logistics related
to administration of a full food frequency questionnaire (FFQ), a brief instrument was
sought for assessment of usual frequency of consumption of these items. Existing
dietary screeners that addressed the foods and nutrients of interest were initially
considered, specifically, the Block Dietary Screener [2], which ranks individuals with
regard to their usual intakes of fat, fibre, calcium and vitamin D. Also of interest was
the six-item Fruit and Vegetable Food Frequency Questionnaire developed by the
Centers for Disease Control and Prevention (CDC) for the US Behavioral Risk Factor
Surveillance System Survey (BRFSS [3]). The BRFSS questionnaire collects intake
frequency, as occasions per day, week or month, of six categories of vegetables and
fruit [4]. It has been used at the state level in the United States since 1990 [5] and was
incorporated into the Canadian Community Health Survey by Health Canada [6].
The fruit and vegetable module has been validated against three 24-hour recalls
(24HR) in a young adult population by trained dietitian interviewers, and results
indicate that it can be used as a proxy for quantified intake in population groups [7].

However, because of constraints set by developers on instrument modification
(e.g., changing the food list), as well as handling and cost considerations related
to their use, it was decided to adapt a previously validated Canadian FFQ [8] as it
best fit the needs of the CLSA and was specific to the population [9]. This approach
also allowed us to conserve the BRFSS in the new tool. Furthermore, it limited the
additional work needed for instrument modification, database preparation and data
entry and analysis software as we had already successfully used the full FFQ [8] at
recruitment into an ongoing cohort study on nutrition and healthy aging. The present
paper describes the development, pretest and evaluation of the relative validity
of the Short Diet Questionnaire (SDQ), developed to estimate usual consumption
frequencies of fat, fibre, calcium and vitamin D, and fruit and vegetables.

2. Methods

2.1. Study Context

At the time of SDQ development, the CLSA was not yet in the field.
Consequently, the SDQ was developed, pretested and validated in the “Quebec
Longitudinal Study on Nutrition and Successful Aging” (“NuAge”), a cohort study
that we were conducting at the time, and which is described in detail elsewhere [10].
Briefly, NuAge is a five-year observational study of 1793 community-dwelling men
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and women recruited in three age groups (70 ˘ 2 years; 75 ˘ 2 years; 80 ˘ 2 years),
from a random sample of the Québec Health Insurance database (RAMQ) in the
areas of Montréal, Laval, and Sherbrooke in Québec, Canada. Participants were
cognitively and functionally intact and in good general health at recruitment, that is,
having common manageable conditions such as hypertension or diabetes, but no
serious illness limiting their continued participation. The study was approved by the
Institutional Review Board at the Institut universitaire de gériatrie de Sherbrooke
and the Institut universitaire de gériatrie de Montréal.

2.2. SDQ Development

A validated Canadian self-administered 78-item semi-quantitative FFQ [8] was
used as the template for the SDQ. Items were extracted from the full FFQ to address
the goals of the SDQ (see Table A1 in Appendix). The food list underwent several
iterations to address issues related to content, food order, syntax and nomenclature,
and participant burden. The six fruit and vegetable questions from the BRFSS were
incorporated into the SDQ food list, keeping the exact BRFSS wording to permit
comparison with existing Canadian data on fruit and vegetable intakes from other
studies having used this module. Two formulations of the frequency component
were considered: (1) frequency categories, where the respondent is presented with a
series of predetermined options for frequency of intakes which requires that he/she
choose the appropriate frequency choice, and (2) precise frequencies, where the
respondent provides a specific number indicating the number of times the food item
is consumed in one of the provided time periods: per day, per week, per month, or
never/rarely. Portion size was not questioned.

Several versions of the instrument were examined internally before arriving
at the pre-test versions of the SDQ, one with frequency categories and the other
with precise frequencies, in both French and English. The full food list of the SDQ
contains 30 food items and six beverage items (see Table A2 in in Appendix), as
well as four additional questions on dietary habits relevant to the SDQ objectives.
It queries usual consumption frequency in the previous 12 months of food sources
of fats, fibre, calcium, vitamin D, regular and low-fat food choices, whole grains,
calcium-fortified foods and beverages, and of a series of fruits and vegetables.
For consistency with other national Canadian studies, the tool was designed to
be interviewer-administered.

2.3. Pretest

The pretest of the SDQ took place at the Montreal study site in the summer
of 2006. Research agents identified 30 participants from their roster who had
agreed on their consent form to be re-contacted for additional studies, targeting
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approximately one-third in each of the NuAge age groups (70 years, 75 years,
80 years), evenly distributed among men and women, with a representative number
of English-speaking NuAge participants to permit assessment of both French and
English versions of the SDQ. The pretest was designed as a cross-over study,
where half of the participants completed the “frequency categories” version first,
followed by the “precise frequencies” version while the other half was assigned
to the reverse order. The pretest SDQ was self-administered and returned by mail.
Respondents entered their start and finish times on the SDQ to verify whether it
could be completed in the allotted 15-minute timeframe. Structured, telephone-based
cognitive interviews [11] were then carried out to assess difficulties with the test
version of both frequency types of the SDQ, in both languages. Participants’
comments were used to clarify both language versions of the questionnaire following
pretest. No quantitative analyses were carried out on the pretest questionnaires.
A user’s manual was prepared to train the NuAge research agents in standardized
administration of the SDQ and to provide them with answers and solutions to
potential problems encountered in the use of the SDQ.

2.4. Validation Study

Recruitment into the SDQ validation study took place in 2007. NuAge
participants were invited sequentially over an 8-month period to take part in
the validation study without imposing additional selection criteria, but targeting
equivalent proportions in each of the three age groups, both sexes and representing
both languages. A total of 527 NuAge subjects took part in this study; 154 were
completing T3 (NuAge year three) interviews and 373 were in their T4 wave of data
collection. Current diet was assessed using three non-consecutive 24-hour diet recalls
(24HR) collected at each annual interview in face-to-face and telephone interviews
by a research dietitian using the USDA 5-step multiple pass method [12], and the
24HR was designated as the reference instrument. The 24HR interviews were carried
out by professional research dietitians who adhered to a strict protocol. Since the
CLSA Tracking Cohort was to be assembled by Statistics Canada which carries out
all assessments by interview (in-person or by telephone), the SDQ was administered
in telephone interviews by trained NuAge research dietitians, prior to collecting the
second of three 24HR.

2.5. Data Handling and Dietary Analysis: Validation Study

Because the purpose of this study was to determine the validity of the SDQ, daily
consumption frequencies of each line item were not tabulated separately, but were
data-entered from SDQ responses into WilliamTM customized data entry software
(©Multispectra, 1997–2004) and output files were then imported directly into the
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SDQ data entry and analysis utility based on a Microsoft AccessTM platform with a
database and nutrient calculation algorithms adapted from the full FFQ [8]. Because
portion size is not queried in the SDQ, it was imputed into the SDQ database as
a standard (medium) portion in grams, from the NuAge study FFQ database to
permit calculation of point estimates for comparison with the 24HR results. Nutrient
analyses were thus done using the participants’ reported frequencies of consumption
of each line item, with the adapted SDQ database based on the 2007b Canadian
Nutrient File (CNF) [13] and results were output as daily nutrient and food intake
estimates. The 24HR were analyzed using CANDAT nutrient analysis software
(version 10, ©Godin London Inc., London, ON, Canada), based on the then-current
2001b CNF [13]. The means of the three 24HR were used in validation analyses,
and software developed by our group (CalculateurGAC©) was run on the 24HR
food codes and Canada’s Food Guide (CFG) subgroup codes to generate the four
food groups of CFG in order to derive fruit and vegetable servings from the 24HR.
Because the SDQ nutrient analysis targeted usual intakes of a limited set of nutrients
and foods, the validation analyses were restricted to these target nutrients and foods
from both the SDQ and the mean of the three non-consecutive 24HR.

2.6. Statistical Analyses

Estimated daily nutrient intakes for dietary fibre, calcium, vitamin D, total
fat, cholesterol, saturated, monounsaturated, polyunsaturated, and trans fat, and
servings of fruit and vegetables compiled from both instruments were examined
using descriptive statistics to compute central tendencies. The test (SDQ) and
reference (24HR) instruments were compared using paired t-tests for normally
distributed data and Wilcoxon ranked non-parametric tests, and Spearman rank
correlation analysis for data with skewed distributions. Joint classification of the
targeted nutrient and food intake distributions from the SDQ and 24HR was assessed
using cross-classification analyses, where participants were categorized into quartiles
of consumption of nutrients and food group of interest, and the extent of exact and
contiguous concordance, and frank misclassification was determined [14].

3. Results

Average completion time for both pretest versions of the SDQ was approximately
14 minutes (data not shown). The “precise frequencies” version of the pretest SDQ
was retained in line with pretest participants’ comments and to ensure consistency
with diet modules based on the BRFSS previously used by Statistics Canada and
to allow for easier comparison with other studies using this mode of questioning.
The SDQ validation study was carried out among 396 NuAge participants (54.8%
female) who had complete data in both the test and reference instruments (Table 1).
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Most nutrient intakes and the number of servings of fruit and vegetables estimated
from the SDQ were significantly lower than those estimated by the mean of three
non-consecutive 24HR (p < 0.05), with the exception of calcium and vitamin D which
were significantly higher compared to the 24HR, and saturated and trans fat (both NS)
(Table 2). Spearman correlations between the SDQ and 24HR were low to moderate
and statistically significant (p < 0.01), ranging from 0.19 (cholesterol: 27 mg/day lower
than the 24HR) to 0.45 (fruits and vegetables: 1 portion/day lower than the 24HR)
(Table 3). The arithmetic mean unadjusted Spearman correlation between the SDQ
and the mean of three non-consecutive 24HR for the nine nutrients was 0.34, and it
was 0.31 for the nine nutrients plus fruits and vegetables (data not shown). Finally, it
can be seen in Table 4 that for all nutrients combined, 33.9% were jointly classified into
identical quartiles of the distribution, 72.8% into identical and contiguous quartiles,
and only 6.7% were frankly misclassified. Similar cross-classification results were
observed in men and in women and there were no gender-related differences (data
not shown).

Table 1. NuAge participants with complete data in both dietary data collection
instruments, SDQ validation study (n = 396).

Sex
Age Group (years) n (%)

Total67–72 73–77 78–84

Male 65 (46.1) 46 (41.1) 68 (47.6) 179 (45.2)
Female 76 (53.9) 66 (58.9) 75 (52.4) 217 (54.8)

All 141 (35.6) 112 (28.3) 143 (36.1) 396 (100)

Table 2. Estimated intakes of nutrients of interest from SDQ and mean of three
non-consecutive 24HR, SDQ validation study (n = 396).

Nutrient and
Dietary Variables

Dietary Assessment Method

p-Value 1SDQ Mean of Three
Non-Consecutive 24HR

Mean SD Mean SD

Dietary fibre (g) 15.4 6.2 19.6 7.7 0.0001
Calcium (mg) 946 465 768 334 0.0001

Vitamin D (ug) 5.70 2.91 5.06 3.87 0.003/0.0001
Total fat (g) 63.7 25.5 69.5 26.2 0.0001

Cholesterol (mg) 229 86 256 132 0.0001/0.006
Saturated fat (g) 22.4 9.2 23.3 10.9 0.163/0.423

Monounsaturated fat (g) 24.5 10.5 25.9 10.9 0.04/0.053
Polyunsaturated fat (g) 11.4 5.0 13.6 5.7 0.0001

Trans fat (g) 0.7 0.4 0.8 0.9 0.03/0.829
Number of servings of fruit

and vegetables 2 4.5 1.9 5.5 3.4 0.0001

1 paired t-test/Wilcoxon signed rank test; 2 n = 395.
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Table 3. Associations between nutrient estimates from SDQ and mean of three
non-consecutive 24HR, SDQ validation study (n = 396).

Nutrient and Dietary Variables Spearman r 1,2

Dietary fibre (g) 0.34
Calcium (mg) 0.41

Vitamin D (ug) 0.33
Total fat (g) 0.26

Cholesterol (mg) 0.19
Saturated fat (g) 0.30

Monounsaturated fat (g) 0.28
Polyunsaturated fat (g) 0.22

Trans fat (g) 0.30
Number of servings of fruit and vegetables 0.45

1 All correlations significant (p ranged from <0.01 to <0.001); 2 Non-parametric correlations
reported as variables did not follow a normal distribution.

Table 4. Cross-classification of nutrient estimates from SDQ and mean of three
non-consecutive 24HR, SDQ validation study (n = 396).

Nutrient and Dietary Variables % in Identical
Quartile

% in Identical and
Contiguous Quartile

% in Opposite
Quartile 1

Dietary fibre (g) 36.4 75.8 6.8
Calcium (mg) 41.7 77.1 5.3

Vitamin D (ug) 34.1 73.5 6.1
Total fat (g) 29.5 71.4 7.6

Cholesterol (mg) 30.8 68.7 9.8
Saturated fat (g) 32.1 73.5 8.6

Monounsaturated fat (g) 37.1 69.9 6.8
Polyunsaturated fat (g) 29.8 68.9 6.1

Trans fat (g) 36.1 73.7 6.6
Number of servings of fruit and vegetables 2 32.2 77 3.5

Mean % classification
(10 nutrients plus fruit and vegetables) 33.9 72.8 6.7

1 Frank misclassification (Q1:Q4); 2 n = 395.

4. Discussion

Brief dietary measurement instruments have been developed to assess intakes
of single nutrients or foods such as fat, fruits and vegetables and to examine
relationships between certain dietary exposures and risk of chronic disease. Many
have been compared to other dietary assessment measures with known validity [15].
The present study reports on the relative validity of a 36-item frequency-based Short
Diet Questionnaire compared to the mean of three non-consecutive, quantitative
24HR, developed for use in the population-based Canadian Longitudinal Study
on Aging, compared to the mean of three non-consecutive, quantitative 24HR.
While many brief instruments have focussed mainly on fat intakes or on fruit
and vegetables [15,16], the SDQ was developed to estimate older adults’ usual
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consumption frequencies over a 12-month period of a set of key nutrients and foods
that have been the focus of nutritional health promotion programmes targeting this
segment of the population. Relative validation of the SDQ was carried out in a
large sample (n = 396) compared to other studies of this type, and the reference
instrument was collected rigourously. To our knowledge, this is the first study of its
type to be conducted among community-dwelling older adults. Consequently, while
comparisons with other studies in this population group were not possible, because
these older adults were cognitively intact there is no basis for expecting less accurate
reporting of their intakes on either the test or reference instruments. Although the
results showed some inconsistencies, where certain nutrients were underestimated
while others were overestimated by the SDQ relative to the 24HR, others have
observed that brief instruments tend to overestimate fat and underestimate fruits and
vegetables [17]. However, almost three-quarters of participants were cross-classified
into the same section of the distribution by both test and reference instruments,
providing evidence of the SDQ’s reasonable measurement properties.

While correlations between the key nutrients and foods estimated by the SDQ
and the reference method (means of three non-consecutive 24HR) were quite modest,
they were similar to those found in the literature for some of these variables. For
example, a 43-item FFQ (Healthy Doc) administered by Spencer et al. [17] to 88
medical students estimated intakes of fruit and vegetables at 3.8 servings per day,
only slightly lower than the 4.3 servings from the mean of five 24HR, with a Pearson
correlation of 0.50. Using the 19-item NCI Fruit and Vegetable Screener (FVS) in an
age and ethnically diverse sample of 590 adults, Greene et al. [18] obtained significant
Pearson correlations ranging from 0.31 to 0.47 for men, and 0.43 to 0.63 for women
between the FVS and multiple 24HR, depending on the sub-sample and version of
their screener. Our results lined up closely to these findings, with 4.5 servings of
fruits and vegetables per day estimated from the SDQ, compared to 5.5 servings
daily from the three 24HR, and a significant, positive unadjusted Spearman rank
correlation of 0.45.

Associations on fat from the SDQ and 24HR were also similar to those of
Spencer et al. [17], with an unadjusted Spearman correlation of 0.26 between total fat
estimated from the SDQ and the mean of the three 24HR, compared to the Spencer
study which reported an adjusted, deattenuated Pearson correlation of 0.36 for fat
between their brief FFQ and the mean of five 24HR.

Since the SDQ was not designed to assess the whole diet, we could not
calculate energy intakes or estimate the percent of energy from fat. However,
Thompson et al. [19] obtained a deattenuated Pearson correlation of 0.36 for percent
energy from lipids from the 16-question NCI percentage of energy from fat short
instrument (PFat) compared to multiple 24HR, suggesting that we can expect

24



correlations between short diet questionnaires and quantitative, multiple 24HR
to be in this modest range, similar to the present study.

It is difficult to contextualize results from this study with others, because
of the heterogeneity of short dietary instruments and validation studies in the
literature, including differing reference timeframes (for example the FVS asks for
consumption frequencies over the last month), the use of implicit or explicit portion
sizes in addition to frequency in some instruments [18], reporting on comparisons
to “multiple” 24HR without specifying the number, and highly divergent samples
and sample sizes. Although some studies have used a measurement error model
to deattenuate correlations between the short dietary instrument and the reference
measure, we have presented raw, unadjusted correlations from the SDQ and 24HR
which fall into same range as adjusted correlations.

The study has limits. First, it must be acknowledged that all self-report
dietary assessment methods are fraught with error. However, despite their age,
the study participants were cognitively intact, which precludes expectation of poor
results in this sample. Second, frequency-based dietary assessment instruments and
quantitative tools such as 24HR call upon a different set of cognitive processes in
order to respond to the food consumption questions. Consequently, respondents may
have had difficulties with the notion of frequency on the SDQ, or could have forgotten
to report some foods eaten on the 24HR assessment despite interviewer-prompts and
cues on the 24HR, thus compounding errors and attenuating associations between
the two instruments. Third, to permit calculation of point estimates for the validation
analyses, SDQ portion sizes were imputed using medium portions from the parent
NuAge FFQ nutrient database for all respondents, which may have induced a
“regression to the mean” bias in comparing SDQ results to those from the 24HR,
the “true” reference intakes. Fourth, the modest correlation coefficients could have
been inflated due to the comparison of two potentially error-prone instruments, the
SDQ and 24HR. Furthermore, this was a sub-study carried out within an ongoing
cohort study, and certain participants reported confusion during the SDQ telephone
interviews because the SDQ reminded them of the full FFQ that they had completed
earlier in the study. In addition, based on comments noted by interviewers suggesting
some uncertainty as to whether certain participants were aware that they had
consumed fortified foods, the accuracy of their responses on consumption of omega-3
fatty acid or calcium-fortified foods may be questioned. Finally, because they had
agreed to participate in the SDQ validation study, these respondents may have been
particularly interested in diet, and thus not a representative sample.
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5. Conclusions

The SDQ is a reasonably accurate, rapid, well-accepted approach for ranking
usual consumption frequencies of selected nutrients and foods of interest. As such, it
could serve in population health and chronic disease risk studies conducted among
younger and older adults as a tool for rapid assessment of usual consumption
frequencies of these foods and nutrients and to compare changes in patterns of
consumption over time. Still, its limitations as a dietary assessment tool must
be considered due to its focus only on selected nutrients and foods, as well as
its qualitative nature which could result in underestimation of exposure to other
dietary constituents. Consequently the SDQ would be inappropriate in studies
where the objective is to obtain quantitative data on the whole diet. The first wave of
administration of the SDQ to CLSA participants aged 45 to 85 years in the in-home
interviews began in May 2012 and was completed in June 2015. Data entry is
underway. Considering its intended use in the CLSA on multiple occasions over the
20-year follow-up, as well as the broader age range and more diverse population
than the one that took part in the present relative validation study, further testing
is necessary to determine its ability to accurately reflect consumption patterns of
the target nutrients and foods considering different age groups, regional dietary
variation and cognition in the older segment of the CLSA cohort. Additional testing
of the SDQ against a full FFQ and a series of repeated 24HR would also permit
further exploration of these issues, and allow for calibration of the SDQ to enhance
its measurement properties.
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Appendix A

Table A1. Sample food list modifications from the full FFQ to the SDQ.

Full FFQ 1 SDQ

High-fibre breakfast cereals (All Bran, 100% Bran,
Bran Flakes, muesli...)

High-fibre breakfast cereals (All Bran, 100% Bran,
Bran Flakes, muesli...)

2 categories: Merged into 1 category:

‚ Bread: whole wheat, bran, multigrain, rye
commercial sliced

‚ Other whole-wheat bread (crusty bread,
hamburger/hot dog buns, tortillas,
bagels, pitas...)

‚ Bread: whole wheat, bran, multigrain, rye
(sliced, crusty, hamburger/hot dog buns,
bagels, pita...)

2 categories: Merged into 1 category:

‚ Beef (ground, hamburger, roast, steak,
in cubes...)

‚ Beef, pork (ground, hamburger, roast,
steak, in cubes...)

Other meats (veal, lamb, game...) (ground,
hamburger, roast, steak, in cubes...)
Chicken, turkey

‚ Salmon, trout, sardines, herring, tuna
Addition of another species of fish:

‚ Salmon, trout, sardines, herring,
tuna, mackerel

2 categories: Merged into 1 category:

‚ Sausages, hot dogs
‚ Ham, cold cuts or smoked meats, bacon...

‚ Sausages, hot dogs, ham, cold cuts or
smoked meats, bacon...

1 Shatenstein et al. [8]

Table A2. Short Diet Questionnaire food and beverage list.

Foods

High-fiber breakfast cereals (All Bran, 100% Bran, Bran Flakes, muesli...)
Whole-wheat breads, bran breads, multigrain breads, rye breads (sliced, crusty, hamburger
bun, hot dog bun, bagel, pita, ...)
Beef, pork (ground, hamburgers, roast beef, steak, cubed...)
Other meats (veal, lamb, game...) (ground, hamburgers, roast, steak, cubed...)
Chicken, turkey
Salmon, trout, sardines, herring, tuna, mackerel (fresh, frozen or canned)
Sausages, hot dogs, ham, smoked meat, bacon...
Patés, cretons, terrines...
Sauces and gravies (brown, white, BBQ, ...)
Omega-3 eggs
All egg dishes except omega 3 eggs (eggs, omelette, quiche...)
Legumes: beans, peas, lentils
Nuts, seeds and peanut butter
Fruit (fresh, frozen, canned)
Green salad (lettuce, with or without other ingredients)
Potatoes (boiled, mashed or baked)
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Table A2. Cont.

Foods

French fries or pan-fried potatoes, poutine
Carrots (fresh, frozen, canned, eaten on their own or with other food, cooked or raw)
Other vegetables (except carrots, potatoes or salad)
All low-fat cheeses
All regular cheeses
Yogurt (low-fat)
Yogurt (regular)
Calcium-fortified foods (soy pudding, ...)
Ice cream, ice milk, frozen yogurt, milk-based desserts (puddings, ...)
Salty snacks (regular chips, crackers, ...)
Cakes, pies, doughnuts, pastries, cookies, muffins...
Chocolate bars
Butter or regular margarine on bread or on cooked vegetables only
Regular vinaigrettes, salad dressings, mayonnaise, homemade or commercial dips

Beverages
100% pure fruit juices (orange, grapefruit or tomato, ...)
Calcium-fortified juices
Whole milk 3.25% milk fat for drinking
2%, 1%, skim milk for drinking
Calcium-fortified milk (35% or more calcium)
Other calcium-fortified beverages (soy drink, ...)
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Validity of Two New Brief Instruments to
Estimate Vegetable Intake in Adults
Janine Wright, Jillian Sherriff, John Mamo and Jane Scott

Abstract: Cost effective population-based monitoring tools are needed for nutritional
surveillance and interventions. The aim was to evaluate the relative validity of
two new brief instruments (three item: VEG3 and five item: VEG5) for estimating
usual total vegetable intake in comparison to a 7-day dietary record (7DDR).
Sixty-four Australian adult volunteers aged 30 to 69 years (30 males, mean age ˘ SD
56.3 ˘ 9.2 years and 34 female mean age ˘ SD 55.3 ˘ 10.0 years). Pearson correlations
between 7DDR and VEG3 and VEG5 were modest, at 0.50 and 0.56, respectively.
VEG3 significantly (p < 0.001) underestimated mean vegetable intake compared to
7DDR measures (2.9 ˘ 1.3 vs. 3.6 ˘ 1.6 serves/day, respectively), whereas mean
vegetable intake assessed by VEG5 did not differ from 7DDR measures (3.3 ˘ 1.5 vs.
3.6 ˘ 1.6 serves/day). VEG5 was also able to correctly identify 95%, 88% and 75% of
those subjects not consuming five, four and three serves/day of vegetables according
to their 7DDR classification. VEG5, but not VEG3, can estimate usual total vegetable
intake of population groups and had superior performance to VEG3 in identifying
those not meeting different levels of vegetable intake. VEG5, a brief instrument,
shows measurement characteristics useful for population-based monitoring and
intervention targeting.

Reprinted from Nutrients. Cite as: Wright, J.; Sherriff, J.; Mamo, J.; Scott, J. Validity of
Two New Brief Instruments to Estimate Vegetable Intake in Adults. Nutrients 2015, 7,
6688–6699.

1. Introduction

A diet high in fruit and vegetable intake is known to decrease risk of
chronic diseases including coronary heart disease CHD [1–3] and some cancers [4].
The World Health Organization recommends people eat at least 400 grams of
fruit and vegetables daily (excluding potatoes) [1]. Increasing the intake of fruit
and vegetables is a world-wide public health priority [5] with most countries
having culturally-specific dietary recommendations to increase fruit and vegetables,
which require monitoring [6,7]. There is a need for cost effective population-based
monitoring tools for the purposes of nutritional surveillance and the targeting of
nutrition interventions. Traditional dietary intake assessment methods such as 24 h
recalls (24HR), diet records and long-form food frequency questionnaires (FFQ)
are not suitable for many population monitoring and intervention settings as they
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are resource intensive, costly, and involve high respondent burden. Some short
dietary questions [6] and abbreviated dietary intake assessment instruments have
been developed [6,8] and are being increasingly used for both population-based
monitoring [6] and assessing the impact of interventions [9].

Abbreviated instruments, used to estimate vegetable intake and assess other
dietary behaviours, do not replace more detailed and comprehensive methods
for measuring overall dietary intake such as diet records and 24HR but can
provide valuable information on food group specific dietary behavior and level
of consumption for population groups [6,10]. Brief instruments have advantages
in situations where due to resource or time constraints it is not feasible to
use more detailed measures of dietary intake [11]. However, the measurement
characteristics of brief instruments should be considered and they should be used
in appropriate contexts. Brief instruments with questions on self-reported fruit and
vegetable consumption have been shown to be able to assess group mean/median
intakes [6,8,10], a characteristic useful for monitoring and for identifying intervention
target populations [10].

Brief dietary intake assessment instruments have a specific and limited focus [6].
This means that these instruments can be designed to specifically measure the
population dietary behaviours of interest and relevance, an aspect particularly
useful for targeting of behavioral-based interventions. For instance, a simple
1-item summary question on usual total vegetable intake in cups or serves has
been routinely used in national and regional Australian studies [6,12] and has been
widely used in the United States [12]. However, when evaluated this question was
found to be valid only in discriminating between groups with significantly different
intakes [6]. Furthermore, when used within a 2-item fruit and vegetable screener,
this vegetable consumption question was found to underestimate median values
for vegetables when compared to multiple 24HR [12]. Thus, in the area of vegetable
intake estimation, there is a need to develop and assess the validity of alternative
vegetable consumption questions or brief question sets [6,10,12].

The design of alternative questions for assessing vegetable consumption used
in this study is informed by research evidence which indicates where improvements
to questions could lead to useful and meaningful instruments with greater validity.
The concept of what a serving size of vegetables is has been shown to be a factor
adding to question difficulty in brief instruments [13] with Yarcoh et al. [12] recently
reporting better performance of a 2-item fruit and vegetable screener that asked
about intake in cups compared to intake in servings. Other difficulties in vegetable
consumption questions relate to vegetable use in mixed dishes (e.g., vegetable
soups) [8,10], the presence of multiple vegetable preparation forms (e.g., salads,
cooked vegetables) [14], and the difficulty in interpreting questions which ask for
the exclusion and inclusion of different types of potatoes [13]. Furthermore, it has
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been determined that it is desirable that vegetable consumption questions have less
restrictive response categories [6], and in line with current dietary guidance [15]
would also be able to assess consumption of vegetable sub-groups such as starchy
vegetables and red and orange colored vegetables.

VEG3 and VEG5 are two new brief instruments for estimating usual total
vegetable intake, consisting of three and five items respectively. The instruments
were generated from six different questions on vegetable consumption, with five of
these vegetable consumption questions having design aspects which address some
of the identified challenges in estimating vegetable intake. This may lead to better
measurement characteristics of these brief instruments. The aim of this paper is to
assess the relative validity of VEG3 and VEG5 to estimate usual total vegetable intake
for population monitoring and intervention targeting purposes through comparison
to vegetable intake measured by a 7-day estimated dietary record (7DDR).

2. Methods

2.1. Participants

Sixty-four volunteers aged between 30 and 69 years were recruited. Recruitment
was by newspaper and community announcements including a general practitioner
(GP) surgery advertisement. Inclusion criteria were men and women aged between
30 and 69 years requiring primary or secondary prevention of cardio-vascular
disease (CVD), that is, having one or more CVD risk factors. Exclusion criteria
were: persons with non-insulin dependent diabetes; non-English speaking; unable to
read or write; currently undertaking major dietary modification; major intercurrent
illness. Eligibility was assessed by self-report via telephone interview. All
participants provided written informed consent and the study was approved by
the Curtin University of Technology Human Ethics Committee, approval reference
number HR20/98.

2.2. Study Design

At baseline, subjects completed (1) a socio-demographic questionnaire;
(2) a 63-item FFQ [16–18] containing the six vegetable consumption questions from
which the 3-item (VEG3) and 5-item (VEG5) instruments are derived, and (3) were
given instruction to commence the 7-day estimated diet record the following day.
Four weeks later, subjects completed (1) a questionnaire on any dietary changes since
baseline measures and (2) the second administration of the 63-item FFQ containing
the vegetable consumption questions that make up VEG3 and VEG5. All materials
were mailed to participants. Relative validity was determined through comparison of
total vegetable intake estimates calculated from the first administration of VEG3 and
VEG5 to total vegetable intake measured from the 7-day estimated dietary records.
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Test-retest reliability was determined through comparison of total vegetable intake
estimates between the two administrations of VEG3 and VEG5 (at baseline and four
weeks later) in those not reporting dietary changes in the intervening period.

2.3. Study Tools

2.3.1. Seven-Day Estimated Dietary Records (7DDR)

The reference dietary assessment method was a 7-day estimated dietary record
(7DDR) including food-photo serving size description aids, modified with permission
from those used and validated by Raats and Geekie [19]. The booklet consisted of
two pages of instructions, a sample day record, 12 blank pages for recording food
and drinks and six pages of photographs depicting reference “medium” portion
sizes of foods . The booklet also included two fold-out flaps with descriptions of
“medium” portion sizes. Participants were asked to describe the “amount” eaten
in terms of photographs and lists provided, in terms of household measures and
weights taken from food packaging. Participants received telephone-based training
on how to complete the 7DDR with phone call assistance available during the 7-day
measuring period.

2.3.2. Brief Instrument (VEG3 and VEG5) Vegetable Consumption Questions

VEG3 and VEG5 were derived from six questions assessing vegetable
consumption contained within a longer, validated 63-item combination FFQ [16–18].
The six questions were Ling and colleague’s [14] 3-item set of questions (identified
as C on Figure 1) on the consumption of vegetable soups, salads and cooked
vegetables (excluding potato); a 1-item summary question (B on Figure 1) on usual
total vegetable consumption (excluding potato); and two questions on non-fried
potato intake (A on Figure 1) (the format and calculation of non-fried potato using
these questions is further described in [18]). The time period of reference for all
vegetable consumption questions was the previous month. Details of the questions
and how they are combined to create the brief instruments are shown in Figure 1
with VEG3 = A + B and VEG5 = A + C.

2.4. Data Analysis

2.4.1. Dietary Analysis

Food groups were defined according to the specifications of the Australian
Guide to Healthy Eating [20]. Food group data were determined through export of
FoodWorks diet record food lists (FoodWorks Version 3.0 (Xyris software, Brisbane,
QLD, utlilising the NUTTAB98 database ) into Microsoft Access (Microsoft Access
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2007, Microsoft Enterprise Systems 2007) where all individual food and drink items
were coded into food groups. This food group coding was then re-linked to each
participant’s dietary record to allow calculation of 7-day food group totals (total
serves) and daily averages (servings/day). Food group outcome variables for
vegetables were average daily serves of vegetables with and without non fried potato.

2.4.2. Brief Instrument (VEG3 and VEG5) Vegetable Intake Estimation

Total usual vegetable intake estimates were calculated using two different sets
of questions as previously described and outlined in Figure 1. Both brief instruments
were also used to calculate usual total vegetable intake excluding potato. For this
the two questions related to non-fried potato intake were removed, in which case
VEG3 had 1-item (B on Figure 1) and VEG5 had 3-items (the question set developed
by Ling et al. [14] and shown as C on Figure 1).

2.5. Statistical Analysis

The relationship between the 7DDR measures with VEG3 and VEG5 estimates
was assessed using Pearson’s correlation coefficients. The ability of the brief
instruments VEG3 and VEG5 to estimate group means for usual total vegetable intake
(both including and excluding non-fried potatoes) in comparison to 7DDR measures
was investigated using paired t-tests. The technique of Bland and Altman [21] was
utlilised to determine agreement between the 7DDR and brief instrument vegetable
intake estimates, and to calculate mean bias and 95% limits of agreement (LOA).
To examine how well the brief instruments could correctly classify subjects according
to different intake levels the 7DDR, VEG3 and VEG5 measures were dichotomized for
different serve intake levels (for example less than five servings/day or five or more
servings/day), with data dichotomized four times in total (allowing examination
of classification of intake from two to five serves/day). The predictive value of the
VEG3 and VEG5 (both including and excluding non-fried potato) was examined
using these dichotomized scores, with positive predictive value defined as those
determined to be consuming less than the intake level serving/day cut-off by the
brief instruments who also did not meet the same intake level serving/day cut-off
according to the 7DDR measure. Test-retest reliability of the short instruments was
assessed using Pearson’s correlation coefficient. All data were analyzed using the
Statistical Package for the Social Sciences (SPSS Version 17.0, Chicago, IL, USA).
All data distributions (7DDR, VEG3 and VEG5) were checked for normality using
a Shapiro-Wilk test. p < 0.05 was considered significant.
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3. Results

3.1. Subject Characteristics

The mean age of the 64 adult volunteers was mean age ˘ SD 55.7 ˘ 9.6 years
(30 males, mean age ˘ SD 56.3 ˘ 9.2 years and 34 female mean age ˘ SD 55.3 ˘ 10.0 years).

3.2. Test-Retest Reliability

Out of the 56 who completed the vegetable consumption questions making
up VEG3 and VEG5 on two occasions four to six weeks apart , 19 reported
making dietary changes in that period and thus a total of 37 persons (20 male
mean ˘ SD age, 56.6 ˘ 9.1 years, 17 female mean age 56.5 ˘ 9.4) were included
in an assessment of test-retest reliability. Total vegetable intake at baseline and at one
month re-administration for VEG3 were mean ˘ SD 3.1 ˘ 1.4 and 3.1 ˘ 1.0 serves/day;
and for VEG5 were 3.7 ˘ 1.3 and 3.1 ˘ 1.3 serves/day. The test-retest correlation
coefficients between one-month re-administrations of VEG3 and VEG5 for total
vegetable intake in serves/day were, for VEG3, r = 0.64 95% CI (0.40,0.80) and
for VEG5, r = 0.58 95% CI (0.31,0.76), with both indicating reasonable to good
test-retest reliability.

3.3. Relative Validity of Brief Instruments in Comparison to Dietary Record Measures

Pearson correlation coefficients between 7DDR measure of vegetable intake in
serves/day and VEG3 and VEG5 estimates were modest at r = 0.50 95% CI (0.29,
0.66) and r = 0.56 95% CI (0.36, 0.71), respectively. For VEG3 the mean difference
(7DDR-VEG3) or bias was 0.63 serves/day with 95% LOA of (´2.20, 3.45 serves/day).
For VEG5 the mean difference (7DDR-VEG5) or bias was 0.24 serves/day with 95%
LOA of (´2.57, 3.04 serves/day).

As shown in Table 1, VEG3 significantly (p < 0.001) underestimated mean
vegetable intake compared to 7DDR measures (2.9 ˘ 1.3 vs. 3.6 ˘ 1.6 serves/day,
respectively), whereas mean vegetable intake assessed by VEG5 did not differ from
7DDR measures (3.3 ˘ 1.5 vs. 3.6 ˘ 1.6 serves/day, respectively).

These differences between VEG3 and VEG5 were mirrored in prevalence
estimates for intakes meeting different national food selection guide-specified serve
intake levels (Table 1). VEG5 produced prevalence estimates of individuals meeting
different intake levels (i.e., from less than two serves to more than five serves) that
were similar to 7DDR measures, with VEG3 produced prevalence estimates being
somewhat different. VEG5 was able to correctly identify 91% of those not meeting
the recommendation of five or more serves per day according to the 7DDR, and could
correctly identify 71% and 72% of those not consuming at least four or three serves a
day, respectively. When non-fried potato was excluded from VEG5, it identified 95%,

36



88% and 75% of those not consuming five, four, and three serves a day according to
their 7DDR classification. VEG5 had superior positive predictive values to VEG3, the
exception being for the less than five serves/day comparison point (95% vs. 97%).

4. Discussion

Wide 95% LOA for both VEG3 and VEG5 estimates of usual total vegetable
intake in comparison to 7DDR measures indicates poor agreement between the brief
instruments and the reference standard at the individual level. As such, neither VEG3
nor VEG5 can replace the comprehensive dietary measure of 7DDR in estimating
vegetable intakes of individuals.

However, when assessing the brief instruments’ estimation of vegetable intake
at the group level, VEG5’s estimation of mean vegetable intake did not differ from
that measured by the 7DDR, whereas the VEG3’s vegetable intake estimates at group
level were significantly underestimated. Both of these results were found irrespective
of whether non-fried potato was included or excluded in the estimation of vegetable
intake. This result is consistent with the finding of the Kim and Holowaty review [10]
in that the longer instrument had better relative validity than the shorter one.

These results indicate that VEG5, as an estimate of vegetable intake both
including and excluding non-fried potato, is an instrument that could be used to
assess mean vegetable intake in population groups. Although this study is smaller
and has less generalizability than that of Yaroch and colleagues [12], their 16-item
screener (with 12 vegetable consumption questions) was unable to estimate group
mean vegetable intake.

VEG5 had superior positive predictive values to VEG3, the exception being for
the less than five serves/day comparison point (95% vs. 97%). These high positive
predictive values suggest that VEG5, in particular, is useful for confirming intake
levels and will correctly classify sizeable and similar proportions of adults with
vegetable intakes below, at or above three, four and five servings per day.

Overall, VEG5 shows measurement characteristics useful for population-level
monitoring and for the targeting of interventions. VEG5 can identify those with
intakes less than dietary recommendations, and was also able to identify and
classify most people with consumption levels considerably lower than current
recommendations. This maximizes potential uses of VEG5 in intervention targeting,
as most consumers have intakes less than three serves a day [7,22] and represent the
group that can make the greatest public health gains through increased consumption
towards dietary recommendations [7].
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Furthermore, VEG5 has demonstrated characteristics useful for population-level
monitoring independent of whether non-fried potato is included or excluded in the
calculation of usual total vegetable intake. Thus VEG5 can be used in nations
which differ in their treatment of non-fried potatoes in their vegetable intake
recommendations; for example, Australia includes non-fried potatoes within their
definition of total vegetable intake [7] whereas the US does not [15].

As a point of difference to many currently used short dietary questions and brief
instruments, VEG5 includes open-ended response options for frequency estimates of
consumption of soups, salad and cooked (non-potato) vegetables. VEG5 can therefore
collect information on the full range of intakes including high vegetable consumers.
VEG5 estimates may therefore remain relevant to monitoring contexts when and if
the recommendations for vegetable intake increase from those currently used.

In this study, relative validity, rather than absolute validity, was assessed with
only self-reported data compared. The use of the 7DDR as the reference standard is,
however, a robust comparison method: the 7DDR is a comprehensive dietary intake
measure which, importantly, has measurement errors most likely independent from
the main systematic measurement errors common to brief instruments, which are the
cognitive task of estimating usual intake over a period of time [11]. Also, the relative
validity testing in this study did not test the vegetable consumption questions that
are part of VEG3 and VEG5 as stand-alone items; rather the question items were
administered as part of a longer 63-item FFQ. The impact of this is not known, but
as potential applications of VEG5 include population monitoring, it is likely that in
these settings, the brief instruments questions will also be used in combination with
other dietary and health questions. The findings of this study were demonstrated
with a relatively small volunteer sample size and further studies with larger and
more diverse population groupings are needed to examine the generalisability of
the findings.

5. Conclusions

When compared to the results from 7DDR, a 5-item set of questions (VEG5)
better assessed vegetable intake of adult Australians at the group-level than a three
item set of questions (VEG3). Both VEG3 and VEG5 were able to correctly classify
high proportions of those subjects not consuming five, four and three serves/day
of vegetables according to their 7DDR classification. Neither VEG3 nor VEG5 were
accurate in assessing vegetable intake at an individual level and do not replace more
thorough and comprehensive dietary intake measurement tools such as diet records
for this purpose. VEG5 is a quick, inexpensive instrument that can assess mean
intake of vegetables in population groups and can identify those not meeting public
health-related vegetable consumption recommendations. Specifically, VEG5 has high
predictive value in identifying those not consuming three serves to five serves of
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vegetables a day. These useful characteristics of VEG5 apply whether non-fried
potato is included or excluded from its vegetable intake estimates. As a 5-item
instrument to estimate usual total vegetable intake, VEG5 therefore appears useful
for population-level monitoring and intervention targeting purposes.
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Fruit and Vegetable Intake Assessed by
Food Frequency Questionnaire and Plasma
Carotenoids: A Validation Study in Adults
Tracy L. Burrows, Melinda J. Hutchesson, Megan E. Rollo, May M. Boggess,
Maya Guest and Clare E. Collins

Abstract: Dietary validation studies of self-reported fruit and vegetable intake should
ideally include measurement of plasma biomarkers of intake. The aim was to
conduct a validation study of self-reported fruit and vegetable intakes in adults,
using the Australian Eating Survey (AES) food frequency questionnaire (FFQ),
against a range of plasma carotenoids. Dietary intakes were assessed using
the semi-quantitative 120 item AES FFQ. Fasting plasma carotenoids (α- and
β-carotene, lutein/zeaxanthin, lycopene and cryptoxanthin) were assessed using
high performance liquid chromatography in a sample of 38 adult volunteers (66%
female). Significant positive correlations were found between FFQ and plasma
carotenoids for α-carotene, β-carotene and lutein/zeaxanthin (52%, 47%, 26%,
p < 0.001, 0.003, 0.041; respectively) and relationships between plasma carotenoids
(except lycopene) and weight status metrics (BMI, waist circumference, fat mass)
were negative and highly significant. The results of the current study demonstrate
that carotenoid intakes as assessed by the AES FFQ are significantly related to plasma
concentrations of α-carotene, β-carotene and lutein/zeaxanthin, the carotenoids
commonly found in fruit and vegetables. Lower levels of all plasma carotenoids,
except lycopene, were found in individuals with higher BMI. We conclude that the
AES can be used to measure fruit and vegetable intakes with confidence.

Reprinted from Nutrients. Cite as: Burrows, T.L.; Hutchesson, M.J.; Rollo, M.E.;
Boggess, M.M.; Guest, M.; Collins, C.E. Fruit and Vegetable Intake Assessed by Food
Frequency Questionnaire and Plasma Carotenoids: A Validation Study in Adults.
Nutrients 2015, 7, 3240–3251.

1. Introduction

Regular consumption of fruit and vegetable intake in accordance with World
Cancer Research Fund guidelines is associated with a reduced risk of some cancers
and substantially lower risks of coronary heart disease [1,2], stroke [3,4] and possibly
type 2 diabetes mellitus [5,6].

Plasma biomarkers can be used in studies validating dietary intake as
independent proxy measures of intake [7] and to evaluate whether sources of random
error are independent of errors associated with measurement by questionnaire
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and/or inaccuracies within nutrient databases [8]. Simultaneous measurement
of plasma carotenoid concentrations have been reported in studies validating fruit
and vegetable intakes [9,10] as carotenoids predominate in these foods [11]. It has
been reported that a single carotenoid is not likely to be sufficient due to the diverse
composition of plant foods [12]. Alpha-carotene, β-carotene, cryptoxanthin, lycopene
and lutein are the carotenoids most commonly assessed in dietary validation
studies [13].

Therefore, the aim of the current study was to compare fasting plasma carotenoid
concentrations, as biomarkers of fruit and vegetables, with dietary carotenoids and
intakes of fruit and vegetables, as assessed by the Australian Eating Survey (AES)
food frequency questionnaire (FFQ) in a sample of adults.

2. Experimental Section

Data used in this analysis were obtained from a convenience sample of adults
who had previously participated in a comparative validation study (The Family
Diet Quality Study) [14] and who volunteered to give a blood sample for plasma
carotenoid analysis. The methods have been published previously elsewhere [14].
Briefly, participants were recruited into the validation study through advertisements
in newspapers, community notice boards and school newsletters in Newcastle, New
South Wales, Australia. Eligibility included being an adult (>18 years), with no
known medical conditions or taking medications that could influence body weight,
(e.g., asthma, type 1 diabetes) and living full-time with at least one child aged
8–10 years, with data collected as part of a study of nutrition in families [14].
Demographic data including age, education, smoking status and self-rated health
were measured. Anthropometric data, including height (cm), weight (kg) and body
mass index (BMI) calculated as kg/m2, waist circumference (cm) and fat mass
(kg) were measured by trained assessors with full details reported elsewhere [15].
A trained research assistant explained and administered the AES FFQ, which
consisted of 120 items, reporting intake over the previous six months. This instrument
has previously been used compared in adults to weighed food records without use
of independent biomarkers [14].

Fruit and vegetables were reported as servings per day. An individual response
for each food or food type was recorded with seven frequency options ranging
from “never” up to “4 or more times per day” and for some beverages up to “7 or
more glasses per day”. Nineteen FFQ items related directly to intake of vegetables.
Vegetable types assessed were potatoes, pumpkin, sweet potato, cauliflower, green
beans, spinach (i.e., Swiss chard), cabbage/brussels sprouts, peas, broccoli, carrots,
zucchini, eggplant, summer squash, capsicum (i.e., red and green bell pepper), corn,
mushrooms, tomatoes, lettuce, celery, cucumber, avocado, onion, spring onion,
and leek. Eleven FFQ items related directly to the intake of fruit. Fruits assessed
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were: canned fruit, fruit salad, dried fruit, apple, pear, orange, mandarin, grapefruit,
banana, peach, nectarine, plum or apricot, mango, paw-paw, pineapple, grapes,
strawberries, blueberries and melon. The frequency categories for seasonal fruit
for fruits such as peach and melon were calculated by adjusting for the number of
months per year the fruit was available. Vitamin supplement use was assessed as
“yes” or “no”.

Standard adult portion sizes were used for each food item and derived from
the most current Australian National Nutrition Survey using unpublished data
purchased from the Australian Bureau of Statistics [16]. Daily carotenoid intakes of
α-carotene, β-carotene, lycopene, cryptoxanthin and combined lutein-zeaxanthin
were estimated from FFQ fruit and vegetable responses using the carotenoid database
from the US Department of Agriculture National Cancer Institute [17].

2.1. Biochemical Assay

Phlebotomists collected blood samples in EDTA-coated tubes after an overnight
fast and samples were analysed at an accredited pathology service (National
Association of Testing Authorities, Australia). Serum was separated from red
blood cells by centrifugation and remaining samples were frozen within 2 h to
−80 ◦C. Samples were thawed and high performance liquid chromatography
(HPLC) methodology was used to determine β-carotene, lycopene, α-carotene,
β-cryptoxanthin and lutein/zeaxanthin concentrations in serum. All extractions
were carried out in a darkened laboratory under red light. In a 1:1 ratio, ethanol
plus ethyl acetate containing internal standard (canthaxanthin) were added to the
sample. The solution was vortexed, centrifuged (3000 g, 4 ◦C for 5 min) and the
supernatant was collected. This process was repeated three times, adding ethyl
acetate twice, then hexane to the pellet. Ultra-pure water was then added to pooled
supernatant and the mixture was vortexed and centrifuged. The supernatant was
decanted, the solvents evaporated with nitrogen and the sample reconstituted in
dichloromethane:methanol (1:2 v/v). Chromatography was performed on a Hypersil
ODS column (100 mm × 2.1 m × 5 µm) with a flow rate of 0.3 mL/min. Carotenoids
were analysed using a mobile phase of acetonitrile: dichloromethane: methanol
(containing 0.05% ammonium acetate) (85:10:5 v/v) and a diode array detector
(470 nm) [18].

2.2. Ethics

The study protocol was approved by the University of Newcastle Human
Research Ethics Committee (Approval No. H-2010-1170).
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2.3. Statistical Methods

Median, minimum and maximum values were reported for reported FFQ fruit
and vegetable intakes, FFQ carotenoids and plasma carotenoid concentrations. BMI
was significantly associated with plasma carotenoids, as expected [19,20], and thus
was used to stratify descriptive statistics. Participants were categorized as either
healthy weight (BMI < 25 kg/m2) or overweight (BMI ≥ 25 kg/m2). Univariate
effects (Tables 1 and 2) were assessed using Wilcoxon rank-sum tests. Comparisons
of plasma carotenoids to FFQ carotenoids were made using Wilcoxon matched pairs
signed-rank tests. Linear regression models were used to assess the relationship
between plasma and FFQ carotenoid levels, whilst controlling for anthropometric
variables (BMI, waist circumference and fat mass). Clustered, robust standard errors
were used to account for the probable correlation of food intakes of participants in
the same family [21]. The normality of the residuals from these models was assessed
using the Shapiro-Wilk’s test. Statistical significance is determined at the 5% level.
All statistical analysis was performed using Stata MP version 12 [22].

Table 1. Anthropometric summary for n = 38 participants from 26 families, by
weight category.

All Healthy Weight
(BMI < 25)

Overweight
(BMI ≥ 25) p

n = 38 n = 20 n = 18

Female 25 (66%) 14 (70%) 11 (61%) 0.73
Supplement use 20 (53%) 10 (50%) 10 (56%) 0.76

Median (Min–Max) Median (Min–Max) Median (Min–Max)
Age (years) 43.3 (33.5–52.6) 42.9 (36.8–50.6) 44.9 (33.5–52.6) 0.64
Height (cm) 169.3 (151.4–188.0) 169.8 (161.6–184.5) 168.3 (151.4–188.0) 0.24
Weight (Kg) 68.8 (55.6–99.6) 64.4 (55.6–78.5) 79.4 (61.5–99.6) <0.01

BMI (kg/m2) 24.4 (19.4–37.8) 22.5 (19.4–24.5) 27.9 (25.1–37.8) <0.01
Waist (cm) 83.4 (67.7–111.4) 78.8 (67.7–91.4) 91.1 (76.9–111.4) <0.01

Fat Mass (Kg) 21.3 (7.0–48.3) 14.6 (7.0–23.8) 24.5 (14.5–48.3) <0.01
Fat Mass (%) 26.6 (11.2–50.9) 20.8 (11.2–35.3) 34.3 (17.8–50.9) <0.01

Fat Free Mass (Kg) 48.1 (38.9–77.4) 48.1 (40.6–63.4) 48.5 (38.9–77.4) 0.70
Fat Free Mass (%) 73.4 (49.1–88.8) 79.2 (64.7–88.8) 65.7 (49.1–82.2) <0.01

p Value indicates differences between weight groups.
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Table 2. Summary statistics (median, minimum and maximum) for plasma
carotenoids, food frequency questionnaire (FFQ) carotenoids and fruit and vegetable
intake, by weight category.

All Healthy Weight (BMI
< 25)

Overweight (BMI ≥
25) p

n = 38 n = 20 n = 18

Median (Min–Max) Median (Min–Max) Median (Min–Max)
Plasma Carotenoid (µg/dL)

α-carotene 6.40 (0.80–29.30) 7.35 (1.90–29.30) 3.85 (0.80–28.40) 0.05
β-carotene 40.65 (3.50–176.80) 46.4 (7.30–162.40) 25.4 (3.50–176.80) 0.01
Lycopene 40.85 (7.20–114.30) 38.7 (7.20–114.30) 43.3 (13.40–94.60) 0.64

Lutein-zeaxanthin 21.05 (7.50–64.60) 24.95 (9.40–64.60) 16.3 (7.50–38.40) 0.05
Cryptoxanthin 7.60 (1.70–18.80) 8.95 (1.70–16.50) 5.25 (2.70–18.80) 0.06

Median (Min–Max) Median (Min–Max) Median (Min–Max)
FFQ Carotenoid (µg/day)
α-carotene 12.78 (3.67–74.16) 12.8 (3.67–74.16) 12.15 (4.30–26.89) 0.88
β-carotene 57.72 (11.98–191.3) 57.65 (11.98–191.33) 59.84 (26.09–98.53) 0.98
Lycopene 95.27 (34.09–194.3) 89.15 (34.09–194.28) 96.11 (39.27–176.69) 0.54

Lutein-zeaxanthin 29.35 (6.49–72.9) 30.78 (6.49–72.89) 29.11 (12.35–52.96) 0.27
Cryptoxanthin 3.56 (0.45–9.18) 3.56 (0.45–9.18) 3.42 (1.00–7.59) 1

FFQ Vegetables (serves/day)
All 4.26 (1.07–9.07) 4.43 (1.57–9.07) 3.94 (1.07–6.71) 0.24

FFQ Fruit (serves/day)
All 2.57 (0.20–4.71) 2.57 (0.20–4.01) 2.55 (0.30–4.71) 0.77

p Value indicates differences between weight groups.

3. Results

3.1. Descriptive Statistics

A total of 38 participants (n = 25, 66% female) from 26 families completed the
FFQ and provided a blood sample for plasma carotenoid measurement. Twenty
participants (53%) were healthy weight and 18 (47%) were classified as overweight.
Twenty nine participants reported having no health conditions; health conditions
reported by 9 participants were back pain (n = 3), asthma (n = 3), depression (n = 2),
arthritis (n = 2) and one each of anxiety, high blood pressure, low blood pressure,
high cholesterol, heart murmur, stent due to cardio-vascular disease, and Crohn’s
disease. The majority had completed a high school or trade education (n = 34, 89%).
Just over half (n = 20, 53%) reported using vitamin supplements. One participant was
a current smoker and two were previous smokers. Table 1 reports anthropometric
measures for the total sample and by BMI status category (over or under 25), with no
significant differences between groups for age, sex, height and fat-free mass (kg).

Mean participant macronutrient intakes indicated that 18% of energy intake
was derived from protein, 47% carbohydrate, 31% fat and 12% saturated fat and
this did not differ by BMI status category. Mean fruit intake was 2.5 servings/day
and 4.4 servings/day for vegetables with no difference by BMI status category.
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Mean consumption of orange and yellow vegetables (carrot, pumpkin, sweet potato
and corn) was 1.2 serves/day, red vegetables (tomato) 0.5 serves/day and green
vegetables (spinach, cabbage and brussel sprouts) <0.5 serves/day with no difference
by BMI status category.

Summary statistics for plasma and FFQ carotenoids and intakes of selected FFQ
fruit and vegetables by BMI status category are reported in Table 2. While there
were no significant differences in dietary carotenoid intakes by BMI status category
(all p-values >0.2), there were significantly lower concentrations in plasma β-carotene
carotenoids for overweight compared to healthy weight (p = 0.01), and marginally
lower plasma concentrations for α-carotene, lutein-zeaxanthin and cryptoxanthin
(p = 0.05, 0.05 and 0.06 respectively).

3.2. Linear Regression Modelling

Table 3 reports the correlations and partial correlations from multivariate
regression models with plasma carotenoids as the response and anthropometrics,
FFQ carotenoids and FFQ fruit and vegetable intakes as explanatory variables that
were significant at the 5% level.

The correlation between plasma α-carotene concentration and FFQ dietary
α-carotene intake was 0.52. FFQ dietary α-carotene was significantly (p < 0.001)
related to plasma α-carotene concentration, whilst controlling for BMI (p = 0.007).
For purposes of demonstration, Figure 1 shows estimated mean plasma α-carotene
concentration, for an individual with BMI = 22.5 or 28, by α-carotene intake as
reported in the FFQ. The strong positive slopes seen in Figure 1 demonstrate that
plasma α-carotene increases in line with FFQ α-carotene intakes; more precisely
for an increase in FFQ α-carotene intake of 1 mg/day there was a corresponding
plasma α-carotene concentration increase of 0.310 mg/mL. The interaction term in the
model was not significant, indicating that this relationship does not change with BMI.
The model R-squared was 0.34, which was considerably higher than the univariate
model containing BMI alone (R-squared = 0.11), or that with FFQ α-carotene alone
(R-squared = 0.26), demonstrating that FFQ α-carotene dietary intake has substantial
predictive power beyond that of BMI alone.

The correlation between plasma β-carotene concentration and FFQ dietary
β-carotene intake was 0.47, and between plasma β-carotene concentration and FFQ
dietary vegetable serves per day was 0.42. Plasma β-carotene was significantly
related to FFQ β-carotene and BMI. The p-values from the model (p = 0.001, p = 0.018,
respectively) indicated significant relationships between plasma β-carotene and FFQ
β-carotene. The R-squared of this model was substantially greater (R-squared = 0.31)
than for the model that included BMI alone (R-squared = 0.14). Figure 2 displays
estimated mean plasma and FFQ β-carotene by BMI. More than any of the other
plasma carotenoids, plasma β-carotene was significantly related to FFQ total
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vegetable intake, expressed as number of serves per day (p = 0.013), while controlling
for fat mass, with R-squared equal to 0.25.

Table 3. Correlations between Food Frequency Questionnaire carotenoid intake and
plasma carotenoid concentrations from multivariable linear regression modelling
of plasma carotenoids, controlling for Body Mass Index and fat mass, significant at
the 5% level.

Anthropometric p FFQ Intake p Model
R-squared

FFQ—Plasma
Correlation

Correlation
95% CI

Plasma α-carotene
α-carotene <0.001 0.26 0.52 0.35, 0.69

BMI 0.004 α-carotene <0.001 0.34 0.49 0.33, 0.64
BMI 0.001 0.11

Plasma β-carotene
β-carotene 0.003 0.21 0.47 0.18, 0.75
Veg Serves 0.007 0.17 0.42 0.12, 0.71

BMI 0.016 β-carotene 0.004 0.31 0.41 0.15, 0.68
Fat mass 0.013 Veg Serves 0.013 0.25 0.34 0.08, 0.61

BMI 0.004 0.14
Fat mass 0.003 0.14

Plasma Lycopene
Lycopene 0.756 0.00

Plasma Lutein/zeaxanthin
Lutein/zeax 0.041 0.09 0.26 0.01, 0.51

BMI <0.001 Lutein/zeax 0.095 0.20
BMI <0.001 0.14

Plasma Cryptoxanthin
Cryptoxant 0.236 0.08

Fat mass 0.005 Supplements 0.003 0.35
Fat mass <0.001 0.22

The correlation between plasma lutein-zeaxanthin concentration and FFQ
dietary lutein-zeaxanthin intake was 0.29. Plasma lutein-zeaxanthin was significantly
related to FFQ dietary lutein-zeaxanthin (p = 0.041), but the significance level was
reduced when BMI was included in the model (p = 0.095).

In contrast to the other carotenoids, plasma concentrations of neither lycopene nor
cryptoxanthin were significantly correlated with FFQ dietary intake (p = 0.756, 0.236,
respectively). Lycopene was not significantly related to BMI, waist circumference or fat
mass (p = 0.55, 0.34, 0.16, respectively).
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Figure 1. Estimated mean plasma α-carotene from multivariate linear regression model on 
FFQ α-carotene by BMI status, with 95% confidence interval. BMI = 22.5 and BMI = 28 
were selected as these were the median BMI for the groups used in descriptive statistics 
shown Table 2. 

The correlation between plasma β-carotene concentration and FFQ dietary β-carotene intake was 
0.47, and between plasma β-carotene concentration and FFQ dietary vegetable serves per day was 
0.42. Plasma β-carotene was significantly related to FFQ β-carotene and BMI. The p-values from the 
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and FFQ β-carotene. The R-squared of this model was substantially greater (R-squared = 0.31) than for 
the model that included BMI alone (R-squared = 0.14). Figure 2 displays estimated mean plasma and 
FFQ β-carotene by BMI. More than any of the other plasma carotenoids, plasma β-carotene was 
significantly related to FFQ total vegetable intake, expressed as number of serves per day (p = 0.013), 
while controlling for fat mass, with R-squared equal to 0.25. 

The correlation between plasma lutein-zeaxanthin concentration and FFQ dietary lutein-zeaxanthin 
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Figure 1. Estimated mean plasma α-carotene from multivariate linear regression
model on FFQ α-carotene by BMI status, with 95% confidence interval. BMI = 22.5
and BMI = 28 were selected as these were the median BMI for the groups used in
descriptive statistics shown Table 2.Nutrients 2015, 7 3247 

 

 

Figure 2. Estimate mean plasma β-carotene from multivariate linear regression model on 
FFQ β-carotene by BMI status, with 95% confidence interval. 

Supplement use (n = 20 out of 38 participants) was significantly associated with plasma 
cryptoxanthin (p = 0.003), whilst controlling for fat mass (p = 0.005), with an R-squared of 0.35. 
There was a negative relationship between plasma cryptoxanthin and fat mass, with plasma 
concentrations decreasing in line with increasing fat mass, and that supplement users have higher 
plasma cryptoxanthin. Supplement use was not significantly associated to plasma concentrations for  
α-carotene, β-carotene, lycopene or lutein-zeaxanthin (p = 0.37, 0.48, 0.20, 0.81, respectively). 

Both fat mass and waist circumference were significantly related to plasma carotenoids, although 
the relationship with waist circumference was less significant, and thus it was not reported. Fat mass 
significance was reported in this study only if it was substantially greater than that of BMI. No 
significant relationships were found between any plasma carotenoid and age or sex. 

4. Discussion 

The aim of the current study was to compare plasma carotenoid concentrations, as biomarkers of 
fruit and vegetable intake, to examine the relative validity of fruit and vegetable intake self-reported 
using a semi-quantitative FFQ in a sample of adults. Highly significant correlations were found 
between dietary intake and plasma concentrations for two of the five measured carotenoids, α- and  
β-carotene. These two are the most abundant carotenoids in the food supply and are primarily found in 
yellow and orange coloured fruits and vegetables. These foods were consumed commonly in this 
group, which is similar to another Australian report [19]. 

A dose-response relationship between food intake and appearance of carotenoids in plasma has been 
demonstrated by previous researchers in large prospective cohort studies in adults [23] providing 
support for their use as reliable biomarkers of intake. In the majority of previous studies, correlations 
between dietary carotenoid intake and plasma carotenoid concentrations have been variable, with 
correlations ranging from 0.2 to 0.7, and most studies showing statistical significance for at least one 
of the primary carotenoids measured [10,24,25]. The most commonly reported associations between 
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Figure 2. Estimate mean plasma β-carotene from multivariate linear regression
model on FFQ β-carotene by BMI status, with 95% confidence interval.

Supplement use (n = 20 out of 38 participants) was significantly associated with
plasma cryptoxanthin (p = 0.003), whilst controlling for fat mass (p = 0.005), with an
R-squared of 0.35. There was a negative relationship between plasma cryptoxanthin
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and fat mass, with plasma concentrations decreasing in line with increasing fat mass,
and that supplement users have higher plasma cryptoxanthin. Supplement use
was not significantly associated to plasma concentrations for α-carotene, β-carotene,
lycopene or lutein-zeaxanthin (p = 0.37, 0.48, 0.20, 0.81, respectively).

Both fat mass and waist circumference were significantly related to plasma
carotenoids, although the relationship with waist circumference was less significant,
and thus it was not reported. Fat mass significance was reported in this study only if
it was substantially greater than that of BMI. No significant relationships were found
between any plasma carotenoid and age or sex.

4. Discussion

The aim of the current study was to compare plasma carotenoid concentrations,
as biomarkers of fruit and vegetable intake, to examine the relative validity of fruit
and vegetable intake self-reported using a semi-quantitative FFQ in a sample of
adults. Highly significant correlations were found between dietary intake and plasma
concentrations for two of the five measured carotenoids, α- and β-carotene. These
two are the most abundant carotenoids in the food supply and are primarily found
in yellow and orange coloured fruits and vegetables. These foods were consumed
commonly in this group, which is similar to another Australian report [19].

A dose-response relationship between food intake and appearance of
carotenoids in plasma has been demonstrated by previous researchers in large
prospective cohort studies in adults [23] providing support for their use as reliable
biomarkers of intake. In the majority of previous studies, correlations between dietary
carotenoid intake and plasma carotenoid concentrations have been variable, with
correlations ranging from 0.2 to 0.7, and most studies showing statistical significance
for at least one of the primary carotenoids measured [10,24,25]. The most commonly
reported associations between diet and plasma carotenoids have been with the
provitamin A compounds α- and β-carotene and this has been confirmed in the
current study. This may be attributed to both these carotenoids, having a higher
bioavailability than other fruits and vegetables, as it is not part of a protein complex
as in the case when found in green leafy vegetables [26]. A lack of correlation between
plasma lycopene and dietary intake of lycopene [9] and fruit and vegetable intake [27]
has been previously reported and suggests that not all food high in lycopene were
captured by the FFQ or that other variable confound the relationship.

Weight status [19], supplementation [28] and smoking status [29] have been
previously shown to influence plasma carotenoids concentrations in humans, and
thus need to be accounted for when estimating the relationship between plasma
carotenoids and food intake. In the current sample one person was a smoker and
two were previous smokers so no effect of smoking could reliably be estimated.
The impact of supplement use assessed in the current study was found to only
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significantly influence plasma levels for cryptoxanthin. This may be because dietary
sources high in cryptoxanthin such as orange rind and papaya are not as frequently
consumed, and are often in much smaller concentrations compared with other
carotenoids including α and β-carotene. Previous studies have found supplements
to have a general influence across a range of carotenoids rather than a specific one
such as only cryptoxanthin as in the current study, although differences between
supplement and non-supplement users have mixed [9,30].

The relationships between carotenoid concentrations and BMI found in this
study concur with other studies in adults and children that suggest there may be
a physiological mechanisms operating. For example, as BMI increases circulating
carotenoids reduce secondary to increased utilization [31], or there may be differences
in absorption and metabolism secondary to higher weight status [19,23,32].

A limitation of the current study was the small sample size and thus a possibly
small variation in intakes. Also, the relatively small number of foods in the nutritional
database used, although this is comparable with other dietary validation studies in
adults [33]. Carotenoid databases available currently for use in estimating dietary
intakes of carotenoids are not comprehensive and although the USDA database
used in this study [17] was updated in 2006 there were still only 40 of the 120 items
in the AES FFQ that have been evaluated for carotenoid content. However this
was superior to the current Australian database which is even more limited, with
approximately only 25 of the foods from the AES FFQ having values estimated. This
limitation is likely to have reduced the likelihood of detecting relationships between
dietary intakes and plasma carotenoid concentrations as significant. While the US
carotenoid data values may not completely reflect current Australian food values, at
the time of analysis it was the most comprehensive database of fruit and vegetable
intake internationally.

A strength of the current study is that is demonstrates the approach to using
a plasma biomarker as an independent assessment of dietary intake, in this case
plasma carotenoids, dietary carotenoids and dietary fruit and vegetable intake. This
approach can be used to guide researchers in the design of other such studies.

5. Conclusions

In conclusion, the results of the current study demonstrate that carotenoid
intakes, as assessed by the AES FFQ are significantly related to plasma carotenoid
concentrations of α-carotene, β-carotene and lutein/zeaxanthin, the carotenoids
commonly found in fruit and vegetables. Lower levels of all plasma carotenoids,
except lycopene, were found in individuals with higher BMI. We conclude that the
AES can be used to measure fruit and vegetable intakes with confidence.
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Biochemical Validation of the Older
Australian’s Food Frequency Questionnaire
Using Carotenoids and Vitamin E
Jun S. Lai, John Attia, Mark McEvoy and Alexis J. Hure

Abstract: Background: Validation of a food frequency questionnaire (FFQ) is
important, as inaccurate and imprecise information may affect the association
between dietary exposure and health outcomes. Objective: This study assessed
the validity of the Older Australian’s FFQ against plasma carotenoids and Vitamin E.
Methods: A random subsample (n = 150) of 2420 participants in the Hunter
Community Study, aged 55–85 years, were included. Correlations between crude and
energy-adjusted FFQ estimates of carotenoids, Vitamin E, and fruit and vegetables
with corresponding biomarkers were determined. Percentages of participants
correctly classified in the same quartile, and in the same ± 1 quartile, by the two
methods were calculated. Results: Significant correlations (P < 0.05) were observed
for α-carotene (r = 0.26–0.28), β-carotene (r = 0.21–0.25), and β-cryptoxanthin
(r = 0.21–0.23). Intakes of fruits and vegetables also showed similar correlations
with these plasma carotenoids. Lycopene was only significantly correlated with fruit
and vegetable intakes (r = 0.19–0.23). Weak correlations were observed for lutein +
zeaxanthin (r = 0.12–0.16). For Vitamin E, significant correlation was observed
for energy-adjusted FFQ estimate and biomarker (r = 0.20). More than 68% of
individuals were correctly classified within the same or adjacent quartile, except for
lutein + zeaxanthin. Conclusion: With the exception of lutein + zeaxanthin, the Older
Australian’s FFQ provides reasonable rankings for individuals according to their
carotenoids, Vitamin E, fruit and vegetable intakes.

Reprinted from Nutrients. Cite as: Lai, J.S.; Attia, J.; McEvoy, M.; Hure, A.J.
Biochemical Validation of the Older Australian’s Food Frequency Questionnaire
Using Carotenoids and Vitamin E. Nutrients 2014, 6, 4906–4917.

1. Introduction

A number of methods are used to measure dietary intake in epidemiological
research including dietary recalls, food records, and food frequency questionnaires
(FFQs) [1]. Of these, dietary recalls and food records are considered more precise,
but they are limited in that they only measure short-term dietary intake. However,
FFQs provide dietary data over a longer period of time [1], which in nutritional
epidemiologic research is more important than intake on a few specific days.
A number of FFQs have been developed to measure dietary intake among Australian
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adults [2–4]. Considering the fact that older people may differ in dietary habits and
food patterns from younger adults [5], existing FFQs should be adapted to reflect
these differences, and/or validated in older populations.

FFQs are often criticised for having a large number of measurement errors [1].
Consequently, much research has been concerned with the relative performance
of FFQs in estimating dietary intake. Most studies have validated FFQs against
food records or dietary recall [2,3], but self-reporting bias remains. Alternatively,
biochemical indicators (or biomarkers) can act as objective measures in the validation
of nutrient intake, as the errors recorded are assumed to be independent of
self-report [1]. The body of literature on the performance of FFQs in older populations
is relatively small, and validation against biochemical indicators is scarce. To date,
we identified only one FFQ, developed by the Blue Mountains Eye Study (BMES), to
measure dietary intake among older community-dwelling adults in Australia, which
has been previously validated against 4-day food records [3]. In this study, we will
further assess the validity of this FFQ against more objective biochemical indicators,
using a sub-population of older Australian adults from the Hunter Community
Study (HCS).

With increasing evidence that high intakes of fruits and vegetables are associated
with better health outcomes [6,7], it is important that the FFQ used adequately
captures these foods among the population of interest. The protective effects of
fruit and vegetables may be due to their antioxidant properties. Nutrients such as
carotenoids and Vitamin E have the ability to reduce inflammation and prevent free
radical damage, all of which have been shown to play important functions in the
biology of ageing [8,9]. Furthermore, concentrations of carotenoids and Vitamin E in
blood are considered reliable markers of dietary intake [1] and have been previously
used in a number of dietary validation studies [10–12]. Hence, this study aims
to compare the dietary intakes of carotenoids and Vitamin E, estimated by Older
Australian’s FFQs, against plasma biomarkers, in a sample of 150 HCS participants.

2. Methods

2.1. Validation Quality

This study was developed based on the EURopean micronutrient
RECommendations Aligned Network of Excellence (EURRECA) scoring system of a
good quality validation study [13], scoring a total of 4 out of 7 points. The allocation of
points was as follows: (1) 0.5 points for non-homogenous sample, and 0.5 points for a
sample size of >50; (2) 1.5 points for reporting crude and energy-adjusted correlation
coefficients, and including statistics to assess classification; and (3) 1.5 points for
including supplements intake.
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2.2. Subjects

The study subjects were drawn from the HCS. The HCS is a population based
cohort study of adults aged 55–85 years residing in Newcastle, New South Wales
state, randomly selected from the state’s electoral roll [14]. Recruitment began in
December 2004 and ended in December 2007. A total of 3253 individuals participated
in the study. All participants were required to attend a clinical assessment, provide a
blood sample and complete a series of self-administered questionnaires including
Older Australian’s FFQs [14]. Full methodological details have been published
previously [14]. The HCS has received ethics approval from the University of
Newcastle Research Ethics Committee (H-820-0504), and all participants provided
written informed consent.

To be included in this study, participants needed to have completed the FFQ
(n = 3022) and provided a blood sample at baseline with enough volume for analysis
(n = 2534). Participants with more than 25 missing values or an entire blank page in
their FFQ (n = 132) were excluded from the final dataset. A subset of 150 subjects
was selected from the remaining 2420 HCS participants. Stratified random sampling
using computer-generated sequence was used to select 30 participants from each
quintile of total energy intake, and ensuring an equal representation across gender
and age groups (<65, 65+). A participant selection flow diagram is presented in
Figure 1.

2.3. Food Frequency Questionnaire

Dietary intake was assessed by a self-administered, 145-item semi-quantitative
FFQ [3], modified from the version developed by Willett [15], specifically for use
with older Australians participating in the BMES [3]. The BMES previously validated
this FFQ against 4-day weighed food records and demonstrated reasonable validity
(i.e., r ≥ 0.5 for most nutrients including r = 0.49 for β-carotene; and ≥70% correctly
classified within same ± 1 quintile) [3]. Participants were required to indicate their
usual frequency of foods consumed in the past year, with nine categorical frequency
options, ranging from never to four or more times per day. Open-ended questions
were included on the type of fruit juices, breakfast cereal, and other frequently
consumed foods that were not included in the list. The FFQ also assessed dietary
supplement usage. Participants completed the FFQ within three months of their
blood collection. Dietary intake of carotenoids and Vitamin E was calculated using
the US Department of Agriculture (USDA) data [16], and other nutrient intakes
were derived from NUTTAB 2006, an Australian nutrient composition database [17].
Servings of fruits and vegetables were defined based on the Australian Dietary
Guidelines (e.g., one serving of fruit = 150 g or 1 medium-sized fruit; one serving of
vegetables = 75 g or 1

2 cup cooked vegetables) [18]. Nutrient supplement information
was obtained from manufacturers and added to the database. Approximately 2% of
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all FFQs were re-entered into the Food Works 2009, version 6 [19], by an Accredited
Practicing Dietitian who was blinded to the original FFQ data entry to check for
errors. Only minor discrepancies were observed and rectified prior to data analysis.
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 Figure 1. Participant flow diagram for a validation study of food frequency
questionnaire (FFQ) estimated intakes against biomarkers.

2.4. Biomarkers Assays

The biomarkers included in this study were plasma concentrations of α-carotene,
β-carotene, β-cryptoxanthin, lycopene, lutein + zeaxanthin, and vitamin E
(α-tocopherol). The plasma and FFQ estimates of lutein and zeaxanthin are shown
combined (lutein + zeaxanthin) because both the nutrient database and biochemical
analysis combine lutein and zeaxanthin. Fasting venous blood was obtained using
standard venepuncture techniques. All blood samples were centrifuged and stored in
approximately 1 mL aliquots, cryopreserved in dimethyl sulfoxide (DMSO) at −80◦C
immediately after collection [14]. These blood samples had been stored at −80◦C
for approximately seven years at the time of assay, and were thawed immediately
prior to analysis. Plasma carotenoids concentrations were determined using the high
performance liquid chromatography method [20]. Measurements of red blood cell
(RBC) folate concentration was carried out using the chemiluminescent immunoassay
analyser (Access® Immunoassay Systems, Beckman Coulter, Inc., CA, USA) [21].
However, it was subsequently determined that DMSO had likely affected the integrity
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of RBC membrane, reducing the accuracy of the folate concentration. Therefore,
subsequent results and discussion will focus on carotenoids and Vitamin E only.

2.5. Statistical Analysis

Dietary intakes were expressed as absolute amounts and as energy-adjusted
intakes. Energy-adjusted intakes were computed for individual carotenoids,
Vitamin E, servings of fruits and vegetables, using the residual method [22].
Adjusting for total energy intake accounts for between-person variation in total
energy intake as a result of physiological differences such as body size and physical
activity [22], thus reducing the potentially confounding effects of total energy intake.
As the distribution of dietary intakes and biomarkers were skewed, Spearman
rank correlation coefficients were used in all correlation analyses, unless otherwise
specified. The significance level was set at P < 0.05. Aside from comparing individual
dietary intakes of carotenoids and Vitamin E to their respective plasma biomarkers,
fruit and vegetable intakes were also compared to each plasma carotenoid. Intakes
of fruits and vegetables were restricted to those that contributed ≥5% of daily mean
intake for each carotenoid (e.g., carrot and pumpkin intakes to plasma α-carotene).
We did not compare intakes of fruits and vegetables to plasma Vitamin E, because
Vitamin E comes from more diverse sources than each of the carotenoids.

Linear regression analyses were performed to identify potential confounders.
Plasma carotenoids and Vitamin E were modelled as the dependent variables
and the corresponding FFQ estimated intakes as the independent variables. This
was performed using log-transformed values to comply with the assumptions
for normality. The following variables were tested as potential confounders: age
groups, gender, smoking status, body mass index (BMI) categories, medication use,
supplement use and alcohol consumption. The significance level was set at P < 0.05.

Dietary intakes estimated by the FFQ and biomarkers were classified into
quartiles to determine the ability of both methods to rank individuals. Percentages
were calculated for participants correctly classified into the same quartile and
within the adjacent quartile. All statistical analyses were performed using Stata,
version 11 [23].

3. Results

Characteristics of the sampled subjects, along with their average daily nutrient
intake values from the FFQ and measured biomarkers are presented in Table 1. The
participants’ ages ranged from 55–85 years. Stratified random sampling ensured
a similar proportion of males and females. Mean BMI was 28.5 kg/m2 indicating
a high proportion of overweight and obesity, which is consistent with the broader
Australian population of this age [24]. Only 6% of the sample currently smoked
but many more were former smokers (41.3%). A large proportion of the sample
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(78.6%) was taking at least one prescription medication, which is not surprising for
an older population. Approximately 12% of the subjects reported taking supplements
containing Vitamin A (including carotenoids) and/or Vitamin E. Approximately 63%
of participants reported consuming alcoholic beverages at least once a week.

Table 1. Characteristics of Hunter Community Study participants (n = 150) in a
dietary validation study.

Characteristics

Age (years), mean ± SD 66.2 ± 7.3
Gender, n (%)

Male 77 (51.3%)
Female 73 (48.7%)

Body Mass Index, kg/m2 28.5 ± 4.8
Smoking status a, n (%)

Non-smoker 73 (48.7%)
Ex-smoker 62 (41.3%)

Current smoker 9 (6%)
Current use of medication, n (%) 118 (78.6%)

Supplement use, n (%)
Multivitamin b 15 (10%)
Vitamin E only 3 (2%)

Alcohol intake, n (%)
None 55 (36.7%)

≥1 drink/week 95 (63.3%)
FFQ estimated nutrient intake, mean ± SD

α-carotene, µg/day 1810 ± 1499
β-carotene, µg/day 8449 ± 5005

β-cryptoxanthin, µg/day 590 ± 372
Lycopene, µg/day 6457 ± 6276

Lutein + zeaxanthin, µg/day 4026 ± 2538
Vitamin E, mg/day 5.8 ± 2.3

FFQ estimated fruit + vegetable intakes, mean ± SD
α-carotene sources, servings/day 0.8 ± 0.6
β-carotene sources, servings/day 2.8 ± 1.4

β-cryptoxanthin sources, servings/day 2.2 ± 1.3
Lycopene sources, servings/day 0.8 ± 0.6

Lutein + zeaxanthin sources, servings/day 2.2 ± 0.9
Plasma concentration, mean ± SD

α-carotene, mg/L 0.07 ± 0.06
β-carotene, mg/L 0.35 ± 0.40

β-cryptoxanthin, mg/L 0.14 ± 0.12
Lycopene, mg/L 0.29 ± 0.14

Lutein + zeaxanthin, mg/L 0.47 ± 0.27
Vitamin E, mg/L 13.61 ± 4.08

a n = 6 did not report smoking status; b Multivitamin supplements containing carotenoids
and Vitamin E.
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Carrots and pumpkins were the main contributors to α-carotene intake. Sources
of β-carotene included apricots or peaches, cantaloupe, broccoli, carrots, spinach or
silverbeet, lettuce, peas, pumpkin, sweet potato. Intake of β-cryptoxanthin was from
paw-paw, orange, pumpkin, apricots or peaches, carrots and corn. Lycopene was
predominantly from tomato and tomato products, but also included watermelon
and grapefruit. Lutein and zeaxanthin were mainly from dark green vegetables
such as broccoli, brussel sprout, spinach or silverbeet, lettuce, and beans, peas, corn
and pumpkin.

Results from linear regression showed that age, gender, smoking status, BMI,
medication use, supplement use and alcohol consumption had little effect on
correlation coefficients. As such, the correlation coefficients were only reported
for crude intakes and energy-adjusted intakes.

Correlations between FFQ estimated intakes of individual carotenoids, Vitamin E,
fruit and vegetables, and plasma concentrations are presented in Table 2. Both
crude and adjusted correlations were significant for α-carotene (r = 0.26 and 0.28),
β-carotene (r = 0.21 and 0.25) and β-cryptoxanthin (r = 0.21 and 0.23). Energy-adjusted
Vitamin E intake yielded a stronger correlation with plasma concentration (r = 0.20)
compared to crude intake (r = 0.08). In contrast, weak correlations were observed for
lycopene and lutein + zeaxanthin. Intakes of fruits and vegetables showed significant
correlations with plasma α-carotene (r = 0.23 and 0.25) and β-carotene (r = 0.20
and 0.25), respectively. Interestingly, correlations between fruit and vegetable intakes,
and plasma β-cryptoxanthin (r = 0.31 and 0.36) and lycopene (r = 0.19 and 0.23) were
much higher than the corresponding nutrient intakes. Plasma lutein + zeaxanthin
was weakly correlated with fruit and vegetable intakes (r = 0.11 and 0.14).

Table 2. Correlations and 95% CI between FFQ estimated intakes and biomarkers.

Individual Nutrient Intakes Fruit and Vegetable Intakes

rcrude
a 95% CI radj

b 95% CI rcrude
a 95% CI radj

b 95% CI

α-carotene 0.26 c 0.10, 0.38 0.28 c 0.12, 0.42 0.23 c 0.07, 0.38 0.25 c 0.08, 0.39
β-carotene 0.21 d 0.04, 0.35 0.25 c 0.08, 0.39 0.20 d 0.04, 0.36 0.25 c 0.08, 0.38

β-cryptoxanthin 0.21 d 0.04, 0.36 0.23 c 0.07, 0.38 0.31 c 0.16, 0.45 0.36 c 0.21, 0.50
Lycopene 0.13 −0.04, 0.27 0.17 −0.01,0.32 0.19 d 0.02, 0.34 0.23 c 0.07, 0.38
Lutein +

zeaxanthin 0.12 −0.05, 0.25 0.16 −0.01, 0.31 0.11 −0.01, 0.30 0.14 −0.03,0.27

Vitamin E 0.08 −0.07, 0.24 0.20 d 0.04, 0.36 n/a e

a Spearman rank correlation using crude intakes and plasma biomarkers; b Spearman
rank correlation using energy-adjusted intakes and plasma biomarkers; c P<0.01; d P<0.05;
e No comparison made between plasma Vitamin E and fruit and vegetables because
Vitamin E had more diverse sources.

Quartile agreements between individual nutrient intakes and their respective
blood concentrations were in the range of 24%–31% for correctly classified within

61



the same quartile and 62%–72% for correctly classified within the same or adjacent
quartile (Table 3). Extremely low quartile agreements were observed for lutein +
zeaxanthin. For fruit and vegetable intakes, quartile agreements were similar to those
comparing individual carotenoid intakes. However, quartile agreements for fruit
and vegetable intakes and β-cryptoxanthin were much higher (>34% within same
quartile and >74% within the same/adjacent quartile).

Table 3. Agreement (%) between quartiles of FFQ estimated intakes and biomarkers.

Individual Nutrient Intakes Fruit and Vegetable Intakes

Crude a Energy-Adjusted b Crude a Energy-Adjusted b

Same Adjacent Same Adjacent Same Adjacent Same Adjacent

α-carotene 30 70 30 72 30 68 32 69
β-carotene 28 69 31 72 29 70 30 72

β-crytoxanthin 30 68 28 71 34 74 40 75
Lycopene 29 68 30 72 34 71 32 74

Lutein + zeaxanthin 24 62 24 65 22 62 21 62
Vitamin E 28 67 28 70 n/ac

a Percentage correctly classified using crude intakes and plasma biomarkers; b Percentage
correctly classified using energy-adjusted intakes and plasma biomarkers; c No
comparison made between plasma Vitamin E and fruit and vegetables because Vitamin E
had more diverse sources.

4. Discussion

This study determined the relative validity of the Older Australian’s FFQs used
in the BMES and HCS by comparing self-reported dietary carotenoid and Vitamin
E intakes with more objective plasma biomarkers. Overall, we found that this FFQ
performed reasonably well in assessing intakes of carotenoids, Vitamin E, and fruit
and vegetables. Although all correlations presented were modest in magnitude
(≤0.36), they were comparable to those noted by other validation studies conducted
in populations across Australia [10,11] and other countries [12,25–27]. More than
68% of individuals were correctly classified within the same or adjacent quartile,
based on all nutrients assessed, with the exception of lutein + zeaxanthin.

We identified two other recent FFQ and biomarker validation studies conducted
in Australia [10,11]. One of these studies was the validation study for the
commercially available Dietary Questionnaire for Epidemiological Study used in
a number of large epidemiological studies, including the Melbourne Collaborative
Cohort Study, the Australian Prostate Cancer Family Study, and the Australian
Longitudinal Study of Women’s Health [28]. The correlations between dietary and
plasma α-carotene and lycopene in our study were only slightly lower compared
to these other two studies where correlations for α-carotene ranged between 0.35
and 0.47 and for lycopene ranged between0.19 and 0.28 [10,11]. Our correlations
for β-carotene, β-cryptoxanthin and lutein + zeaxanthin were within the ranges
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reported in the two Australian studies (β-carotene: 0.22–0.28; β-cryptoxanthin:
−0.002–0.46; lutein + zeaxanthin: 0.03–0.29).When we compared our results to four
other FFQ-biomarker validation studies conducted in the United States of America,
similar correlations were observed, althoughβ-cryptoxanthin showed a stronger
correlation in the American studies [12,25–27]. These studies reported correlations
as follows: α-carotene 0.18–0.35, β-carotene 0.25–0.36, β-cryptoxanthin 0.32–0.45,
lycopene 0.002–0.37, lutein + zeaxanthin 0.10–0.47. A stronger correlation between
energy-adjusted Vitamin E intake and plasma concentration was observed in our
study (r = 0.20), compared to these other six studies which reported correlations of
0.05–0.07 for Vitamin E [10–12,25–27].

Plasma levels of carotenoids were significantly correlated with fruit and
vegetable intakes except for lutein + zeaxanthin. The observed correlation
coefficients were also similar to other studies (α-carotene: 0.23–0.25; β-carotene:
0.13–0.29; β-cryptoxanthin: 0.17–0.35; lycopene: 0.06–0.21; lutein + zeaxanthin:
0.05–0.18) [12,29], indicating that fruit and vegetable intakes are reasonably well
measured by the Older Australian’s FFQs and comparable to other FFQs [12,29].
In fact, plasma β-cryptoxanthin and lycopene were more strongly correlated with
fruit and vegetable intakes than with individual nutrients. A similar pattern was
observed in another study that examined the correlation between plasma carotenoids
and fruit and vegetable intakes [12]. Tucker et al. (1999) found that correlations were
strongest for β-cryptoxanthin followed by lycopene, and the lowest correlation was
observed for lutein + zeaxanthin [12].

Our study did not identify any important confounding variables. However, the
study may have been under-powered for sub-group analyses and there could be other
factors not accounted for, such as cholesterol levels in blood, which other studies
have adjusted for [10–12]. Adjusting for these factors could potentially improve
the correlations.

Quartile agreements between dietary intakes and plasma concentrations
further demonstrated that the Older Australian’s FFQs performed well in ranking
individuals according to their carotenoid and Vitamin E intakes. As biomarkers
are not a measure of absolute intake, the ability to rank individuals according
to their consumption is more important [1]. Apart from lutein + zeaxanthin, the
percentages of participants correctly classified within the same quartile, and within
the same or adjacent quartile for carotenoids and Vitamin E were comparable to
those observed in other studies (>25% within same quartile or >65% within same
or adjacent quartile) [12,29]. A much lower quartile agreement was observed for
lutein + zeaxanthin. Quartile agreement comparing fruit and vegetable intakes rather
than individual carotenoid intakes showed similar results, indicating that simply
measuring fruit and vegetable intakes provides a reasonable ranking. Subsequent
studies examining the effects of nutrition on health outcomes can be confident that
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this FFQ not only has the ability to accurately capture individual carotenoid intakes
but it is also a good measure of fruit and vegetable intakes.

The advantage of this validation method is that the error associated with
biomarkers is unlikely to be associated with the error in self-report measures, thus
offering an objective measure of nutrient intake [1]. Furthermore, our study methods
comply with that of the EURRECCA scoring system, meeting the criteria of a good
quality validation study [13]. The strength of this FFQ is that it is developed
specifically for an older population and twice validated; firstly against weighed
food records in the BMES [3] and now against nutritional biomarkers in the HCS.
Validation against weighed food records demonstrated acceptable reproducibility
and validity. The current study further demonstrates reasonable validityin reference
to nutritional biomarkers, showing that this FFQ is useful in ranking individuals
according to their consumption. However, due to the weaker correlation and low
quartile agreements for lutein + zeaxanthin, we are less confident of the ability of
this FFQ to measure intake of this nutrient.

5. Conclusions

In conclusion, results from the current study, together with findings from
previous validation against weighed food records, indicate that the Older
Australian’s FFQs can reasonably rank individuals according to their consumption
of carotenoids (with the exception of lutein + zeaxanthin), Vitamin E, fruit and
vegetables. Future studies can use this FFQ to collect dietary data from the older
population knowing that it has acceptable validity.
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Feasibility and Use of the Mobile Food
Record for Capturing Eating Occasions
among Children Ages 3–10 Years in Guam
Tanisha F. Aflague, Carol J. Boushey, Rachael T. Leon Guerrero, Ziad Ahmad,
Deborah A. Kerr and Edward J. Delp

Abstract: Children’s readiness to use technology supports the idea of children using
mobile applications for dietary assessment. Our goal was to determine if children
3–10 years could successfully use the mobile food record (mFR) to capture a usable
image pair or pairs. Children in Sample 1 were tasked to use the mFR to capture
an image pair of one eating occasion while attending summer camp. For Sample
2, children were tasked to record all eating occasions for two consecutive days at
two time periods that were two to four weeks apart. Trained analysts evaluated
images. In Sample 1, 90% (57/63) captured one usable image pair. All children
(63/63) returned the mFR undamaged. Sixty-two children reported: The mFR was
easy to use (89%); willingness to use the mFR again (87%); and the fiducial marker
easy to manage (94%). Children in Sample 2 used the mFR at least one day at Time 1
(59/63, 94%); Time 2 (49/63, 78%); and at both times (47/63, 75%). This latter group
captured 6.21 ± 4.65 and 5.65 ± 3.26 mean (±SD) image pairs for Time 1 and Time 2,
respectively. Results support the potential for children to independently record
dietary intakes using the mFR.

Reprinted from Nutrients. Cite as: Aflague, T.F.; Boushey, C.J.; Leon Guerrero, R.T.;
Ahmad, Z.; Kerr, D.A.; Delp, E.J. Feasibility and Use of the Mobile Food Record for
Capturing Eating Occasions among Children Ages 3–10 Years in Guam. Nutrients
2015, 7, 4403–4415.

1. Introduction

Traditional dietary assessment methods for children are challenging related to
literacy levels, limited cognitive abilities, and difficulties estimating portion size at
different developmental stages [1]. The day-to-day composition of young children’s
diets varies reflecting changing and developing taste and flavor perceptions [2].
Measuring dietary intake in children provides insight into food choices and eating
habits, like fruit and vegetable consumption, which is lowest in children compared
to adults in the United States (US) [3,4]. A systematic review of dietary assessment
methods in children found the most accurate method for reporting energy intake
among 4 to 11 year olds was the multiple pass 24 h dietary recall as reported by
the parent [5]. For children aged 0.5 to 4 years, the authors concluded that the
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weighed food record provided the best estimate for energy intake [5]. However, due
to the burden associated with keeping weighed food records, they are less useful
in community dwelling populations [6]. Additionally, many young children have
multiple eating occasions in different settings outside of home, such as childcare
centers, or schools where parents are not the primary informants in all settings [7].
Therefore, proxy dietary assessments reported by parents may not be as accurate
as desired.

New self-reported methods shown to be useful for adolescents, 11–18 years old,
are image-based dietary assessments using mobile devices, such as the mobile food
record (mFR) [8,9]. The mFR is a dietary record application that uses the embedded
camera in a mobile device (e.g., mobile telephone, iPod) to record dietary intake.
Images can enhance self-reported data and, in this case, provide the primary record
of dietary intake to obtain valid estimates of energy intake. Briefly, methods of
automated image analysis or a trained analyst can be used to identify the food in
the image and estimate volume of food consumed [8,10,11]. In addition to real-time
data collection, this method eliminates reliance on the respondent’s memory, proxy
reports, and ability to write and/or estimate portions [8]. Thus, the usability of the
mFR with young children is worthwhile to examine.

The current generation of children, born into the digital age, lends to a high
level of technology readiness. Use of technologies, such as web- and mobile-based
applications may address many of the barriers to gathering accurate dietary data
from children. Research involving children will contribute to research to advance
mFR technology by addressing age-specific developments. This will allow the mFR
to serve as a more accurate and feasible method of dietary assessment for children.

The overall goal of the analyses described in this paper was to determine if
children 3 to 10 years could successfully use the mFR, previously tested with 11 to
18 year olds [8,9]. The first sample of children was evaluated using the mFR on three
defined skill sets: (1) capturing a usable image pair; (2) demonstrating responsibility
for the mobile device; and (3) reporting the feasibility and usability of using the mFR.
A usable image pair is an image taken before an eating occasion that includes foods
and/or beverages and the fiducial marker, as well as an image taken after the same
eating occasion including an appropriate scene (e.g., an empty plate or food wrapper)
and the fiducial marker. The second sample of children was assessed for cooperation
using the mFR to capture usable image pairs of eating occasions over two days
during two time periods as a method to collect fruit and vegetable intake among
community-dwelling children (3 to 10 years).

2. Methods

Data were collected from two samples of boys and girls registered in preexisting
summer day camps in Guam [10]. For the analyses reported here, only those children
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between 3 and 10 years old were included. These ages represent ages for which no
previous studies have examined use of the mFR. All summer programs were open
to children of all race/ethnic groups. Recruitment materials for the studies were
made available in the registration areas or the camp registration packets. Children
were recruited during drop-off or pick-up times. Informed consent was obtained
from the parents and assent from their children. The Human Studies Program of the
University of Hawaii and the University of Guam Committee on Human Subjects
Research approved the study methods described here.

For the first sample (Sample 1) children were recruited from two summer day
camps in 2013: A cultural immersion camp for 3 to 12 year olds and a recreational
sports camp for children 5 to 15 years old [10]. Participants from these camps were
tasked to use the mFR to take an image pair of, at least, one eating occasion on one
day while at camp. Children were in possession of the mFR from the time after
instruction and during, at least, one eating occasion, plus the time in between, and
variable amounts of time after. Upon returning the mFR to researchers, participants
were asked to complete a brief questionnaire on feasibility and usability of the mFR
and fiducial marker (FM).

During 2014, the second sample of children was recruited from the same cultural
immersion camp described in Sample 1 and a university-based day camp for children
6 to 12 years. Participants were tasked to capture image pairs of all eating occasions
over two-days during two time periods for a total of 4 days. The data collected from
the mFR was used to assess whole fruit and vegetable intake before (±2 weeks) and
after (±1 week) the summer day camp (i.e., Time 1 and Time 2). Data from both time
periods were included in this analysis. Figure 1 shows the data collection flow for
the two samples.

2.1. Description of the mFR

The mFR is an application based on one of the technology assisted dietary
assessment (TADA) protocols [9,11,12]. Ideally, users are tasked to take an image
pair at each eating occasion. Methods of image analysis [13] are used to assess foods
and beverages captured in the images. A critical method for image analysis is the
inclusion of the FM in the captured image [9,14,15]. The FM is an object of known
dimensions and markings, in particular a color checkerboard (noted in Figure 2), that
is used for spatial and color calibration of the camera and aids in identification of the
foods and beverages and estimation of portion sizes [15].
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the system features described here, the devices were preloaded with child appropriate games. 

2.2. mFR Instructions Provided to Children 

Participants were given instruction on how to use the mFR application available on either an Apple 
iPhone 3Gs running iOS6 (for Sample 1) or an Apple iPod Touch 5th generation (with a rear facing 
camera) running on iOS7 (for Sample 2). The instruction included a demonstration of launching the 
application, using the application to capture images (e.g., following the red and green lines in the 
camera’s view screen, Figure 2), and managing the mFR and FM. 

After the introduction instruction, children were given a FM and a colorful silicone wristband to place 
on the left wrist. The silicone wristband was given to children to guide placement of the FM to the left 
of the food and/or beverage. Children were asked to wear the wristband for the duration of the time they 
possessed the mFR. For Sample 2, children were provided four wristbands in the event of misplacing 
one. Children were asked to demonstrate taking a usable image pair using plastic food replicas, if time 
permitted or it did not interrupt camp activities. All instructions were provided in an out-of-the-way area 
within view of camp staff. 
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to take images of before and after eating, observed the use of the mFR, and assisted children with the 
mFR as needed. For Sample 1, the mFR, FM, and silicone wristband were collected at the end of the 
day. The next camp day all were redistributed to a new group of participants until each participant had 
the opportunity to take, at least, one image of an eating occasion. Children in Sample 2 were assigned 

 

Figure 2. Field of view colored borders that appear when in camera settings of the
TADA app to aid with proper angle. A red border (image on left) indicates the
camera is not at the correct angle. Children from Samples 1 and 2 were to capture
the image when the border was green (image on right). Note the fiducial marker
(FM) is the color checkerboard seen of the left of the plate.

The TADA app includes parameters to guide users on when to take the image
using the embedded information within the mobile device. This is defined by an
interchangeable color border (i.e., red or green) shown in Figure 2. Users are tasked
to capture the image when the mobile device is held at an angle maintaining a green
border by pressing a button labeled, ‘snap-it’. After the image is captured, users are
able to view the image and select ‘use’ if the image is acceptable or ‘retake’ (the image)
if unacceptable. All captured images are automatically uploaded to a secure TADA
website, when a wireless connection is available. Researchers can login to the website
to view images among other features. In addition to the system features described
here, the devices were preloaded with child appropriate games.

2.2. mFR Instructions Provided to Children

Participants were given instruction on how to use the mFR application available
on either an Apple iPhone 3Gs running iOS6 (for Sample 1) or an Apple iPod
Touch 5th generation (with a rear facing camera) running on iOS7 (for Sample 2).
The instruction included a demonstration of launching the application, using the
application to capture images (e.g., following the red and green lines in the camera’s
view screen, Figure 2), and managing the mFR and FM.

After the introduction instruction, children were given a FM and a colorful
silicone wristband to place on the left wrist. The silicone wristband was given to
children to guide placement of the FM to the left of the food and/or beverage.
Children were asked to wear the wristband for the duration of the time they
possessed the mFR. For Sample 2, children were provided four wristbands in the
event of misplacing one. Children were asked to demonstrate taking a usable image
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pair using plastic food replicas, if time permitted or it did not interrupt camp
activities. All instructions were provided in an out-of-the-way area within view
of camp staff.

During eating occasions at the campsite, researchers and/or camp staff
reminded children, ad libitum, to take images of before and after eating, observed
the use of the mFR, and assisted children with the mFR as needed. For Sample 1, the
mFR, FM, and silicone wristband were collected at the end of the day. The next camp
day all were redistributed to a new group of participants until each participant had
the opportunity to take, at least, one image of an eating occasion. Children in Sample
2 were assigned two-days to use the mFR before camp started (±2 weeks) and after
camp ended (±1 week). When distribution, collection, and redistribution of the mFR
and accessories occurred outside of camp, a pre-arranged setting, such as the child’s
home or public space (e.g., a mall), was used. Scheduling participants to use the mFR
for two-days was dictated by study registration date and availability of the mFR.

2.3. Description of the Methods for the Three Defined Skill Sets (Sample 1)

2.3.1. Skill Set 1: Capturing a Usable Image Pair

While in possession of the mFR, all participants were asked to take images of
one eating occasion. The camp situation was unique in that the eating occasions
were limited to morning snack, lunch, and afternoon snack. Therefore, depending
upon the time of the mFR distribution, children had four opportunities to take
images during instructions and/or at three eating occasions. To assess the first skill
set, a trained human analyst examined before and after images uploaded to the
TADA website.

2.3.2. Skill Set 2: Responsibility for the Device

Children were responsible for storing the mFR and FM between and during
eating occasions. Camp staff members were trained a priori on how to use the mFR
and were informed that children had been asked to independently retrieve the mFR
and FM from stored locations during eating occasions.

2.3.3. Skill Set 3: Usability and Acceptability of Using the mFR and FM

Children completed a questionnaire that was interview-administered in an
out-of-the-way area within view of camp staff. The questionnaire was comprised
of three (3) ‘Yes’ or ‘No’ choice questions. Examples of questions asked were “Was
the iPhone (mFR) easy to use for taking pictures of your food and drinks?” and
“Would it be easy to carry the checkerboard square (the fiducial marker) around with
you?” Copies of the questionnaire can be requested from the corresponding author.
If a child answered ‘No’, they were probed to elaborate, e.g., “What did you think
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was not easy about using the mFR?”, and comments were noted. Similarly, when
responses other than ‘Yes’ or ‘No’, were used and the responses better aligned with
personal willingness the response was considered ‘Yes’. For example, the phrase,
“Maybe if my mom or teacher says it’s ‘okay’”, was considered ‘Yes’.

For participation and cooperation, participants received a $5 gift card upon
return of the mFR and completion of the mFR Feedback Questionnaire.

2.4. Description of the Methods for the Community Dwelling Sample (Sample 2)

Participants were asked to use the mFR to collect images of all eating occasions
over two days at two time points. Each participant was loaned the mFR. Children
were instructed to capture image pairs of all eating occasions using an mFR as
previously described. Intentionally parents were not given the instructions, unless
they asked. The days a child used the mFR varied in that some used it on a weekend
day, camp day, or non-camp summer weekday. Observations from Sample 1 informed
mFR management methods for Sample 2 and children were given a waterproof
carrying case to manage the mFR, FMs, and a charging cord. When the children
returned the mFR, researchers asked the children to assist with identifying food
items that were indistinguishable, e.g., opaque containers, occluded foods, and to
recall foods at eating occasions that were not captured as an image. A trained human
analyst examined all images using the TADA server to enumerate and evaluate image
pairs. Collectively, these methods were used to assess whole fruit and vegetable
intake as part of another study.

For participation and cooperation, participants received $5 and $10 gift cards
before and after camp, respectively.

2.5. Data Analysis

For this study a trained human analyst examined all images on the TADA server
and data were entered into Microsoft Access files specifically designed for each
study and then imported into IBM SPSS statistics version 21 for data analysis (IBM
Corporation, Armonk, NY, USA). Participant’s responses to the mFR questionnaire
provided by Sample 1 were entered and analyzed using the same programs.

For Sample 1, information about each image was entered including date and
time stamps, before image or after image, all foods and beverages and/or FM
present, and other objects captured in the image. Number of image pairs were
examined and assessed as meeting skill set 1 (i.e., FM, all food and beverage, or
both present). Statistical examination to compare girls and boys and age group
included frequencies, chi-square test, Fisher’s exact test, and independent sample
t-test. Statistical significance was set at p < 0.05 (two-sided).

Data entered for Sample 2 included date and time stamps, image number and
order, and amount of whole fruits and vegetables consumed. For whole fruit and
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vegetables intake, fruit and/or vegetable (100%) juices were excluded [16]. Fruit and
vegetable servings/day were calculated by dividing the total fruit and vegetable
servings consumed by the total number of days that eating occasions were captured
using the mFR. The number of days a child used the mFR was determined by the
total number of days the child captured at least one image pair of their food and/or
beverage using the mFR. Descriptive statistics were used to describe image pairs. The
same statistical tests described under Sample 1 were used for Sample 2. In addition,
examination of the number of images within child, between collection periods were
assessed using paired t-tests.

3. Results

A total of 126 children, 3–10 years old, used the mFR. Forty-two were boys
and 84 were girls of diverse ethnic backgrounds. The majority of the children were
Chamorro (55% Chamorro or 36% Chamorro Mix). The descriptive characteristics of
both samples are shown in Table 1. Participants in Sample 1 (n = 63) were loaned the
mFR over 3–8 h in one day. The second sample of children (n = 63) were tasked to
use the mFR for two days at two time points.

Skill set 1 was evaluated in Sample 1. For the task of taking, at least, one image
pair of an eating occasion, or the practice image, two image pairs were lost because
of technical errors and four image pairs were excluded as four children took only a
before or an after image. Therefore, 95% (57/63) were able to demonstrate taking one
image pair as shown in Table 2. Of these children, at least 70% (40/57) had the FM
present, 95% (54/57) had the food and beverages present, and 70% (40/57) had both
in the before and after images (Figure 3). With regard to capturing one image pair,
boys were less likely to take an image pair (χ2 = 5.755, p = 0.026) than girls. Although
children were tasked to take only one image pair, some children captured more than
one image pair when they possessed the mFR longer (Table 2). Thirty percent (17/57)
took two image pairs and 37% (21/57) took three to four image pairs. Of those that
took two or more image pairs (n = 38), 68% (26/38) were girls and 32% (12/38) were
boys. There were no significant differences found between younger (3–6 years) and
older (7–10 years) age groups for capturing one image pair and this was also true
accounting for more than one image pair. However, boys were more likely to miss
including the FM (χ2 = 5.216, df = 1, p = 0.022), food and/or beverages (χ2 = 5.292,
df = 1, Fisher’s exact 0.045), or both (χ2 = 5.216, df = 1, p = 0.022). This significant
difference in usable image pairs was primarily due to no after image captured.
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Table 1. Characteristics of children, 3 to 10 years old, attending summer camp in
Guam who used the mobile food record and/or provided feedback in 2013 or 2014.

Characteristics
Sample 1

n = 63
Sample 2

n = 63

n % n %

Sex
Boys 24 38 18 29
Girls 39 62 45 71

Age groups (years)
3–6 27 43 18 29
7–10 36 57 45 71

Ethnic group
Chamorro, only 32 51 37 59
Chamorro,
mixed 24 38 21 33

Other 7 11 5 8

Table 2. Descriptive data of usable image pairs by number of image pairs
captured using the mobile food record among children, 3–10 years old, in Sample 1
(n = 57 children) attending summer camps in Guam during 2013.

Image
Pair(s) a

Total Image
Pairs a

FM Present Food Present FM and Food Present

Before After Before After Before After

57 56 57 50 53 47 51
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Sample 2  
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Age groups (years) 
 3–6 27 43 18 29 
 7–10 36 57 45 71 
Ethnic group 
 Chamorro, only 32 51 37 59 
 Chamorro, mixed 24 38 21 33 
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Table 2. Descriptive data of usable image pairs by number of image pairs captured using the 
mobile food record among children, 3–10 years old, in Sample 1 (n = 57 children) attending 
summer camps in Guam during 2013. 

Image Pair(s) a 

Total Image 
Pairs a 

FM Present Food Present FM and Food Present 
Before After Before After Before After 

57 56 57 50 53 47 51 
n (Percent, %) 

1 19 (33) 18 (32) 19 (33) 19 (38) 18 (34) 18 (38) 18 (35) 
2 17 (30) 17 (30) 17 (30) 15 (30) 16 (30) 15 (32) 16 (32) 

3+ b 21 (37) 21 (38) 21 (37) 16 (32) 19 (36) 14 (30) 17 (33) 
Total 57 (100) 56 (100) 57 (100) 50 (100) 53 (100) 47 (100) 51 (100) 

FM is fiducial marker; a: An image pair is the before and after image for an eating occasion; b: Includes 3 and 
4 image pairs. 

 

n (Percent, %)
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image pair, some children captured more than one image pair when they possessed the mFR longer 
(Table 2). Thirty percent (17/57) took two image pairs and 37% (21/57) took three to four image pairs. 
Of those that took two or more image pairs (n = 38), 68% (26/38) were girls and 32% (12/38) were boys. 
There were no significant differences found between younger (3–6 years) and older (7–10 years) age 
groups for capturing one image pair and this was also true accounting for more than one image pair. 
However, boys were more likely to miss including the FM (χ2 = 5.216, df = 1, p = 0.022), food and/or 
beverages (χ2 = 5.292, df = 1, Fisher’s exact 0.045), or both (χ2 = 5.216, df = 1, p = 0.022). This 
significant difference in usable image pairs was primarily due to no after image captured. 

Table 1. Characteristics of children, 3 to 10 years old, attending summer camp in Guam who 
used the mobile food record and/or provided feedback in 2013 or 2014. 

Characteristics 
Sample 1  

n = 63 
Sample 2  

n = 63 
n % n % 

Sex 
 Boys  24 38 18 29 
 Girls 39 62 45 71 
Age groups (years) 
 3–6 27 43 18 29 
 7–10 36 57 45 71 
Ethnic group 
 Chamorro, only 32 51 37 59 
 Chamorro, mixed 24 38 21 33 
 Other 7 11 5 8 

Table 2. Descriptive data of usable image pairs by number of image pairs captured using the 
mobile food record among children, 3–10 years old, in Sample 1 (n = 57 children) attending 
summer camps in Guam during 2013. 

Image Pair(s) a 

Total Image 
Pairs a 

FM Present Food Present FM and Food Present 
Before After Before After Before After 

57 56 57 50 53 47 51 
n (Percent, %) 

1 19 (33) 18 (32) 19 (33) 19 (38) 18 (34) 18 (38) 18 (35) 
2 17 (30) 17 (30) 17 (30) 15 (30) 16 (30) 15 (32) 16 (32) 

3+ b 21 (37) 21 (38) 21 (37) 16 (32) 19 (36) 14 (30) 17 (33) 
Total 57 (100) 56 (100) 57 (100) 50 (100) 53 (100) 47 (100) 51 (100) 

FM is fiducial marker; a: An image pair is the before and after image for an eating occasion; b: Includes 3 and 
4 image pairs. 

 

1 19 (33) 18 (32) 19 (33) 19 (38) 18 (34) 18 (38) 18 (35)
2 17 (30) 17 (30) 17 (30) 15 (30) 16 (30) 15 (32) 16 (32)

3+ b 21 (37) 21 (38) 21 (37) 16 (32) 19 (36) 14 (30) 17 (33)
Total 57 (100) 56 (100) 57 (100) 50 (100) 53 (100) 47 (100) 51 (100)

FM is fiducial marker; a: An image pair is the before and after image for an eating occasion;
b: Includes 3 and 4 image pairs.

All children in Sample 1 were able to demonstrate responsibility for the mFR, i.e.,
skill set 2, as 100% (63/63) returned the mFR undamaged. For the third skill set, all
but one child (n = 62) completed the questionnaire about usability and feasibility of
the mFR and FM. Questionnaire responses by sex are shown in Table 3. Eighty-nine
percent (55/62) of participants found the mFR easy to use; 87% (54/62) of children
would use the mFR again; and 94% (58/62) reported the FM was easy to carry around.
Children volunteered the comment that the FM is “small enough to fit in my pocket”.
No differences between boys and girls were found. Among those participants that
said the mFR was not easy, when asked why, examples of responses were “it was
hard to make it green” (establishing the green border in the mFR camera settings to
obtain the correct camera angle), “it was hard to get the board in the image” (fitting
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the FM in the field of view), and “taking the after eating image”. When asked if they
would borrow the mFR again and carry the FM, children who reported, ‘no’, stated
“I might lose it”. With regard to carrying the FM a couple of children shared that
they would carry it “if it sticks to the iPhone”.Nutrients 2015, 7 4411 

 

 

Figure 3. Representation of children’s demonstration of skill set 1 for capturing, at least, 
one usable image pair (n = 57) among Sample 1 in Guam during summer 2013. 
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the mFR camera settings to obtain the correct camera angle), “it was hard to get the board in the image” 
(fitting the FM in the field of view), and “taking the after eating image”. When asked if they would 
borrow the mFR again and carry the FM, children who reported, ‘no’, stated “I might lose it”. With regard 
to carrying the FM a couple of children shared that they would carry it “if it sticks to the iPhone”. 

Table 3. Responses to mobile food record (mFR) questionnaire among children, 3–10 years old, 
in Sample 1 after using the mFR (n = 62) while at summer camp during 2013. 

Statement, As Presented: 
Boys (n = 23) Girls (n = 39) 

‘Yes’ ‘Yes’ 
n % n % 

The mFR was easy to use 21 91 34 87 
I would borrow and use the mFR again 19 83 35 90 

Carry the fiducial marker around  21 91 37 95 

The community dwelling participants in Sample 2 (n = 63) captured 0 to 21 image pairs at Time 1 
and Time 2 which were approximately four weeks apart. When the images were reviewed with the 
children at Time 1 (n = 55) and at Time 2 (n = 56), five participants reported missing images due to 
unknown reasons. Technical difficulties aside, 4 of the 63 children (6%) did not take any images at Time 
1 compared to 14 of 63 (22%) at Time 2. Two of the children that did not take images at either time 
point reported only playing the games available on the mFR device. Among those children that took 
images, the mean number of days were 2.4 (SD ± 1.2) and 2.8 (SD ± 1.1) for Time 1 and Time 2, 
respectively. The majority of children captured their food and/or beverages using the mFR over, at least, 

 

       

 

Figure 3. Representation of children’s demonstration of skill set 1 for capturing, at
least, one usable image pair (n = 57) among Sample 1 in Guam during summer 2013.

Table 3. Responses to mobile food record (mFR) questionnaire among children,
3–10 years old, in Sample 1 after using the mFR (n = 62) while at summer camp
during 2013.

Statement, As Presented:
Boys (n = 23) Girls (n = 39)

‘Yes’ ‘Yes’

n % n %

The mFR was easy to use 21 91 34 87
I would borrow and use the mFR again 19 83 35 90

Carry the fiducial marker around 21 91 37 95

The community dwelling participants in Sample 2 (n = 63) captured 0 to 21 image
pairs at Time 1 and Time 2 which were approximately four weeks apart. When the
images were reviewed with the children at Time 1 (n = 55) and at Time 2 (n = 56),
five participants reported missing images due to unknown reasons. Technical
difficulties aside, 4 of the 63 children (6%) did not take any images at Time 1 compared
to 14 of 63 (22%) at Time 2. Two of the children that did not take images at either
time point reported only playing the games available on the mFR device. Among
those children that took images, the mean number of days were 2.4 (SD ± 1.2) and
2.8 (SD ± 1.1) for Time 1 and Time 2, respectively. The majority of children captured
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their food and/or beverages using the mFR over, at least, one day at Time 1 (59/63,
94%) and at Time 2 (49/63, 78%). Older participants were more likely to use the
mFR longer than younger children as shown in Table 4. However, no statistically
significant differences by age and sex were detected with regard to the number of
image pairs or the number of days the mFR was used. Seventy-five percent (47/63)
of children took images at both time points. Of these children, the mean (±SD)
numbers of images captured were 6.21 ± 4.65 for Time 1 and 5.65 ±3.26 for Time 2.
There were no significant differences between Time 1 and Time 2 for total number of
images and days that the 47 children with repeat measures used the mFR. Estimated
servings of whole fruit and vegetables among those children who had images were
0.83 and 0.44 cups per day of fruit and vegetables for Time 1 and Time 2, respectively.

Table 4. Descriptive data of images captured using the mobile food record (mFR)
among children, 3–10 years old, in Sample 2 (n = 63) attending summer camps in
Guam during 2014.

Length of Time
mFR Used a

Number of
Children Age Number of Image

Pairs b Per Day

(Days) n (Percent, %) Mean (Years) Mean ± SD Median
(Min-Max)

Time 1
0 4 (6) 5.5 0 0
1 8 (13) 7.7 1.50 ± 1.07 1.00 (1.00–4.00)
2 20 (32) 8.2 2.28 ± 0.83 2.00 (1.00–4.00)
3 20 (32) 8.2 2.73 ± 1.16 2.42 (1.33–6.00)

4+ c 11 (17) 9.8 2.80 ± 0.87 2.67 (1.33–4.25)
Time 2

0 14 (22) 7.8 0 0
1 5 (8) 7.8 1.20 ± 0.45 1.00 (1.00–2.00)
2 16 (25) 8.3 2.34 ± 1.29 2.00 (1.00–5.00)
3 18 (29) 8.3 2.07 ± 0.80 1.83 (1.00–3.33)

4+ c 10 (16) 8.0 1.94 ± 0.81 1.75 (1.20–3.75)

SD is standard deviation; a: Number of days at least 1 image pair was captured using the
mFR; b: An image pair is the before and after image for an eating occasion; c: Includes
image pairs captured over 4 and 5 days.

4. Discussion

This is the first study to: (1) evaluate the use of the mFR among young children;
and (2) capture self-reported dietary intake among children this age. Results of
this study demonstrated that the mFR is potentially a feasible method of dietary
assessment in 3 to 10 year olds. Given instructions with demonstration and practice,
children 3 to 10 years old were able to use the mFR to record their dietary intakes.
Children in both samples were provided unique tasks to capture image pairs, such
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as at one eating occasion for Sample 1 and any and all eating occasions for a two-day
food record over two time periods for Sample 2. The majority of the children exceeded
the assigned task in both scenarios. Although responsibility for the mFR was not
an objective for Sample 2, it is noteworthy that all participants returned the mFR
undamaged as well. Additionally, three-fourths (75%) of children in Sample 2 used
the mFR to capture eating occasions at two time points. These results are indicative
of their willingness to cooperate and participate. Children in both samples were
given the freedom to manage and store the mobile devices where they pleased, such
as the carrying cases provided or their lunch boxes. Moreover, every mobile device
was returned undamaged which demonstrates that even very young children can be
responsible for these devices.

For capturing a two-day food record in a community dwelling situation, children
may require reminders and prompts for taking an image pair at all eating occasions.
Many children in Sample 2 had used the mFR while at camp where the camp staff
were aware of the purpose and knowledgeable on how to use it. When examined
by skill set, differences were found only between boys and girls. Children were
provided instructions for how to take an image pair for different after eating occasions
(e.g., some food leftover or all food eaten). In Sample 1, boys were less likely than
girls to take the after eating image, which may suggest the need for an operation
incorporated into the mFR to remind children to take after images. One reason this
may have occurred is that boys usually ate all of their food. In a previous study [8],
adolescents recommended a selection for “ate all food and beverages” in the after
image camera setting. This suggestion may address the issue of the missing after
images. For the young children included in this study, especially the three to five
year olds, attentiveness can be another challenge to remembering to take the after
eating image or any image for that matter. Therefore, further research is necessary
to determine the age that children can use the mFR independently, as well as the
age where a parent or caregiver is needed to prompt and/or assist the child with
managing the mFR for taking images.

Age appropriate games were preloaded onto the mFR devices for children to
use while they possessed the mFR, which was observed to motivate children to agree
to use the mFR and likely maintained engagement for capturing images. Of the
children in Sample 2 that did not take any image pairs at either time point, these
two children voluntarily disclosed that they used the mFR device for playing games
only. These observations corroborate the premise proposed by Lu and colleagues [17]
that children’s self-report of diet can be enhanced with animated, customizable
agents (e.g., games). The TADA system has the potential to be modified along these
lines. On the other hand, some of the age appropriate games were described by the
children as being ‘hard to figure out’. Therefore, enhancements to any technology
assisted dietary assessment should be designed to be age appropriate in that cognitive
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abilities, such as literacy level needs to be addressed for children in early childhood
(i.e., three to five year olds). For example, the mFR used for studies described in this
paper has an automated operation to remind users to include the FM when missing
that is a pop-up statement, “fiducial marker is missing [12]”. This enhancement
was developed with the input of adolescents [8]. This type of enhancement and
any future enhancements for younger children would be better addressed through
replacing text with images.

Based on the voluntary comments provided by participants in Sample 1, this
study is not without limitations. The challenges that the children reported with
regard to using the mFR may be attributed to the small stature of the children and
size of their hands. Short-statured children were often observed standing, tip-toeing,
or kneeling on a chair to capture the best image. This was also reported by adolescents
when they used the mFR [8]. In response to the first reports of issues in achieving
the green border, researchers for this study taught children the ‘cup’ and ‘alligator’
holds to improve management and control of the mFR in camera settings given their
small hand sizes. These were simple hand positions that symbolized assigned names.
With regard to carrying the FM, one child suggested that the FM be fastened to the
backside of the mobile device when not in use, but detachable during capturing
images at eating occasions. Despite these comments, children still perceived that
capturing images with the mFR was easy. In the studies described here, the parents
were minimally involved. A large proportion of the community dwelling children
were active participants, especially during the first time period. However, a quarter
of the children did not complete the second assessment period. Therefore, the right
balance between child and parent involvement needs to be examined, as well as
methods to generate continuous motivation in the children.

5. Conclusions

An image-based dietary assessment method using a mobile device may
eliminate the bias of surrogate reporting (e.g., parent or caregiver) of children’s
food and beverage intake throughout the day. The children’s high level of technology
readiness suggests that dietary methods using technology, like the mFR, may
alleviate the burden associated with current dietary assessment methods for children.
The significance of this study is that it is the first to evaluate the use of the mFR
among young children and moreover, the first study to capture self-reported dietary
intake among children this age.
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Evaluation of a Mobile Phone Image-Based
Dietary Assessment Method in Adults with
Type 2 Diabetes
Megan E. Rollo, Susan Ash, Philippa Lyons-Wall and Anthony W. Russell

Abstract: Image-based dietary records have limited evidence evaluating their
performance and use among adults with a chronic disease. This study evaluated
the performance of a 3-day mobile phone image-based dietary record, the Nutricam
Dietary Assessment Method (NuDAM), in adults with type 2 diabetes mellitus
(T2DM). Criterion validity was determined by comparing energy intake (EI) with
total energy expenditure (TEE) measured by the doubly-labelled water technique.
Relative validity was established by comparison to a weighed food record (WFR).
Inter-rater reliability was assessed by comparing estimates of intake from three
dietitians. Ten adults (6 males, age: 61.2 ± 6.9 years old, BMI: 31.0 ± 4.5 kg/m2)
participated. Compared to TEE, mean EI (MJ/day) was significantly under-reported
using both methods, with a mean ratio of EI:TEE 0.76 ± 0.20 for the NuDAM and
0.76 ± 0.17 for the WFR. Correlations between the NuDAM and WFR were mostly
moderate for energy (r = 0.57), carbohydrate (g/day) (r = 0.63, p < 0.05), protein
(g/day) (r = 0.78, p < 0.01) and alcohol (g/day) (rs = 0.85, p < 0.01), with a weaker
relationship for fat (g/day) (r = 0.24). Agreement between dietitians for nutrient
intake for the 3-day NuDAM (Intra-class Correlation Coefficient (ICC) = 0.77–0.99)
was lower when compared with the 3-day WFR (ICC = 0.82–0.99). These findings
demonstrate the performance and feasibility of the NuDAM to assess energy and
macronutrient intake in a small sample. Some modifications to the NuDAM could
improve efficiency and an evaluation in a larger group of adults with T2DM
is required.

Reprinted from Nutrients. Cite as: Rollo, M.E.; Ash, S.; Lyons-Wall, P.; Russell, A.W.
Evaluation of a Mobile Phone Image-Based Dietary Assessment Method in Adults
with Type 2 Diabetes. Nutrients 2015, 7, 4897–4910.

1. Introduction

Nutrition therapy provided by a dietitian and self-management education and
support are important strategies for the effective long-term management of type 2
diabetes mellitus (T2DM) [1]. The measurement of dietary intake is necessary to
inform, support and evaluate these interventions. Traditional prospective methods
of recording intake, such as weighed or estimated food records, are ideal as they
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allow for the natural day-to-day variation in intake to be captured [2], however these
methods are often associated with high burden and changes to usual intake [3–5].

Image-based dietary records continue to show promise in alleviating the issues
associated with subject burden relating to the collection of dietary intake information
among adults [6,7], including those with T2DM [8]. Evaluation of the performance
of image-based dietary records as an independent prospective method to estimate
nutrient intake in adults has predominantly been limited to relative validity [9–13]
and inter-rater reliability [11,13,14]. However, evaluation with an objective reference
method is essential to determine the true accuracy or criterion validity (defined as
the comparison to a criterion value to determine the extent to which the test method
captures a true representation of the dietary variable it intends to measure [15]).
The doubly labelled water (DLW) technique is a method used to assess total
energy expenditure (TEE) and is considered the “gold standard” method to validate
self-reported dietary energy intake (EI) [16,17]. Only one study [7] has determined
criterion validity of self-reported energy intake (EI) derived from image-based
dietary records.

Therefore, this study aimed to establish the preliminary validity (both relative
and criterion) and inter-rater reliability of the Nutricam Dietary Assessment Method
(NuDAM) in adults with T2DM. The usability and acceptability of the NuDAM in
this group was also assessed.

2. Experimental Section

2.1. Subjects and Study Design

In this pilot study, a pre-determined sample size of 10 adults with T2DM
was used with subjects recruited through a research study database and internal
university staff email list serves. To be eligible to participate in the study, subjects
needed to meet the following criteria: be aged 18–70 years; have a diagnosis of
T2DM of >3 months; not currently receiving treatment for cancer or have a previous
diagnosis of liver, kidney or thyroid diseases; not currently trying to lose weight;
and have a stable body weight (assessed as not having lost or gained more than 4 kg
in the past 6 months). The study was approved by the Queensland University of
Technology Human Research Ethics Committee and each subject provided written
informed consent.

For the evaluation of new dietary assessment methods it is recommended that
test and reference methods are used separately, with the test method used first [18].
Therefore, dietary intake was assessed using the NuDAM (test method) in week 1 and
the weighed food record (WFR) (reference method) in week 2. Intake was assessed
over a three day period (two week days and one weekend day; non-consecutive)
for both methods. Demographic information was collected on Day 0, in addition to
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height to the nearest 0.1 cm using a stadiometer (Model PE087, Mentone Educational,
Moorabbin, Australia) and body weight to the nearest 0.1 kg using calibrated
electronic scales (Model HD319, Tanita Corporation, Tokyo, Japan). Weight was also
measured on Days 8 and 15. To account for factors which may explain mis-reporting
of intake [17], dietary restraint was also measured on Day 0 using a 10-item scale [19].
At the end of each dietary recording period, subjects were asked to complete a brief
questionnaire on the experience of using the NuDAM and the WFR. Response options
to questions included Likert and categorical scales in addition to open-ended text.

2.2. Total Energy Expenditure (TEE)

TEE was measured over a two week period using the DLW technique and
coincided with the collection of dietary intake using the NuDAM and WFR.
Administration of the DLW occurred on Day 0, with subjects in a fasted state. Subjects
were orally dosed with 1.25 g 10% 18O + 0.1g 99% 2H/kg and a post-dose urine
sample was collected 6 hours after drinking the DLW. During Days 1–14 subjects
were required to collect one urine sample each day. The level of enrichment of
18O and 2H isotopes contained in the urine samples were measured in triplicate
by isotope ratio mass spectrometry (Hydra 20/20 CF-IRMS, Sercon, Cheshire, UK).
Isotope dilution spaces were derived [20] and used to calculate carbon dioxide
production [21]. Indirect calorimetry principles were applied and TEE derived
via using the modified Weir [22] equation, with a standard respiratory quotient
of 0.85 used for all subjects.

2.3. Nutricam Dietary Assessment Method (NuDAM)

The NuDAM consisted of a prospective mobile phone Nutricam image-based
dietary record and brief phone call to the subject the following day (Figure 1). Details
of the development and early testing of Nutricam have been described previously [8].
Building on this earlier work, the NuDAM method was modified to incorporate
a follow-up phone call component to clarify items in the Nutricam record and probe
for commonly forgotten foods. In addition, the current study used a standardized
analysis protocol including an aid (called the Dietary Estimation and Assessment
Tool) to assist in the quantification of food portions contained in the images.

The Nutricam dietary record was recorded using a Sony Ericsson K800i mobile
phone (Sony Ericsson Mobile Communications AB, Lund, Sweden) installed with the
software application Nutricam (Alive Technologies, Pty. Ltd., Arundel, Australia).
When recording the image, subjects were instructed to place the reference object
(a 9 cm × 5 cm card which also acted as a prompt for recording an entry) next to the
food items, hold the phone at an angle of approximately 45◦ and ensure all items were
clearly visible. After capturing the image, subjects were automatically prompted
to make a voice recording describing the location, meal occasion, and the foods
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(name, type, brand/product name, and preparation/cooking method) contained
in the image. Information documenting any food leftover at the end of the eating
occasion was also collected in a similar manner. All subjects were trained in the use
of the Nutricam mobile phone prior to the collection of the 3-day dietary record and
were provided with written instructions for reference during the recording period.
The Nutricam record was automatically sent to a secure website accessed only by
the researchers. Additional intake information consisting of the clarification of foods
within the Nutricam record and probing for forgotten foods was collected from
subjects during a brief structured phone call by a Dietitian (D1) on the morning
following each recording day.

2.4. Weighed Food Record (WFR)

In the second week, dietary information was collected using a 3-day WFR.
Subjects were provided with a set of digital food scales (Model HR 2385, Koninklijke
Philips Electronics N.V., Amsterdam, The Netherlands) (accurate to 1 g) and were
required to weigh all food items prior to consumption and record all information
(including recipes) into the paper-based diary supplied. Any food which was served
and recorded in the diary but then not eaten was also required to be weighed and
documented. At the completion of the recording period, the WFR was reviewed
by a dietitian (D1) in the presence of the subject to ensure that the information
was complete.

2.5. Nutrient Analysis from the NuDAM and WFR

The two sets of dietary records were analysed independently by three dietitians
(D1 and two additional dietitians, D2 and D3) using the AUSNUT 1999 food
composition databases [23] in the nutrient analysis software program FoodWorks®

Professional 2009 (Xyris Software, Brisbane, Australia). The Nutricam dietary records
were analysed first. Using both the image and accompanying voice recording for
each eating occasion, each dietitian identified and quantified food items contained in
the Nutricam records and entered this information directly into the nutrient analysis
program. To assist with the quantification of foods in the images, each dietitian used
a portion size estimation aid, called the Dietary Estimation and Assessment Tool
(DEAT), previously developed by the research team (Figure 1). The tool consisted
of various reference images of foods, serving vessels, amorphous mounds and
generic shapes and was based on aids developed for other dietary assessment
methods [24,25]. The reference object (9 cm × 5cm card) also appeared in the DEAT
and provided perspective to the dietitian during the analysis. Dietitians were then
provided with a recording of the phone calls to each subject following each Nutricam
recording day and used this information to make any adjustments to the NuDAM

85



analysis. For the WFRs, information on the types and amounts of foods consumed
contained within the diaries was entered directly into the FoodWorks® program.
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make a voice recording describing the location, meal occasion, and the foods (name, type, 
brand/product name, and preparation/cooking method) contained in the image. Information 
documenting any food leftover at the end of the eating occasion was also collected in a similar manner. 
All subjects were trained in the use of the Nutricam mobile phone prior to the collection of the 3-day 
dietary record and were provided with written instructions for reference during the recording period. 
The Nutricam record was automatically sent to a secure website accessed only by the researchers. 
Additional intake information consisting of the clarification of foods within the Nutricam record and 
probing for forgotten foods was collected from subjects during a brief structured phone call by a 
Dietitian (D1) on the morning following each recording day. 

 

Figure 1. Overview of the Nutricam Dietary Assessment Method (NuDAM). For the 
collection of dietary intake data, a mobile phone is used to capture the Nutricam  
image-based dietary record (A) and is combined with information collected via a phone 
call (using a standardized interview protocol) (B) Analysis consisted of the dietitian 
identifying and quantifying food items contained in each Nutricam dietary record entry (C) 
A standardized protocol and the Dietary Estimation and Assessment Tool (DEAT) (a  
two-dimensional portion size estimation aid (D)) was used to assist in the task of 
quantifying the food items. Dietary data was entered directly into the nutrient analysis 
software program, FoodWorks® (E) to obtain an estimate of nutrient intake. Data from the 
follow-up phone call (B) is used to supplement the Nutricam dietary record, with 
adjustments made by the dietitian to the analysis (E) as required. 

  

Mobile phone used to collect Nutricam dietary 
record consisting of image and verbal description 

of food items.

Structured follow-up phone call:
Occurs the following day after review of Nutricam

dietary record and acts to clarify contents of 
Nutricam dietary record and probe for forgotten 

foods.

Analysis

Screenshot depicting components and set-up for analysis 
of Nutricam dietary record.

A

B

D
C

E

Collection

 

Figure 1. Overview of the Nutricam Dietary Assessment Method (NuDAM). For
the collection of dietary intake data, a mobile phone is used to capture the Nutricam
image-based dietary record (A) and is combined with information collected via
a phone call (using a standardized interview protocol) (B) Analysis consisted of
the dietitian identifying and quantifying food items contained in each Nutricam
dietary record entry (C) A standardized protocol and the Dietary Estimation and
Assessment Tool (DEAT) (a two-dimensional portion size estimation aid (D)) was
used to assist in the task of quantifying the food items. Dietary data was entered
directly into the nutrient analysis software program, FoodWorks® (E) to obtain
an estimate of nutrient intake. Data from the follow-up phone call (B) is used to
supplement the Nutricam dietary record, with adjustments made by the dietitian
to the analysis (E) as required.

2.6. Statistical Analysis

Data analysis was performed using SPSS for Windows (version 17.0, 2008, SPSS
Inc., Chicago, IL, USA). For both dietary assessment methods, the estimates of energy
and macronutrient intake were averaged for the three days for each subject and then
separately for each of the three dietitians. Intra-class correlation coefficients (ICC)
evaluated agreement between dietitians’ estimates of energy and macronutrient
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intake for each method. Repeated-measures ANOVA or Friedman’s ANOVA were
used to assess differences between dietitians’ estimates (Bonferroni correction post
hoc analysis applied). Paired t-tests or Wilcoxon signed-rank test assessed differences
in the overall nutrient intake (average of the three dietitians’ estimates) between
methods and for EI and TEE. Correlation coefficients were used to determine the
relationship between estimates of nutrient intake derived from the NuDAM and
WFR. Validation of self-reported EI was based on the principle of EI = TEE ± body
stores, where in the absence of non-significant weight change at the group level, the
expected ratio of EI:TEE is 1.00 [17]. At the individual level with the 95% confidence
limits (CL) calculated to determine mis-reporting [26]. The calculated 95% CL for the
NuDAM were 0.72 and 1.28; and for the WFR were 0.76 and 1.24.

3. Results

Six men and four women with T2DM ranging in age between 48–69 years
participated, with all 10 subjects completing the study. Five were classified as obese
(body mass index (BMI) ≥30.0 kg/m2), four as overweight (BMI 25.0–29.9 kg/m2),
and one was within the normal BMI range (18.5–24.9 kg/m2). The group showed
a low level of dietary restraint, with individual scores ranging between 1.3 to 3.2
(out of 5). At the group level, there were no significant changes in mean body
weight during Week 1 (baseline to Day 8), −0.7 ± 1.2 kg, Week 2 (Day 8 to Day 15),
0.4 ± 0.9 kg and overall (baseline to Day 15) −0.3 ± 1.2 kg.

3.1. Criterion and Relative Validity

The overall mean EI was 8.8 ± 2.0 MJ/day from the NuDAM and
8.8 ± 1.8 MJ/day from the WFR; both were significantly lower than mean TEE
of 11.8 ± 2.3MJ/day (p < 0.01). The mean EI:TEE ratio was 0.76 ± 0.20 and
0.76 ± 0.17 for the NuDAM and WFR, respectively. At the individual level, three
males and four males were classified as under-reporters for the NuDAM and WFR,
respectively. NuDAM under-reporters were also found to be under-reporting EI
with the WFR. When using the NuDAM, all three under-reporters of EI lost weight
in the first recording week (−2.8 kg each for two subjects and −0.3 kg for one
subject). In comparison among the under-reporters identified using the WFR, two
subjects had no change in weight while the other two subjects gained weight (+0.6 kg
and +2.4 kg) in the second week. No individuals were found to be over-reporting EI.
Overall, the mean nutrient intakes were not significantly different between the two
dietary assessment methods (Table 1). Associations between intakes were stronger
for protein and alcohol, moderate for energy and carbohydrate, and weaker for fat.
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3.2. Inter-Rater Reliability

The inter-rater reliability and comparison of the dietitians’ estimated energy
and nutrient intakes from the NuDAM and WFR are shown in Table 1 Bonferonni
post-hoc analysis between dietitians showed estimates by D1 to be significantly
different for energy compared to both D2 and D3, protein compared to D3, and fat
and carbohydrate compared to D2.

Table 1. Comparison of energy and nutrient intake obtained from NuDAM and
WFR between dietitians and between methods (n = 10 subjects).

Mean (± SD) Intake as
Assessed by Each Dietitian † ICC (95% CI)

between
Dietitians

Overall ‡

D1 D2 D3
Mean

(± SD)
Intake §

Correlation
ˆ between
Methods

Energy
(MJ/day)

NuDAM 8.2 ± 1.7 9.0 ± 2.3 * 9.1 ± 2.0 * 0.88 (0.58–0.98) *** 8.8 ± 2.0
0.57WFR 8.5 ± 1.6 8.9 ± 2.0 8.9 ± 1.8 0.92 (0.80–0.98) *** 8.8 ± 1.8

Protein
(g/day)

NuDAM 89.3 ± 20.2 99.0 ± 31.4 98.1 ± 23.1 * 0.79 (0.53–0.94) *** 95.5 ± 23.7
0.78 **WFR 89.1 ± 26.8 91.9 ± 28.2 91.5 ± 24.9 0.97 (0.92–0.99) *** 90.8 ± 26.4

Fat (g/day) NuDAM 75.6 ± 18.3 87.0 ± 25.4 * 86.6 ± 20.1 0.77 (0.45–0.93) *** 83.1 ± 20.3
0.24WFR 79.5 ± 16.8 85.4 ± 27.4 80.9 ± 24.2 0.82 (0.59–0.95) *** 81.9 ± 21.8

CHO
(g/day)

NuDAM 194.9 ± 52.8 212.0 ± 52.7 * 215.3 ± 60.8 0.91 (0.71–0.98) *** 207.4 ± 54.4
0.63 *WFR 206.3 ± 53.8 207.2 ± 54.9 211.9 ± 57.8 0.92 (0.79–0.98) *** 208.5 ± 53.9

Alcohol
(g/day) #,¶

NuDAM 15.0 ± 29.4 13.6 ± 28.0 14.4 ± 29.5 0.99 (0.98–0.99) *** 14.3 ± 28.9
0.85 **WFR 16.1 ± 23.4 17.4 ± 30.2 16.5 ± 28.4 0.99 (0.98–0.99) *** 16.7 ± 28.3

Abbreviations: D1: dietitian No.1; D2: dietitian No.2; D3: dietitian No.3; CHO:
carbohydrate; NuDAM: Nutricam dietary assessment method; WFR: weighed food record;
† Repeated-measures ANOVA (GLM) between dietitians for each dietary method, except
for alcohol (#) which was Friedman’s ANOVA: * p < 0.05, compared to D1, all others not
significant; ICC: Intra-class Correlation Coefficient significant: *** p < 0.001; Difference
within each dietitian’s mean estimates of nutrient intake, NuDAM vs. WFR (paired t-test
or # Wilcoxon Signed Ranked test): not significant; ‡ Overall mean (± SD) intake = mean
(D1, D2, and D3 intake per day); § difference between overall mean (± SD) estimate of
nutrient intake, NuDAM vs. WFR: not significant for energy or macronutrient intakes;
ˆ Correlations are Pearson’s correlation coefficient (r); except for alcohol (¶) which is
Spearman’s rank correlation coefficient (rs): * p < 0.05, ** p < 0.01.

3.3. Usability, Acceptability and Changes to Eating Behaviours

All subjects preferred to use the NuDAM to record intake compared to the WFR,
with “convenience”, “ease of use”, and “portability” used to explain preferences.
All subjects would be willing to use both recording methods again. For the Nutricam
mobile phone, the majority (n = 9) would be willing to use again to record their intake
for periods of up 7 days or longer, whereas up to 3 days was the maximum recording
period most commonly reported (n = 5) for the WFR. Subject responses to additional
questions relating to the experience of the NuDAM and WFR are summarized in
Table 2.
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Table 2. Evaluation of Nutricam dietary assessment method and weighed food
record (n = 10 subjects).

Questions (as Presented): Count

Usability and Acceptability ˆ Strongly Agree Agree Neutral Disagree

Overall, I found the Nutricam
mobile phone easy to use: 7 2 1 0

Overall, I found weighing
my foods and drinks easy: 0 3 4 3

NuDAM only:
I found taking photographs of
food and drink items easy *: 5 5 0 0

I found recording the voice file easy *: 5 5 0 0

I found that the Prompt Card was useful for
remembering how to use Nutricam: 5 1 4 0

When prompted during the call: I found it easy to
clarify the details of the food and/or drink items

that I had eaten during the previous day:
8 1 1 0

I found it easy to remember if there were any food
and/or drink items I had not recorded using the

Nutricam mobile phone the previous day:
7 3 0 0

I found it easy to remember the description of the
food and/or drink items I had not recorded using

the Nutricam mobile phone the previous day:
6 4 0 0

I found it easy to remember the quantities of the
food and/or drink items I had not recorded using

the Nutricam mobile phone the previous day:
6 3 1 0

Overall, I found that the length of the calls
I received were appropriate: 5 4 1 0

Change to eating behaviours No Yes

Was there any difference in how you used the
Nutricam mobile phone to record your diet

when you were alone compared to when you
were with other people or in public?

4 6

Was there any difference in how you recorded your
diet using the weighed record method when

you were alone, compared to when you
were with other people or in public?

2 8

Did you record all food and drink items that you
consumed during the test period using

the Nutricam mobile phone?
5 5

Did you record all food and drink items
that you consumed during the test period

using the weighed record method?
4 6

Where there any foods and/or drinks that you
usually eat, but did not eat during

the Nutricam test period?
9 1

Where there any foods and/or drinks that you
usually eat, but did not eat during the weighed

record method test period?
6 4

Abbreviations: ˆ These questions were answered on a 5-point Likert Scale (Strongly
agree/Agree/Neutral/Disagree /Strongly disagree); however no responses for the
“strongly disagree” category were recorded; * Questions refer to using the Nutricam
mobile phone to collect the image-based dietary record.
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Changes in eating behaviours were reported for both methods (Table 2). More
than half of the subjects reported a difference in how the methods were used when in
the presence of others as opposed to when they were alone. The most common reason
for this response was feeling more self-conscious and/or requiring to explain why
they were recording their intake when in public compared to at home. Regardless
of the method used, forgetting to record prior to eating was the main reason for not
recording all food items consumed. Making changes to the types of foods typically
consumed was more common for the WFR, with simplifying intake in order to
facilitate recording often reported for this method.

4. Discussion

This study assessed the criterion and relative validity and the inter-rater
reliability of the NuDAM for the estimation nutrient intake, with the findings
demonstrating the performance and feasibility of this method in a small sample
of adults with T2DM. Compared to TEE, similar levels of under-reporting of EI were
found for the NuDAM (−23.7%) and WFR (−23.9%). The level of under-reporting for
the NuDAM is comparable to using 3-day food records where the difference between
EI and TEE may be up to −24% in older adults [27–29]; and more favourable to
using a 3-day food recall in obese adults with T2DM where a difference of up −60%
was reported [30]. Martin et al. [7] used DLW to validate EI collected over 6 days
using a mobile phone image-based dietary record among free-living overweight
and obese adults. When used with generic meal time reminders sent to the phone
mean participant error between EI and TEE was −34.3%, compared to when the
reminders were tailored to the specific meal times of the individual under-reporting
decreased to −3.7% [7]. The combination of a longer recording period and customised
meal-time prompts may have contributed to the greater reporting accuracy and will
be considered for future use of the NuDAM.

The associations between the NuDAM and WFR for estimated intakes of energy,
protein, and carbohydrate were similar to some studies [9,10], although others have
found stronger correlations [11,12]. Compared to these studies, estimates of fat intake
between the NuDAM and WFR showed a weaker relationship (r = 0.24). However in
these studies intake was recorded concurrently and therefore differs from our study
where records were collected one week apart and higher within-subject variation
is expected. Alcohol intake was highly correlated between methods (rs = 0.85) and
displayed the strongest agreement between dietitians. The use of standardized
serving vessels and detailed descriptions (e.g., “pint” glass) may have contributed
to the strength of the relationship observed for alcohol. It is important to note, the
observed correlations for estimates of energy and nutrient intake between the two
dietary assessment methods are based on the assumption that the errors between
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the methods are independent [18]. Therefore the validity of the NuDAM should be
interpreted in the context of the other measures of agreement.

Inter-rater reliability for the nutrients assessed ranged from moderate to
high for the NuDAM. Although discrepancies existed between dietitians’ nutrient
estimates for the NuDAM, these did not translate to significant differences between
methods in the overall mean intakes of the group. Similar studies have also found
acceptable agreement between dietitians for estimates of nutrient intake derived
from image-based records [13,14]. While these studies were conducted in controlled
settings of single meal occasions or using pre-prepared food items, the NuDAM
was used in a free-living situation over multiple days with opportunity for greater
food variety.

Nine subjects were classified as either overweight or obese in our study and
this may in part explain the level of reporting accuracy observed. Increasing BMI is
generally associated with an increase in the likelihood of under-reporting, however
some variation does occur at the individual level [17]. The dietary restraint scale used
measured both actual restriction of intake and intention to restrict [31], with scores
of ≤3 categorised as “low-restraint” [32]. In the current group, overall dietary
restraint was low, even among those subjects identified as under-reporting intake
who all had restraint scores ≤3 Therefore, the level of dietary restraint did not appear
to influence the accuracy of self-reported EI in the current study.

Forgetting to record intake prior to consumption was commonly reported as
reasons for not collecting all intake information for both the NuDAM and WFR
and remains a challenge with prospective dietary records. Although, the phone call
component of the NuDAM was designed to capture food items consumed but not
recorded, it is possible that selective mis-reporting may have been present. Snacks
and foods eaten at times other than main meals are most commonly mis-reported [33]
and could also explain the difference between TEE and EI observed in our study.

Change in behaviours were reported for both methods, although there appeared
to be a slightly greater change in eating behaviours during the period recording
with the WFR compared to the NuDAM. At the individual level, those identified
as under-reporters of EI using the NuDAM all lost weight and may suggest
under-eating [34]. In contrast with the WFR, two of the four under-reporters had
no change in weight which may be indicative of under-recording of intake [34].
However, replication in a larger sample would be necessary to confirm these
conclusions regarding changes in intake and/or recording using the NuDAM and
WFR. An increased awareness and changes to intake behaviours are common when
diet is recorded [3–5], including when wearable devices are used to automatically
collect image-based records [35]. Further exploration into the effect of using wearable
devices and mobile/smartphone to collect image-based records has on eating
behaviours and dietary intake is needed.
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Similar to other studies which have found a preference for image-based methods
over traditional dietary assessment methods [8–11], the NuDAM was also well
received among this group of older adults with T2DM. Subjects were willing to use
the NuDAM again and for longer recording periods. However, some refinement
to the method could be incorporated to improve efficiency in the collection of the
dietary data, such as replacing the follow-up phone call with an in-built feature in
the Nutricam application to collect missed eating occasions. As use of the method
in its current form may not be feasible in large groups, further modifications to the
NuDAM are required to minimize the effect on analysis time that occurred with
shifting some of the subject burden to the dietitian. New techniques which automate
all or some of the quantification of foods within the image-based dietary record hold
promise for improving efficiency in the analysis [36,37].

Strengths of this study are the use of a “gold standard” DLW technique to
validate EI and the use of standardized analysis protocol, including aids to estimate
portion size of foods in the Nutricam records. Limitations include the small sample
which restricts generalisability of these results to the greater population of adults
with T2DM. However, when using DLW, small samples have been used initially
to validate measures of EI [17] and justify evaluation in larger numbers. It is
possible that the use of the NuDAM first may have introduced a training effect
for the WFR. The administration sequence of the two dietary assessment methods
was standardised for all subjects and based on recommendations [18], however
randomisation of the administration order will be considered for future NuDAM
validation studies. The use of the same dietitian (D1) (MER) to review and clarify the
dietary data and then to code the records is another potential limitation. Although,
a standardized protocol was followed for all dietitians, increased familiarity with the
subject intakes in the NuDAM and WRF could have contributed to the difference in
nutrient intake estimates.

5. Conclusions

This pilot study assessed the validity (criterion and relative) and inter-rater
reliability of a novel image-based dietary assessment method, the NuDAM, in 10 adults
with T2DM. The results demonstrated that in comparison to an objective measure of
TEE the NuDAM performed equally well to the WFR, however EI was significantly
under-estimated by both methods. Relative validity was comparable to other
image-based prospective food records for all nutrients, except for fat. Agreement
between dietitians for estimates of nutrient intake was slightly lower for the NuDAM
compared to WFR. All subjects preferred using the NuDAM and were willing to use it
again for longer recording periods. These findings demonstrate the performance and
feasibility of the NuDAM to assess energy and macronutrient intake in a small group
of adults with T2DM. However, some modifications to the method are necessary
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to improve efficiency, particularly for use with a greater number of individuals.
Evaluation in a larger group is needed to be able to generalise the results to the
broader population of adults with T2DM.
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Abstract: The world-wide rise in obesity parallels growing concerns of global
warming and depleting natural resources. These issues are often considered
separately but there may be considerable benefit to raising awareness of the impact
of dietary behaviours and practices on the food supply. Australians have diets
inconsistent with recommendations, typically low in fruit and vegetables and high
in energy-dense nutrient-poor foods and beverages (EDNP). These EDNP foods
are often highly processed and packaged, negatively influencing both health and
the environment. This paper describes a proposed dietary assessment method
to measure healthy and sustainable dietary behaviours using 4-days of food and
beverage images from the mobile food record (mFR) application. The mFR images
will be assessed for serves of fruit and vegetables (including seasonality), dairy, eggs
and red meat, poultry and fish, ultra-processed EDNP foods, individually packaged
foods, and plate waste. A prediction model for a Healthy and Sustainable Diet Index
will be developed and tested for validity and reliability. The use of the mFR to assess
adherence to a healthy and sustainable diet is a novel and innovative approach to
dietary assessment and will have application in population monitoring, guiding
intervention development, educating consumers, health professionals and policy
makers, and influencing dietary recommendations.
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Protocol and Methodology. Nutrients 2015, 7, 5375–5395.

1. Introduction

Recent evidence would suggest that eating a diet that increases environmental
sustainability has the potential to also benefit health [1–4]. Worldwide overweight
and obesity rates are rising, posing significant costs at an individual and societal
level [5]. In Australia, the direct cost spent annually on overweight and obesity is
estimated to be at least $21 billion [6]. The overconsumption of kilojoules above
an individual’s energy requirements (resulting in weight gain) is environmentally
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unsustainable and places burden on the future food supply [7]. Hence, there may be
considerable health and environmental benefits in assessing the impact of dietary
behaviours and practices on the food supply [8,9]. Research on the effects of diet on
the environment is rapidly emerging, particularly the area of life cycle assessment- a
method for measuring the carbon footprint (amount of greenhouse gas emissions) of
food products throughout production [10,11]. However, identifying a healthy and
sustainable diet that meets the nutrient requirements of all populations groups and
cultures is complex and challenging [1,8,12,13]. Researchers have identified the need
to identify dietary patterns that provide adequate nutrition at a low environmental
cost [14], but methods to do so have focused on the assessment of typical diets and
food choices at a population level [2,13] rather than individual dietary behaviours.
Therefore, there is limited evidence on whether current individual dietary patterns
align with a sustainable diet.

The Australian Dietary Guidelines, which provide the evidence-base for dietary
recommendations and directions for nutrition policy in Australia, have highlighted
the issue of food, nutrition and environmental sustainability over the last decade.
The 2013 review of the Guidelines sought to assess the evidence to make dietary
recommendations that were protective of health as well as the environment. However,
no specific guidelines to address a sustainable diet were made as a result of
inadequate evidence in the area, rather an appendix containing key messages
regarding food, nutrition and environmental sustainability. These recommendations
include advice to: try to eat seasonal produce; reduce food and packaging waste; and
avoid overconsuming kilojoules [7]. Several of the Australian Dietary Guidelines
form indirect synergies between eating a diet for good health and a sustainable
diet to reduce burden on the environment (represented graphically in Figure 1).
For example, the overconsumption of kilojoules is associated with overweight and
obesity, but is also creating an avoidable environmental burden due to the resources
used in the production, storage and preparation of food [7,15,16]. While attempts
to create awareness of the impact of dietary choices on the environment exist, the
absence of set guidelines relating to sustainable diets in Australia is the probable
result of limited evidence in this area of nutrition and no dietary assessment method
to accurately measure an individual’s healthy and sustainable dietary behaviours.

There is no agreed definition for what constitutes a “healthy and sustainable
diet”. Separately, healthy diets conform to the Australian Dietary Guidelines [7],
while sustainable diets have been defined by the Food and Agriculture Organization
of the United Nations as “those diets with low environmental impacts which
contribute to food and nutrition security and to healthy life for present and future
generations. Sustainable diets are protective and respectful of biodiversity and
ecosystems, culturally acceptable, accessible, economically fair and affordable;
nutritionally adequate, safe and healthy; while optimizing natural and human
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resources.” [4]. Several European countries have developed guidelines for a
healthy and sustainable diet [17,18] and research examining associations between
other dietary recommendations and dietary patterns and their associations with
environmental sustainability is becoming available [3,13]. Even with strengthening
evidence on the health benefits of diets with lower environmental impact, the revised
Australian Dietary Guidelines failed to include specific sustainable eating dietary
recommendations [3,19].
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and future generations. Sustainable diets are protective and respectful of biodiversity and ecosystems,
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healthy; while optimizing natural and human resources.” [4]. Several European countries have developed
guidelines for a healthy and sustainable diet [17,18] and research examining associations between other
dietary recommendations and dietary patterns and their associations with environmental sustainability is
becoming available [3,13]. Even with strengthening evidence on the health benefits of diets with lower
environmental impact, the revised Australian Dietary Guidelines failed to include specific sustainable
eating dietary recommendations [3,19].

There is a plethora of evidence suggesting climate change and poor health are two major public health
concerns, both of which would benefit from government policy promoting more sustainable dietary
behaviours [2,9,20,21]. However, dietary recommendations and policies cannot be developed without an
evidence base. In order to collect evidence on how current dietary patterns adhere to a sustainable diet,
surveillance and monitoring of individual dietary behaviours using a comprehensive dietary assessment
method is required.

Figure 1. Graphic representation of the direct synergies between the 2013 Australian
Dietary Guidelines and sustainable dietary behaviours outlined in the Australian
Dietary Guidelines [7].

There is a plethora of evidence suggesting climate change and poor health are
two major public health concerns, both of which would benefit from government
policy promoting more sustainable dietary behaviours [2,9,20,21]. However,
dietary recommendations and policies cannot be developed without an evidence
base. In order to collect evidence on how current dietary patterns adhere to a
sustainable diet, surveillance and monitoring of individual dietary behaviours using
a comprehensive dietary assessment method is required.

To the authors’ knowledge there is no feasible dietary assessment method
to accurately measure an individual’s healthy and sustainable dietary behaviours
and the need for such a method has been highlighted in a recent review by
Johnston et al. [22]. To date methods of dietary assessment have focused mostly
on nutrients and food groups and not considered the assessment of sustainable
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dietary practices, such as reducing food packaging and waste. Brief assessment
instruments, commonly used in population surveillance, have been used to reliably
estimate the quality of diets in Australia [23]. These methods typically use a short
questionnaire or several questions to assess knowledge and specific diet and nutrition
behaviours [24,25]. Other frequently used dietary assessment methods, such as
written food records, provide more objective data on what individuals are eating
and in some cases individuals may be asked to record food waste. However, a
limitation of written food records is there is no way to verify the recording and
researchers must rely on good literacy levels, the ability of people to accurately
estimate portion sizes and remember to write down all meals, snacks and beverages,
creating burden on participants. The use of technology in dietary assessment, and
more specifically image-based food records, is a new and rapidly emerging area that
will reduce the burden for participants through the elimination of detailed writing
and portion size estimation. Image-based dietary assessment methods, including
the mobile food record (mFR) application, enable people to capture their intake by
taking a momentary image and do not allow users to review, edit or alter earlier
images [26–30]. This feature may reduce the chances of people reflecting on their prior
consumption and consequently underreporting further intake. In addition, before
and after eating images taken using the mFR application allow for the assessment of
plate waste and packaging use, as well as the estimation of serving and portion sizes.
For such reasons the existing mFR application shows great potential as a feasible
method for individual and population-wide nutrition monitoring of sustainable
dietary behaviours. Food image data previously collected from a population-based
sample of adults using the mFR will enable the validation of a Healthy and Sustainable
Diet Index.

Diet quality indices assist in translating intake data collected using dietary
assessment methods to values or scores that are more easily interpretable and
allow for consistent comparisons between groups of interest. Such indices are
developed to measure dietary patterns, behaviours and adherence to particular
eating recommendations in populations [31]. Diet quality indices consider multiple
components of a diet and apply weighting factors to each component to calculate
a final diet quality score [32]. Developing and validating indices for use in dietary
assessment can assist in guiding nutrition interventions, population monitoring,
informing policy makers, monitoring the effectiveness of programs and research [33].
Examples of validated diet quality indices include the Healthy Eating Index [33],
Mediterranean Diet Score [34], Diet Quality Index [35], Dietary Guideline Index [31],
Dietary Quality Score [36], Australian Recommended Food Score [23] and Dietary
Approaches to Stop Hypertension (DASH) Diet Score [37].

Traditionally, dietary indices have been developed to monitor specific or general
nutrient intake and predict the effect of dietary behaviours on health outcomes.
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But, there is increasing need to measure impacts of dietary behaviours on external
factors due to the potential negative impact on the future of the food supply (e.g.,
the environment) [22]. A recent review by Johnston and colleagues highlighted
the urgent need to develop innovative approaches to measuring and promoting
sustainable diets so consumers and policymakers can become aware of the benefits
on individual and population health and the environment [22]. In doing so, the
authors emphasised the need for culturally acceptable and locally appropriate indices
to accurately assess sustainable diets, suggesting the development of such indices
would enable the measurement of a suite of indicators relating to the impact of
dietary behaviours on health and the food system to inform policy makers [22].
This paper addresses the gap in the literature by proposing a feasible method to
assess multiple elements of a healthy and sustainable diet.

This paper describes the protocol and methodology for a proposed novel dietary
assessment method to measure indicators of an individual’s healthy and sustainable
diet not typically measured in traditional methods. Due to a lack of consensus of
what constitutes a healthy and sustainable diet, the five dietary behaviours selected
for assessment were chosen based on the evidence documented in the Australian
Dietary Guidelines, and Appendix G on Environmental Sustainability [7]. The
five characteristics of a healthy and sustainable diet selected relate to nutritional
status and/or future food supplies to maintain good health. As the proposed
dietary assessment method uses images to assess healthy and sustainable dietary
behaviours, the selection has been confined to those that can be objectively assessed
from food and beverage images using a mFR. The five indicators to be assessed
using the mFR application include the intake of ultra-processed EDNP foods
and beverages, individually packaged foods and beverages, fruit and vegetables
(including seasonality), dairy, eggs and meat, and plate waste.

Food intake data, collected using the image-based mFR during the Connecting
Health and Technology study, will provide evidence to assist the development
of this method and a Healthy and Sustainable Diet Index, which will provide
evidence for policy makers, health professionals, and others interested in promoting
environmental sustainability through dietary recommendations (e.g., the agricultural
sector). A validated index to accurately assess healthy and sustainable dietary
behaviours, and ultimately gather evidence on individual eating behaviours, is
timely and urgent. It is yet to be determined but the mFR may have the potential
to be a cost effective method to gather valuable data on healthy and sustainable
dietary behaviours, an area of nutrition in need of evidence. The dietary assessment
method described in this paper when implemented will provide evidence on current
adherence to a healthy and sustainable diet, addressing a gap in the literature both
in Australia and globally. This protocol paper outlines the methods used to assess
healthy and sustainable dietary behaviours using an mFR, providing detail to assist
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with further advancements in this field of dietary assessment and allowing for
future reproducibility. Importantly, the methods proposed in this paper may address
the lack of dietary assessment methods to assess sustainable dietary behaviours,
as highlighted in the review by Johnston et al. [22].

2. Experimental Section

2.1. Study Participants

The study sample to be used for developing the proposed methods will consist
of 247 adults aged from 18 to 30 years, comprising of 162 (66%) women and 85 (34%)
men previously recruited for another study, the Connecting Healthy and Technology
study, referred to as CHAT [26]. Recruitment involved sending letters of invitation
to 15,000 residents from 57 suburbs (using the Socio-Economic Indexes for Areas) in
the Perth Metropolitan Area from the Federal Electoral Roll, a compulsory enrolment
system for Australians aged over 18 years. Participants were screened either online,
using a survey website, or on the telephone to ensure the inclusion criteria were
satisfied (aged between 18 and 30 years and owned a mobile phone). For the original
study, potential participants were excluded if they were: (a) unable to attend on
four occasions to complete the 6-month randomised controlled trial; (b) studied
nutrition; (c) took part in extreme forms of exercise; (d) followed a restrictive diet; or
(e) pregnant or breastfeeding. The CHAT study was conducted between July 2012
and June 2013.

The Connecting Health and Technology study was registered on the Australian
and New Zealand Clinical Trials Registry (ACTRN12612000250831) and approved
by the Curtin University Human Resources Ethics Committee (HR181/2011) and the
Western Australian Department of Human Research Ethics Committee (#2011/90).

2.2. Study Design

During the Connecting Health and Technology study, participants completed
four day mFRs using the CHAT application at baseline and at the end of the 6-month
randomised controlled trial. During both visits height and weight data were collected.
Participants were asked to capture before and after images of all eating occasions
using a mobile device (iPod Touch) provided by the research team. On the initial visit
participants were taught how to use the specifically designed dietary assessment
method, the CHAT application, uploaded onto the iPod Touch (iOS6). Participants
were asked to place a small fiducial marker in the bottom left hand corner of every
image to assist in portion size and colour estimation [38]. Details of the mFR CHAT
application have been previously described by Kerr et al. [39].

Participants were asked to take images over four consecutive days, from
Wednesday to Saturday. On completion of the food record, participant’s clarified
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the contents of images with an Accredited Practising Dietitian, and verified plate
waste or if the leftover food or beverage was consumed at a later stage. Each image
obtained during the CHAT study contains metadata on the time, date and location
it was taken, allowing for the assessment of whether fresh produce were in season
at time of consumption. The food images collected during the CHAT study will be
used to validate and test the Healthy and Sustainable Diet Index.

For the development of the proposed methodology, participants completed an
mFR at baseline (n = 247) and repeated this six months later (n = 220). A secondary
analysis by the Accredited Practising Dietitian who was involved in the original
analysis of all food images collected during the CHAT study will take place.
A purpose built Microsoft Access database will be developed to assess the contents of
images, and the review of each image pair (including a before and after eating image).
A minimum of one image pair per day will be required to be considered a valid day.
Five indicators of a healthy and sustainable diet will be assessed using the images
captured using the mFR. An objective of this study is to determine whether the five
selected dietary behaviours can be assessed from image-based food records without
interaction with participants. This is therefore a “proof of concept” approach to
developing the Index before replication in possible future interventions. A flowchart
outlining the design of the proposed study can be seen in Figure 2.
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2.3. Assessment of Healthy and Sustainable Dietary Behaviours

For the development of a Healthy and Sustainable Diet Index, dietary behaviours
were identified from evidence of their supportive or unsupportive role within a
healthy and/or a sustainable diet and the inclusion of details that can be assessed
using images. Descriptions of each component’s role within the context of a
healthy and sustainable diet are outlined below. The five indicators to be assessed
using the mFR application include: the intake of ultra-processed EDNP foods
and beverages, individually packaged foods and beverages, fruit and vegetables
(including seasonality), dairy, eggs and meat portions, and plate waste. These dietary
behaviours will be assessed using the following proposed methodologies.

2.3.1. Ultra-Processed EDNP Foods and Beverages

Processed foods form a large component of modern diets and have been linked
to the growing rates of overweight and obesity [7,40–42]. A definition of food
processing is “all methods and techniques used by industry to turn whole fresh foods
into food products” [43]. Food processing is important to ensure an adequate and
safe food supply [44], however, high levels of food processing often increases the
energy density of food due to “ultra-processing” with the addition of added fat and
sugar. In general, foods that have been highly or ultra-processed are more likely to
contain high levels of saturated fats, added sugars and/or sodium and minimal levels
of micronutrients therefore are often categorised as “energy-dense nutrient-poor”
choices [41,45]. Energy-dense nutrient-poor foods and beverages are associated with
poor diet quality, overweight, obesity and chronic disease [45,46], as well as being some
of the most emissions-intensive food products due to the processing, packaging and
landfill necessary to produce these foods in certain locations [9]. Although all EDNP
foods may not negatively affect the environment more than other food items, these
foods are generally low in nutrients [7]. In addition, the excessive intake of kilojoules
above an individual’s energy requirements, from these EDNP foods and beverages,
is a dietary behaviour unsupportive of health whilst creating unnecessarily burden
on natural resources [7,15]. Highly processed takeaway foods and poor diet quality
are associated with abdominal obesity in young adults [40,47] and compared to older
age groups, young adults are more likely to consume EDNP that are convenient,
highly processed and packaged, such as meat pies, fried potatoes, pizzas, crisps,
confectionary, savoury pastries, chocolate and sugar-sweetened beverages [40,48].
Hence, processed food is not the issue in a healthy and sustainable diet, the issue is
EDNP ultra-processed foods.

Ultra-processed foods are defined as those that require minimal, if not any,
culinary preparation [41]. Previous studies have relied on household expenditure
surveys and semi-quantitative food frequency questionnaires to assess the intake
of ultra-processed foods [41–43], yet no studies have investigated the consumption
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of ultra-processed foods in Australia. A unique aspect of the methods to be used
is that EDNP ultra-processed foods will be assessed using image-based mFRs. For
inclusion in this component only ultra-processed foods and beverages categorised
as energy-dense and nutrient-poor, such as cakes, crisps, commercial burgers and
sugar-sweetened beverages will be used [7]. Ultra-processed EDNP foods and
beverages will be assessed according to the Australian Dietary Guidelines serve
sizes-one serve of EDNP food or beverage being equivalent to 600 kJ (143 kcal) [7].
Nutrient dense foods that are highly processed, such as bread, will be excluded due
to associated health benefits.

An example image of ultra-processed EDNP foods collected using the mFR
application can be seen in Figure 3. Using the proposed assessment protocol, this
eating occasion would be recorded as 14 serves of ultra-processed EDNP foods.
The two pieces of fried chicken appearing in the after eating image would not be
counted as ultra-processed EDNP serves but rather non-compostable food waste.

We can appreciate all EDNP foods may not necessarily be worse for the
environment than other food items, however, in regard to health consequences,
these food items offer minimal, if any, nutritional benefit. In addition, the excessive
intake of kilojoules above an individual’s energy requirements, from these EDNP
foods and beverages, is a dietary behaviour unsupportive of health whilst creating
unnecessarily burden on natural resources.
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Figure 3. Example of using an mobile food record (mFR) to assess ultra-processed
energy-dense nutrient-poor foods. (a) Before eating image; (b) After eating image shows the
food waste. The number of energy-dense nutrient-poor food and beverage (EDNP) serves
consumed were: 1 sausage roll (commercial, 175 g) = 2100 kJ, fried sausage (large)
1300 kJ × 2 = 2600 kJ, crumbed fried sausage (large) 1800 kJ × 2 = 3600 kJ → Total:
8300 kJ/600 kJ = 14 serves of EDNP foods.

Figure 3. Example of using an mobile food record (mFR) to assess ultra-processed
energy-dense nutrient-poor foods. (a) Before eating image; (b) After eating image
shows the food waste. The number of energy-dense nutrient-poor food and beverage
(EDNP) serves consumed were: 1 sausage roll (commercial, 175 g) = 2100 kJ, fried
sausage (large) 1300 kJ × 2 = 2600 kJ, crumbed fried sausage (large) 1800 kJ × 2 =
3600 kJ→ Total: 8300 kJ/600 kJ = 14 serves of EDNP foods.
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2.3.2. Individually Packaged Foods and Beverages

Food packaging plays a crucial role in maintaining a safe food supply and has
the ability to reduce waste by retaining the effect of food processing to extend shelf
life [49]. However, food packaging negatively impacts the environment at a number
of stages including during production, transport and land fill [15]. Individually
packaged foods are convenient and are becoming more common in Australian
supermarkets. An Australian study assessed attitudes towards environmentally
friendly eating behaviours and found people believe food packaging has a greater
impact on the environment compared to the consumption of meat [50].

Key messages in Appendix G of the Australian Dietary Guidelines encourage
people to select foods with appropriate packaging and recycle due to the impact
on natural resources [7]. Food packaging is not assessed by traditional dietary
assessment methods. Images from mFRs show great potential for the accurate
assessment of the intake of individually packaged products as they are easily
identifiable from the before eating images. Due to the negative impact of packaging
on the environment, all individually packaged items will be recorded regardless of
the nutrient composition of the food it originally contained. However, individually
packaged foods, classified as either EDNP or healthy, will be counted separately to
allow for further assessment of adherence to a healthy and sustainable diet. Foods
and beverages served from larger packages (so not individually packaged) such
as a glass of milk poured from a two litre bottle will not be recorded due to the
unavoidable use of larger packages to ensure a safe food supply. A limitation of this
method is that some food or beverages may be removed from individual packaging
prior to the before eating image being taken. This challenge could be avoided by
requesting participants do not remove individual packaging prior to taking images
using the mFR.

An example of an image containing individually packaged items collected using
the mFR application can be seen in Figure 4. Using the proposed protocol, this eating
occasion would likely be assessed as containing two individually packaged EDNP
food items and one individually packaged EDNP beverage item.

2.3.3. Fruit and Vegetables

A diet consistent with the Australian Dietary Guidelines can help maintain a
healthy weight and assist in the prevention of chronic diseases, such as cardiovascular
disease, type 2 diabetes and some cancers [7,8,20,51]. Previous studies have
found Australian adults eat less than the recommended daily serves of fruit and
vegetables [52], supported by the most recent Australian Health Survey which found
only three per cent of young adults meet the recommended two 150 gram serves
of fruit and five 75 gram serves of vegetables per day, compared to 9.6% of older
adults [53]. The reasons why people are not eating enough fruit and vegetables
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are complex but household income and the expense of fruit and vegetables have
been shown to be significant factors [54,55]. In recent years, changes in climate have
influenced the availability and affordability of some fresh fruits and vegetables in
Australia [22,56]. The cost of fresh fruit and vegetables in Australia appears to be
increasing at a higher rate than other food categories, evidenced by an 18.8% increase
in the cost of fresh fruit and 10.7% increase in fresh vegetables in Western Australia
since 2010 [57].
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2.3.2. Individually Packaged Foods and Beverages

Food packaging plays a crucial role in maintaining a safe food supply and has the ability to reduce
waste by retaining the effect of food processing to extend shelf life [49]. However, food packaging
negatively impacts the environment at a number of stages including during production, transport
and land fill [15]. Individually packaged foods are convenient and are becoming more common in
Australian supermarkets. An Australian study assessed attitudes towards environmentally friendly eating
behaviours and found people believe food packaging has a greater impact on the environment compared
to the consumption of meat [50].

Key messages in Appendix G of the Australian Dietary Guidelines encourage people to select foods
with appropriate packaging and recycle due to the impact on natural resources [7]. Food packaging is
not assessed by traditional dietary assessment methods. Images from mFRs show great potential for the
accurate assessment of the intake of individually packaged products as they are easily identifiable from
the before eating images. Due to the negative impact of packaging on the environment, all individually
packaged items will be recorded regardless of the nutrient composition of the food it originally contained.
However, individually packaged foods, classified as either EDNP or healthy, will be counted separately to
allow for further assessment of adherence to a healthy and sustainable diet. Foods and beverages served
from larger packages (so not individually packaged) such as a glass of milk poured from a two litre
bottle will not be recorded due to the unavoidable use of larger packages to ensure a safe food supply.
A limitation of this method is that some food or beverages may be removed from individual packaging
prior to the before eating image being taken. This challenge could be avoided by requesting participants
do not remove individual packaging prior to taking images using the mFR.

An example of an image containing individually packaged items collected using the mFR application
can be seen in Figure 4. Using the proposed protocol, this eating occasion would likely be assessed
as containing two individually packaged EDNP food items and one individually packaged EDNP
beverage item.
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Figure 4. Example of using the mobile food record (mFR) to assess individually
packaged foods. (a) Before eating image; (b) After eating image.

Diets high in fruit and vegetables have a lesser impact on the environment
than those high in processed foods or animal-based foods [3,15]. Although
the consumption of a diet that consists of mostly fresh fruits and vegetables is
encouraged [7], it has been suggested that additional considerations need to be
included, for example, produce grown locally and in season. This is because fruits
and vegetables grown locally or in season are less likely to require a climate controlled
environment and typically undergo less processing, packaging, transportation and
storage [58,59]. However, other studies have suggested the benefits of consuming
locally grown seasonal produce is not the determining factor of environmental
impact because food production has more impact on the environment than
transportation [12,60,61]. A recent study by Drewnowski et al. [11] assessed the
relationship between nutrient and energy density and carbon footprint, and found
that processed and frozen fruit and vegetables had a low carbon footprint when
considered as per 100 grams in comparison to meat and dairy products. But
when looking at energy density per 100 kcal, the carbon footprint of frozen and
processed fruit and vegetables increased dramatically [11]. This study pointed out
that carbon footprint is only one of many metrics to assess the environmental impact
of food. Overall, it is widely accepted that some fruits and vegetables are more
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emissions-intensive than others depending on several factors, including country of
origin, the need for protected conditions, storage and cooking.

Choosing seasonal local fruits and vegetables requires specific knowledge of
where food was grown. This information is not always evident or available to
consumers [7] particularly when meals are prepared by others (e.g., meals eaten at a
restaurant). Studies have shown people are prepared to buy local produce, although
factors such as convenience, price, accessibility and perceived quality also determine
purchasing habits [50,62].

Using the protocol outlined in this paper, the intake of fruit and vegetables will
be analysed from each eating image pair and classified according to the Australian
Dietary Guidelines serve sizes (1 serve of vegetables = 75 grams, 1

2 cup cooked
vegetables or 1 cup of salad vegetables, and 1 serve of fruit = 150 grams, 1 medium
piece or 2 small pieces of fruit). A Microsoft Access database tool will be created to
record the estimated serve size and type of fruit and vegetable consumed separately.
This feature will allow for further assessment of the environmental impact of different
varieties. As the time and date stamp is available from images collected with the
mFR, the date fruits and vegetables were consumed can be recorded and merged
within the database containing information on when each fruit and vegetable is in
season. For example, in Western Australia bananas are in season in summer and
autumn, meaning if someone consumed a banana between 1st December and the
30th May then the banana will be recorded as “eaten in season”. For this study,
seasonal fruits and vegetables will be classified according to the Western Australia
(WA) Seasonal Fruit and Vegetable Calendar [63].

Dietary assessment of seasonal and local fruit and vegetable intake poses
significant challenges including: the additional burden of recording “place of
origin” at time of purchase; prepared food not carrying this information (e.g.,
buying a salad at a café): and the sale of fruits and vegetables all year around,
regardless of seasonality. A limitation of assessing the intake of seasonal fruit
and vegetable intake is that there is no way of determining the origin of fresh
produce, for example a banana from Queensland could be eaten in Western Australia,
4341 kilometres away by road (the main transportation method used). However,
consuming seasonally available produce, regardless of origin, is likely to reflect
an aspect of a healthy and sustainable diet. There is currently limited data on the
intake of seasonal fruits and vegetables by adults in Australia. As less than 7% of
Australians consume the recommended daily serves of vegetables and less than
half consume the recommended two serves of fruit [64], increasing intake alone,
regardless of seasonality, would result in health benefits.

An example of fruit to be consumed can be seen in the mFR image (as it appears
using the web application hosted on a secure server) in Figure 5. Using this example
containing the date of the image, one serve of fruit (e.g., one medium banana) would
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be entered in the database and because this eating occasion took place in September
in Western Australia, this piece of fruit would be considered eaten “out of season”.

Nutrients 2015, 7 5385

recorded and merged within the database containing information on when each fruit and vegetable is
in season. For example, in Western Australia bananas are in season in summer and autumn, meaning if
someone consumed a banana between 1st December and the 30th May then the banana will be recorded
as “eaten in season”. For this study, seasonal fruits and vegetables will be classified according to the
Western Australia (WA) Seasonal Fruit and Vegetable Calendar [63].

Dietary assessment of seasonal and local fruit and vegetable intake poses significant challenges
including: the additional burden of recording “place of origin” at time of purchase; prepared food not
carrying this information (e.g., buying a salad at a café): and the sale of fruits and vegetables all year
around, regardless of seasonality. A limitation of assessing the intake of seasonal fruit and vegetable
intake is that there is no way of determining the origin of fresh produce, for example a banana from
Queensland could be eaten in Western Australia, 4341 km away by road (the main transportation method
used). However, consuming seasonally available produce, regardless of origin, is likely to reflect an
aspect of a healthy and sustainable diet. There is currently limited data on the intake of seasonal fruits
and vegetables by adults in Australia. As less than 7% of Australians consume the recommended daily
serves of vegetables and less than half consume the recommended two serves of fruit [64], increasing
intake alone, regardless of seasonality, would result in health benefits.

An example of fruit to be consumed can be seen in the mFR image (as it appears using the web
application hosted on a secure server) in Figure 5. Using this example containing the date of the image,
one serve of fruit (e.g., one medium banana) would be entered in the database and because this eating
occasion took place in September in Western Australia, this piece of fruit would be considered eaten
“out of season”.
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Figure 5. Example of using the mobile food record to assess seasonal fruit and
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Figure 5. Example of using the mobile food record to assess seasonal fruit and
vegetable intake.

2.3.4. Dairy, Eggs and Meat Products

There is substantial evidence supporting the additional environmental impact of
meat and dairy foods, compared to plant-based foods [2,14,65]. Along with a growing
population and urbanisation, there is a global transition from largely plant-based
diets to diets higher in EDNP foods and animal-based foods [45], increasing burden
on the food system. While the consumption of dairy foods in Australia is generally
below dietary recommended levels, Australians traditionally consume large volumes
of meat, with the consumption of beef constituting the highest amount [15]. Meat and
dairy products from ruminant cattle and sheep are some of the greatest greenhouse
gas contributors in modern diets [8,9].

Previous research in the area of sustainable diets has highlighted a healthy
and sustainable diet can be followed without the complete exclusion of dairy and
meat [1,2,8,65], however, excessive red meat and processed meat consumption has
been linked to an increased risk of colorectal cancer [7,66]. To accommodate this,
the latest review of the Australian Dietary Guidelines reduced the standard serving
size of lean red meat to a set 65 grams from the previous range of 65 to 100 grams of
cooked meat, with a maximum of seven serves, or 455 grams, of red meat per week [7].
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In Australia, only 2.1% of people avoid red meat [53]. Therefore, comparing meat
intake between small, moderate and large meat consumers is relevant in assessing
a healthy and sustainable diet when only a small percentage of the population are
vegetarians [67].

When applying the proposed method to this component, food images will
be used to estimate average daily intake of milk, cheese and yoghurt, eggs and
meat products (including red meat, poultry and fish). The volume of specific
types of dairy, eggs and meat products (e.g., beef mince) will be recorded as an
approximate gram or millilitre weight and compared to the Australian Dietary
Guidelines recommendations [7]. Meat consumed in other food products assessed
using this method, such as a beef patty in a commercial burger, will be counted as
ultra-processed EDNP food serves and also meat serves.

2.3.5. Food Waste

Australians throw away $5.3 billion Australian dollars (AUD) worth of food
each year. This includes fresh food (AUD $2.9 billion), frozen food (AUD $241
million), take-away food (AUD $630 million), unfinished drinks (AUD $596 million)
and leftover food (AUD $876 million) [68]. Young adults waste more food than older
adults with 38% of 18–24 year olds wasting more than AUD $30 on fresh produce per
fortnight, compared to only seven percent of older adults [68]. Reducing food waste
from production to consumption will decrease burden on the food system, in turn
benefiting the environment [69]. Discrepancies were detected in an Australian study
comparing reported household fresh food waste (AUD $4.6 million) and actual fresh
food waste (AUD $8 billion), collected during a household garbage bin audit [68].
The methods proposed here will accurately capture an important element of food
waste, consumer plate waste, through the use of before and after eating food images,
to support an area of research with a lack of sufficient data [69].

Image pairs allow for the accurate assessment of plate waste due to the presence
of before eating and after eating images. Plate waste will be estimated as a percentage
of food or beverage not consumed in the after eating image. Food waste in each
image will also be classified as compostable (e.g., fruit, vegetables, egg shells), not
compostable (e.g., meat and dairy) or unable to determine.

An example of red meat intake and food waste can be seen in Figure 6. Using the
described protocol, this eating occasion will be assessed as four serves of roast beef,
and having 30% edible plate waste. Note, one serve of cooked beef is 65 grams [7].
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An example of red meat intake and food waste can be seen in Figure 6. Using the described protocol,
this eating occasion will be assessed as four serves of roast beef, and having 30% edible plate waste.
Note, one serve of cooked beef is 65 g [7].

Nutrients 2015, 7 13 
 

 

An example of red meat intake and food waste can be seen in Figure 6. Using the described protocol, 

this eating occasion will be assessed as four serves of roast beef, and having 30% edible plate waste. 

Note, one serve of cooked beef is 65 grams [7]. 

(a) (b) 

Figure 6. Example of using the mobile food record (mFR) to assess food waste and meat 

intake. (a) Before eating image; (b) After eating image. 

2.4. Outcome Variables 

The outcome variables measured using the proposed dietary assessment method include: 

 number of serves and types of fruit and vegetables and whether they were in season at the time 

and location of consumption, 

 intake of ultra-processed energy-dense nutrient-poor foods and beverages, separated by type and 

number of serves, 

 intake of foods and beverages that are individually packaged, separated into “healthy” or 

“EDNP” foods or beverages, 

 portion sizes and total amount of dairy, eggs and meat products 

 percentage of plate waste and whether the food wasted was compostable. 

2.5. Development of Healthy and Sustainable Diet Index 

Existing diet quality indices will be reviewed to investigate the processes undertaken in development, 

validation, and evaluation and will guide the development of the Healthy and Sustainable Diet Index. 

This will be a theoretically driven Index, which will be internally validated using food image data 

collected during the CHAT study. Each indicator incorporated in the Index will be categorised into one 

or more of the following elements; impact on human health and/or impact on the environment.  

For example, ultra-processed EDNP foods and beverages impact health (contributing excess kilojoules 

and contributing to chronic disease risk) and the environment (use of water, electricity, transport and 

packaging). Another example is food waste, which has a direct negative impact on the environment 

(landfill) and a potential influence on health as fresh fruit and vegetables are perishable and often thrown 

away, creating a barrier for purchase and consumption. 

Figure 6. Example of using the mobile food record (mFR) to assess food waste and meat
intake. (a) Before eating image; (b) After eating image.

2.4. Outcome Variables

The outcome variables measured using the proposed dietary assessment method include:

• number of serves and types of fruit and vegetables and whether they were in season at the time and
location of consumption,
• intake of ultra-processed energy-dense nutrient-poor foods and beverages, separated by type and

number of serves,
• intake of foods and beverages that are individually packaged, separated into “healthy” or “EDNP”

foods or beverages,
• portion sizes and total amount of dairy, eggs and meat products
• percentage of plate waste and whether the food wasted was compostable.

2.5. Development of Healthy and Sustainable Diet Index

Existing diet quality indices will be reviewed to investigate the processes undertaken in development,
validation, and evaluation and will guide the development of the Healthy and Sustainable Diet Index.
This will be a theoretically driven Index, which will be internally validated using food image data
collected during the CHAT study. Each indicator incorporated in the Index will be categorised into
one or more of the following elements; impact on human health and/or impact on the environment.
For example, ultra-processed EDNP foods and beverages impact health (contributing excess kilojoules
and contributing to chronic disease risk) and the environment (use of water, electricity, transport and
packaging). Another example is food waste, which has a direct negative impact on the environment
(landfill) and a potential influence on health as fresh fruit and vegetables are perishable and often thrown
away, creating a barrier for purchase and consumption.

Figure 6. Example of using the mobile food record (mFR) to assess food waste and
meat intake. (a) Before eating image; (b) After eating image.

2.4. Outcome Variables

The outcome variables measured using the proposed dietary assessment
method include:

• number of serves and types of fruit and vegetables and whether they were in
season at the time and location of consumption,

• intake of ultra-processed energy-dense nutrient-poor foods and beverages,
separated by type and number of serves,

• intake of foods and beverages that are individually packaged, separated into
“healthy” or “EDNP” foods or beverages,

• portion sizes and total amount of dairy, eggs and meat products
• percentage of plate waste and whether the food wasted was compostable.

2.5. Development of Healthy and Sustainable Diet Index

Existing diet quality indices will be reviewed to investigate the processes
undertaken in development, validation, and evaluation and will guide the
development of the Healthy and Sustainable Diet Index. This will be a theoretically
driven Index, which will be internally validated using food image data collected
during the CHAT study. Each indicator incorporated in the Index will be categorised
into one or more of the following elements; impact on human health and/or impact
on the environment. For example, ultra-processed EDNP foods and beverages impact
health (contributing excess kilojoules and contributing to chronic disease risk) and the
environment (use of water, electricity, transport and packaging). Another example is
food waste, which has a direct negative impact on the environment (landfill) and a

110



potential influence on health as fresh fruit and vegetables are perishable and often
thrown away, creating a barrier for purchase and consumption.

The influence of dietary behaviours on human health will be given the highest
weighting, followed by impact on the environment, for example plate waste.
Weighting of different food items will involve a thorough assessment of available
evidence, including evidence on the life cycle assessment of particular foods (which
takes into account green-house gas emissions), and additional effects on ecosystems
and biodiversity. The final Index may need to be modified when applied in other
countries to take into account differences in the environmental impact of foods
produced in various areas and climates, including climate conditions, farming,
agricultural and production methods. For example the environmental impact of fruit
that requires a climate controlled environment, versus seasonal fruit grown outside.
A maximum number of total points will be allocated to each component of the
Healthy and Sustainable Diet Index. A high weighting will not be given to components
of the Index that cannot be measured accurately using image-based food records, for
example whether fruits and vegetables consumed were locally grown and in season,
due to the amount of error.

Each component incorporated into the Healthy and Sustainable Diet Index, will be
given a weighting used to calculate a final score measuring adherence to a healthy
and sustainable diet. For example, typically indices have a maximum score of 100,
with a higher score indicating greater adherence to the preferred dietary pattern [23].
Individual components will be given a weighting to reflect consistency with the
recommended dietary and sustainable eating outcomes, for example, fruit and
vegetable intake may be given a higher weighting as it contributes to both healthy
and sustainable eating.

The theoretically driven Healthy and Sustainable Diet Index will be internally
validated for reliability, content validity and construct validity using 4-days
image-based food records collected during a 6-month randomised controlled trial.
The baseline data collected during the CHAT study (n = 247) will be randomised
into thirds using age- and sex-stratified random sample techniques. Two-thirds of
the sample will be randomly selected as the derivation cohort and the image-based
mFRs of those selected will be used to develop the Healthy and Sustainable Diet Index
using regression techniques. The remaining one-third of the sample will be used as
the validation cohort for the Healthy and Sustainable Diet Index. This Index will also
be used in the assessment of food images from the 6-month follow up (n = 220), and
the results compared with baseline.

To assess content validity, components of the Healthy and Sustainable Diet Index
will be assessed against the Australian Dietary Guidelines [7]. Construct validity will
quantitatively assess how well the Index measures conformance to a healthy and
sustainable diet.
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To determine a total score using the Healthy and Sustainable Diet Index, density
scores for each component will be calculated. Internal consistency, one form of
reliability, will be assessed using Cronbach’s coefficient α. This test has previously
been used in the evaluation of the Healthy Eating Index [70] to examine the degree
of association between components, to determine if a diet only has one dimension.
The relationship between the components of the Healthy and Sustainable Diet Index
will be assessed using Pearson correlations coefficient. Principle component analysis
will be used to assess if there are independent components of the Index. This will
measure if there are any significant independent predictors of an overall score.

3. Discussion

The proposed methodologies described in this paper aim to determine if the
mobile food record can be used to accurately measure five key indicators of a healthy
and sustainable diet. The availability of dietary intake data collected from 4-day
mFRs during the CHAT study enables the refinement of the assessment tool and
internal validation of a theoretically driven Healthy and Sustainable Diet Index. This
Index will be tested on a duplicate sample and a longitudinal sample of adults’
4-day image-based food records to measure content validity, construct validity
and reliability.

The Healthy and Sustainable Diet Index will be unique in two ways; firstly it
will combine the assessment of eating behaviours that influence health outcomes
(e.g., EDNP foods and beverages) and dietary behaviours that significantly burden
the environment (e.g., ultra-processed foods, food waste). Secondly, it will require the
use of image-based food records, which will enable the accurate assessment of dietary
behaviours not assessed in traditional forms of dietary assessment (e.g., individually
packaged foods).

Using an mFR application to assess the five healthy and sustainable dietary
behaviours described in this paper has the potential for further enhancement of
the mFR applications capability as a new dietary assessment method. For example,
a current fiducial marker probe exists to alert users when the fiducial marker is not
located in the image, as described by Ahmad et al. [29]. A similar mechanism to ask
the user whether food waste detected in the after image was thrown in the rubbish
bin, composted, saved for consumption at a later time or other could be incorporated
into the mFR application.

Currently there is limited evidence on whether Australian adults have dietary
habits consistent with a sustainable diet. Without adequate evidence in this
area, appropriate changes to dietary recommendations and nutrition policy are
challenging. Results from the Australian Health Survey indicate most Australian’s
have eating habits inconsistent with the Dietary Guidelines, contributing to the
burden of diet-related diseases in this country [63]. However, to the authors’
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knowledge, there is currently no dietary assessment tool or indexing system to
assess and monitor whether individuals have dietary behaviours inconsistent with a
sustainable diet, such as the use of individual food packaging and plate waste.

Similar to other dietary assessment methods, using the mobile food record to
assess dietary behaviours does not come without limitations. The primary limitation
being if a participant forgets to take an image of an eating occasion. This can be
minimized by the ability to set alerts on the mobile device to remind participants to
take images of all foods and beverages consumed.

Although this method of dietary assessment was tested on a population-based
sample of young adults during the CHAT study, the mFR has also been tested in other
ages groups [71]. A unique aspect of this proposed work is that images collected
using the mFR application have not previously been used to measure these important
and topical dietary behaviours, and hold potential for accurate dietary assessment.
In addition to the development and validation of a novel dietary assessment method,
findings from the work proposed will provide evidence on the current healthy and
sustainable dietary habits of young Australian adults.

4. Conclusions

The strengths of the protocol and methodology proposed include the
development of a dietary assessment method to accurately assess key indicators
of a healthy and sustainable diet that are not measured during traditional dietary
assessment methods. This innovative method will enable the development of a
Healthy and Sustainable Diet Index to assess an individual’s adherence to these dietary
behaviours. The use of the mFR to assess adherence to a healthy and sustainable diet
is a novel and innovative approach to dietary assessment. The steps outlined in this
paper only capitalise on the images captured with the mFR, however other features
in mobile devices, such as activity measures, could also be considered. Future
applications of this method may strengthen this area of research, influence behaviour
and raise the awareness of the potential benefits on individual and population health
and the environment.
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Dietary Assessment on a Mobile Phone
Using Image Processing and Pattern
Recognition Techniques: Algorithm
Design and System Prototyping
Yasmine Probst, Duc Thanh Nguyen, Minh Khoi Tran and Wanqing Li

Abstract: Dietary assessment, while traditionally based on pen-and-paper, is rapidly
moving towards automatic approaches. This study describes an Australian automatic
food record method and its prototype for dietary assessment via the use of a mobile
phone and techniques of image processing and pattern recognition. Common visual
features including scale invariant feature transformation (SIFT), local binary patterns
(LBP), and colour are used for describing food images. The popular bag-of-words
(BoW) model is employed for recognizing the images taken by a mobile phone for
dietary assessment. Technical details are provided together with discussions on the
issues and future work.

Reprinted from Nutrients. Cite as: Probst, Y.; Nguyen, D.T.; Tran, M.K.; Li, W. Dietary
Assessment on a Mobile Phone Using Image Processing and Pattern Recognition
Techniques: Algorithm Design and System Prototyping. Nutrients 2015, 7, 6128–6138.

1. Introduction

Assessment of dietary intake is a process vital to dietetic care across different
disciplines and specialties of practice. As a fundamental skill taught during early
dietetic training, the manual process of conducting a dietary assessment with a
participant is inherently flawed due to various forms of bias depending on the
method of assessment being applied [1] in addition to the format of the assessment.
Traditionally, assessments were completed using a paper-and-pen format to record
usual intake through diet history interview, repeated 24-h recall and food frequency
questionnaire and are often impacted by memory and cognition of the person
recalling their intake. In addition, the time burden of the process and the literacy
of the target group for which dietary intake data is required are also factors that
affect the data being recorded. This is particularly evident in assessing the intakes of
children where the age of the child plays an important role on the method employed.
Whether the recall is obtained from the child who consumed the food or whether the
recall is provided by the child’s carer or parents, may have impact on the accuracy
of what has been consumed [2]. With the combination of these challenges and
technological advances, many dietary assessment methods have been partially or
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fully automated in an attempt to reduce bias, ease the burden for the participants
and also streamline the steps applied within each method [1].

Automation of dietary assessment appears to have begun during the 1960s
with early movements towards computerized processing of intake data [3]. Along
with the move to the computerized analysis of the nutrients, there has been an
expansion to the automation of the intake assessment process itself. This initially
began with the use of software on a standalone desktop computer and later advanced
to interactive processes through the Internet [1]. Today, web-based dietary recalls are
not uncommon in large cohort studies due to their efficiency and ability to streamline
processes within one study time point [3]. The automated version of the 24-hour
recall for example minimizes the need for an interviewer by employing the use
of on-screen avatars [4] and probing questions to guide the participants through
the recall. This change has also resulted in reduced resource requirements overall
allowing it to be implemented with a very large number of participants.

Contrary to this, the most common method of dietary assessment used within
the randomized controlled trials remains as that of the food record or food diary [5],
a record of actual food intake. This method places increased burden on the person
completing the assessment and may involve a process of estimating or measuring
the food portion size after recording the name of the food item that has been
consumed. The method is retrospective in nature and due to the participant
burden, modifications made to the intake during the recording period often occur
with a longer recording periods resulting in greater bias or underestimation of
intake [6]. Automation of the food record method aims to address this issue. More
recently, the food record method has shifted to portable devices such as Tablets
and Smartphones [1]. This shift should not simply be thought of as the creation of
data collection forms on a phone but rather be considered as essential changes to
the method within which data collection occurs. During the past decade research
in this area has been expanding rapidly. Although there are many applications
(apps) available for download to a Smartphone, the credibility of these apps
remains questionable. Key groups in the United States have developed credible,
evidence-based applications used within the research setting [1]. The Technology
Assisted Dietary Assessment (TADA) project, for example, has employed a process
of image segmentation to accurately detect food items, with an initial prototype
trialed on iPhones/iPods. This group reported challenges of detecting colour and
texture [7] and employed the use of a fiducial marker to assist with the accuracy of
the detection process. Illumination and the angle of the photos being taken have
been further noted as concerns [8]. The Bag-of-Words model, used as the basis
for the prototype described in this paper, was also used by the TADA team. Also
using image recognition, the Food Intake Visual and voice Recognizer (FIVR) project
similarly used a fiducial marker to assist with the image recognition. Contrasting
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to the TADA project, which initially used text to assist with image tagging, FIVR
used voice for this process, and in addition, it relied on the user’s descriptions (text
or voice) to identify the food in the photograph [9]. While the above tools aim to
automate the assessment, notable progress has also been made with the Remote
Food Photography Method (RFPM), which uses a semi-automated food photograph
classification approach. The RFPM is focused on portion size of the food items and
uses bilateral filtering to reduce the noise in the images taken [10]. User training is
required in order to ensure that photographs are captured correctly [11].

This paper describes the development of a baseline prototype of an automated
food record by using image processing and pattern recognition algorithms. To the
knowledge of the authors, the automated food record described in this paper is
the first Australian developed prototype of this nature. The described prototype
supports automation of the food recording and recognition. The prototype facilitates
an extension to determine the portion size of the food and finally all data can be
easily matched to food composition databases. Determination of food portion is
crucial for nutrient calculations and automation of this process can reduce the need
for manual calculations from the recognized foods. The focus of this paper is to
provide a comprehensive overview of a baseline prototype with the function of image
recognition and addresses the challenges that are potentially faced when moving an
algorithm from a laboratory-based test environment [12] to a user-based application.

The baseline prototype also adopts the Bag-of-Words model for recognition
due to computational efficiency and promising results obtained recently [11,16].
Many challenging issues mentioned above are dealt by the careful selection of
features. However, the work differs from the previous studies [11,16] in the following
dimensions. Firstly, the system does not require any fiducial markers or addition
user annotation such as text or voice. Secondly, the system aims to recognize
multiple foods in a single image, i.e., more than one food type can be present in
an input image. Our system is thus more realistic in practice. Thirdly, we are
also simultaneously deploying the food image recognition on mobile phones. This
enables us to investigate the practical factors of the proposed dietary assessment
prototype including the discriminative power of each feature type, the combination
of features to particular food categories and the computational speed of various
interest point detectors.

2. Experimental Section: Image Classification Using Bag-of-Words
(BoW) Model

The BoW model was originally devised for text classification [13]. In the
model, a text document is encoded by a histogram representing the frequency of the
occurrence of codewords. The codewords are predefined in a discrete vocabulary
referred to as a codebook. The codeword histograms obtained from training samples
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(small collections of text documents) are used to train a discriminative classifier, e.g.,
Support Vector Machine (SVM) [14]. The trained classifier is then used to classify test
documents (larger collections of text).

To automate the food record, the BoW model was applied for classification
of food images captured using a person’s mobile phone. In this task, the features
of an image are used as codewords. The images employed in this study, are the
photographs of foods recorded as part of the food record method. Rather than
recording the text-based name of the food risking poor quality detail about the
food due to long food selection lists, incorrect spelling or typographical errors,
a photograph can provide additional details about the foods. Using photographs
also provides the potential to minimize the burden on the person completing
the dietary assessment. The food image classification method in this study was
implemented in C++ programming language. The training phase and evaluation of
the food image recognition were conducted on a desktop computer using Microsoft
Windows 7.0. The prototype was deployed on a Smartphone using the Android
mobile operating system.

Image classification using the BoW model requires feature selection, codebook
creation, discriminative training. In the following sections, each of these components
is described in further detail.

2.1. Feature Selection

For the purpose of image recognition, the features are used to describe the
visual properties of the foods in the photographs. In this study, we investigated
three common types of features including Scale Invariant Feature Transformation
(SIFT) [15], Local Binary Pattern (LBP) [16], and Colour [17]. SIFT [15] is used to
describe the local shape of visual objects. It is constructed by a histogram of the
orientations of edges in the food photographs. LBP [16] is used to capture the texture
information of the foods. The LBP is known for its simplicity in implementation,
low computational complexity and robustness under varying illumination conditions.
Colour [17] plays an important role in food image classification, e.g., the red colour
of a tomato is useful to distinguish it from an apple sharing a similar shape.
In our experiments, we quantise each colour channel (Red, Green, and Blue) of
an image pixel into four bins (intervals). The colour features of an image then can be
constructed as the histogram of the colour of all pixels in that image.

2.2. Codebook Creation

Suppose that there are N food categories C1, C2, . . . , CN (e.g., carrots, muscle
meat, etc.) and A is the set of training images. The SIFT interest point detector
of Lowe [15] was invoked to detect interest points on the training images of A.
SIFT [14] and LBP [15] features were then extracted at interest points. Let vp be
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the D-dimensional features extracted at interest points p. These features were then
clustered into K groups using a K-means algorithm. Idendennn clustering, the
dissimilarity (based on distance) between two features was computed using a metric,
e.g., χ2 distance (as in our implementation). Equation (1) outlines the dissimilarity
between features as follows,

(
vp, vq

)
=

1
2

D

∑
i=1

[
vp (i)− vq (i)

]2

vp (i) + vq (i)
(1)

where vp (i) is the i-th element of vp.
Completion of this step resulted in a codebook G = {w1, w2, . . . , wK} in which

codewords wi were considered to be the centres of the i’th clusters.

2.3. Discriminative Training

To classify N food categories, N binary classifiers f1, f2, . . . , fN were used. Each
classifier fi classified a given test sample (food image in this context) into two classes:
Ci or non-Ci. Given a food image and codebook G, the SIFT interest point detector
was used to detect a set of interest points from the food image. Let p and vp be an
interest point and the feature extracted at p. The best matching codeword w (p) ∈ G
was determined as outlined in Equation (2),

w (p) = argmin
wi∈G

d
(
vp, wi

)
(2)

where d
(
vp, wi

)
is defined in Equation (1).

Figure 1 provides an example of describing a food image by codewords. In this
figure, the red points are SIFT interest points, where w1, w2, w3 are the best matching
codewords of the features extracted at each of these interest points. The food image
was then encoded by a histogram of occurrence of the codewords. Such histograms
were collected from all training images of the food category i’th and from the training
images of other categories to train the classifier fi. In our implementation, SVMs
were used as classifiers for fi.

2.4. Testing

Given a test image, I, similar to the training phase, the histogram of the
occurrence of the codewords obtained on I was computed and denoted as h (I).
Let fi (h (I)) be the classification score of the trained classifier fi applied on h (I).
If the image I contains only one food category, this food category was determined as
shown in Equation (3)

Ci if fi = max
j∈{1,...,N}

f j (h (I)) (3)
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If I contains more than one food category (such as for a meal on a plate), the
food category Ci was considered to be present in I if fi (h (I)) > ε, where ε is a
user-defined threshold, referred to as recognition sensitivity.

Nutrients 2015, 7 6132

2.3. Discriminative Training

To classify N food categories, N binary classifiers f1, f2, . . . , fN were used. Each classifier fi
classified a given test sample (food image in this context) into two classes: Ci or non-Ci. Given a
food image and codebook G, the SIFT interest point detector was used to detect a set of interest points
from the food image. Let p and vp be an interest point and the feature extracted at p. The best matching
codeword w ppq P G was determined as outlined in Equation (2),

w ppq “ argmin
wiPG

d pvp, wiq (2)

where d pvp, wiq is defined in Equation (1).
Figure 1 provides an example of describing a food image by codewords. In this figure, the red points

are SIFT interest points, where w1, w2, w3 are the best matching codewords of the features extracted at
each of these interest points. The food image was then encoded by a histogram of occurrence of the
codewords. Such histograms were collected from all training images of the food category i’th and from
the training images of other categories to train the classifier fi. In our implementation, SVMs were used
as classifiers for fi.
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Figure 1. An image of snowpeas showing interest points shown as red points and
the corresponding best matching codewords labelled w1, w2, w3.

3. Results

The SIFT interest point detector took on average approximately 74 seconds for
an image captured by a smartphone’s camera. To speed-up the interest point detector,
input images were resized by a factor of two if either the width or height of the input
image was over 2000 pixels. Through the experiments it was found that by reducing
the image’s size, the speed of the interest point detector could be improved and
also the number of interest points overall could be reduced. In the experiments, the
detection of interest points on the resized images took approximately 20 s. Note
that the time also depends on the computing resource available in the Smartphone.
Different implementations of the SIFT interest point detector outlined by Lowe [15]
were also trialed. Table 1 shows the times taken by those interest point detectors.

Table 1. Processing time of interest point detectors.

Interest Point Detector Processing Time (s/image) †

Original interest point detector [9] 74
ezSift 14

openCV 60–65
zerofog 15–20
† Obtained without resizing the input image.
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The ezSift interest point detector was found to be the fastest detector with less
than 15 s. The number of interest points generated by this detector was less than that
generated by other detectors, likely due to a lower number of scales used in the ezSift
detector. However, the number of detected interest points was usually sufficient for
recognition as this has been found empirically. The study also found that the zerofog
had been optimized using openmp to run on parallel processors.

To describe the appearance of food images, three codebooks corresponding
to three different feature types were created for each food category. The codebook
size (i.e., the number of codewords) for the SIFT, LBP, and colour feature was 100,
40, and 50, respectively. To combine the three features, for each food image, three
histograms of codewords corresponding to the three codebooks were concatenated
to form a longer histogram. Linear SVMs [18] were employed as classifiers.

The food image classification method was evaluated on a newly created
dataset [19–21]. Table 2 summarises the dataset used in the evaluation. Note that in
this dataset, one food image may contain more than one food category (see Figure 2).
The dataset was organised so that the training sets (used during codebook creation)
and test sets were separated.

Table 2. Summary of the dataset used for training and testing of the food image
recognition method. Positive images of a food category indicate the number of
images contained in each food category.

Food Category Positive Training Images, n Test Images, n

Beans 4 18
Carrots 7 47
Cheese 4 53

Custards 5 64
Milk 4 44

Muscle meat 7 34
Oranges 8 61

Peas 5 13
Tomato 6 24
Yoghurt 6 52

Since more than one food category could be contained in a food image, as would
be consumed in real life, a food category Ci was considered to be contained in the
food image I if fi (h (I)) > ε. Thus, the classification (recognition) performance was
investigated by varying the threshold ε. Let M be a set of test images, Mi be a subset
of M and contain the food category Ci. For a given ε, let MR

i (ε) M be the set of
images whose classification score is greater than ε, i.e., MR

i (ε) is the set of images
recognised as containing instances of Ci. The recognition performance associated
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with ε of the food category Ci was represented by ri (ε) and defined in Equation (4)
as follows,

ri (ε) =

∣∣MR
i (ε) ∩ Mi

∣∣∣∣MR
i (ε) ∪ Mi

∣∣ (4)

where ∩ and ∪ is the intersection and union operator, respectively, and |M| is the
cardinality of the set M.
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Figure 2. An example of a food image containing five food categories: cheese,
tomato, oranges, beans, and carrots.

As shown in Equation (4), the higher r (ε) is, the better the recognition
performance is. In this study, ri = max

ε
ri (ε); was used as the recognition accuracy of

the food image recognition method on the food category Ci. Table 3 represents the
accuracy of the method with the various feature types. The accuracy was computed
for each food category and for the overall food categories.

Table 3. Recognition accuracy of the food image recognition method with various
feature types. SIFT, scale invariant feature transformation; LBP, local binary patterns.

SIFT LBP Colour SIFT + LBP + Colour

Beans 0.33 0.53 0.19 0.43
Carrots 0.37 0.44 0.46 0.51
Cheese 0.16 0.16 0.16 0.16

Custards 0.60 0.22 0.24 0.62
Milk 0.13 0.78 0.3 0.13

Muscle meat 0.40 0.32 0.5 0.55
Oranges 0.23 0.44 0.5 0.57

Peas 0.65 0.85 1.0 0.93
Tomato 0.35 0.29 0.29 0.33
Yoghurt 0.54 0.2 0.2 0.42

Overall 0.37 0.42 0.38 0.47

SIFT: scale invariant feature transformation, LBP: local binary patterns
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4. Discussion

A prototype of an automated dietary assessment on mobile devices has been
described in this paper. Various challenges have been identified through this
progressive step with future work continuing to address these challenges. Challenges
faced were similar to existing studies [7] in this field with colour and multiple
food items being of particular focus. As shown in Table 3, on average, the LBP
outperformed both the SIFT and colour histogram and the SIFT gave the poorest
performance overall. The combination of all features (SIFT, LBP and Colour) gave
a better performance overall as anticipated due to the various advantages and
disadvantages of each feature. One particular note was for the “Cheese” category,
where the accuracy was low. This was likely due to the presence of other food types
in the same image with cheese. The accuracy could be improved if the “Cheese”
items could be captured at a closer distance, i.e., outliers and other food items other
than cheese are not present in the image.

In the current implementation, linear SVMs were used. More sophisticated
SVMs such as radial basis function (RBF) and polynomial kernel SVMs often gain
better performance. Thus, those kernel types will be implemented, tested, and
compared with the linear kernel in future studies. In addition, some advanced
machine learning techniques, e.g., deep learning [22], extreme learning [23], will
also be considered to improve the recognition accuracy. These techniques are recent
developments in the area of pattern recognition.

Since multiple food types can co-occur on the same image, extracting individual
food items would help to improve the recognition accuracy. Therefore, the aim is to
simultaneously detect and recognise food as for future work. The accuracy of the
food image recognition may also be improved if the classifiers were trained on large
and diverse datasets including various illumination conditions, complex background,
food images captured at various viewpoints. More challenging datasets with more
food categories have been collected and will be released in our future work.

5. Conclusions

Applying image processing and pattern recognition techniques on a mobile
device has allowed for the development of an automated food record via the
use of a Smartphone. Continuing the prototype developed in this study to the
subsequent stages of the food record, namely portion identification and translation
to nutrient data, will complete the process and allow for a practical user-friendly
approach to dietary data collection within the Australian context. It is vital that the
mapping of food images to their corresponding food items within a food composition
database is performed carefully to allow for the most accurate output data to be
provided. Development of applications for the use in dietetic practice needs to
encompass the inherent bias of the underpinning method of dietary assessment.
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They should also consider the advancements in technology to potentially reduce
some of these biases. This will provide impetus for more robust dietary assessment
processes that are streamlined in their methods but also less resource intensive in their
nature. Considering these two concepts together will mean that nutrition researchers
or clinicians in practice can spend additional time with the clients working on
behaviour changes for better health rather than data entry and nutrient analysis
as was previously the case. Embracing credible and suitably selected technologies
to work within the existing nutrition care processes should be considered to the
advantage of both the clients and clinicians. The work of this study is one of the first
of this nature in the Australian context.
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Abstract: Assessment of diet in large epidemiological studies can be costly and
time consuming. An automated dietary assessment system could potentially reduce
researcher burden by automatically coding food records. myfood24 (Measure Your
Food on One Day) an online 24-h dietary assessment tool (with the flexibility to be
used for multiple 24 h-dietary recalls or as a food diary), has been developed for use
in the UK population. Development of myfood24 was a multi-stage process. Focus
groups conducted with three age groups, adolescents (11–18 years) (n = 28), adults
(19–64 years) (n = 24) and older adults (≥65 years) (n = 5) informed the development
of the tool, and usability testing was conducted with beta (adolescents n = 14, adults
n = 8, older adults n = 1) and live (adolescents n = 70, adults n = 20, older adults
n = 4) versions. Median system usability scale (SUS) scores (measured on a scale
of 0–100) in adolescents and adults were marginal for the beta version (adolescents
median SUS = 66, interquartile range (IQR) = 20; adults median SUS = 68, IQR = 40)
and good for the live version (adolescents median SUS = 73, IQR = 22; adults median
SUS = 80, IQR = 25). Myfood24 is the first online 24-h dietary recall tool for use with
different age groups in the UK. Usability testing indicates that myfood24 is suitable
for use in UK adolescents and adults.

Reprinted from Nutrients. Cite as: Carter, M.C.; Albar, S.A.; Morris, M.A.; Mulla, U.Z.;
Hancock, N.; Evans, C.E.; Alwan, N.A.; Greenwood, D.C.; Hardie, L.J.; Frost, G.S.;
Wark, P.A.; Cade, J.E. Development of a UK Online 24-h Dietary Assessment
Tool: myfood24. Nutrients 2015, 7, 4016–4032.

1. Introduction

Reliable assessments of the associations between diet and health require
estimation of usual diet. Traditional methods of dietary assessment such as multiple
24-h dietary recall interviews and food diaries can be impractical for large cohort
studies often requiring costly and time-consuming manual nutrition coding. Food
frequency questionnaires (FFQs) have been used in epidemiological studies due to
their relative ease of administration and low participant burden. However, FFQs
are subject to measurement error due to imprecision with respect to portion sizes,
limited food lists, lack of detail regarding food preparation and the potential for
misclassification of participants according to intake [1,2]. Multiple 24-h dietary
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recalls effectively represent habitual dietary intake and have shown less bias in
reporting of energy and protein intakes when compared with FFQs using biomarker
measures [3]. Along with convenience and scalability, incorporation of an online 24h
dietary recall into large prospective cohort studies may advance our understanding
of the nutritional determinants of disease [1] through possibly improved assessment
of diet. Ultimately, this would allow for more reliable evidence-based formulations
of health policies.

A number of online dietary assessment systems have already been developed [4–9].
In the United States, Subar et al. (2010) [10] have developed ASA24 (Automated
Self-Administered 24 h Recall), which is currently being used in many studies. ASA24
is based on the USDA’s “Automated Multiple Pass Method” (AMPM) [11], which
involves recording intake in a series of defined “passes” to elicit a detailed recall. The
AMPM has been validated against doubly-labeled water and shown to accurately
estimate mean total energy intake in “normal”-weight individuals [12].

While an online 24-h dietary checklist for the UK exists (the Oxford WebQ [9]),
there is currently no automated 24-h recall dietary assessment tool appropriate for
the UK population. To address this gap, a fully automated online 24-h dietary
assessment system, myfood24 (Measure Your Food on One Day) was developed
with the flexibility to be self- or interviewer-administered as required and to be
used as either a 24-h dietary recall or a food diary. This paper aims to describe
the myfood24 development process and provide an overview of its features and
functionality relating to self-administered use.

2. Experimental Section

Development of myfood24 was a multi-stage process, as summarized in Figure 1.
Features of myfood24 are described in Table 1. Methods and results are presented
together by stage of the project. Results comprise both qualitative and quantitative
data. Ethical approval for this work was provided by the University of Leeds
Research Ethics Committee (reference number MEEC 11-146).
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Figure 1. Flow chart illustrating the development process of myfood24.
1 AMPM = Automated Multiple-Pass Method; 2 “Clay model” = static clickable
wire-frame without database functionality.

3. Results

3.1. Stage 1: Formative Research

In preparation for the development of myfood24, substantial formative research
was conducted by reviewing the literature on existing computerized dietary
assessment tools and discussion with experts in the field of dietary assessment.
Consideration was also given to factors which enhance usability and engagement
with websites in general (Figure 2). The findings were used to inform the focus
groups among all ages in Stage 2 and in particular to focus on the design of the “food
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search” and “portion size estimation” components of the system. Several existing
dietary assessment tools from other countries were inspected and presented to focus
group participants in order to aid discussion; these included: ASA24 (Automated
Self-Administered 24-hour Recall) [5], DietDay [4] and NutriNet-Santé [6].

Table 1. Features of myfood24.

Participant Area Researcher Area

• “Getting started” instructions displayed
on first screen

• Search function (with options to filter by
category or brand)

• “Make a List” searching (an optional small
area to list everything consumed with free
text. Once completed, the search function
works its way through this list. The
participant is then able to add individual
items remembered afterwards)

• Portion size selection area (including
photos; standard pack sizes; enter
own amount)

• Recipe Builder (user is able to search and
log ingredient combinations as individual
recipes in a separate section)

• Recently used items to allow quick entry of
repeated foods/drinks

• Food lists by meal (with time of meal
optional for researcher)

• Drag-and-drop between meals
• Prompt for commonly missed

accompaniments for a number of items
(e.g., milk with cereal, spread on bread)

• Final review screen encouraging user to
check before submission. Includes list of
commonly forgotten food items.

• Supplementary questions (e.g., did you
take any vitamins, minerals or other
supplements during your day? Was the
food consumed representative of a typical
day?—Optional to researcher)

• Login area where the participant can select
which recall day to complete

• Help—(including a specific area of the site
with detailed help text, mouseovers/hover
text over specific parts of the website and
help videos)

• Nutrient feedback (energy, protein, fat,
carbohydrate, fiber, and salt—Optional
to researcher).

• Customization
• Add project specific text and logo
• Tailored additional help text (in addition to

default help text)
• Tailored invitation and reminder emails to

participants (how many and
how frequently)

• Tailored optional “thank you” email to
go out at the end of the study

• Select recall or diary option
• Select whether to record time of

meals or not
• Option to display nutrient summary

details to participant or not
• Supplementary questions (optional).
• Study participant management—upload

email addresses; send automatic reminders
at specified dates

• “Take control” function for interviewer
mode (The researcher is able to use this
button to access the tool and complete and
submit the recall/diary on the
participants behalf)

• Export of summary macronutrient and
micronutrient analysis output (from
potential 120 nutrients) to a CSV file

• Export of detailed food and nutrient
analysis (120 nutrients) output to a CSV file
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Several methods for finding foods have been employed in existing online dietary
assessment tools. The food list in ASA24 [5] is hierarchically organized into food
categories, with a free-search option. Young Adolescents’ Nutrition Assessment on
Computer (YANA-C) [13] uses a “tree” structure (if there are no matches, the closest
food must be selected), and others like DietDay [4] have a “fast track” option, which
allows the respondent to save commonly-consumed foods. Standard food portion
sizes have been used in several tools, such as Synchronised Nutrition and Activity
Program™ (SNAP™) [14], Oxford WebQ [9], and Reality [15], while others like
ASA24 [5] and NutriNet-Santé [6] have used portion size images to guide selection
of appropriate portion sizes.

Experience was drawn upon from the previous development of a smartphone
app supporting self-monitoring of diet for weight loss, “My Meal Mate” (MMM) [16].
In the pilot trial of MMM, the food composition database was found to be a limiting
factor in engaging with the app, and participants struggled to find the correct
food and drink items. With this in mind, we created an extensive new UK food
composition database for incorporation into the tool. The database currently includes
~45,000 UK branded and generic foods with their associated pack and portion sizes
(by comparison, the existing British food composition tables contain ~3500 generic
food items) [17].

In the new database, 5669 food items contain portion images [18]. Portion
images were added for the 100 most commonly consumed food types, and for
all other foods for which they were relevant. For example, the image for sliced
chicken breast was also applied to other white sliced meats, such as turkey and
pork. Each food type with associated portion images has the option for the user to
select from seven portion sizes images. The foods with portion size images are the
top 100 foods in terms of frequency of consumption, weight of consumption and
contribution to energy intake, identified from data collected during the National Diet
and Nutrition Survey conducted with young people (4–18 years) [19]. All the food
items in the database have been mapped via their back-of-pack nutrient information
to the McCance and Widdowson composition of food codes [17]. Details of the
development of the food database are reported elsewhere [20].

3.2. Stage 2: Focus Groups

The findings of Stage 1 were used to inform the focus group questions among
all ages in Stage 2, in particular, to focus on the design of the “food search” and
“portion size estimation” components of the system. Focus groups were conducted
with adolescents, adults and older adults to understand what features people might
prefer in an online dietary assessment tool and whether or not they might use such
a tool. These discussions were <60 min in duration, facilitated by a moderator
and assistant moderator, audiotaped and transcribed verbatim alongside field notes
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taken by a research assistant. Group discussions were allowed to flow naturally
but were divided into semi-structured sections with prompts on the following
topics: preference for how to search a food composition database; preferences for
estimating portion size; lay-out; usability features; potential incentives for use; and
the maximum amount of time that individuals would be willing to spend using
the system.
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Figure 2. Key requirements to be considered in website design identified from the
literature [21–26].

Adolescent participants were recruited by email and posters from two secondary
schools in Leeds. Adults were recruited by email and posters advertising the study
to staff at the University of Leeds and older people were recruited by contacting
the Leeds branch of the University of the Third Age (an international educational
organization aimed at retired people).

Data were analyzed using a basic thematic analysis. Findings were organized
according to predefined topics (linked to the website design and key functions) and
not data-derived themes, as the data were used to inform the website specification.
Results are summarized in Table 2. All age groups preferred images to aid portion
size estimation and a clean design with no “pop-ups”. Whereas adults and older
adults were prepared to spend a bit longer completing the tool, adolescents were
unwilling to spend more than 15 min. All expressed a desire for feedback on their
nutritional intake.
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Table 2. Summary of feedback from focus groups on preferred options for an online
dietary assessment tool, by age and discussion topic on which views were sought.

Adolescents
(11–18 Years) (n = 28)

Adults (19–64 Years)
(n = 24)

Older Adults
(≥65 Years) (n = 5)

Summary
characteristics

Mean age years (SD) 14 (2) 36 (13) 67 (3)

Male, % 61 37 40

Topics on which views
were sought during

focus groups

Focus group feedback on topics discussed

Database searching
Keyword or category
preferred Predictive
text useful

Keyword preferred
Speed important
Concerns expressed
about long lists

Keyword preferred
Speed important
Concerns expressed
about long lists

Portion size estimation

Images desired
Variety of options
(e.g., plate, packet)
preferred

Images desired
Manual input from
packaging useful

Images desired
Portion size plate
image suggested

Layout

Balance between text
and images important
No pop-ups No
“childish” design
or colors

Uncluttered look
desired Health
neutral in terms of
color and design
No pop-ups

Uncluttered look
desired No pop-ups

Usability
features/support

10–15 min for
completion,
maximum 15 min

10–20 min acceptable
for completion but
depends on required
frequency of use
Recipe function
“Frequently used”
function Typical
day indicator

20–30 min acceptable
completion time, up
to 60 min if infrequent

Help option

Trial and error
preferred; short video
or avatar helpful
(only young
adolescents)

Hover features; FAQs;
no avatar or video

Paper based written
wanted. Help by
telephone
support desirable

Incentives

Feedback on intake
and guidance on
improving diet
preferred
Cash desired

General report on
intake desired

General report on
intake desired
Incentive enough to
benefit the
overall study
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3.3. Stage 3: Development of myfood24 Beta-Version

3.3.1. Develop a Design Specification

Using results of the initial focus groups, the design specification was developed
in collaboration with software developers and the myfood24 project consortium.
The myfood24 consortium combines researchers from the University of Leeds and
Imperial College London. Members of the consortium bring a wide range of expertise,
including nutritional epidemiology, dietetics, dietary assessment, public health,
biostatistics and molecular epidemiology. The two major sections for development
were the participant area and the researcher area of the website. The researcher area
was required so that projects could be set up and data extracted with ease. A typical
example of workflow using myfood24 is displayed in Figure 3.
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Figure 3. Typical myfood24 workflow for researcher and participant (shaded boxes
represent participant actions; unshaded boxes represent researcher actions).

3.3.2. In House Testing/Feedback on “Clay Model”

The first prototype of myfood24 was a static “clay model” without database
searching functionality (individual wireframes with the ability to click-through the
screens to understand the navigation) (Figure S1a, b in supplementary materials).
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It was subjected to in-house testing rather than external user testing, as it was not yet
deemed to be at the required standard for external users. The clay model feedback
informed the development process of the beta model. An iterative development
approach was adopted throughout the project, the project team as well as a small
number of employees and students of the University of Leeds were involved in user
testing and feedback to the software developers at regular intervals.

3.4. Stage 4: Usability Testing of the Beta Version

User testing took place using the beta version of the software. This involved
using myfood24 to self-complete a 24-h recall. The beta version of myfood24
only contained a sample of items from the food composition database. Fourteen
adolescents, eight adults and one older person were involved in testing the beta
version of myfood24. There is debate about the sample size needed to identify
usability problems, but it has been reported that 80% of usability problems are
uncovered with the inclusion of around five participants [27,28]. These studies also
show diminishing returns in uncovering problems as sample size increases [27,28].
Questionnaires were administered to gather data on user demographic characteristics,
usability (using the Systems Usability Scale (SUS)) and confidence in using
technology. The SUS is a 10-item scale with users asked to rate their level of agreement
with 10 usability statements (1 = strongly disagree; 5 = strongly agree), which gives
an overall usability score from 0 to 100 [29]. In general, a product with an SUS of
70 is considered to be good and products with less than a score of 70 would be
judged as marginal. Products with a score of less than 50 are considered to be a cause
for concern [30]. Participants were also asked to self-rate their confidence in using
technology on a Likert scale of 1 to 10. The key issues identified with the beta version
of myfood24 during usability testing are presented in Table 3, and all reported issues
were fed back to the software developers to inform the final phase of development.
The sample characteristics, SUS score and self-rated technology confidence score of
those who conducted usability testing of the beta and live version of myfood24 can
be found in Table 4.
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Table 3. Key issues identified with the beta version of myfood24 during usability testing.

Problem Identified Improvements Made to myfood24

• List of foods presented after database
search appeared to confuse users. This
was because brand and generic items
were mixed

• Generic items were displayed first in
the search list

• Users could not find foods if they
misspelt them (e.g., zucchini, avocado
and baguette)

• A large database of misspellings and
synonyms was created to improve
searching the underlying food
composition database

• Problems in finding two-word food
items were identified (e.g., cheese
sandwich, chocolate biscuit)

• Search was improved to match on
more than one search term

• Portion-size options for generic foods
were challenging for users as only one
option could be selected (e.g., for
generic orange juice only a 200ml
glass could be selected)

• Significant work was done on
providing a range of appropriate
portion-size options for generic
food items

• “Bug” in final nutrient summary
output which lead to miscalculation of
total macronutrients displayed

• “Bug” fixed and nutrient summary
output, which was checked against a
sample of manually coded diaries

• Recipe builder was not intuitive and
difficult to use

• Text in the recipe builder was
reworded to make the flow easier
to follow

• People disliked having to add in meal
slot details each time for each
individual food item

• Meal slots were defaulted to
previously selected so only needs to
be clicked when moving to a different
meal slot rather than each individual
food. Drag-and-drop between meal
slots enabled. Ability to select meal
slot on left side of diary in advance
and then add foods was added

• Long food descriptors were not
displayed in full

• Text was wrapped so that entire food
description displayed

• It was not clear on final screen that the
food diary has been completed

• Text was added to confirm that diary
is complete and safe to close browser
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Table 4. Sample characteristics by age group and system usability scale (SUS)
scores for participants completing usability testing of the beta and live versions
of myfood24.

Age group Adolescents
(11–18 Years)

Adults
(19–64 Years)

Older Adults
(≥65 Years)

Sample characteristic Beta Live Beta Live Beta Live
N 14 70 8 20 1 4

Female (%) 57 50 75 74 100 75
System Usability Scale score (Median (IQR)) 66 (20) 73 (22) 68 (40) 80 (25) 38 29 (63)

Technology confidence (a) (Median, (IQR)) 9 (1) 9 (2) 8 (1) 8 (2) 8 3 (2)
(a) Self-rated based on a 10-point Likert scale (1 = not confident at all; 10 = extremely
confident).

3.5. Stage 5: Launch of Live Site

Figure 4a,b are examples of the myfood24 participant interface. To assess
usability before the tool was launched as live for the validation study, a further
round of usability testing took place.
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Figure 4. (a) Screenshot to show searching and logging items consumed using
myfood24. (b) Screenshot to show estimating portion sizes using myfood24.

The adolescent participants were recruited from two high schools in different
areas of Leeds. The adult participants were recruited from a convenience sample in
London and Leeds. Older people were recruited from a convenience sample in Leeds.
Anyone who had used myfood24 before, or had been involved with the development
in any way, was not eligible to take part. The participants were required to report
their food intake over the previous 24-h using myfood24. Basic demographic data
were collected and the SUS was administered. Participants gave feedback relating to
specific features of myfood24.

The live version of myfood24 was tested by 70 adolescents, 20 adults and four
older adults. Attempts were made to contact 10 older adults but only four responded.
The sample characteristics, SUS score and self-rated technology confidence score
of those who conducted usability testing of the beta and live version of myfood24
can be found in Table 4. Qualitative results relating to testing of the live version of
myfood24 with adults can be found in Table 5. A noteworthy result from this stage
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of testing is the length of time it took adult participants to complete their 24-h dietary
recalls. In the sample of 24 adults using the live site, the mean completion time was
19 (SD: 7) minutes.

Median SUS in adolescents and adults were moderate for the beta version of
myfood24 (adolescents median SUS = 66, (interquartile range) IQR = 20; adults
median SUS = 68, IQR = 40) and good for the live version (adolescents median
SUS = 73, IQR = 22; adults median SUS = 80, IQR = 25). Among older adults the
median SUS score was poor for both the beta (median SUS = 38) and live version
(median SUS = 29, IQR = 63).

Table 5. A summary of qualitative findings relating to specific areas of the live
version of myfood24 with a sample of adult users.

Features of myfood24 Answer % (n/n) Notes
MY PROFILE-Are you able to load the
webpage and enter your details successfully? Yes—100 (20/20) All able to enter details

GETTING STARTED-Have you read the
instructions and is the language appropriate
and easy to understand?

Yes—95 (18/19)
Mostly straightforward;
1 person was not sure how
to complete the diary page

MAKE A LIST-Did you use the “Make a list”
function. If so, did you find it easy to use?

Used—40 (8/20)
Easy—75 (3/4) Some did not notice feature

SEARCH-Was the search function easy to use?
Could you find items easily?

Easy—89 (17/19)
Find items—29 (4/14)

Some brands not listed and
some lists too long

PROMPTS-Did you find any prompts that
came after you entered certain foods to be
helpful? Did you respond to the prompts?

Helpful—94 (17/18)
Respond—67 (8/12)) Useful overall

PORTION SIZE ENTRY-Did you find it easy to
understand how to enter portion size? Did
you find it confusing to have both pictures and
grams displayed on the screen?

Easy—89 (16/18)
Confusing—21 (3/14)) Pictures found to be helpful

RECENTLY USED ITEMS-Could you find and
use the “Recently used items” list? Used—29 (5/17)

Not widely used but no
negative comments

RECIPE BUILDER-Was the recipe builder easy
to use?

Yes—88 (7/8)
Convenient; some found it
confusing and time
investment required

SUBMITTING FOOD DIARY-Could you
submit your food diary? Yes—85 (17/20) Some had error messages

on submission
TIME TAKEN TO COMPLETE-How long did
it take you to complete your intake and submit
your diary?

Mean (SD) 19 (7) minutes

HELP-Did you use the help text or the help
video? If so, did you find it useful?

Used—5 (1/20)
Useful—100 (1/1)

Availability of myfood24

In order that myfood24 remains up-to-date with respect to new products or
reformulations of existing foods, the tool will be hosted and maintained by the
University of Leeds. The tool has been developed such that it can be made available
to researchers worldwide through a unique login. For enquiries relating to use
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of myfood24 in research please contact myfood24@leeds.ac.uk. myfood24 has a
demonstration feature so it is possible to try the front-end (participant side) of the
tool by visiting: www.myfood24.org and using the “demo” button.

4. Discussion

myfood24 is the first online 24-h dietary recall tool targeted for use with the UK
population. The findings from the focus groups were used to inform the specifications
of myfood24. After development of a beta version, usability testing was conducted to
further refine the tool. The focus groups highlighted that an overriding requirement
from potential system users was a system that is quick and easy to use. During
the development, we balanced the needs of the researchers to collect detailed and
accurate dietary assessments with the users’ desires to spend minimal time using
the tool. To reduce the time taken to complete the food intake, we therefore chose
not to pursue the detailed AMPM method. Within myfood24, users are asked to
move through as few screens as possible to complete food recalls and “pop-ups”
and prompts are limited. However, the myfood24 tool has retained some aspects
of the AMPM, with an optional quick-list as the first pass, detailed food search,
forgotten-item prompts for commonly-forgotten foods, and final review before
submission. Although checks and final checks are built into the system most pages
within myfood24 can be reached within a few clicks. This design approach was
adopted based on the desires of focus group participants and experience with the
MMM app (see Section 3.1). Thus, although myfood24 does not fully embrace the
AMPM method, the strengths of this method have still been applied.

To ensure the system is intuitive and easy to use, a new food composition
database was developed for the tool, and consideration has gone in to refining
the database search function [20]. Whilst the existing British food composition
tables contain ~3500 generic food items [17], the food database developed for
myfood24 contains ~45,000 UK branded and generic foods with their associated
pack and portion sizes. The median adult SUS score of the myfood24 live version
at 80/100 is in the “good” range for websites and compares favorably with other
behavior-assessment websites, such as a smoking cessation website rated at 67 [31]
and a physical activity website rated at 73 [32].

4.1. Strengths and Challenges

A major strength of myfood24 is that it is the first UK online 24-h dietary
assessment tool aimed at the UK adult population and incorporates a novel and
extensive food composition database to generate instant nutrient values without
the need for coding. The system has been informed by the views of three different
age groups (adolescents, adults and older adults) to be user-friendly among a wide
range of people. The flexible researcher website permits a range of study types
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and personalization of information presented to participants. A strength of the
myfood24 development process has been the iterative approach which has facilitated
the creation of a user friendly tool. The usability testing discussed in this study has
shown myfood24 to be highly rated in adolescents and adults.

A limitation of the development process was the small number of older adults
who were involved in focus groups and undertook testing of the beta and live
versions of the system. Ten older adults were contacted at both testing points (beta
and live), however at the beta stage only one was able to complete the tool and only
four (with low computer literacy) were able to complete the final version. The SUS
for those older adults who did complete the tool was very low in comparison to the
other two age groups, which were considerably higher. There are a number of factors
such as general lack of technical knowledge, fine motor control issues and hearing
and vision loss which can affect an older adult’s ability to use the Internet [33]. These
factors may have affected their ability to use myfood24. It is also worth noting
that self-rated confidence in using technology was much lower for the older adults
(median = 3, IQR = 2 for the live site) than the other two age groups (adolescents
median = 9, IQR = 2; adults median = 8, IQR = 2), which may have influenced
engagement with myfood24. The low SUS score is in line with the observation that
SUS scores generally decrease with age of the user [34]. Further research is planned
to investigate what changes could be made to myfood24 to improve its usability with
older adults. There is a facility for a researcher to “take control” of the recall so that
it can be administered over the phone or face-to-face by an interviewer. This might
be a more suitable option for using the tool with older people.

Given the complexity and detailed requirements of the tool, barriers encountered
during working with an external software company included separate geographical
location, communication and effective project management. This was overcome in
the later stages with additional face-to-face meetings and introduction of financial
milestones. This has been identified as a common difficulty when nutrition
researchers work with external software companies [35]. Maintaining an up-to-date
food composition database will be an ongoing challenge given that food and
beverage manufacturers regularly reformulate products or introduce new products
to the market. Ongoing funding will therefore be necessary to host and maintain
the website.

4.2. Planned Future Work

myfood24 is being validated in a sample of adults against reference measures of
3 researcher-administered 24-h dietary recalls over 3 months and 3 blood and urine
collection biomarker assessments. The tool will be piloted in (1) a sample of the UK
Women’s Cohort Study, which includes 35,000 women [36]; (2) in a clinical sample
of women with gestational diabetes mellitus; and (3) within the Airwaves Health
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Monitoring Study cohort at Imperial College London [37]. Furthermore, a relative
validity study has been conducted among adolescents (11–18 years old) to compare
myfood24 vs. interviewer-administered 24-h dietary recall.

A new feature will be added to incorporate a range of different food composition
tables from different nationalities. This will allow the researcher to determine
which food composition databases will be displayed in the myfood24 food search
so that databases for different countries can be made available with relative ease.
Furthermore, regular maintenance will be performed to the system to ensure that the
food composition database remains up to date.

5. Conclusions

Myfood24 is the first online multiple-pass 24-h dietary assessment tool for the
UK population. Foods are selected from a new comprehensive food composition
database, which has been specifically designed for and built into the tool. Focus
groups undertaken with three age groups have informed the development of the tool,
and usability testing has been conducted with beta and live versions of myfood24 to
facilitate an iterative development process. Usability testing indicated that myfood24
is suitable for use in UK adolescents and adults. For enquiries relating to use of
myfood24 please contact myfood24@leeds.ac.uk.
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Does an Adolescent’s Accuracy of Recall
Improve with a Second 24-h Dietary Recall?
Deborah A. Kerr, Janine L. Wright, Satvinder S. Dhaliwal and Carol J. Boushey

Abstract: The multiple-pass 24-h dietary recall is used in most national dietary
surveys. Our purpose was to assess if adolescents’ accuracy of recall improved
when a 5-step multiple-pass 24-h recall was repeated. Participants (n = 24), were
Chinese-American youths aged between 11 and 15 years and lived in a supervised
environment as part of a metabolic feeding study. The 24-h recalls were conducted
on two occasions during the first five days of the study. The four steps (quick list;
forgotten foods; time and eating occasion; detailed description of the food/beverage)
of the 24-h recall were assessed for matches by category. Differences were observed in
the matching for the time and occasion step (p < 0.01), detailed description (p < 0.05)
and portion size matching (p < 0.05). Omission rates were higher for the second
recall (p < 0.05 quick list; p < 0.01 forgotten foods). The adolescents over-estimated
energy intake on the first (11.3% ± 22.5%; p < 0.05) and second recall (10.1% ± 20.8%)
compared with the known food and beverage items. These results suggest that the
adolescents’ accuracy to recall food items declined with a second 24-h recall when
repeated over two non-consecutive days.

Reprinted from Nutrients. Cite as: Kerr, D.A.; Wright, J.L.; Dhaliwal, S.S.; Boushey, C.J.
Does an Adolescent’s Accuracy of Recall Improve with a Second 24-h Dietary Recall?.
Nutrients 2015, 7, 3557–3568.

1. Introduction

The evidence linking the adolescent diet with risk for chronic diseases later
in life, including obesity and some cancers continues to increase [1,2]. This makes
adolescents an important target group however, assessing diet in this age group is
challenging. The methods most commonly used to evaluate diet in adolescents are
dietary records, the 24-h dietary recall and food frequency questionnaires. However,
acceptability of these methods by adolescents is not ideal [3]. Early adolescents,
ages 11 to 14 years, in particular, are in that period of time when the novelty and
curiosity of self-reporting food intakes starts to wane and the assistance from parents
is seen as an intrusion [4].

The 24-h dietary recall is the method used in most national dietary surveys and
has been recommended for use in European children aged 7 to 14 years [5]. The Food
Surveys Research Group (FSRG) of the United States Department of Agriculture
(USDA) has devoted considerable effort to improving the accuracy of the 24-h recall
through development and refinement of the multiple-pass method. The 5-step
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multiple-pass method provides a structured interview format with specific probes
and involves five structured sets of probing [6]. As the 24-h recall is conducted by
interview, this may be less burdensome to participants, compared to other methods
such as dietary records [7].

In children under 11 years comparisons of the 24-h recall with energy
expenditure, as measured by doubly labelled water (DLW) show mixed results.
One study showed a 14% greater energy intake than DLW estimated energy
expenditure [8] and another showed only group estimates of energy intake as being
valid [9]. An automated self-administered web version has been developed and is still
undergoing evaluation in comparison to interviewer-administered 24-h recall [10].

The most common method of evaluating the accuracy of the multiple-pass
24-h recall with children is through observation of school meals comparing foods
recalled with foods either observed as eaten or foods actually weighed [11,12]. These
recalls have demonstrated both under-reporting and over-reporting, and incorrect
identification of foods and rely on the dietitian being able to accurately assess the food
type and quantity. A controlled feeding study offers a unique opportunity to assess
the accuracy of dietary assessment. In a controlled feeding study, as the food and
nutrient intake is known, it does not require the participants to be observed to confirm
food and beverages consumed. There are occasions when adolescents are exposed to
foods unfamiliar to them (e.g., new school lunch menus) and the controlled feeding
study can duplicate this type of environment. The purpose of the study was to assess
if adolescents’ accuracy of recall improved when a 5-step multiple-pass method for
24-h recall was repeated. Our hypothesis was that adolescents’ accuracy would
improve when the 24-h recall was repeated. In addition, we determined the rates of
intrusions and omissions and if these differed between the repeated recalls.

2. Methods

2.1. Participants and Study Design

Thirty-one Chinese-American boys and girls (11–15 years) were recruited to
participate in a 7-week metabolic study where they lived in a campus residence
hall facility converted into a metabolic unit for two 3-week balances in the summer
separated by a 1-week washout when they returned to their homes [3,13]. During
the balance, participants were scheduled for a variety of educational and recreational
activities coordinated as a summer-camp environment. The participants were
required to eat all meals, snacks and beverages provided. A camp supervisor sat
at the table with a group of four to five participants for all meals and snacks and
ensured that all food and beverages were consumed. On days two and five of
the first week, 24 participants participated in the 24-h recall for both days and six
participants participated in the 24-h recall for at least one of the two days. Only the
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24 participants (11 boys and 13 girls) who completed two 24-h recall were included in
the final analysis. Some participants were unavailable to complete the second recall
due to other research commitments. The menu was a 4-day cycle and items were
selected to reflect foods commonly eaten by Chinese-American youth. Participants
did not know in advance what was to be served (Table 1). All food and beverages
served were weighed and participants were required to consume all foods and
beverages served. The study was approved by the Purdue University Institutional
Review Board.

Table 1. Number and percentage of participants (n = 24) who reported omissions
for each menu item in the first and second 24-h dietary recalls.

Eating
Occasion 1st Recalled Day Menu n (%)

Omissions a 2nd Recalled Day Menu n (%)
Omissions

Breakfast

Pillsbury biscuit 0 Frosted flakes cereal 1 (4%)
Jam (in packet) 2 (8%) Milk 0
Margarine (in packet) 2 (8%) Sliced pears 5 (21%)
Fruit cup 10 (42%)
Milk 4 (17%)

Lunch

Turkey sandwich 1 (4%) Hot dog (with bun) 2 (8%)
Shrimp chips 2 (8%) Steak fries 7 (29%)
Sliced apples 2 (8%) Ketchup (in packet) 2 (8%)
Orange juice 0 Grapes 9 (38%)

Orange juice 2 (8%)

Snack Oatmeal cookies 4 (17%) Gummi savers confectionary 7 (29%)

Dinner

Chicken thigh 0 Pasta 1 (4%)
Orange marmalade sauce 2 (8%) Pork & vegetable stir fry 5 (21%)
Sliced carrots 3 (13%) Pineapple pieces 10 (42%)
Margarine (in packet) 13 (54%) Milk 18 (75%)
Rice 1 (4%) Orange juice 1 (4%)
Orange juice 3 (13%)

Snack
Juice bar 0 Flavor pop 1 (4%)
Orange juice 10 (42%) Orange juice 5 (21%)

a: refers to the number of participants reporting omission for each food item.

2.2. 24-h Dietary Recall

Dietitians completed training in the 5-pass 24-h recall method prior to
commencement of the study. Seven dietitians conducted the 24-h recalls, with each
individual dietitian conducting between two and three 24-h recalls on each occasion.
The allocation of dietitian to participant was based on availability. The dietitians
were not familiar with the menu and were not present at any meals or snacks prior
to the data collection. By ensuring that the dietitians did not view any of the meals
consumed reduced the likelihood of bias or prompting due to knowing the menu
when interviewing. A standard interview protocol was followed with each dietitian
having a standard set of aids for portion size estimation. The target period for the
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interview was a recall of the previous day’s intake. Each recall covered a different
menu day. To standardize the time of recall, the interviews took place following
lunch and before dinner (commencing at 12:30 and finishing at 6:00 pm). The time
taken for each participant to complete the 24-h recall on two separate occasions
was recorded.

The procedure for the 5-step multiple-pass method was as previously
described [14]. In the first step, participants were asked to provide a ‘quick list’
where they listed all foods and beverages consumed without interruption. In the
second step, they were asked about “forgotten foods” where the interviewer followed
a standard set of probes. The third step detailed “time and eating occasion” for each
food item identified. In the fourth step, known as the “detail cycle,” standard probes
were followed to obtain detailed information on the food and drinks consumed as
well as how much they ate or drank. The fifth step was a “final review probe” for
any forgotten food or beverage items.

2.3. Analyses

Key errors in the 5-step multiple-pass method were assessed with a separate
score (number of correct matches divided by the number of known food and
beverages) for the first four steps (quick list; forgotten foods; time and eating occasion;
detailed description of the food/beverage) of the 24-h recall. A higher percent value
was a higher score which translated to a better match. For the quick list and forgotten
foods steps, broad food group category matches were identified. For example, the
following responses were considered a match: if “milk” was recalled and “low-fat
milk” was served, if “a turkey sandwich” was recalled and a “turkey sandwich
with wheat bread and mayonnaise” was served. A score of 2 was assigned for a
match, 1 for a partial match and 0 for an omission. For the time and eating occasion
step, the food or beverage recalled needed to be identified as being consumed at the
correct meal or snack and correct time. Matching in the detail step was split into the
description and portion size matching. To be scored as a complete match, the food
items needed to be recalled in detail. For example, in the turkey sandwich, single
items needed to be recalled such as sliced turkey, wheat bread and mayonnaise to
achieve a maximum score of 2. Foods were classified as partial matches when the
recalled item was in the same family of foods. For example, if chicken was recalled
instead of turkey a score of 1 was assigned. When the foods recalled could not be
matched within the same food grouping, they were considered a mismatch and
scored 0. For example, milk was recalled and orange juice was served. The food
and beverage items that matched on portion size within ±10% of the weight or
household measure were scored as a match (score = 3); within 10%–25% a partial
match (score = 2), 25% or more was scored as a mismatch (score = 1) and missing
or an omission scored as 0. The score for each step were summed, divided by the
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total possible score and expressed as a percentage, where a score of 100% indicated a
perfect match for that particular step.

Omission and intrusion rates were assessed separately for the quick list and
forgotten foods steps for the first and second recall. Food or beverages recalled by
the participant but not served were classified as “intrusions” and foods or beverages
served that were not recalled were classified as “omissions”. As only a few food or
beverage items were recalled in the final probe these were included in the ‘forgotten
food steps’ calculations. Weighted intrusion and omission rates were calculated
according to the method outlined by Baxter et al. [15] and were calculated as follows:
Omission rate = (sum of weighted omissions/[sum of weighted omissions + sum of
weighted matches]) × 100%. Values range from 0% (no omissions) to 100% (no food
or beverage items reported eaten). A weight was assigned to each item according
to importance by meal component. For example turkey sandwich = 2; condiment
such as jam, margarine = 0.33; other meal/snack single items = 1. Intrusion rate
(percentage of items reported eaten but not served) was calculated as (sum of weight
intrusions/[sum of weighted intrusions + sum of weighted matches])× 100%. Values
range from 0% (no intrusions) to 100%. Means and standard deviations for omission
and intrusion rates expressed as percentages were determined for the first and second
dietary recall for the quick list and the forgotten foods steps. The score for each
defined component for four of the five steps were expressed as a percentage, as
well as the omission rate and the intrusion rate. Non-parametric statistics were
used to test the difference in scores and rates between the recalled days. Wilcoxon
Signed Rank Test (with exact test option) were used to assess if there were significant
differences in the components and rates comparing the first and second recall.

The participants’ 24-h recalls and the known food and beverage items for
the days recalled, were analyzed using the Nutrition Coordinating Center food
and nutrient database. Data coding and entry were performed by staff trained
in the use of the Nutrition Data System for Research (NDS-R) Database Version
v5.0/35 (© Regents of the University of Minnesota). Accuracy of the 24-h recalls was
assessed by comparing the items recalled by the adolescents with the known food
and beverage items. A paired sample t-test was used to test differences between the
known food and beverage items and foods recalled.

3. Results

There were 24 participants who completed two 24-h recalls. The 11 boys mean
(±standard deviation) ages were 13.9 ± 1.2 years with a mean body mass index
(BMI) of 20.0 ± 4.1. For the 13 girls, these same parameters were 13.2 ± 1.3 years old
and 19.2 ± 2 for BMI.

The number of participants who reported omissions for each menu item is
shown in Table 1. For the first recall, the most frequently omitted item was margarine,
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where 13 participants (out of 24) did not recall the item. In the second recall, milk
was omitted by 18 participants (75%).

Table 2 shows the individual details of the intrusions (food or beverages recalled
but not served). Ten participants reported intrusions on the first recall compared
with 16 intrusions on the second recall. There were five children out of 24, who
reported no intrusions for either the first or the second recall.

Table 2. Details of food and beverage intrusions reported by participants (n = 24)
in either the first, second, or both 24-h dietary recalls. Intrusions were food or
beverage items recalled but not served.

Intrusions

Participant 1st recall 2nd recall

1 0 0
2 0 orange juice
3 0 butter, milk, orange juice
4 0 orange juice
5 orange juice 0
6 0 0
7 apples 0
8 0 0
9 shrimp chips, orange juice orange juice, pears

10 orange juice, apples orange juice, orange juice,
catsup

11 0 0
12 0 milk
13 0 0

14 peanut butter sandwich,
jam peaches

15 milk butter, jelly, biscuit
16 milk milk
17 0 milk
18 0 orange juice
19 orange juice juice box

20 orange juice, popsicle peanut butter, crackers,
popsicle

21 soup 0
22 0 orange juice
23 0 orange juice
24 0 Juice box

Participants reporting intrusions 10 16

Table 3 shows the component scores for the first four steps of the 24-h recall
expressed as a percentage where a higher score indicates a better food and beverage
match. Examination of the scores for each component comparing the first recall with
the second recall showed significant differences in the matching for the time and

155



occasion step (p < 0.01), detailed description (p < 0.05) and portion size matching
(p < 0.05), but not for the first (quick list) or second (forgotten foods) step.

Table 3. Data from 24-h dietary recalls collected from adolescents (n = 24): The
component scores of the first four steps of the 5-step multiple-pass method by first
and second day of recall. For Step 4, the description and portion size are presented
separately. A higher score indicates a better match between foods and beverages
recalled and the known foods and beverages consumed.

Step 1:
Quick List

Step 2:
Forgotten Foods

Step 3 :
Time and

Eating Occasion

Step 4:
Detail Cycle

Description Portion Size
←− Mean ± Standard Deviation (%) −→

First recall 75 ± 15 84 ± 10 84 ± 11 79 ± 10 61 ± 10
Second recall 71 ± 20 80 ± 12 76 ± 13 ** 72 ± 11 * 55 ± 9 *

* p < 0.05; ** p < 0.01 comparing the first recall with the second recall.

The rate of omissions and intrusions were compared between the first and
second recall for the first two steps of the 24-h recall (Table 4). For both the first and
second recalls, the omission rate decreased significantly from the ‘quick list’ to the
‘forgotten foods’ step, i.e., first recall was 21.9 ± 13.9% to 12.9 ± 8.3% (p < 0.001) and
the second recall was 28.9 ± 21.3% to 20.5 ± 14.1% (p < 0.001). This indicates the
importance of the second step in the 24-h recall for improving recalled items. Lower
omission rates were observed for the first recall compared with the second recall,
for both the ‘quick list’ (p < 0.05) and the ‘forgotten foods’ step (p < 0.01). In the
second recall, intrusion rate increased from the first to the second step (2.8 ± 4.4%
to 6.4 ± 5.5% respectively; p < 0.001), indicating more errors occurred with food
and beverages recalled but not served. The time taken to complete the first recall
was longer compared to the second recall (51 ± 13 min to 35 ± 11 min respectively;
p < 0.01).

Table 5 shows the differences between the nutrient composition of the known
food and beverage items consumed and the 24-h dietary recall for the first and
second day of recall. For energy intake the adolescents were able to accurately
recall food and beverage items. For the first recall there was an over-estimate of
energy (11.3 ± 22.5%; p < 0.05), protein (17.2 ± 29.4%; p < 0.05) and fat intake
(35.9 ± 45.9%; p < 0.01) compared with the known food and beverage items. There
were also significant differences in calcium (p < 0.001), fiber (p < 0.01), and iron
(p < 0.01), between the known food and beverage items and the first recall. In the
second recall, there were differences between the known food and beverage items
and the interviewer-conducted recall for calcium (22.1 ± 48.9%; p < 0.05) and folate
(39.2 ± 32.5%; p < 0.001) only. The standard deviation for first recall and second
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recall, respectively, for energy was 375 kcal and 413 kcal. The standard deviation for
the mean of the energy from first and second recall was 317 kcal consistent with the
use of two recalls reducing the variability of the data.

Table 4. Omission and intrusion rates by the first and second day of recall for the
Quick List and Forgotten Foods Steps of the 5-step multiple-pass method completed
by 24 adolescents.

Recall Step Omission Rate (%) a

n = 24
Intrusion Rate (%) b

n = 24

First Recall
Mean ± Standard Deviation

Quick List 21.9 ± 13.9 2.8 ± 5.4
Forgotten Foods 12.9 ± 8.3 *** 4.3 ± 6.2

Second Recall
Quick List 28.9 ± 21.3 * 2.8 ± 4.4

Forgotten Foods 20.5 ± 14.1 ***, ** 6.4 ± 5.5 ***
a: Omission rate = (sum of weighted omissions/[sum of weighted omissions + sum
of weighted matches]) × 100%. Values range from 0% (no omissions) to 100% (no
food or beverage items reported eaten); b: Intrusion rate (percentage of items reported
eaten but not served) was calculated as (sum of weight intrusions/[sum of weighted
intrusions + sum of weighted matches]) × 100%. Values range from 0% (no intrusions) to
100%; ***: p < 0.001 comparing Quick List with Forgotten Foods; *: p < 0.05 comparing
first recall with the second recall for Quick List; **: p < 0.01 comparing first recall with the
second recall for Forgotten Foods.

Table 5. Mean differences between the nutrient composition of the food and
beverages consumed (actual intake) and the 24-h dietary recall by the first and
Second day of recall among adolescents participating in a controlled feeding study
(n = 24). A negative value for % difference indicates an underestimation by the
recall; a positive value indicates an overestimation by the recall.

1st Recalled Day 2nd Recalled Day

Actual
intake

Recalled
intake % Difference Actual

intake
Recalled

intake % Difference

Energy (kcal/day) 1699 ± 236 1877± 375 11.3 ± 22.5 * 1744 ± 194 1870 ± 413 10.1 ± 20.8
Protein (g/day) 58 ± 10 67 ± 18 17.2 ± 29.4 * 56 ± 7 54 ± 18 −2.9 ± 30.4
Carbohydrate

(g/day) 294 ±36 300 ± 62 2.9 ± 22.7 305 ± 28 333 ± 79 9.2 ± 23.9

Fat (g/day) 36 ± 6 48 ± 17 35.9 ± 45.9 ** 39 ± 7 40 ± 15 4.2 ± 38.7
Calcium (mg) 538 ± 32 889 ± 401 65.6 ± 71.7 *** 655 ± 5 801 ± 326 22.1 ± 48.9 *

Vitamin C (mg) 399 ± 16 381 ±156 −4.5 ± 39.1 426 ± 10 428 ± 141 0.5 ± 33.5
Total dietary fibre 16.8 ± 1.4 13.7 ± 3.8 −17.7 ± 24.7 ** 13.3 ± 1.4 12.4 ± 4.8 −7.1 ± 35.6
Total folate (mcg) 660 ± 38 534 ± 193 −19.2 ± 28.4 ** 732 ± 37 747 ± 160 1.9 ± 21

Iron (mg) 10.4 ± 1.7 10.2 ± 3.0 −1.6 ± 27.5 11.3 ± 1.0 15.8 ± 3.9 39.2 ± 32.5 ***
Zinc (mg) 6.4 ± 1.5 6.2 ± 1.7 −1.2 ± 26.1 5.9 ± 0.7 7.1 ± 3.2 19.6 ± 49

Macronutrient energy distribution
Protein (%) 13.6 ± 0.7 14.4 ± 3.1 5.7 ± 20.8 12.7 ± 0.6 11.2 ± 2.8 −11.9 ± 22.7 *

Carbohydrate (%) 69.3 ± 1.9 63.0 ± 5.4 −9.2 ± 7.6 *** 70.1 ± 1.1 69.9 ± 7.9 −0.3 ± 11
Fat (%) 19.0 ± 0.8 22.6 ± 5.0 19.6 ± 26.8 ** 19.9 ± 1.4 18.9 ± 5.9 −4.4 ± 30.7

*: p < 0.05 between recall and actual intake; **: p < 0.01; ***: p < 0.001.
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4. Discussion

This study showed that that adolescents’ accuracy of recall did not improve
when a 24-h recall was repeated. Accuracy was assessed by direct comparison of the
known food and beverage items consumed with those recalled by the adolescents.
However, the combined standard deviation for the mean of the energy of the two
days indicates the overall variability in the estimates of energy intake would be
reduced by the inclusion of a second recall. A unique aspect of this study was
all food and beverage items were weighed prior to being offered. Thus the food
and beverages recalled were known by the investigators, thus eliminating potential
biases associated with observers. Overall, the omission rate was greater in the second
recall compared to the first recall, which was offset by a significantly higher rate of
intrusions. This partially explains the energy estimates from the two recalls being
nearly identical (1877 ± 375 kcal and 1870 ± 413 kcal). The comparisons between
the reported and known food and beverage items were statistically significantly
different for only the first recall at 11% higher (p < 0.05) and 10% higher (NS) for the
second recall. Thus, despite the errors (either omissions or intrusions) made by the
adolescents, these had only a minor effect on the accuracy of estimated energy intake.
However, although the overall energy intake may appear acceptable, the adolescents
made reporting errors in foods omitted (Table 1), additional items recalled but not
served (intrusions, Table 2) as well as errors in portion size estimation (Table 3) that
affected the accuracy of the energy and nutrient intake. By using a controlled feeding
study where the amount of food and beverage items served was known we were
able to identify these errors. Of importance, these errors would not be detected with
biomarkers such as doubly labelled water or urine nitrogen or by direct observation
where the exact weight of the food or beverage was not known.

The omission rate, where foods were not recalled by the participant but were
consumed, was shown to improve from the quick list (first step) to the forgotten
foods (second step) on both recalls. This consistent improvement demonstrates
the importance of these sequential steps in the multi-pass method. The omission
rate for the second step increased from 13% in the first recall to 20% in the second
recall. Intrusions (food or beverages recalled by the participant but not consumed)
showed a significant increase from the first to the second step on the second recall.
However, overall the rate of intrusions and omissions were lower than reported by
Baxter et al. [15] who showed in 10 and 11 year olds an intrusion rate of 24% and
an omission rate of 34% for recalls conducted on school lunches. Intrusions may be
based on specific memories of foods consumed during the recording period or at
a previous time [16]. As the 24-h recalls were conducted during a metabolic study,
some of the foods or beverages may have been unfamiliar to the participants and
the children would have been cognizant of the absence of their usual foods. The
study design in the current study may be a similar situation to school lunches at the
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beginning of the school year or when menus items are changed. Thus, if there is a
desire to assess children’s intakes at these times, these results would be most relevant.
Further, the possibility exists that the recalls may have improved if the 24-h dietary
recalls were conducted at the end of camp. On the other hand, frequency of foods
being served didn’t necessarily help as demonstrated by the errors that occurred
with the recall of milk and orange juice.

In meal observation studies, trained observers record the food and beverage
items and estimate the portion sizes [11,17]. For a reference standard, these studies
rely on the dietitian being able to unobtrusively assess the food type and quantity
accurately. In the current study the dietitians conducting the 24-h recall did not
observe the adolescents during meal and snack times, as the food and beverage
items served were known and weighed, making accurate comparison to the recalled
food and beverage items possible. Thus, some of the differences between this study
and others regarding omission and intrusion rates may be due to study design
and implementation.

There was poorer matching of portion size with the second recall (55% matching)
compared to the first recall (61% matching; p < 0.05). Standard food models were used
in the current study however, estimation accuracy of portion size decreased from the
first recall to the second recall, indicating that repeating the task did not improve
the estimation accuracy of portion sizes. Further, the more detailed description of
foods and beverages declined between the first and the second recall (79% compared
to 72%, p < 0.05). The participants’ scores, indicating better matches, did not improve
for any of the steps with the second 24-h recall. The adolescents took significantly
less time to complete the second recall which perhaps reflects less attention to detail
instead of becoming more skilled with the process.

Ironically, despite the increase in the number of foods not matching the actual
foods served for the second recall, the energy/nutrient profile better matched the
energy/nutrient profile of the foods associated with the second recall than occurred
with the first recall where there was a better food match. In a study among adults
using an objective biomarker for energy [18], the second administration of the 24-h
recall showed greater underreporting. Thus, the results among the adolescents in
this study reflect the same observations made among adults of some sort of waning
of enthusiasm to provide consistent quality data. On the other hand, the increase in
intrusions, could reflect a desire among the adolescents to guess in order to provide
a “right” answer [3]. In addition, the time taken to complete the second recall was
shorter, perhaps indicating declining interest in the process. The observed decrease
in time taken to complete the second recall compared to first was also observed
among the adults in the OPEN study [18]. Although the adolescents in this study
were able to complete the second recall more quickly they made more errors in
recalling the food and beverage items and started to recall items they didn’t consume.
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This latter observation may reflect a social desirability bias [19]. Other possible
factors proposed to influence reporting accuracy of the recalls have been noted by
Baxter et al. [20] in (fourth-grade) 9 to 10 year old children, who found the retention
interval between when the recall was conducted to be important. When the recall
was conducted on the previous day’s intake errors (intrusions and omissions) were
higher for the afternoon and evening. In the current study, the recall was conducted
on the previous day’s intake and the interview undertaken at the same time for both
recalls. Baxter et al. [20] also suggested that efforts to improve children’s accuracy
should focus on the reporting food items as they found that when children accurately
recall, the amounts reported are quite accurate. Milk and orange juice (Table 2)
were common intrusions in the current study. As both of these items were served
on several occasions on the menu, it may have led to more mistakes in recalling
the items.

There are several limitations of the current study that may limit the
generalizability of the findings. The relatively small sample size reduces the statistical
power of the study. However, as the participants were part of a metabolic study, we
were limited by the constraints of the primary study in the sample size. Future studies
should seek to replicate these findings in a larger sample. Further the adolescents
in the current study were of one ethnic group and part of a metabolic study where
they were required to eat everything, which may not reflect what would occur in a
community-dwelling situation. Finally, there may have been an order effect observed
with the second recall, due to factors related to the camp environment. Focus group
data suggests that adolescents find dietary recalls ‘pointless’ and ‘boring’ [3]. It may
well be that dietary recalls were of less interest to the adolescents, as they took part
in a variety of educational and recreational activities coordinated as a summer-camp
environment and these may have had greater appeal.

5. Conclusions

These results of this study show that the adolescents’ accuracy to recall food
items declined with a second recall. Our hypothesis was that adolescents’ accuracy
would improve when the 24-h recall was repeated. This was not the case and errors
occurred due to omissions, intrusions and portion size estimation. These results
indicate that adolescents’ accuracy to recall food items declined when the 24-h recall
was repeated over two non-consecutive days. Due to the limitations of the study,
no recommendation can be made on whether a second recall will improve accuracy,
but our findings suggest that further research in this age group is needed to insure
accurate results. Dietary assessment methods need to continue to evolve to address
these challenges as further improvements will enhance the consistency and strength
of the association of diet with disease risk, especially in light of the current obesity
epidemic among youth.
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Urinary Sugars—A Biomarker of
Total Sugars Intake
Natasha Tasevska

Abstract: Measurement error in self-reported sugars intake may explain the lack
of consistency in the epidemiologic evidence on the association between sugars
and disease risk. This review describes the development and applications of a
biomarker of sugars intake, informs its future use and recommends directions for
future research. Recently, 24 h urinary sucrose and fructose were suggested as a
predictive biomarker for total sugars intake, based on findings from three highly
controlled feeding studies conducted in the United Kingdom. From this work,
a calibration equation for the biomarker that provides an unbiased measure of
sugars intake was generated that has since been used in two US-based studies with
free-living individuals to assess measurement error in dietary self-reports and to
develop regression calibration equations that could be used in future diet-disease
analyses. Further applications of the biomarker include its use as a surrogate measure
of intake in diet-disease association studies. Although this biomarker has great
potential and exhibits favorable characteristics, available data come from a few
controlled studies with limited sample sizes conducted in the UK. Larger feeding
studies conducted in different populations are needed to further explore biomarker
characteristics and stability of its biases, compare its performance, and generate
a unique, or population-specific biomarker calibration equations to be applied in
future studies. A validated sugars biomarker is critical for informed interpretation of
sugars-disease association studies.

Reprinted from Nutrients. Cite as: Tasevska, N. Urinary Sugars—A Biomarker of
Total Sugars Intake. Nutrients 2015, 7, 5816–5833.

1. Introduction

Measurement error (ME) in self-reported diet has been a long-standing obstacle
for determining the true association between sugars and chronic disease risk. While
the evidence for sugars’ association with dental caries [1] and weight gain [2–4]
has been rather consistent, the link to cardiovascular disease (CVD) [5–8], type 2
diabetes [9,10] and cancer [6,11–15] has been ambiguous and inconclusive. Although
added sugars consumption in the United States (US) has declined over the last ten
years, it still remains high, particularly among children (17% of energy intake [EI])
and young adults (16% EI) [16,17]. However, despite the high prevalence of
this behavior and its implicated adverse effects on health, the inconsistency in
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evidence obtained from large prospective studies and randomized controlled trials
has hindered the setting of a specific and unique recommendation on sugars intake in
the US [18–20]. Sugars comprise monosaccharides (glucose, fructose, galactose) and
disaccharides (sucrose, maltose, lactose), and their sum is known as “total sugars.”
Sugars that are naturally occurring in fruits, vegetables, and dairy products only
partly account for total sugars intake, whereas sugars from highly processed food
and drinks, added during food processing and preparation or at the table, have
become more significant contributors of total sugars intake [21]. As a source of empty
calories and a common ingredient of unhealthy foods, sugars are among the nutrients
that are frequently misreported [22,23]. It is highly plausible that ME in self-reported
sugars may be obscuring the true relationship between sugars and disease risk and
may explain the lack of consistency in the epidemiologic evidence. Development of
novel approaches for obtaining more accurate estimates of intake, independent of
self-reported diet, is crucial for attaining more valid and reliable risk estimates for
sugars in relation to chronic disease risk. Until then, it is uncertain whether the lack
of association is due to our inability to measure sugars accurately or to a genuine
lack of an association between sugars and disease risk.

Dietary biomarkers hold a lot of promise as objective measures of intake
in diet-related studies. Thus far, four categories have been described based on
biomarkers’ characteristics: recovery, predictive, concentration, and replacement
biomarkers [24]. They have multiple applications, including (1) in dietary validation
studies, to characterize ME in dietary self-reports [25,26]; (2) in calibration studies
nested within prospective cohorts, to develop calibration equations for “correcting”
self-reported intake in the main studies [27–29]; (3) in population studies with
available biological samples, as measures of dietary exposure, either alone [30–33] or
in combination with self-reports [34,35]; and (4) in dietary intervention studies as
measures of compliance [36].

2. Development of the 24 h Urinary Sucrose and Fructose Biomarker

2.1. Preliminary Work

Early work has shown that under physiological conditions, small amounts of
dietary sucrose [37] and fructose [38] are excreted in the urine. During digestion,
sucrase hydrolyzes sucrose into glucose and fructose in the brush border of the
duodenum. Although healthy gastrointestinal mucosa is relatively impermeable to
disaccharides, under physiological conditions, very small amounts of unhydrolyzed
dietary sucrose may pass the intact intestinal wall, probably by a process of
non-mediated diffusion [37], and once in the circulation, sucrose is readily excreted
in urine [39]. Fructose is absorbed unchanged in the lower part of duodenum and
jejunum; it is passively transported by a fructose-specific facilitative transporter
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(GLUT5) across the apical membrane of the intestinal epithelial cells and by a
facilitative transporter for glucose and fructose (GLUT2) across the basolateral
membrane into the circulation [40,41]. The amount of fructose occurring in urine
is probably a fraction of the dietary fructose or fructose derived from sucrose that
escapes the uptake by the liver, as the main site of fructose metabolism, and by other
tissues, such as kidneys, adipose tissue and skeletal muscle [42,43], and that escapes
the reabsorption in the renal tubules [41]. Considerable amounts of fructose were
detected in urine after ingesting sucrose in a bolus [38]. Although some amount
of glucose can be measured in urine, it appears to be person-specific and is not
reflective of dietary intake due to insulin-controlled glucose reabsorption occurring
in the kidneys.

The preliminary work on sucrose and fructose as potential biomarkers of sucrose
intake was conducted by Luceri et al. [44], based on data from nine participants
consuming a “regular Italian” diet for a week and a low-sucrose diet for three days.
Sucrose and fructose were measured in spot urine samples collected within 2 h
of breakfast, lunch, and dinner on the last day of each study diet. Sucrose and
fructose excretion during the low-sucrose diet was significantly lower compared
than the excretion during the regular diet. Furthermore, the sucrose content of
both the low-sucrose and regular diet, as assessed by a food diary, was significantly
associated with the post-meal urinary excretion of sucrose and fructose. As the slopes
of the regression lines calculated from the regression models for the low-sucrose and
regular diet were similar, a common slope for the association between sucrose intake
from low-sucrose or regular diet and sucrose excretion was calculated (β = 0.26;
SE = 0.08). Similarly, a common slope for the association between sucrose intake from
low-sucrose or regular diet and fructose excretion was reported (β = 0.15; SE = 0.05).
No correlation was found between the urinary excretion of glucose and intake of
sucrose. The findings from this study implied that sucrose and fructose may have
the potential to be used as biomarkers of sugars consumption, however further work
was needed to study the characteristics of the biomarker and to develop prediction
equations based on a daily diet and against true intake.

2.2. Development of the Urinary Sugars Biomarker under Controlled Conditions

Urinary sugars as potential sugars biomarkers were then rigorously investigated
under highly controlled conditions in two feeding studies conducted in the United
Kingdom [45]. All dietary intake in these studies was known, and multiple 24 h
urine samples were collected and verified for completeness using the para-amino
benzoic acid (PABA) test [46]. The first study was a 30-day randomized cross-over
design study involving 12 healthy males aged 25–77 years. In randomized order, all
participants consumed low (63 g), medium (143 g), and high (264 g) total sugars diet
over three 10 day dietary periods, respectively; this level of intake corresponded to
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the lower and upper 2.5 percentiles and median total sugars intake for the adult UK
population [47]. All foods consumed by the participants were prepared in a metabolic
kitchen, and no foods or drinks obtained outside the metabolic suite were allowed to
be consumed. On Days 4–7 during each 10-d dietary period, participants collected
24 h urine samples, which were analyzed for sucrose and fructose. Although the
within-subject variability of sucrose and fructose excretion was rather high in these
12 participants at the same level of total sugars intake, the mean urinary sucrose
and fructose increased across the increasing levels of sugars consumption over the
three dietary periods, and there was a significant difference in the mean excretion
of both sucrose (p < 0.001) and fructose (p < 0.001) between the three diets. Given
that the dose-response association between the diet and sugars excretion improved
after combining urinary sucrose and fructose, their sum was further investigated as
a potential biomarker.

The 2nd feeding study assessed the performance of the biomarker in subjects
consuming their usual diets over an extended period of time, i.e., simulating normal
dietary behavior under controlled conditions [45]. Seven male and six female
participants aged 23–66 years consumed their habitual diet (previously assessed
by four consecutive 7-day diet records), and collected 24 h urine samples daily
over 30 days while residing in a metabolic suite. All the foods consumed by
the participants were prepared in the metabolic kitchen, where the foods were
weighed to the nearest gram and left-overs weighed out upon return. The group
30 day mean sum of the 24 h urinary sucrose and fructose (24uSF) was 98 mg/day
(range 25.4–267.5 mg/day), which represented a very low proportion of their 30 day
mean total sugars intake (approximately 0.05%), yet, the two were highly correlated
(r = 0.84; p < 0.001). The 24uSF was also highly correlated to sucrose intake (r = 0.77;
p = 0.002). In the linear regression of urinary to dietary sugars, true total sugars
intake explained 72% of the variability in the sucrose and fructose excretion, revealing
sugars intake as a strong determinant of sucrose and fructose excretion [45]. The mean
correlation between 24uSF measured from single 24 h urine and the “usual” total
sugars intake was 0.71 [48]. In this study, the 30 day mean 24uSF was significantly
correlated to the 30 day mean intake of extrinsic sugars (i.e., any sugars or syrups
added during processing and preparation of foods and drinks or added at the
table, including sugars from fruit juices and honey.) (r = 0.84; p < 0.001) but not
intrinsic sugars (i.e., any sugars from fruits and vegetables (excluding fruit juices) and
cereal and cereal products (excluding breakfast cereals, biscuits, cakes, sweet buns,
pies, flans, pastries, scones, and cereal-based puddings)) (r = 0.43; p = 0.144) [49].
Nonetheless, this study was not designed to investigate the performance of urinary
sugars as dietary biomarkers of extrinsic vs. intrinsic sugars. The stronger correlation
observed with extrinsic sugars may have been due to the fact that the intake of
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intrinsic sugars in these 13 subjects was lower and narrower in range (68 ± 23 (SD)
g/day) than was their extrinsic sugars intake (123 ± 41 (SD) g/day).

To investigate the effect of body mass index (BMI) on the performance and
validity of the biomarker, Joosen et al. [50] compared the biomarker’s response
to diets providing 13%, 30%, and 50% energy from total sugars, in a randomized
cross-over design under controlled conditions, in 10 normal-weight and nine obese
participants living in a metabolic suite over 12 days. The excretion of both sucrose
and fructose in urine increased to a similar degree in both the normal-weight and
obese participants with the increase in total sugars intake; no significant interaction
effect of BMI on urinary sucrose (p = 0.65) or fructose (p = 0.55) was observed. These
findings have lent support to the application of this biomarker as a valid measure
of intake in participants regardless of their BMI, as well as to investigations of the
relationship between the consumption of sugars and the risk of obesity.

Given that the sugars biomarker exhibited a high correlation to “true” intake
and was related to intake in a dose-response and time-sensitive manner, yet was
recovered in a very low proportion in urine, 24uSF was categorized into a new
class called “predictive” biomarkers [45]. Unlike recovery biomarkers, which are
gold standard reference instruments, free of bias [51], predictive biomarkers contain
a certain level of person-specific, intake-related, and covariate-related bias [52].
However, for these measures to qualify as predictive biomarkers, their biases should
not explain a significant proportion of the variability in the biomarker, should be
stable between individuals and across populations, and be estimable from a feeding
study. Once those biases have been estimated, they can be applied to “correct” or
“calibrate” the biomarker that can then serve as a reference instrument [52]. Such an
equation for “calibrating” the 24uSF biomarker was generated from the 2nd UK
feeding study [45,52]. The equation describes the association between the 24uSF and
“true” total sugars intake, quantifies the biases associated with the 24uSF biomarker,
and “calibrates” the biomarker to provide an unbiased measure of intake: M∗

ij =

Mij − 1.67 − 0.02 × Si + 0.71 × Ai (Equation (1)) ; where M∗
ij is the log-transformed

calibrated sugars biomarker, Mij is the log-transformed biomarker, Si is an indicator
variable that equals 0 for men and 1 for women, and Ai is the log-transformed age
in years. The calibrated biomarker M∗

ij satisfies the following ME model for predictive
biomarkers: M∗

ij = Ti + uMi + εMij , where Ti is the log-transformed true usual intake
of total sugars, uMi is a person-specific bias, and εMij is a within-person random
error [52]. Assuming that these biases are similar between individuals and across
populations, this biomarker calibration equation can be applied in other studies with
available 24 h urine collections to “calibrate” the sugars biomarker to be used as a
reference instrument for total sugars intake. If spot urines, rather than 24 h urine
collections, are available in population studies, the biomarker “calibration” equation
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cannot be applied to provide an unbiased measure of intake, however, the biomarker
can be used as a correlate to intake, i.e., concentration biomarker.

2.3. Investigation of Urinary Fructose as a Biomarker against Self-Report in Children

Johner et al. [53] investigated the use of urinary fructose as a biomarker of
sugars intake among children in a subsample from the Dortmund Nutritional and
Anthropometric Longitudinally Designed (DONALD) study. The analysis included
58 boys and 56 girls with mean age of 9.3 ± 0.8 and 7.9 ± 0.7 years, respectively,
with available 24 h urinary fructose and self-reported diet data. Total sugars intake
assessed by a three day weighed food record was significantly associated with
fructose excretion from a single 24 h urine (r = 0.43; p < 0.001); each gram of
total sugars intake was associated with a 0.9% increase in the amount of 24 h
urinary fructose. The R2 for the observed association was low (R2 = 0.18), most
probably due to the availability of a single-day urinary measurement, which would
have introduced considerable random error in the biomarker, and to the use of a
self-reported diet. Based on the authors’ preliminary data, in which a less consistent
dose-response relationship between sucrose intake and excretion was found, urinary
sucrose was omitted from the analysis [53]. In contrast to previous studies [44,45],
no preservative was used to preserve the 24 h urine collection but the urine was only
refrigerated, which may have led to sucrose hydrolysis and thus to unreliability of the
sucrose data. The lower correlation for fructose excretion observed by Johner et al. [53]
may also have been partly due to fructose degradation or uptake by bacteria in
preservative-free urine, in case of noncompliance with the storage instructions of
their 24 h urine collection protocol.

3. Application of the Urinary Sugars Biomarker in Validation and Calibration
Studies with Free-Living Individuals

Acknowledging the impact of ME, researchers have started conducting dietary
validation studies with available biomarkers to assess ME in dietary self-reports [25,54].
They have also begun incorporating calibration substudies within their cohorts
to develop regression calibration equations [27–29] that could then be applied to
calibrate self-reported intake, i.e., predict unbiased intake in all cohort participants to
obtain more reliable risk estimates in diet-disease analyses [55–60].

The urinary sugars biomarker has recently been applied in two US biomarker-based
studies, the Observing Protein and Energy Nutrition (OPEN) study [52] and the
Nutrition and Physical Activity Assessment Study (NPAAS) [61]. The OPEN study
involved 484 participants aged 40–69 years recruited from Montgomery County,
MD, in 1999 and 2000 [62]. The NPAAS is a biomarker study embedded in the
Women’s Health Initiative (WHI) Observational Study (n = 93,676), involving
450 postmenopausal women aged 50–79 years at baseline, recruited from nine WHI
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centers between 2007 and 2009 [27]. Participants from both studies completed a food
frequency questionnaire (FFQ) and at least two 24 h dietary recalls (24HR), and the
NPAAS participants additionally completed a four-day food record (4DFR). The
24uSF biomarker and doubly-labeled water, a biomarker for energy intake, were
measured in both studies, with an aim to investigate ME in self-reported total sugars
(g/day) and total sugars density (g/1000 kcal). Given that the 24uSF biomarker
has been found to contain a certain amount of bias that has been estimated in a
feeding study, the biomarker was first “calibrated,” using the biomarker “calibration”
equation (Equation(1)) previously described [52], to provide an unbiased measure of
total sugars intake. These applications assume that the biases in the biomarker are
stable across different populations. Once “calibrated,” the biomarker was applied
to the OPEN and the NPAAS data as a reference instrument to assess the ME in
self-report instruments by estimating the Attenuation Factor (AF) and the correlation
between true and self-reported intake. AF represents the slope in the regression
of true on reported intake and measures the attenuation (underestimation) of the
disease risk due to ME in self-reported intake, where observed relative risk (RR) = true
RRAF [63]. AF can have values between 0 and 1; AF = 1 would indicate no attenuation,
whereas as AF gets closer to 0, the extent of attenuation increases. Table 1 reports the
AFs for the instruments used in the OPEN and NPAAS, and the observed disease
RR associated with self-reported sugars measured with error when true RR = 2. For
absolute sugars, the AF for the FFQ was lower (less favorable) than the AFs for the
average of two or three 24HRs, and, in the OPEN study, for both the 24HR and
FFQ, the AFs were lower in women than in men. For sugars density, the AF for the
FFQ was somewhat lower than for the 24HR and was lowest (least favorable) for
the 4DFR.

Another estimate of ME in dietary self-report is the correlation between true and
self-reported intake, calculated based on the ME model parameters of the biomarker
and self-reports [63]. The correlation between the true and self-reported total sugars
density in the OPEN participants was 0.5 for the FFQ and a single 24HR, and 0.6
for the average of two 24HRs in men, and 0.2 and 0.3 in women respectively [52].
The correlation between the true and self-reported total sugars density in the NPAAS
women was of a similar magnitude to the correlation observed in the OPEN women,
and was 0.3 for the FFQ, a single 24HR, and the average of two 24HRs, 0.4 for average
of three 24HRs, and 0.2 for the 4DFR [61]. Based on the ME estimates from these two
studies, women misreported sugars consumption more than men, and even though
all investigated self-reporting instruments were associated with substantial ME, the
average of multiple 24HRs was found to perform the best [52,61].
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Table 1. Attenuation factors (AF) for self-reported total sugars in the OPEN and
NPAAS studies from a measurement error model with urinary sugars biomarker as
a reference instrument and observed relative risk (RR) for true RR = 2 [52,61].

OPEN NPAAS

Men Women Women

FFQ 24HR † FFQ 24HR † FFQ 24HR ‡ 4DFR

Total sugars
(g/day)

AF 0.28 0.41 0.17 0.29 0.22 0.34 0.33
Obs RR

(true RR = 2) 1.21 1.33 1.13 1.22 1.16 1.27 1.26

Total sugars
density

(g/1000 kcal)

AF 0.39 0.41 0.33 0.35 0.48 0.57 0.32
Obs RR

(true RR = 2) 1.31 1.33 1.26 1.27 1.39 1.48 1.25

Obs—Observed; FFQ—Food frequency questionnaire; 24HR—24 h dietary recall;
4DFR—4 day food record; †: The average of two 24HRs; ‡: The average of three 24HRs.

Next, using the 24uSF biomarker in the NPAAS, regression calibration equations
for total sugars (g/day) and total sugars density (g/1000 kcal) were derived
by regressing the “calibrated” 24uSF biomarker, i.e., unbiased intake, on the
FFQ-reported total sugars intake and the baseline characteristics, which were found
to be significant predictors of unbiased intake [61]. These calibration equations also
allow an investigation of various baseline characteristics, known to be associated
with dietary misreporting, as potential predictors of true intake, given the ME in the
self-report [27,28]. These regression calibration equations can be used to “correct” the
FFQ sugars and sugars density intake for ME in all WHI participants in future WHI
association studies of sugars and disease risk to obtain more reliable risk estimates.
The derived equations are as follows: regression calibration equation for total sugars,
g/day: log-true intake = 3.51 + 0.23 × log FFQ + 0.17 × log Age − 0.11 × log BMI −
0.64 × current smoker + 0.55 × < high school (HS) graduate + 0.30 × HS graduate +
0.16 × some college + 0.04 × square-root metabolic equivalents/week; regression
calibration equation for total sugars density, g/1000 kcal: log-true density = 0.49 +
0.44 × log FFQ + 0.77 × log Age − 0.37 × log BMI − 0.56 × current smoker + 0.64 × <
HS graduate + 0.43 × HS graduate + 0.18 × some college.

4. Application of the Urinary Sugars Biomarker as a Measure of Dietary
Exposure in Diet-Disease Association Studies

The urinary sugars biomarker has so far been used as a surrogate measure of
intake in two analyses of the Norfolk arm of the European Prospective Investigation
into Cancer (EPIC) investigating the effect of sugars consumption on obesity risk [32,33].
Given only spot urine samples were collected in this study population, the biomarker
calibration equation could not be applied to obtain unbiased estimates of total sugars
intake. Therefore, the biomarker was used as a concentration biomarker.
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The first analysis was a cross-sectional investigation involving 404 obese
(BMI > 30 kg/m2) and 471 normal-weight (BMI < 25 kg/m2) participants from the
EPIC-Norfolk aged 45–75 years [32]. Participants in the highest vs. lowest quintile
for the biomarker (i.e., the ratio of urinary sucrose to fructose measured in spot urine)
were at 2.4 times higher risk of being obese (age- and gender-adjusted OR = 2.44, 95%
CI = 1.54–3.86; ptrend < 0.001). The risk of obesity was also positively associated with
sucrose measured in spot urine (ORQ5 vs. Q1 = 1.82, 95% CI = 1.26–2.85; ptrend = 0.02).
A non-significant inverse association between sugars intake and obesity risk was
observed when FFQ-measured total sugars (ORQ5 vs. Q1 = 0.89, 95% CI = 0.54–1.43;
ptrend = 0.4) or the ratio of FFQ-measured sucrose to fructose (ORQ5 vs. Q1 = 0.77, 95%
CI = 0.48–1.25; ptrend = 0.3) were used as measures of sugars intake. Given that
creatinine was highly correlated with BMI, and could not be used to adjust for urine
concentration, the authors used the ratio of sucrose to fructose in urine as a measure
of intake.

In the second more recent analysis involving 1734 participants from the
EPIC-Norfolk aged 39–77 years, the BMI measured at baseline and after 3 years
of follow-up was positively associated with urinary sucrose from spot urine, and
inversely associated with self-reported sucrose intake assessed by a seven day diet
record (7DR), FFQ or 24HR collected at baseline [33]. Participants in the highest vs.
lowest quintile of urinary sucrose were 1.54 times more likely to become overweight
or obese (ORQ5 vs. Q1 = 1.54, 95% CI = 1.12–2.12; ptrend = 0.008), whereas those in the
highest vs. lowest quintile of 7DR-based sucrose intake were at 44% lower risk of
becoming overweight or obese (ORQ5 vs. Q1 = 0.56, 95% CI = 0.40–0.77; ptrend < 0.0001)
after three years of follow-up. The authors used urinary sucrose per specific gravity
to control for urine concentration, rather than the ratio of urinary sucrose to fructose,
due to their having fewer available samples with both sucrose and fructose values
within the acceptable analytical range. However, in sensitivity analyses in a reduced
sample that used the sucrose to fructose ratio as a biomarker, all risk estimates
remained virtually unchanged. Available evidence has consistently linked increased
sugars consumption with an increase in obesity risk [2–4]. In this population,
such an association was detected when using urinary sugars from spot urine as
a concentration biomarker but not when using self-reported intake.

5. Summary and Future Research

Applying a sugars biomarker in future diet-disease association studies is crucial
for detecting unbiased disease-risk estimates for sugars consumption. Biomarkers
have been successful in revealing diet and disease associations that otherwise
have been difficult to ascertain. Energy intake has been found to be associated
with increased risk of breast cancer [58], all-cancer [56], CVD [57] and type 2
diabetes [60]; and protein intake with risk of type 2 diabetes [60] and frailty [64]; using
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biomarker-calibrated self-report estimates but not using un-calibrated instruments.
When biomarkers are collected for all participants, they can also be used as surrogate
measures of intake in relation to disease, either alone [30–32] or in combination
with self-reports [34,35]. High sugars consumption was associated with statistically
significant increased risk of obesity when the urinary sugars biomarker was used
as a measure of dietary exposure [32,33], whereas no association [32] or inverse
association [33] was found when using self-reported intake.

Although the 24uSF biomarker has been developed under highly controlled
conditions, has great potential, and exhibits considerably favorable characteristics
for a biomarker, available data come from only a few controlled studies with limited
sample sizes (n = 12, n = 13, n = 19) [45,50]. Data from these feeding studies showed
that the biomarker contains bias, which may originate from the between-subject
variability in sucrose and fructose absorption, fructose uptake by individual tissues
or reabsorption in the kidneys, and may be determined by genetic, dietary or lifestyle
factors, or physiological or medical conditions. Some variability may be due to
the analytical methods or issues related to urine collection, processing or storage.
Increased sucrose excretion has long been used as a marker of altered gastrointestinal
permeability [65,66], attributed to either structurally damaged or inflamed mucosa
occurring in gastroduodenal, celiac [67] or inflammatory bowel disease [68], or
the presence of congenital sucrose-isomaltose deficiency, which is considered to
be particularly rare [69,70]. The intake of certain medications (e.g., non-steroid
anti-inflammatory drugs [NSAID] [71], proton pump inhibitors [72]) and alcohol
have also been associated with increased gastrointestinal permeability [73], while
smoking has been found to decrease permeability, and to reduce the adverse effect of
NSAID and alcohol on the gastrointestinal mucosa during simultaneous exposure,
possibly by protecting the intercellular tight junctions of the epithelium [73,74].
Intestinal inflammation and infection leads to decreased expression of GLUT5, a
fructose-specific transporter in the brush border membrane, and thus may impair
fructose absorption [41]. Although, GLUT5 is acutely and efficiently upregulated
by fructose concentration in the intestinal lumen and facilitates absorption, fructose
malabsorption has been shown to occur among healthy individuals at fructose doses
higher than 15 g, particularly in presence of low luminal glucose concentration, as
glucose significantly improves fructose transport through enterocyte [41,75].

In the applications of the biomarker “calibration” equation in the US-based
studies [52,61], an assumption was made that the biomarker’s biases are stable across
participants and across different populations, which may not hold and needs to be
further investigated. The original feeding study, the source of the urinary sugars
“calibration” equation, was conducted in the UK [45]. Total sugars composition in
the UK diet differs from sugars composition in the diet in the US and other countries.
In the UK, table sugar or disaccharide sucrose is the main caloric sweetener, while
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in the US, monosaccharide sweeteners (e.g., fructose, glucose, dextrose) derived
primarily from corn represent more than half of the caloric sweeteners used in
the food supply [76,77]. A significantly different sucrose to fructose ratio in the
US diet may result in different levels of sucrose and fructose measured in urine.
The presence of glucose in the intestinal lumen enhances fructose absorption [75].
Hence, consuming fructose as part of sucrose or from a diet with a similar content of
glucose may result in higher fructose absorption and thus excretion. Therefore, the
performance and applicability of the calibration equation for the 24uSF developed
with the UK diet requires further investigation and validation among US participants.
We need further highly-controlled studies conducted in different populations across
geographical regions to further explore biomarker characteristics and the stability of
its biases, compare its performance, and validate the existing calibration equation for
the 24uSF, or, if more applicable, generate population-specific biomarker calibration
equations to be applied in future studies. Obtaining large sample sizes (n > 100) in
future controlled studies will be crucial for achieving precision in estimating the
biases arising from between-subject variability and for reliably investigating their
effect on biomarker performance (personal communications, L. Freedman). Preparing
and analyzing duplicate diets in such studies will avoid introducing ME from food
composition tables in the estimate of “true intake” and will further increase the
precision of the biomarker calibration equations. Although ensuring completeness of
urine collections may not be necessary in population-based biomarker studies [78],
it is essential in controlled feeding studies. Misestimation of the 24 h urinary
biomarker excretion due to incomplete urine collections may affect the biomarker
calibration equation and thus may lead to errors in the estimation of unbiased
sugars intake in future biomarker studies. Preserving 24 h urine during collection
is required for maintaining the stability of the sucrose and fructose [48], and boric
acid in a concentration of ≤2 g/L has so far been used [45]. Among the analytical
methods applied to measure sucrose and fructose in urine, liquid chromatography
and gas chromatography with mass spectrometry (LC/MS and GC/MS) techniques
use low-cost consumables, however, require expensive instrumentation and technical
expertise [79]. In addition, for the GC and GC/MS analytical approaches, the
sample-preparation step is labor intensive and time consuming [79,80], whereas
the colorimetric method can be easily set up in most laboratories and is compatible
with boric acid as a preservative [45].

Due to large participant burden, complex logistics, and high costs, collection
of 24 h urine samples is not always feasible in large population studies. Investigation
of the utility of spot urines in assessment of sugars intake is much needed and
would undoubtedly lead to findings that could have major practical implications for
epidemiologic studies. The urinary sucrose and fructose biomarker is a short-term
measure of intake excreted 2–6 h after ingestion [44], and so when measured in
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spot urine, the biomarker (besides its inherent biases) will also contain a certain
amount of ME, depending on the timing of the spot urine collection relative to intake.
In the scenario of a population study, these errors will be expected to attenuate
the association between true intake and the biomarker and to make it unstable.
Hence, when measured in spot urine, this biomarker may possibly be used as a
concentration, rather than as a predictive biomarker. Further investigation under
controlled conditions, and identification of determinants of errors associated with the
sugars biomarker measured in spot urine, will inform its future applications as an
unbiased instrument. The concentration of sucrose and fructose in partial collections
has been shown to correlate well with total sugars intake [44] and has been used
previously as surrogate measures of intake, showing a positive association with
obesity risk in a population study [32,33], consistent with the current evidence [2–4].

Recently, the carbon stable isotope ratio (13C/12C, expressed as δ13C) was
proposed as a biomarker of sugars intake in populations consuming sugars abundant
with 13C, such as corn-based sugars and sugar cane [81–83]. Although measuring
component-specific δ13C, such as δ13C in red blood cell alanine, has shown much
promise [84], this biomarker has never been investigated under highly-controlled
conditions of a feeding study. Investigating the comparative performance of
the urinary sugars biomarker and δ13C in relevant populations under controlled
conditions would be particularly useful. Furthermore, a panel of four urinary
biomarkers (formate, citrulline, taurine and isocitrate) indicative of sugar-sweetened
beverage consumption has been identified using a metabolomics-based approach,
and further work needs to be conducted to define their use in population-based
research [85].

The urinary sugars biomarker has so far been used in observational studies only.
One of the critical limitations of intervention studies investigating the effect of sugars
consumption has been the reliance on self-reported measures [5], thus application
of the sugars biomarker as a measure of intervention compliance will inform the
interpretation of findings and help obtain valid estimates of the intervention effect.

Methodologically rigorous development of the urinary sugars biomarker
and its applications in population-based studies has shown that this biomarker
exhibits favorable characteristics for a biomarker and has great potential, yet further
investigation is needed to better characterize and inform its application in different
populations. A validated sugars biomarker that can be applied in available and
future observational and intervention studies with biological samples will serve as
an instrumental resource that would allow correction for ME in self-reported sugars
and detection of unbiased sugars-disease associations. Until strong and consistent
evidence for adverse health effects of sugars is found, no firm advice can be given to
the general public.
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Metabolomics to Explore Impact of
Dairy Intake
Hong Zheng, Morten R. Clausen, Trine K. Dalsgaard and Hanne C. Bertram

Abstract: Dairy products are an important component in the Western diet and
represent a valuable source of nutrients for humans. However, a reliable dairy intake
assessment in nutrition research is crucial to correctly elucidate the link between
dairy intake and human health. Metabolomics is considered a potential tool for
assessment of dietary intake instead of traditional methods, such as food frequency
questionnaires, food records, and 24-h recalls. Metabolomics has been successfully
applied to discriminate between consumption of different dairy products under
different experimental conditions. Moreover, potential metabolites related to dairy
intake were identified, although these metabolites need to be further validated in
other intervention studies before they can be used as valid biomarkers of dairy
consumption. Therefore, this review provides an overview of metabolomics for
assessment of dairy intake in order to better clarify the role of dairy products in
human nutrition and health.

Reprinted from Nutrients. Cite as: Zheng, H.; Clausen, M.R.; Dalsgaard, T.K.;
Bertram, H.C. Metabolomics to Explore Impact of Dairy Intake. Nutrients 2015,
7, 4875–4896.

1. Introduction

Cow’s milk is a good source of nutrients for humans and its health benefits have
been appreciated since the Middle Ages [1]. Currently, cow’s milk plays an important
role in human nutrition, spanning the entire age range from infants to elderly,
especially in Western countries but also increasingly in Asia and Africa. Cow’s milk
can be processed into different types of dairy products, such as butter, cheese, cream,
and yogurt. Due to the different dairy processes, nutritional characteristics may
differ among dairy products, which results in different impacts on human health [2].
Therefore, it is of great importance to qualitatively and quantitatively evaluate
consumption of different dairy products in order to better correlate the effect of dairy
intake to human health. Metabolomics aims at profiling all low-molecular-weight
metabolites in a biological system and has been used as a promising tool to
discriminate different dietary patterns [3], and also to identify dietary biomarkers [4].
Therefore, metabolomics could potentially be used as tool to assess dietary intake
of specific food items in an unbiased way and thereby reduce human error and
subjective bias, such as misremembering, under-reporting and misclassification of a
specific diet, from traditional dietary assessment methods [5]. However, application
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of metabolomics for assessment of dairy intake is still in its infancy and solid markers
for dairy intake still need to be identified and models that can quantify dairy intake
based on analysis of bio fluids, such as urine, are still warranted.

Therefore, the main aim of this review is to emphasize state-of-the-art
assessment of dairy intake using metabolomics and encourage its application in
this area. The present review consists of (i) a short introduction of dairy processing
and nutrients; (ii) a brief description on the association between dairy intake and
human health; (iii) a mini review of the application of metabolomics for assessment
of dairy consumption; and (iv) concluding remarks and future perspectives.

2. Dairy Products and Composition

Cow’s milk is a liquid formed in the mammary glands of dairy cows during
lactation and it is composed of water, protein (approximately 80% casein and 20%
whey), fat (approximately 98% triglycerides), lactose, vitamins, and minerals [6].
Milk is often consumed after minimal processing including removal of varying
amounts of fat and heat treatment, but milk is also to a large extent processed to other
dairy products. Figure 1 displays an overview of the main dairy product categories.
The milk fat can be concentrated from raw milk (4.0% fat) by centrifugation to obtain
cream (up to 48% fat) and low-fat (1.0%–2.0% fat) or skim milk (< 0.5% fat) [6]. Thus,
fat-soluble vitamins (e.g., vitamins A and D) in low-fat or skim milk are reduced or
removed with the fat. In order to be compensated for this vitamin reduction, low-fat
milk can be fortified with the fat-soluble vitamins, especially vitamin D. Butter
is produced by churning cream to achieve a phase inversion from oil-in-water to
water-in-oil emulsion [6]. In addition, fermented milk represents a large proportion of
dairy products. Cheese, as a popular fermented product, is formed after coagulation
of casein micelles using the enzyme chymosin, starter bacteria or heat treatment [7].
Numerous different varieties of cheese exist and their nutrients differ with the cheese
type. In general, cheese consists of casein, saturated fat, fat-soluble vitamins, calcium,
and bioactive peptides [7]. Yogurt is also a fermented dairy product obtained from a
fermentation process by lactic acid bacteria, which produces lactic acid from lactose.
The composition of yogurt is comparable to the original milk, while many nutrients in
yogurt are more concentrated [8]. Whey protein can be concentrated as a by-product
from cheese production and used as an additive in food to enhance specific physical
properties or improve its nutritional value. Moreover, water can be removed from
milk or other dairy products by evaporation to produce dry dairy products.
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Figure 1. Overview of milk and various dairy products obtained from different processing 
schemes: (1) coagulation; (2) separation; (3) churning; (4) fermentation; (5) evaporation. 
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Dairy products as nutrient-rich sources have been recommended as an important component in 
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and body weight regulation. A systematic review based on prospective cohort studies revealed that the 
weight-lowering effect of dairy intake is suggestive but not consistent [10]. A meta-analysis from 
Abargouei et al. [11] reported that the effect of dairy intake on body weight depended on the energy 
intake; without energy restriction no effect of dairy intake was observed, but with energy restriction a 
beneficial effect of dairy intake on body weight was observed. Similarly, Chen et al. [12] found that 
dairy intake only attenuated body weight gain in the short-term or in energy-restricted studies, but not 
in the long-term or in non-energy-restricted studies. Dairy products have traditionally been considered 
to have an undesirable effect with respect to overweight and obesity due to a high content of saturated 
fat. Yet, in a recent systematic review the intake of high-fat dairy products was inversely linked with 
adiposity in 11 of 16 studies and adverse effects of high intake of dairy fat [13] could not be supported. 
Mechanisms explaining the potential weight-lowering effects of dairy intake have been suggested. The 
high calcium content in dairy products may facilitate a weight loss: firstly, calcium can suppress 
lipogenesis and stimulate lipolysis [14]; secondly, calcium can increase fecal fat excretion by 
combining with fatty acids and thereby forming insoluble soaps in the gut [15]; thirdly, calcium may 
increase fat oxidation [16]. Recently, milk and primary its medium chain fatty acids showed an  
up-regulating effect of the ANGPTL4-gene [17,18]. The ANGPTL4-gene increases the production of 
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Figure 1. Overview of milk and various dairy products obtained from different
processing schemes: (1) coagulation; (2) separation; (3) churning; (4) fermentation;
(5) evaporation.

3. Dairy Intake and Human Health

Dairy products as nutrient-rich sources have been recommended as an important
component in human nutrition and associated with potential health benefits.

3.1. Overweight and Obesity

Overweight and obesity are becoming more and more common health issues and
their prevalence is rapidly growing in the world [9]. Many studies have examined the
relationship between dairy consumption and body weight regulation. A systematic
review based on prospective cohort studies revealed that the weight-lowering
effect of dairy intake is suggestive but not consistent [10]. A meta-analysis from
Abargouei et al. [11] reported that the effect of dairy intake on body weight depended
on the energy intake; without energy restriction no effect of dairy intake was
observed, but with energy restriction a beneficial effect of dairy intake on body weight
was observed. Similarly, Chen et al. [12] found that dairy intake only attenuated
body weight gain in the short-term or in energy-restricted studies, but not in the
long-term or in non-energy-restricted studies. Dairy products have traditionally been
considered to have an undesirable effect with respect to overweight and obesity due
to a high content of saturated fat. Yet, in a recent systematic review the intake of
high-fat dairy products was inversely linked with adiposity in 11 of 16 studies and
adverse effects of high intake of dairy fat [13] could not be supported. Mechanisms
explaining the potential weight-lowering effects of dairy intake have been suggested.
The high calcium content in dairy products may facilitate a weight loss: firstly,
calcium can suppress lipogenesis and stimulate lipolysis [14]; secondly, calcium

186



can increase fecal fat excretion by combining with fatty acids and thereby forming
insoluble soaps in the gut [15]; thirdly, calcium may increase fat oxidation [16].
Recently, milk and primary its medium chain fatty acids showed an up-regulating
effect of the ANGPTL4-gene [17,18]. The ANGPTL4-gene increases the production of
the ANGPTL4 protein, which has great impact on the uptake of fat from the blood
stream to the adipose tissue by inhibition of lipoprotein lipase, but which recently
also was shown to inhibit the pancreatic lipase in the gut [19], thus potentially also
reducing the uptake of dietary fat. In addition, milk protein, especially whey, may
regulate body weight: firstly, whey increases satiety and reduces energy intake [20];
secondly, whey enhances the thermic effect of food, resulting in higher post-meal
energy expenditure [21]; thirdly, whey suppresses lipogenic enzyme in the adipose
tissue [22]. In addition, fermented dairy products have been shown to result
in increased gut bacterial content in humans [23], which must be considered an
intriguing finding as there is increasing attention to the role of gut microbiota on the
development of obesity [24].

3.2. Diabetes

Diabetes is a growing challenge for human health. Interestingly, an inverse
correlation between dairy intake and the incidence of type 2 diabetes (T2D) has
been established. In a meta-analysis performed by Pittas et al. [25], a lower T2D
risk was found in the highest dairy intake group (3–5 servings/day) compared
with the lowest dairy intake group (1.5 servings/day). Elwood et al. [26] also
reported that the relative risk of T2D is almost 10% lower after high milk intake.
Moreover, several meta-analyses found that low-fat or fermented dairy products
protect against T2D [27–30]. Yet, a recent systematic review based on short- and
long-term intervention studies did not show a consistent association between dairy
intake and insulin sensitivity [31]. The mechanism behind the impact of dairy
consumption on T2D can likely be explained partly by the weight-lowering effect
of dairy intake (Section 3.1). In addition, several components in dairy products are
suggested to protect against T2D. Dairy minerals, such as calcium and magnesium,
have a potential for improving insulin sensitivity [32,33]. Intake of vitamin D has been
associated with a lower risk of T2D by reducing insulin resistance [34]. Insulinotropic
and glucose-lowering properties of whey protein have been reported in healthy
subjects and patients with T2D [35]. Free fatty acids have been shown to increase
insulin secretion from pancreatic β cells by activating G-protein-coupled receptor,
GPR40 [36]. trans-Palmitoleate, primarily from dairy fat, may also reduce insulin
resistance and incident diabetes [37].
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3.3. Hypertension

Intake of milk and low-fat dairy products has been reported to hold an
inverse correlation with hypertension risk [38,39]. A meta-analysis based on
randomized controlled trials revealed that probiotic fermented milk protects against
hypertension [40]. Several mechanisms behind the association between dairy
intake and hypertension have been proposed. Firstly, the weight-lowering effect
of dairy consumption is responsible for a lower risk of hypertension according
to a meta-analysis performed by Neter et al. [41], where they found that systolic
and diastolic blood pressure decreased by 1.1 and 0.9 mm Hg, respectively, with
a decrease in body weight of 1 kg. Secondly, calcium intake from dairy products
can maintain smooth muscle tone in blood vessels [42,43]. Other dairy minerals
including magnesium [44], calcium [45], and potassium [46] may also contribute
to a hypotensive effect. Thirdly, casein hydrolysates containing Val-Pro-Pro and
Ile-Pro-Pro peptides have been observed to lower blood pressure in intervention
studies [47–49], which is attributed to an inhibition of angiotensin converting enzyme
(ACE). Several other possible peptide inhibitors of ACE have also been identified
from milk, such as casokinins [50], C12 peptide [51], lactotripeptides [52], and
lactokinins [53]. Moreover, milk peptides, such as lactokinin, may also regulate
the release of endothelin-1, which can raise blood pressure by constricting blood
vessels [54,55].

3.4. Cancer

Meta-analyses show an inverse correlation between dairy intake and colorectal
cancer [56], a direct correlation between dairy ingestion and prostate cancer [57],
while the correlations between dairy consumption and breast cancer [58], pancreatic
cancer [59] and ovarian cancer [60] are inconclusive. For bladder cancer, the link
varied with different types of dairy products [61,62]. The risk of cancer has been
associated with obesity and T2D, which may be attributed to a high IGF-I level,
insulin resistance and hyperinsulinemia [63,64]. Therefore, the effect of dairy
intake on obesity and T2D may partly have contributed to the link between dairy
consumption and cancer risk (Sections 3.1 and 3.2). Yet, milk consumption may
increase the IGF-I level, indicating an adverse effect of milk intake on cancer
development [65]. An inadequate intake of calcium and vitamin D is associated
with an increased risk of cancer [66]. Whey protein exerts anticancer properties by
increasing the level of glutathione, which can reduce reactive oxygen species and
carcinogens [67]. Bovine lactoferrin also plays a role in cancer prevention by induction
of apoptosis and regulation of carcinogen-metabolizing enzymes [68]. Dairy fat like
conjugated linoleic acid may also protect against cancer [69]. In addition, Lampe [70]
suggested that the associations between fermented dairy products, gut microbiota,
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and cancer risk needs further exploration. Overall, due to the complexity of cancer,
the mechanisms behind the effect of dairy intake on cancer risk remain unresolved.

3.5. Stroke

A recent meta-analysis revealed that low-fat or fermented dairy products
were significantly related to low risk of stroke [71]. Moreover, a non-linear dose
dependency was established between milk intake and relative stroke risk, in which
the highest protective effect was found at approx. 200 mL/day and such an effect
remained up to 700 mL/day. The correlation between dairy intake and stroke can
most likely be attributed to the weight-lowering effect of dairy consumption [72].
Another possible mechanism might be that dairy consumption can reduce platelet
aggregation and insulin resistance [73]. In addition, dairy minerals such as K, Ca,
and Mg potentially contribute to reduce stroke risk [73].

3.6. Bone Health

Dairy product intake plays an important role in bone development during
childhood and adolescence and prevention of bone loss in the elderly, which is
attributed to the high contents of calcium, vitamin D, potassium, and phosphorus in
dairy products [74,75].

4. Dairy Intake Assessment

4.1. Significance of Dairy Intake Assessment

Epidemiological evidence for a role of dairy products on human health has been
comprehensively reported, yet their correlations differed with different types of dairy
products, human diseases, and dietary regime (Section 3). A possible explanation
for this discrepancy sometimes observed could be the different compositions of
various dairy products. In addition, a poor or incorrect assessment of dairy intake
may be another reason for this discrepancy. Thus, one of the greatest challenges for
achieving a better understanding of dairy health in humans relies on the ability
to obtain trustworthy information on dairy intake. Dietary assessment can be
classified into two levels; qualitative and quantitative assessment. The former
aims at discriminating between different diet groups, while the latter attempts
to evaluate the amount of dietary intake. Food frequency questionnaires (FFQ),
food records, and 24-h recalls are traditionally used to quantitatively assess dietary
intake. However, these methods have several limitations, such as misremembering,
under-reporting, and misclassification of the specific food items [76], which may
mask important or make incorrect links between dietary intake and human health.
Therefore, finding a reliable assessment method, such as biomarker utilization, is
of great importance. Biomarkers, as measurable indicators of biological features,
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are categorized into exogenous and endogenous markers based on their origin [77].
Exogenous biomarkers can be applied to evaluate potential exposure to a specific
diet, while endogenous markers are directly associated with metabolic changes in
response to dietary ingestion. Thus, using exogenous biomarkers to evaluate dairy
consumption may reduce the limitations of traditional assessment methods, improve
the reliability and accuracy of dairy intake data, and thereby better elucidate the
impact of dairy intake on human health.

4.2. Assessment of Dairy Fat Intake

By correlating the level of fatty acids in biological samples with the dietary data
from traditional methods, several biomarkers for assessment of dairy fat intake have
been identified. Wolk et al. [78] found that pentadecanoic (15:0) and heptadecanoic
(17:0) acids in adipose tissue might be validated as exogenous biomarkers of
long-term milk fat intake. The content of 15:0 in serum was also identified as a
marker of dairy fat intake [79–81]. Wolk et al. [80] identified a new marker, myristic
acid (14:0), in adipose tissue for dairy fat intake. Biong et al. [82] confirmed that the
levels of 14:0, 15:0, and 17:0 in adipose tissue can be regarded as valid biomarkers
of dairy fat intake. Moreover, 14:1 and 17:1 could be two new potential markers
and serum 15:0 cholesteryl esters is the best alternative if adipose tissue is not
obtainable [82]. Moreover, plasma and erythrocyte levels of 15:0 and trans-16:1n-7
might be indicators to assess dairy fat consumption [83].

Furthermore, there have been attempts to associate these biomarkers with
human diseases for exploring the health benefits of dairy intake. A higher plasma
level of 15:0 was linked to a higher risk of ischemic heart disease in women [83].
Warensjö et al. [84] established an inverse correlation between the level of milk
fat biomarkers (15:0 and 17:0) in plasma and risk of developing a first myocardial
infarction. Yet, the levels of 15:0 and 17:0 in adipose tissue were not associated with
myocardial infarction risk, probably due to the influence of other nutrients [85]. The
plasma trans-16:1n-7 level was inversely correlated with blood pressure and T2D
incidence [37]. The content of 15:0 but not 14:0 and trans-16:1n-7 in plasma was
observed to have an inverse correlation with cardiovascular disease and coronary
heart disease [86]. Moreover, Santaren et al. [87] found that the serum 15:0 level was
inversely correlated with T2D risk. Plasma 14:0, 15:0, 17:0, and trans-16:1n-7 levels
were not significantly associated with stroke risk [88].

However, recently Ratnayake [89] raised concern in relation to the use of these
fatty acids as biomarkers of dairy fat intake. This concern is related to the fact that
the fatty acids 15:0, 17:0, and trans-16:1n-7 may also be derived from other food
sources than dairy fat, and trans-16:1n-7 may also be endogenously synthesized
from β-oxidation of dietary vaccenic acid. In addition, analytical challenges exist as
these fatty acids need to be identified carefully due to small amounts in samples and
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co-elution with other fatty acids during GC analysis. Lankinen & Schwab [90] also
suggested that 15:0 and 17:0 might be used as valid biomarkers of dairy fat intake if
subjects consume a high amount of dairy fat and a low amount of fish. Overall, care
must be taken to use these fatty acids in dietary assessment studies of dairy intake,
and dietary origin and the analytical method should be taken into account.

Dairy fat in different matrices may possess different health effects. For instance,
cheese fat lowers LDL-cholesterol level more than butter fat [91,92]. Therefore, the
discrimination between consumption of different types of dairy products is also of
great interest and important for elucidating the impact of dairy fat on human health.

4.3. Principle in Assessment of Dairy Intake by Metabolomics

Metabolomics aims to provide a comprehensive profile of all low-molecular-
weight metabolites in the biological system under a particular condition, such as a
dietary intervention. Metabolites can be regarded as exposure markers or metabolic
products after consumption of a specific food. The basic procedure of metabolomics
is shown in Figure 2: Firstly, biological samples typically urine, blood and/or feces
are collected from subjects consuming a specific food; secondly, metabolite profiles
of the samples are measured by analytical techniques such as nuclear magnetic
resonance (NMR), liquid chromatography-mass spectrometry (LC-MS) and gas
chromatography-mass spectrometry (GC-MS); thirdly, multivariate and univariate
analyses are applied to analyze data in order to identify potential metabolites
related to dietary intake; and finally, potential markers are validated in further
studies. However, the validation of candidate biomarkers is rarely performed in
most published metabolomics studies on dietary intake evaluation, which hampers
the use of these biomarkers in clinical studies.
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Figure 2. The basic procedure of metabolomics for dietary intake assessment.

Metabolomics provides a good opportunity in dietary intervention studies to
identify biomarkers for assessment of dietary intake [3,5]. Yet, metabolomics is
also facing many challenges, such as metabolite identification and efficient data
analysis of the comprehensive data sets [93]. Except technical challenges, intrinsic
(e.g., genotype, gender, age, health status) and extrinsic (e.g., diet, drug, physical
activity) factors that influence the metabolome also challenge the development of
metabolomics in dietary nutrition studies [94].
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4.4. Metabolomics Applied to Identify Biomarkers Related to Dairy Intake

Metabolomics in combination with data analysis can potentially identify
biomarkers, fingerprints, and associated models that can assess dairy intake
quantitatively. However, only a few studies have applied metabolomics with main
focus on the identification of biomarkers related to the intake of dairy products.
In order to review current metabolomics studies on dairy products intake, we did
a systematic literature search using the databases, PubMed [95], EMBASE [96] and
SCOPUS [97], from 1995 to May 2015 by using the following search terms: (“dairy”
OR “milk” OR “cheese” OR “butter” OR “casein” OR “whey”) AND (“metabolomic”
OR “metabonomic” OR “metabolic profiling” OR “metabolite” OR “metabolomic”
OR “mass spectrometry” OR “nuclear magnetic resonance” OR “LC MS” OR “GC
MS” OR “NMR”) AND (“random” OR “andomly” OR “randomized” OR “control”
OR “controlled” OR “cross over” OR “intervention” OR “trial”) AND (“urine” OR
“urinary” OR “blood” OR “plasma” OR “serum” OR “feces” OR “faeces” OR “fecal”).
The selected literature was published in English and conducted in human subjects.

Metabolomics was applied to identify dietary biomarkers in an epidemiologic
study by Guertin et al. [98]. In this study, serum metabolites were measured using
MS-based metabolomics and intake of 36 different dietary groups was recorded
through the FFQ method. Using a correlation analysis between the MS-based
metabolome and the FFQ data, Guertin et al. [98] found that serum 15:0, 16:0, and
10-undecenoate levels were directly correlated with butter consumption. However,
the disadvantage of the FFQ such as under- or over-reporting of food consumption
should be taken into account in this study.

4.5. Metabolomics Applied to Elucidate Metabolic Impact of Dairy Intake

Metabolomics has been applied for the assessment of both whole product
and dairy protein intake under different experimental designs. Table 1 shows
changes in metabolites detected as a function of dairy intake by metabolomics.
These metabolites may be potential markers for quantitative assessment of dairy
consumption. Metabolomics has also been applied to examine the change of
metabolites after dairy intake in controlled intervention trials. Bertram et al. [99]
investigated the metabolic response of milk and meat intake in 8-year-old boys
for seven days using NMR-based metabolomics and found that milk consumption
reduced urinary hippurate excretion and increased serum SCFA level. Both GC-MS
and NMR-based serum metabolomics failed to discriminate between intake of
probiotic and non-probiotic acidified milk in the subjects aged from 18–79 years,
while an increase in lactate, glutamine, proline, creatinine/creatine, aspartic acid, and
3-hydroxybutyrate, as well as a reduced glucose level were observed after the 8-week
intervention of both acidified milk drinks [100,101]. Moreover, NMR-based urine
metabolomics was applied to elucidate the different responses to casein and whey
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consumption in 12–15 year old overweight adolescents during a 12-week intervention
period and a significant increase in urinary urea excretion was found after casein
intake but not after whey intake [102]. Piccolo et al. [103] revealed that whey protein
supplementation in obese women resulted in a unique plasma metabolic pattern
during an 8-week weight loss intervention by GC-MS-based metabolomics and
decreased Pro- and Cys-related metabolites, as compared with a gelatin-based protein
supplementation. Using an NMR-based metabolomics approach, we found that high
dairy intake (4–5 dairy products/day) had a significant impact on urinary metabolite
profiles in overweight/obese women (age: 18–60 years old) relative to low dairy
intake (0–1 dairy products/day) during a 24-week energy-restricted intervention
[unpublished data]. The 24-week intervention with high dairy consumption
increased urinary citrate excretion and decreased TMAO levels significantly.

In a crossover study, subjects consumed each diet at different time
periods, which means that the influence of individual variation is minimized.
Hjerpsted et al. [104] applied LC-MS metabolomics on urine to evaluate the difference
between cheese and butter consumption in the subjects aged from 22–70 years during
a 6-week crossover intervention, yet no separation was obtained by multivariate
data analysis. However, by using univariate data analysis, the increases in urinary
indoxyl sulfate, xanthurenic acid, tyramine sulfate, 4-hydroxyphenylacetic acid,
isovalerylglutamic acid, isovalerylglycine, tiglylglycine, and isobutyrylglycine levels
were identified after cheese intake. Intriguingly, in a 2-week crossover study, an
NMR-based metabolomics approach based on urine and feces samples was able to
successfully discriminate between intake of cheese and milk in 18–50 year old healthy
men [105]. Cheese intake resulted in increased urinary prolinebetaine, tyrosine and
hippurate as well as fecal butyrate and malonate, while reduced levels of citrate,
creatine and creatinine in urine and glycerol in feces.

Yde et al. [106] investigated the impact of dairy protein (whey and
calcium caseinate) on post-exercise plasma metabolism in young male subjects
(age: 28 ± 2 years old) using NMR-based metabolomics. No difference in
low-molecular-weight metabolites was found between the two dairy proteins.
However, whey protein increased VLDL and reduced LDL, while an increase in both
VLDL and LDL levels in plasma was observed after intake of caseinate protein [106].
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Furthermore, the postprandial effect of dairy protein intake was assessed by
metabolomics. Stanstrup et al. [107] used a LC-MS-based metabolomics approach
to discriminate between different whey protein fractions consumption on plasma
metabolite profiles of obese/non-diabetic subjects (age: 44–74 years old) and found
that the levels of amino acids and their derivatives were directly correlated with the
composition of whey proteins. Moreover, increased cyclic dipeptides were identified
after intake of hydrolysed whey, which is probably associated with its insulinotropic
effect [107]. Stanstrup et al. [108] also observed that intake of whey isolate caused
a postprandial increase in amino acids and a reduction in fatty acids in plasma of
obese/non-diabetic subjects (age: 40–68 years old).

Overall, metabolomics has been applied for qualitative assessment of dairy
intake under different experimental conditions, where many factors including
individual difference, intervention dose and duration as well as daily diet and
physical activity may affect the human metabolome. Thus, care should be taken
when comparing the results from different studies. In addition, the potential of these
metabolites as biomarkers needs to be further established in other intervention or
cohort studies before they can be used as valid markers for quantitatively evaluating
dairy consumption and for exploring the association between dairy intake and
human health.

5. Conclusions

A reliable dairy intake assessment method is essential to better explore the
impact of dairy products on human health. Metabolomics as a qualitative assessment
tool has shown a potential to discriminate between consumption of different dairy
products. Furthermore, metabolomics identified several potential metabolites related
to dairy intake, but further validations are required to establish valid biomarkers
for quantitative assessment of dairy consumption. Currently the most prominent
biomarkers candidates include the 14:1 and 17:1 fatty acids and serum 15:0 cholesteryl
esters [83].

Metabolomics could be used as an assessment tool of dairy intake, yet further
studies are needed to confirm its usefulness and to expand its application in
this research area. In addition, a number of suggestions need to be addressed.
Metabolomics studies related to dairy consumption have primarily focused on
discriminating between intake of different dairy products, but the quantitative
association between metabolite profiles and dairy intake have still not been examined.
Since different dairy products have different compositions and therefore may exert
different metabolic effects, it would be attractive to investigate different types of dairy
products separately when evaluating their consumption. Measuring the composition
of dairy products may facilitate identification and analysis of exogenous biomarkers
in metabolomics datasets obtained from biological samples. It is suggested to further
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identify and validate exogenous biomarkers, especially more specific biomarkers, as
indicators of dairy intake instead of the FFQ method in the dairy nutrition research.
Combined biomarkers could be more reliable and valid for dairy intake assessment
than a single marker. Finally, biomarkers need to be validated in clinical trials.
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Cross-Continental Comparison of National
Food Consumption Survey Methods—A
Narrative Review
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Alanna J. Moshfegh, Rosangela A. Pereira, Haeng-Shin Lee, Pieter van’t Veer,
Stefaan De Henauw and Inge Huybrechts

Abstract: Food consumption surveys are performed in many countries. Comparison
of results from those surveys across nations is difficult because of differences in
methodological approaches. While consensus about the preferred methodology
associated with national food consumption surveys is increasing, no inventory of
methodological aspects across continents is available. The aims of the present review
are (1) to develop a framework of key methodological elements related to national
food consumption surveys, (2) to create an inventory of these properties of surveys
performed in the continents North-America, South-America, Asia and Australasia,
and (3) to discuss and compare these methodological properties cross-continentally.
A literature search was performed using a fixed set of search terms in different
databases. The inventory was completed with all accessible information from
all retrieved publications and corresponding authors were requested to provide
additional information where missing. Surveys from ten individual countries,
originating from four continents are listed in the inventory. The results are
presented according to six major aspects of food consumption surveys. The most
common dietary intake assessment method used in food consumption surveys
worldwide is the 24-HDR (24 h dietary recall), occasionally administered repeatedly,
mostly using interview software. Only three countries have incorporated their
national food consumption surveys into continuous national health and nutrition
examination surveys.

Reprinted from Nutrients. Cite as: De Keyzer, W.; Bracke, T.; McNaughton, S.A.;
Parnell, W.; Moshfegh, A.J.; Pereira, R.A.; Lee, H.-S.; van’t Veer, P.; De Henauw, S.;
Huybrechts, I. Cross-Continental Comparison of National Food Consumption Survey
Methods—A Narrative Review. Nutrients 2015, 7, 3587–3620.

1. Introduction

Food consumption surveys (FCS) are used to estimate intakes of foods and
nutrients by a certain target population from a specified region. Usually, they are
initiated by governmental organizations to (1) identify deficient or excessive intakes
of nutrients, (2) assess accordance with food-based dietary guidelines, or (3) estimate
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food safety related risks (e.g., contaminant exposures), using national representative
samples. However, in light of comparability of results cross-continentally, a thorough
overview and comparison of methodological aspects associated with these surveys in
each continent is requested and has therefore been initiated in this cross-continental
comparison of national food consumption survey methods.

In Europe, efforts have been made to harmonize methodological aspects related
to dietary intake assessment (DIA) in the context of national nutrition surveys. Briefly,
in the European Food Consumption Survey Method project (EFCOSUM), it was
agreed that two non-consecutive 24-HDR (24 h dietary recall), are the most suitable
to get internationally comparable data on population means and distributions of
actual intake [1]. In addition, the menu-driven standardized 24-HDR program
EPIC-Soft (IARC, Lyon, France) was considered to be the most appropriate software
for standardized data collection in a pan-European survey. Following the EFCOSUM
project, in the European Food Consumption Validation (EFCOVAL) project, EPIC-Soft
was upgraded and adapted, and the two non-consecutive 24-HDRs using EPIC-Soft
were validated using urinary biomarkers [2]. The software was further evaluated for
use in the European Union (EU) Menu project [3], a pan-European food consumption
survey among EU member states led by EFSA via the feasibility studies EMP-PANEU
(Food Consumption Data Collection Methodology for the EU Menu Survey) and
PANCAKE (Pilot study for Assessment of Nutrient intake and food Consumption
Among Kids in Europe) [4–6]. In 2014, an EFSA report was published aiming to
identify and evaluate available European data collection protocols and tools for
capturing food consumption information [7]. Previously, Huybrechts et al. reported
on the experiences from European national or regional dietary monitoring surveys
using the standardized EPIC-Soft program [8], making a further inventory on this
standardized methodology used in Europe redundant and leading to the decision to
exclude Europe from this cross-continental inventory.

Within the framework of the African Study on Physical Activity and Dietary
Assessment Methods (AS-PADAM) project, an inventory questionnaire on the
availability of dietary assessment methods was developed and results from eighteen
African countries were presented [9]. In contrast to Europe, the inventory showed
that for the African continent, high quality, validated and standardized tools are
currently lacking, making it difficult to monitor the different phases and speed of the
nutrition transition across its countries. Due to this in depth inventory published in
the framework of the AS-PADAM project, it was decided to exclude Africa as well
from this cross-continental inventory.

As mentioned before, in light of comparability of results cross-continentally, a
thorough overview and comparison of methodological aspects associated with these
surveys in each continent is requested. Therefore, the aims of the present paper are
(1) to develop a framework of key parameters describing methodological aspects
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of FCS, (2) to create an inventory of methodological properties of national food
consumption surveys performed on the continents North-America, South-America,
Asia and Australasia, and the remaining continents for which such in depth
inventory is still missing, and (3) to discuss and compare these methodological
properties cross-continentally.

2. Experimental Section

2.1. Development of the Inventory Framework

First, key methodological properties of FCS were identified in order to construct
a framework available for developing the inventory. This framework was based
on the one used by Huybrechts and co-workers [8]. After author debate, it was
decided to categorize the properties into six aspects of conducting an FCS: (1) target
population, survey design and sampling, (2) dietary intake and other assessments,
(3) recruitment of participants, (4) fieldwork characteristics, (5) data/nutrient
analyses, and (6) recruitment and training of the interviewers. The framework
was designed as a table listing FCS in the rows and property fields in the columns.
In total, twenty-nine fields were created. The fields to be completed per survey are
presented in Table 1.

Table 1. Overview of inventory framework.

General items Recruitment of participants Recruitment and training
of interviewers

Continent Invitation type Recruitment criteria interviewers
Country Incentives Number of interviewers
Survey Number of participants (n) Training material/Training topics

Target population, survey
design and sampling Participation rate (%) Training duration

Sex Problems in recruitment

Age (years) Fieldwork characteristics
and data controls

Sampling method and design Place of DIA administration
Sampling frame Time-span fieldwork

Dietary intake and
other assessments Intermediate controls

Method Final data controls
Total recalls (n) Food linking and analysis
Administration Food classification system

Portion size estimation Food composition databases

Interview aids/software Statistical procedures/
adjustment (software)

Measured anthropometrics Methods for calculating under-
or overreporters

Biological samples

DIA: dietary intake assessment.
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2.2. Search Strategy

As proposed by Blanquer et al. [10], a combined strategy for data acquisition was
used. Firstly, a systematic literature search was performed and subsequently, experts
were contacted to complete missing information which could not be found in the
literature. We used the electronic database MEDLINE (PubMed) and Web of Science
to identify studies reporting on food consumption surveys from 1985 to December
2011. Text terms with appropriate truncations, Boolean operators and relevant
indexing terms were used. The reference lists in the articles, reviews and textbooks
retrieved were also investigated for additional publications yielding a substantial
amount of grey literature like reports available on websites of governmental bodies.
The key words used in the search were: “national nutrition survey”; “food and
nutrition survey”; “dietary consumption survey”; “dietary intake”; “nutrition
examination”; “nutrition survey”; and “dietary intake assessment”. Additional
terms referring to a country or continent were added to this search query for
obtaining region-specific information. The selection of continents was based on
the seven-continent model excluding Europe (pan-European methodology and
inventory of experiences are reported elsewhere [7,8,11]), Africa (availability of
dietary assessment tools in Africa have been reported previously by Gavrieli et al. [7])
and Antarctica (no permanent habitation).

The exclusion criteria that were used to withdraw retrieved surveys were: (1) age
(nutrition surveys in children only were excluded given their age-specific approach
in terms of dietary intake assessment); (2) indirect or ecological measurement of food
intake (e.g., food balance sheets or household budget surveys); (3) absence of dietary
intake assessment (e.g., nutritional assessment based on anthropometric or clinical
measurements), and (4) publications or reports not available in English and/or not
accessible online.

Once the table was completed based on the information available from the
retrieved publications, it was e-mailed to principal investigators or corresponding
authors of studies reporting on the food consumption survey with an accompanying
request to fill in the blanks. This additional information was then merged with the
tables and the inventory was distributed to all collaborators for final review.

3. Results

The first step of the search strategy yielded a total of 12,605 articles. From this,
4,511 articles met at least one of the exclusion criteria. In the remaining articles, single
surveys from individual countries were identified. A total of ten countries from
four continents were retained: North-America: Canada, United States (US), Mexico;
South-America: Brazil; Asia: China, Japan, Korea (South), Malaysia; Australasia:
Australia, New Zealand. In total, data from 28 FCS are presented in the overview.
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3.1. Target Population, Survey Design and Sampling Method

Table 2 summarizes the study design aspects and methods of the selected
surveys. The ages of the target populations ranged from less than 1 year of age to
over 80 years. Surveys including all age categories were from Canada, US, Mexico
(MHNS-06), China (1991 and onwards), Japan, Korea and Australia. In all surveys,
both genders were included except for Mexico (NNS-1999) that included women only.
In all surveys, a multistage sampling design was used to select study participants.
The sampling frames used for selection of sampling units were based either on census
data (US, Mexico, Brazil, Korea and New Zealand), a combination of frames like
healthcare registries and labour force data (Canada), strata from counties (China),
or enumeration blocks (geographical areas which are artificially created to have
about 80 to 120 living quarters (Malaysia)). For Canada, the US, Mexico, China,
Korea and Australia the national food consumption survey was also part of a health
(examination) survey. The dietary monitoring surveys were cross-sectional, some
of which have a continuing character since they are repeated annually or biennially
(the US, China, Japan and Korea). For the US and China, participants are included in
a cohort for tracking over time.

3.2. Numbers of Participants and Participation Rates

In Table 3, recruitment aspects of all selected surveys are listed. Sample sizes of
single surveys ranged from 2,596 (Mexico; NNS-1999) to over 30,000 (Canada and
Brazil). This latter figure was larger when taking into account the totals of all samples
in the continuous programs in the US, China and Korea. Participation rates were
above 90% in Korea (KNHANES 1998) and Malaysia; between 80.0%–89.9% in the
US (NHANES 2001, 2005), Mexico (NNS-1999), Brazil, China and Korea; between
70.0%–79.9% in Canada, the US (NHANES 2003, 2007 and 2009), and Australia
(for the FFQ); and below 70% in Japan, Australia (for the 24-HDR) and New Zealand.
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3.3. Dietary Intake Assessment Methods

Most surveys used 24-HDR as the principal DIA method (Table 4). Multiple
recalls for all participants were available in the US (2 recalls in NHANES 2003 and
onwards) and China (3 recalls). In some countries, duplicate recalls were available in
a subsample only (Canada, Korea, Australia and New Zealand). A computer-assisted
personal interview (CAPI) was performed in the US (NHANES 2001), Malaysia
and New Zealand. In Canada and the US (NHANES 2003 and onwards), a CAPI
was performed during the first recall and a computer assisted telephone interview
(CATI) during the second recall. In the surveys from China and Australia, the
24-HDR was performed with paper and pencil in a face-to-face interview. In Korea,
a face-to-face interview was performed, no interview software was reported, and
in Mexico, the administration of the 24-HDR was also not reported in the study
report. A prospective DIA method was only used in Brazil and Japan (2-day EDR
and 1- or 3-day semi-weighed DR respectively). Finally, Mexico (MHNS-06) used
only a semi-quantitative FFQ to report on frequencies of intake during the past seven
days. An FFQ (formerly called Food Propensity Questionnaire) was also used in
addition to a principal DIA method to identify frequencies of consumption and
non-consumers of various food groups in Canada, the US, Japan, Korea, Malaysia,
Australia and New Zealand (NNS97).

3.4. Fieldwork Characteristics and Data Controls

In Table 5, the fieldwork aspects of the nutrition surveys are presented. All
surveys reported that at least one interview was conducted when the participant
was at home. For surveys with multiple interviews, at least one was conducted
at home. Interviews could either be a face-to-face or a telephone interview. In
cases where the DIA was a dietary record, interviews were performed to review
the participant’s records and to check for completeness (Brazil and Japan). Another
place for administrating the DIA was at mobile examination centres (MEC) (the US,
NHANES). The time-span of the fieldwork was at least one year (all seasons) in
Canada, the US, Brazil, Korea (KNHANES 2008 and onwards), Malaysia, Australia
and New Zealand.
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3.5. Food Linking and Analysis

Table 6 summarizes features related to data analyses of the nutrition surveys.
Surveys using multiple measures of intake are able to correct for within-person
variability. Most surveys used the Nusser method (using Software for Intake
Distribution Estimation SIDE or C-SIDE) developed at the Iowa State University (ISU)
to calculate distributions of usual intake (Canada, US NHANES 2003, Brazil, Korea
and New Zealand). For the US, from NHANES 2005 and onwards, the NCI method
developed by the National Cancer Institute was used. Finally, in the Australian
survey, an equation by the US National Academy of Science (NAS) was used to
adjust for within-person variance [33]. Furthermore, misreporting of energy intake
was assessed using either the Goldberg method [37] (EI:BMRest) (the US, Brazil,
Malaysia and Australia) or the equations by Black and Cole [38] (Canada). Two
surveys indicated that no calculation of misreporting was performed (Korea and
New Zealand).

3.6. Recruitment and Training of Field Staff

In Table 7, recruitment and training of the interviewers and field staff in the
nutrition surveys are listed. In China, Japan, Korea, Malaysia and Australia, it was
mandatory that the interviewers be nutritionists or dietitians. In other countries,
interviews were performed by trained interviewers, who were familiar with local
food customs (New Zealand), or professional interviewers working on a variety of
surveys (Canada). For interviewers in the US, a high school diploma was considered
to be the minimum education requirement, as this is necessary for government
jobs. Training was provided on a variety of topics like interviewing (and probing)
skills (Canada, the US, Brazil, China, Korea, Malaysia, Australia and New Zealand),
training on contacting participants, and software training. The duration of these
training sessions ranged from three days (China) to fifteen days (Korea, KNHANES
2009). The average duration of reported training programs for interviewers was
around seven days.

4. Discussion

This review presents an inventory of methodological aspects related to the
performance of national food consumption surveys in different continents for
which an in depth inventory on the dietary intake assessment methods used was
still missing. Inventories covering both standardized and non-standardized data
collection protocols and tools for capturing food consumption information on the
European and African continent have been published before [7–9]. The present
inventory comprises a total of twenty-eight food consumption surveys performed
in ten countries from four continents: North-America, South-America, Asia and
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Australasia. In six countries (Canada, the US, Mexico, China, Korea and Australia),
the FCS was part of a larger health examination survey from which three (the US,
China and Korea) have been continuous programs. When surveys were not part of a
larger health examination survey, the overview shows that questionnaires on health
and physical activity were often still included.

The most common approach to assess dietary intake was the use of replicate
24-HDR in combination with an FFQ. In most countries, replicate 24-HDR interviews
were administered to subsamples ranging from <10% to 30% of the total sample.
For instance, in 2002, the Korean National Nutrition Survey by Season (KNNSS)
was conducted and an additional 24-HDR was administered to a subsample of
KNHANES over three subsequent seasons to offset seasonal variation in food
intake [27]. Duplicate and triplicate 24-HDR were administered to all participants in
the US and China respectively. A single 24-HDR without additional FFQ was used
in Mexico (NNS-1999). In the more recent Mexican Health and Nutrition survey
(MHNS-06), the 24-HDR was replaced by a semi-quantitative FFQ that was used
to assess frequencies of consumption during the past seven days [17]. This FFQ
included the 95% most consumed foods reported in the 24-HDR collected in the
previous survey (MNS-99) [16]. Two countries used a dietary record to assess intakes
(Brazil and Japan). However, a research group under the auspices of the Japanese
Ministry of Health, Labour and Welfare suggested transferring the method currently
in use from a semi-weighed dietary record combined with an FFQ to the 24-HDR
making international comparisons possible [25]. Regardless of the DIA methods
used, administration took place most often in the participants’ homes, providing the
major advantage for interviewers to verify food packages or household measures in
their home if this could help them to obtain more detailed information. In a study
performed by Huybrechts et al. [8], participants of the EFCOVAL project were asked
to indicate their preferred location for a future 24-HDR interview. Forty-nine percent
of the subjects would prefer the study centre (versus 22% at home and 10% at work)
if the interview was face-to-face and 63% would prefer to be at home for a telephone
interview (compared with 11% at work). The high number of subjects that preferred
the study centre for face-to-face interview might be explained because the EFCOVAL
protocol required a visit to the study centre to collect blood samples and to provide
participants with material for 24 h urine collections.

A large variety of portion size estimation tools was used in the different
surveys ranging from three-dimensional aids like food models, cups, spoons and
thickness sticks to two-dimensional albums or booklets depicting either photographs
of foods, plates and glasses, or drawings of glasses, mugs and bowls (United States
Department of Agriculture (USDA) food model booklet). The USDA Food Model
Booklet was also adapted to create the USDA Food Models for Estimating Portions
available for nutrition educators, consumers, and researchers to use outside of the
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context of the fully computerized Automated Multiple-Pass Method (AMPM) [39].
The AMPM is a validated five-step computerized dietary recall instrument developed
by USDA and used in the “What We Eat in America” survey, the dietary intake
interview component of the U.S. National Health and Nutrition Examination Survey
(NHANES) [40,41]. Computer Assisted Interview (CAI) software is frequently
used in national nutrition surveys because it allows structured and standardized
collection of dietary intake data. The present overview shows that several countries
use USDA-based CAI software and food classification. The leading role of this
department is not surprising given its long history that goes back to 1892 [42]. Like
North America, Europe has standardized its CAI software for future pan-European
food consumption surveys [43]. The EPIC-Soft program, originally developed for
the EPIC Study by the International Agency for research on Cancer (IARC), has been
validated [44,45] and adapted to fit the purpose of pan-European food consumption
surveys [46]. Recently, a name change of EPIC-Soft to GloboDiet software was
announced, since this better suits the current and anticipated use of the increasingly
widespread application of the tool worldwide [47].

Given that individual quantitative dietary intake surveys are expensive and
difficult to implement, the Food and Agriculture Organization (FAO) Dietary
Diversity questionnaire has been developed as a simple proxy to measure access
to food at the household level [48] and micronutrient adequacy in women’s and
children’s diets at the individual level [49,50].

Recruitment criteria for interviewers in national nutrition surveys are different
between Asia and North America. In all Asian countries presented in the overview
and Australia, interviews were conducted by either qualified/registered dietitians
or nutritionists. In Japan, no interview was performed since dietary records were
used; however, dietitians were recruited for data entry. In Canada and the US, it was
not mandatory that the interviewers be dietitians or nutritionists. Both surveys rely
either on professional interviewers involved in a variety of surveys or survey staff
with a given minimal educational qualification, complemented with specific software
and interview training. The duration of the training provided to interviewers varied
across all available surveys from 2 days to 15 days (median duration: 7.5 days).

The current overview is the first of its kind to present a wide range of
methodological aspects associated with national food consumption surveys across
multiple continents. Although substantial efforts have been made to undertake
a comprehensive overview, it is inevitable that some surveys were not captured.
The present review qualifies as a narrative review and not a systematic review
for a number of reasons. During the past decades, editors of scientific journals
adopted reporting guidelines for producing systematic reviews. This was initiated in
the medical research area enabling evidence-based decision making and improved
health care. With the advent of these guidelines, publications on randomized
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(clinical) trials and intervention studies adhere to these criteria for inclusion in
future systematic reviews. First, the time window of the present review including
studies from 1985 exceeds the initiation of reporting guidelines by a decade so
at that time, such guidelines were not yet available. Second, both guidelines for
reporting as protocols to perform systematic reviews are not well adopted to studies
using observational designs. Just recently, efforts have been made to adapt existing
guidelines like the STROBE checklist (STrengthening the Reporting of OBservational
studies in Epidemiology) to fit nutritional epidemiology studies (STROBE-NUT,
reference equator). Third, a major source for information on methodological aspects
of food consumptions surveys like details on sampling, instruments and training
of staff are reports, information on websites of public agencies, both qualified as
grey literature, and personal communications. These sources of information are
sometimes not indexed in scientific databases and are, therefore, difficult to obtain
using reproducible search strategies. Therefore, narrative reviews can be criticized
because of their limited reproducibility. However, for reasons mentioned before, the
two-step approach using both available literature and expert consultation, was the
best method available to create the comprehensive overview presented.

This overview shows that the methods used for dietary intake assessment
in national nutrition surveys are relatively similar across continents. The most
frequently used method is the 24-HDR, sometimes administered repeatedly to correct
for within-person variability, and mostly using interview software. Nevertheless,
caution is still warranted when comparing results from food surveys between
countries because of differences in conversion factors used for calculating nutrients
(e.g., energy, protein, etc.). A variety of errors are introduced because many national
or regional food composition tables or databases contain incomplete, outdated
and unreliable data, or, countries borrow data from publicly available databases
and neighbouring countries when such tables or databases are unavailable or
inadequate [51].

Notwithstanding the growing consensus about the use of the 24-HDR
methodology in food consumption surveys, the assessment remains self-reported.
The most accurate and precise method for measuring energy expenditure is the
doubly labeled water (DLW) method [52]. In weight stable conditions, one can
expect that energy intake equals energy expenditure; hence, DLW is used in studies
examining the validity of energy intake assessment. Such validation studies have
indicated that the prevalence of energy underreporting in self-reported methods was
about 30% (range: 12%–67%), and the magnitude of underestimation of energy intake
was roughly 15% (range: 7%–20%) [53–55]. These reporting errors vary between men
and women and are generally higher among overweight and obese subjects [41].
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5. Conclusions

The 24-HDR was the most frequently used method in national food consumption
surveys worldwide. Although this method is probably the most optimal to monitor
dietary intakes of free-living subjects in large samples, it also has limitations and
requires in depth training of the interviewers. In addition, future research is still
necessary to explore and develop innovative methods that help us to measure dietary
intake of populations and subgroups. For national FCS, it is recommended to
combine different DIA methods like replicate 24-HDR and FFQs. For purposes
of comparability of surveys, standardized procedures for data collection are required
and a detailed description of the methods used should be included when reporting
results. The inventory used in this review can serve as a guide to check if all
methodological aspects related to the performance of a FCS are stated in such reports.
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Abstract: Various methods are available for estimating usual dietary intake
distributions. Hence, there is a need for simulation studies to compare them. The
methods Iowa State University (ISU), National Cancer Institute (NCI), Multiple
Source Method (MSM) and Statistical Program to Assess Dietary Exposure (SPADE)
were previously compared in another study, but some results were inconclusive due
to the small number of replications used in the simulation. Seeking to overcome this
limitation, the present study used 1000 simulated samples for 12 different scenarios to
compare the accuracy of estimates yielded by the aforementioned methods. The focus
is on scenarios that exhibited the most uncertainty in the conclusions of the mentioned
study above, i.e., scenarios with small sample sizes, skewed intake distributions, and
large ratios of the between- and within-person variances. Bias was used as a measure
of accuracy. For scenarios with small sample sizes (n “ 150), the ISU, MSM and
SPADE methods generally achieved more accurate estimates than the NCI method,
particularly for the 10th and 90th percentiles. The differences between methods
became smaller with larger sample sizes (n = 300 and n = 500). With few exceptions,
the methods were found to perform similarly.

Reprinted from Nutrients. Cite as: Laureano, G.H.C.; Torman, V.B.L.; Crispim, S.P.;
Dekkers, A.L.M.; Camey, S.A. Comparison of the ISU, NCI, MSM, and SPADE
Methods for Estimating Usual Intake: A Simulation Study of Nutrients
Consumed Daily. Nutrients 2016, 8, 166.

1. Introduction

The assessment of usual dietary intake (i.e., long-term average intake) is a
topic of current interest in the field of nutrition, as many diseases are influenced
or even caused by individual dietary habits [1]. In particular, the study of usual
intake distributions can help us to identify population groups who are at risk of
having an inadequate dietary intake, either for insufficient or excessive consumption.
The methods that are currently applied for estimating usual intake distributions
use data that assess dietary intake over at least two independent days for each
subject. It bears stressing that there is no gold-standard method for dietary intake
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assessment, although the most widely used include 24-h dietary recalls (24-HDRs),
food frequency questionnaires (FFQs), and dietary records. However, when assessing
the long-term average intake from short-term measurements, the data derived
from such measurements require statistical modeling in order to take into account
between-person and within-person variations. The main reason for using statistical
modeling for estimating usual intake distributions is to handle skewed data and
to distinguish and remove the day-to-day (short-term) variation (within-person
variation) from the total variation.

Various statistical methodologies have been proposed for estimating usual
intake distributions [2–21]. Although the same general approach is used, the methods
may differ when it comes to details such as the numerical methods used, software
implementation, or differences in underlying assumptions. In this regard, some
questions are still unanswered in the literature: What is the accuracy and precision
of such methods? How should they be compared with real or simulated data? Some
efforts have been made in this direction [6,7,9,16,19,21–23].

Souverein et al. [22] compared the Iowa State University (ISU), the National
Cancer Institute (NCI), the Multiple Source Method (MSM) and the Statistical
Program to Assess Dietary Exposure (SPADE) methods by assessing the
influence of sample size, ratio of the within- and between-person variances, and
Box-Cox transformation parameter values on the quality of their estimates [24].
Souverein et al. [22] concluded that the various methods generated similar estimates
for most scenarios, but estimates diverged and bias increased when the variance
ratio increased above 4 and the sample size decreased below 500. However, this
study used only 100 replicates per scenario and used three samples sizes, which can
be considered somewhat extreme. In fact, an intermediate sample size (between
150 and 500) should be more interesting because results were consistent for sample
sizes greater than 500. These limitations prevented solid conclusions from being
drawn as to the quality of the methods tested in some scenarios and percentiles,
particularly the 90th percentile.

Therefore, the present paper reports on a simulation study conducted using
the same approach as Souverein et al. [22], comparing once again the ISU, NCI,
MSM and SPADE methods for daily-consumed nutrient intakes. Our study was
focused on those scenarios that exhibited the most uncertainty in the conclusions of
Souverein et al. [22]. We used a greater number of replicates (1000), small to moderate
sample sizes pn “ 150, 300 and 500q, and diversified the values of the within- and
between-person variances in the simulation, with large ratios of the between- and
within-person variances.
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2. Materials and Methods

The ISU method was proposed by the Iowa State University [6,7,18] and has
two different implementations: one in SAS [25], which was used in this study, and
a menu driven stand-alone version, which can be obtained from the authors upon
request at the ISU-SIDE website [26]. To estimate the usual intake distribution for
daily-consumed nutrients, the ISU method follows four steps:

1. The ratio of the shifted, power-transformed observed intakes is adjusted to
take into account nuisance effects, such as day of the week and interview mode
(telephone or in-person). Construct smoothed daily intakes by undoing the
initial power transformation and shifting for the adjusted observations.

2. A grafted polynomial function is fit to the normal probability plot of the
smoothed intakes using least-squares. The inverse of the fitted function is
used to transform the smoothed intakes to normality.

3. Moment estimates of variance components are computed for the transformed
intakes, and an estimate of the normal-scale usual intake distribution is obtained,

4. A grafted cubic and a 9-point approximation to use to transform the
normal-scale usual intake distribution to original scale.

The NCI method, as its name implies, was proposed by the U.S. National
Cancer Institute [10,11,15,16]. It has been implemented with SAS macros [25] and is
available [27]. In this study, version 2.1 of the SAS macros was used. To estimate
the usual intake distribution of daily-consumed nutrients, the NCI method follows
four steps:

1. The observed intakes are transformed to improve normality by means of a
one-parameter Box-Cox transformation, indicated by λ in this paper.

2. A linear mixed effects model on the transformed intake data is fit to estimate
the mean and the within- and between-person variances.

3. k (value to be set) pseudo-person intakes from a normal distribution is
simulated with mean equal to the estimated mean and variance equal to the
between-person variance.

4. The simulated values by a 9-point approximation is back-transformed, which
involves the estimated Box-Cox parameter and the within-person variation.

The MSM was proposed for use in Europe by a German team [17,28] within the
European Food Consumption Validation (EFCOVAL) consortium and is available
through an online interface [29]. To estimate the usual intake distribution for
daily-consumed nutrients, the MSM method proposes five steps:

1. A linear regression model is applied to the data and the residuals are used for
the shrinkage part of the MSM method.
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2. The fitted model residuals are transformed to normality by means of a
two-parameter Box-Cox transformation, with λ restricted to 1{λ “ 1, 2, 3 . . ..

3. The within- and between-person variances are estimated by means of the
transformed residuals.

4. The back-transformation is defined by a closed formula, involving the estimated
λ and the within-person variance.

5. The distribution is estimated by the inverse regression model after the
back-transformation to the original scale of the residuals.

The SPADE [19,21,22] method is implemented in R software [30] and is based
on the AGEMODE [13] model, where intake estimates are modeled with age as
a covariate. However, although SPADE considers the model as a function of age,
this information can be omitted after minor adjustments to the software, which
enables the comparison with the other methods. SPADE is freely available as an
R-package called SPADE.RIVM [31]. To estimate the usual intake distribution for
daily-consumed nutrients, the SPADE method follows four steps:

1. The observed intakes are transformed by means of a one-parameter
Box-Cox transformation.

2. A linear mixed effects model on the transformed scale is used to estimate the
mean and within-person and between-person variances.

3. The mean on the transformed scale is directly back-transformed by Gaussian
Quadrature, using the total variance of the model and the Box-Cox
transformation parameter λ.

4. The percentiles on the transformed scale correspond exactly with the percentiles
on the original scale, and their back-transformation by Gaussian Quadrature
involves the within-person variance and λ [19]. The distribution is calculated
directly in the back-transformation step.

Simulations

Data simulation was used for the intake of daily-consumed nutrients with a
Box-Cox distribution. For this purpose, we defined the following parameters on
the transformed scale: overall mean intake (µ), between-person standard deviation
(σu), within-person standard deviation (σε), the ratio of within- and between-person
variances

`

rvar “
`

σ2
ε {σ

2
u
˘˘

, and the Box-Cox transformation parameter pλq.
Twelve scenarios were generated based on the simulation results of

Souverein et al. [22]. We explored the scenarios that had the most uncertainty in the
results of this study, including sample sizes of 150, 300 and 500 and rvar values of
4 and 9. Because Souverein et al. [22] did not provide the values for the variances, we
decided to use different combinations of variance values. Box 1 shows the chosen
parameter values for each scenario.
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Box 1. Simulation scenarios.

Scenario n Within-Person
Variance

`

œ2
ε

˘

Between-Person
Variance

`

œ2
u
˘

Variance Ratio
prvarq

I
150

1

0.25 4
II 0.11 9

III
300

0.25 4
IV 0.11 9

V
500

0.25 4
VI 0.11 9

VII
150

1.2

0.3

4
VIII 2.7 9

IX
300

1.2 4
X 2.7 9

XI
500

1.2 4
XII 2.7 9

Souverein et al. [21] discussed in their study that, although an rvar equal or
higher to 9 is rare, there are cases where this has been reported [1,32] for nutrients:
zinc in women, vitamin B-12 in men, and vitamin A in women and men.

The simulated data for intake of daily-consumed nutrients were generated
as follows:

First, we generated for each scenario n individual means from a normal
distribution with mean µ “ 7.5 and the between-person variance as described
in Box 1. We then generated two daily intake observations per subject on the
transformed scale, using a normal distribution with the individual mean intake
generated in the previous step and the within-person variance as described in Box 1.
Finally, we applied the Box-Cox back-transformation pλ “ 0.2q to transform the two
intakes back to the original scale. These definitions generated a mean intake on the
original scale equal to 105.56 for scenarios I, III, and V, equal to 104.67 for scenarios
II, IV, and VI, equal to 107.17 for scenarios VII, IX, and XI, and equal to 116.95 for
scenarios VIII, X, and XII.

The software environments employed for simulation were R to generate
data and run the SPADE method, SAS to run the ISU and NCI methods, and
AutoHotkey [33] to automate the MSM method.

To compare estimates, we calculated mean bias B for each method,

Bpθ̂q “
řN

i“1 pθ̂j ´ θq

N
(1)
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relative (percent) bias RB,

RBpθ̂q “
ˇ

ˇ

ˇ

ˇ

Bpθ̂q
θ

ˇ

ˇ

ˇ

ˇ

ˆ 100 (2)

and mean squared error MSE,

MSEpθ̂q “

řN
i“1 pθ̂j ´ θq

2

N
(3)

where θ̂j is the estimated value of the parameter for the replicate j, θ is the true value
of the parameter, and N is the number of replicates in the simulation. Bonferroni
confidence intervals for the mean bias with 95% confidence level were also calculated
to compare the methods.

To calculate these measures, we calculated the true mean and percentiles
through Gaussian quadrature (obtained with the f.gauss.quad function implemented
in the R-library SPADE.RIVM). This function enables the calculation of the mean
and percentiles on the original scale using the parameters µ, the between- and
within-person variances (all in transformed scale), and λ, if all the model assumptions
are fulfilled [19].

The code for generating the data is provided as supplementary material to
this article.

3. Results

In this study, the ISU, NCI and SPADE methods were not able to yield estimates
for some simulated samples, per scenario. When the ISU and NCI methods estimated
the between-person variance as zero, they were unable to complete the estimations.
SPADE completed the estimations, but all percentiles were equal, indicating an
estimated between-person variance equal to zero. When this happened with at least
one of the methods, the sample was excluded from the analysis for all methods.

Figures 1–3 show boxplots of the biases in each scenario with sample sizes
of 150, 300, and 500 respectively, confirming similar results between the methods.
However, it is clear that all methods were less accurate for estimation of the 10th and
90th percentiles across all scenarios. As expected, accuracy was lower in scenarios
with a smaller sample size (n = 150). It is interesting to note that, in the first six
scenarios with between-person variance equal to one (the upper plots in Figures 1–3),
the differences in the spread of the bias are much fewer than in the scenarios VII-XII
(the lower plots in Figures 1–3).
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Figures 1–3 show that the methods tend to overestimate the 10th percentile
and to underestimate the 90th percentile, indicating a greater shrinkage of the data
than expected. Figure 4 shows that the biases for the mean and the median are
not statistically significant, except for the NCI method in scenario XII. There is a
statistically significant overestimation of the 10th percentile in all methods except
in scenarios II and VIII, whereas the 90th percentile is sometimes overestimated
(scenarios II and VIII) and underestimated to a statistically significant degree by all
methods in scenario VI. The NCI method showed a statistically significant larger
bias than the ISU, SPADE, and MSM methods for the percentiles 10th and 90th in
scenarios II, IV, and VI.
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Figure 3. Boxplot of biases calculated for each method and scenarios with n = 500
for samples with estimated between-person variance different from zero for all
methods (N denotes the number of usable samples).

More results are presented in the supplementary material, including: the
number of simulated samples for which the between-person variance was estimated
as zero; the bias and relative bias of estimates in the 5th, 10th, 25th, 50th, 75th, 90th,
and 95th percentiles for each scenario; the Mean Square Error (MSE) of estimates for
each scenario; the boxplot of biases calculated for each method with more percentiles;
as well as two tables with the bias (relative bias) and the MSE for each method with
all available results—without excluding samples when other methods estimated
between-person variance equal to zero.
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Figure 4. Bonferroni confidence interval for the mean bias with 95% confidence level
for each scenario for samples with estimated between-person variance different
from zero for all methods (n indicates the sample size and N the number of usable
simulated samples).
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4. Discussion

This paper reports the results of a simulation study that compared four methods
employed for estimation of usual dietary intake distributions of daily-consumed
nutrients, suggesting that, with a few exceptions, they performed similarly.
The results obtained from the simulated scenarios showed that the bias of estimated
mean and percentiles of all methods decreased when sample sizes increased and the
ratio of variances was fixed. Furthermore, the ratio of variances had a small impact
on the bias of the mean and median, although the variation in the bias increased for
larger ratio of variances in the last six scenarios (compare in Figures 1–3 each lower
plot, representing one of the last six scenarios, with the plot above). Other percentiles
showed a larger bias for larger ratios. Indeed, the further the percentiles are from the
median, the larger the biases.

Results also showed a poorer quality of estimation with all methods with respect
to the 10th and 90th percentiles. Since one of the interests of estimating usual intake
distributions in a population is to assess whether they have nutritional inadequacies
in deficit or excess [34], a valid estimation of these percentiles is of the utmost
importance and of concern.

In terms of accuracy, all four methods were similar with relatively low bias,
but the behavior of the methods was different for the estimation of the mean usual
intake and for the estimation of the percentiles. The methods use different numerical
procedures to estimate the within- and between-person variances, which may cause
numerical problems like an estimated between-person variance close to zero. These
estimated values lead to unusable results such as unrealistically small differences
between the estimated 10th and 90th percentiles. This happened for all methods,
except the MSM.

In most of the scenarios, all methods seemed to shrink the intake distributions
more than expected, resulting in overestimation of the low percentiles and
underestimation of the high percentiles. For the NCI, when the sample size was small
and the ratio was greater, the within-person variance seemed to be overestimated.
This probably resulted in shrinkage greater than expected, which can be seen in the
estimates of the percentiles. In fact, the NCI method showed only comparable results
for scenarios V and XI, with n = 500 and rvar “ 4.

The behavior of the MSM and SPADE methods was similar for almost all
scenarios. ISU seemed to perform better for scenarios I and VII and worse for
II and VIII compared to MSM and SPADE for higher percentiles. This may indicate
that, for lower ratio values, the ISU method is better than MSM and SPADE for small
sample sizes, but worse for small sample sizes (n = 150) and a higher ratio. These
differences disappeared for simulations with n = 300 and n = 500.

It is noteworthy that the NCI method had larger or equal bias compared to the
other methods for the estimate of the mean habitual intake in all scenarios. When the
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within-person variance is larger than the between-person variance, Tooze et al. [16]
advise that the NCI method should use the same back-transformation used by the ISU
method. In this paper, we used version 2.1 of the NCI with ISU back-transformation
implemented (Bethesda, MD, USA); however, as was the case for Souverein et al. [22],
the NCI method had the worst results in scenarios where the ratio-variance was
equal to 9.

It bears stressing that this study did not address the influence of covariates or
episodically consumed foods, as well as all possible combinations of sample sizes
and parameters that could relate to existent daily consumed nutrients of different
populations. For that, the results may differ as it depends on other aspects of the diet.
However, further studies are needed to draw any conclusions on this matter.

In this study, a similar approach to the one reported by Souverein et al. [22]
was proposed, but with a larger number of replications, a greater sample size,
and some extra statistics for checking the results. As we used a larger number
of replications, the results showed that unstable behavior of estimations not only
happened because of the number of replications, but also depended on the sample
size and the variance ratio.

5. Conclusions

In conclusion, this study showed the importance of the sample size and variance
ratio for the quality of the estimation of usual intake distributions of daily consumed
nutrients. It showed some limitations to the numerical solutions used in the
various methods. Furthermore, the models almost behaved the same, as shown
by Souverein et al. [22] and Dekkers et al. [19–21], but the NCI was less accurate
for sample sizes of 150 and 300 than the other three methods. We agree with
Souverein et al. [22] that people can choose their favorite method for practical reasons
such as user-friendliness or assessment of the results for making plots, simulations,
or a bootstrap. However, we also recommend that, in the case of small sample sizes
and/or large within- and between-person variances, one should also use the SPADE
or MSM methods to corroborate the results.

Supplementary Materials: The following are available online at http://www.mdpi.com/
2072-6643/8/3/166/s1, Table S1: the number of simulated samples for which the
between-person variance was estimated as zero; Table S2: Bias and relative bias of estimates
obtained with each method for each scenario pλ “ 0.2q ; Table S3: MSEs of estimates obtained
with each method for each scenario pλ “ 0.2q and Figure S1: Boxplot of biases calculated
for each method and scenario, all results for the methods that had a positive estimate for
the between-person variance. Table S4: Bias and relative bias of estimates obtained with
each method for each scenario pλ “ 0.2q and Table S5: MSEs of estimates obtained with each
method for each scenario pλ “ 0.2q, both for each method without excluded samples when
other methods estimated between-person variance equal to zero. All supplementary tables
and figures had more percentile results than in the article (5th, 25th, 75th, and 95th).
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Folate and Nutrients Involved in the
1-Carbon Cycle in the Pretreatment of
Patients for Colorectal Cancer
Ariana Ferrari, Aline Martins de Carvalho, Josiane Steluti, Juliana Teixeira,
Dirce Maria Lobo Marchioni and Samuel Aguiar Jr.

Abstract: To assess the ingestion of folate and nutrients involved in the 1-carbon
cycle in non-treated patients with colorectal adenocarcinoma in a reference center
for oncology in southeastern Brazil. In total, 195 new cases with colorectal
adenocarcinoma completed a clinical evaluation questionnaire and a Food Frequency
Questionnaire (FFQ). Blood samples from 161 patients were drawn for the assessment
of serum folate. A moderate correlation was found between serum concentrations of
folate, folate intake and the dietary folate equivalent (DFE) of synthetic supplements.
Mulatto or black male patients with a primary educational level had a higher intake
of dietary folate. Of patients obtaining folate from the diet alone or from dietary
supplements, 11.00% and 0.10%, respectively, had intake below the recommended
level. Of the patients using dietary supplements, 35% to 50% showed high levels of
folic acid intake. There was a prevalence of inadequacy for vitamins B2, B6 and B12,
ranging from 12.10% to 20.18%, while 13.76% to 22.55% of patients were likely to
have adequate choline intake. The considerable percentage of patients with folate
intake above the recommended levels deserves attention because of the harmful
effects that this nutrient may have in the presence of established neoplastic lesions.

Reprinted from Nutrients. Cite as: Ferrari, A.; de Carvalho, A.M.; Steluti, J.; Teixeira, J.;
Maria, D.; Marchioni, L.; Aguiar, S., Jr. Folate and Nutrients Involved in the
1-Carbon Cycle in the Pretreatment of Patients for Colorectal Cancer. Nutrients
2015, 7, 4318–4335.

1. Introduction

The incidence of colorectal cancer (CRC) is increasing in Brazil, especially in
the major metropolitan regions of the Southeast, probably due to modifications in
lifestyle habits [1]. The populations in emerging countries have complex patterns of
nutritional status, with some areas acquiring the lifestyle and nutrition patterns of
developed countries and others maintaining the nutritional characteristics associated
with developing countries.

Epidemiological studies have shown the importance of folate in colorectal
carcinogenesis due to its key role in the methylation and synthesis of nucleotides [2].
B-complex vitamins, such as vitamins B2, B6 and B12 [3], choline, and betaine [4] act
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as cofactors in the reactions of 1-carbon metabolism and are therefore essential for
the metabolic processes involving folate.

Because folate intake has a controversial but important association with
colorectal carcinogenesis, we investigated the pattern of folate intake and other
associated nutrients in a cohort of CRC patients from a single institution in
Southeast Brazil.

The objectives of this study were to assess the ingestion of folate and other
nutrients involved in the 1-carbon cycle in untreated patients with colorectal
adenocarcinoma at an oncology referral center in southeastern Brazil and to identify
clinical variables that are associated with folate serum levels and intake.

2. Methodology

2.1. Study Design

This was an observational, cross-sectional study with prospective data collection
of new cases of patients diagnosed with adenocarcinoma of the colon and rectum at
the Colorectal Tumor Center of A.C. Camargo Cancer Center from May 2011 to May
2012. The inclusion criteria included patients with adenocarcinoma of the colon or
rectum, at any stage of the disease and with an indication for surgical intervention at
the primary site, or patients with adenomatous lesions and an indication for surgical
intervention. Patients who had previously undergone surgery, radiotherapy and/or
chemotherapy for colorectal tumor; patients with colon or rectal tumor recurrence;
patients previously treated with chemotherapy for another malignancy in the last
3 months; or patients who, during the interview, did not present clinical conditions
and/or an understanding when completing the questionnaires were excluded.

2.2. Clinical Evaluation Questionnaire

The questionnaire consisted of sociodemographic (sex, age, race, and educational
level) and clinical (tumor site, clinicopathological staging) questions. In total, 195
patients were evaluated. The system used for clinicopathological staging was based
on the Cancer Staging Manual published by the American Joint Committee on Cancer
(AJCC) [5].

2.3. Dietary Assessment

A dietary assessment was conducted for alcohol, folate, vitamin B2, vitamin
B6, vitamin B12, choline, betaine, methionine, energy, carbohydrate, protein and
lipid using a validated Food Frequency Questionnaire (FFQ) by LAMEZA (2010) [6].
Of the 195 patients who participated in the study, 189 were included based on their
dietary intake, with 169 patients obtaining folate from their diet alone and 20 patients
using supplements containing folic acid. The values obtained from the FFQ were
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converted to energy and nutrient intake values through the software Nutrition Data
System for Research-NDSR [7] and were considered unadjusted habitual food intake
values (the raw data). Dietary synthetic folate values were corrected according to
a mandatory fortification of wheat flour and corn (150 µg of folic acid (100 g)−1 of
flour) that has been implemented in Brazil since 2004 [8]. In addition, corrections
were made for the differences in the additive amount of folic acid in fortified foods
(150 µg (100 g)−1 of flour in Brazil and 140 µg (100 g)−1 of flour in the United States).
After these corrections, and taking into account the differences in the bioavailability
of folate found naturally in food and folic acid in fortified foods (1 µg synthetic
folate = 1.70 µg folate) [9], DFE was calculated. In addition to the DFE values
from diet, the values of folic acid intake through supplementation (synthetic folate
supplement) were evaluated. In this case, the patients were asked whether they
consumed multivitamins. If yes, the value of folic acid was calculated for each
supplement. Only the amount of folic acid in the supplements was considered. From
this value, we calculated the DFE for the supplements, assuming that every 1 µg of
folic acid supplement on an empty stomach provides 2.0 µg of DFE [10]. The overall
DFE was calculated from the sum of DFE from the diet and DFE from supplements. In
total, 20 patients used supplements with folic acid. After calculating the unadjusted
values, the data were calibrated. For calibration, we used three 24-h dietary recalls
and a second FFQ collected in a previous study [6]. The R24 data were used as a
reference and subjected to linear regression, with β1 values used as a calibration
factor for the FFQ data collected. To assess the prevalence of folate inadequacy,
patients were divided into two groups. The first group was composed of patients who
ingested this nutrient from diet alone (n = 169), and the second group consisted of
patients who ingested folate through diet and supplementation (n = 20). For patients
who ingested folate from diet alone, an Estimated Average Requirement (EAR) cutoff
value of 20 µg day−1 and a Tolerable Upper Intake Levels (UL) of 1000 µg day−1

were used, according to equations proposed by FISBERG et al. (2005) [11]. Patients
on a diet with folic acid supplementation (n = 20) were treated individually. In
this case, we assessed whether there were any patients with food intake below
the RDA cutoff point of 400 µg day−1. For intake above the UL, a qualitative
interpretation was performed and the percentage of patients above or below the UL
was calculated [12]. For all patients, the prevalence of inadequate intake and the
unadjusted and calibrated values for vitamin B2, vitamin B6 and vitamin B12 were
also based on the EAR cutoff value [10]. There are no EAR recommendations for
choline, therefore all values were considered [13].

2.4. Determination of Serum Folate

After 4 h of fasting, 10-mL blood samples were drawn from the patients by
preoperative venipuncture. For patient candidates who were eligible for neoadjuvant
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treatment, samples were drawn from peripheral blood before radiochemotherapy.
As previously described by Pufulete et al. [14], the competitive enzyme immunoassay
technique was used for the analysis of the serum folic acid concentration. Of the
195 patients who participated in the study, 161 were examined for serum folic acid.

2.5. Ethical Aspects

This study was approved by the research ethics committee of Fundação Antonio
Prudente under number 1542/11.

3. Results

The median age was 61 years (Quartile interval 25%–75%: 53–71 years). Of the
195 patients interviewed, 94 (48.21%) were female and 101 (51.79%) were male. Of
the patients evaluated, 63 (32.31%) completed their primary education, 59 (30.26%)
attained a high school/college incomplete level of education and 73 (37.44%) were
at a college graduate/postgraduate level of education. There was a predominance
of white patients (70.26%), followed by Asian (17.95%) and mulatto/black (11.79%).
There was a higher incidence of colon tumors (66.67%) compared with rectal tumors
(33.33%). In clinicopathological staging, 50.77% of the patients conformed to staging
I and II and 47.69% to staging III and IV.

Of the 195 patients interviewed, 189 were included in the dietary analysis.
Table 1 presents the mean, standard deviation and minimum and maximum nutrient
values obtained from the unadjusted and calibrated FFQ.

One-hundred and sixty-one patients were examined for serum folate levels.
The mean serum folate was 10.89 ng mL−1. When the median serum folate
concentrations were compared according to sociodemographic variables, there was
a significant difference (p = 0.001) between females (12.95 ng mL−1) and males
(10.10 ng mL−1). In addition, patients aged less than 61 years had a median serum
folate concentration that was significantly lower than the group of patients≥61 years
(10.45 vs. 11.60 ng mL−1), with a p-value = 0.04. The concentrations of serum folate
showed no significant differences in relation to race, education level, tumor site
and staging.

To evaluate the correlation between the values of folate intake and the level
of serum folate, Spearman’s rank correlation coefficient test was used, as shown in
Table 2. Of the 189 patients who were included in the dietary analysis, 156 were
examined for serum folate levels. Of the 20 patients who consumed folic acid
supplements, 17 were examined for serum folate levels. We observed a moderate
correlation between the intake of synthetic folate supplement and serum folate levels.
The same moderate correlation was observed between DFE supplement values
and serum folate; both showed a significant difference (p = 0.02). There was a fair
correlation between the total calibrated DFE values and serum folate levels, but this
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was not significant (p = 0.06). There was no correlation between the serum folate and
intake values for vitamin B2, B6, and B12; methionine; choline; betaine; and alcohol.

Table 1. Mean, standard deviation and minimum and maximum nutrient values
from the unadjusted and calibrated FFQ in the pretreatment of patients for
colorectal adenocarcinoma.

Nutrients FFQ (n = 189) Mean SD Minimum Maximum

Energy (Kcal) unadjusted 3144.58 1119.22 1120.72 6312.25
calibrated 1766.32 171.13 1351.40 2160.68

Lipid (g) unadjusted 103.35 40.29 38.48 242.95
calibrated 68.46 8.92 49.60 93.22

Carbohydrate (g) unadjusted 434.48 208.84 69.28 1280.54
calibrated 204.79 20.54 140.09 263.48

Protein (g) unadjusted 122.31 50.06 50.29 304.53
calibrated 79.33 6.60 66.56 97.49

Alcohol (g) unadjusted 8.41 21.90 0.00 214.99
calibrated 0.41 0.41 0.00 2.42

Vitamin B2 (mg) unadjusted 2.46 0.89 0.78 5.46
calibrated 1.55 0.09 1.29 1.79

Vitamin B6 (mg) unadjusted 2.95 1.70 0.78 12.28
calibrated 1.51 0.22 1.02 2.41

Vitamin B12 (µg) unadjusted 7.75 3.90 1.38 22.14
calibrated 4.40 0.81 2.37 6.71

Methionine (g) unadjusted 2.71 1.22 1.02 7.22
calibrated 1.81 0.19 1.43 2.37

Natural folate (µg) unadjusted 376.18 167.80 95.59 1075.83
calibrated 215.65 24.60 151.51 291.54

Synthetic folate (µg) unadjusted 146.61 90.52 10.77 549.99
calibrated 76.86 12.70 40.23 112.61

DFE diet (µg) unadjusted 625.43 257.29 116.26 1584.56
calibrated 361.25 13.58 311.79 396.00

Choline (mg) unadjusted 449.85 184.52 178.73 1140.15
calibrated 284.54 25.22 233.95 356.02

Betaine (mg) unadjusted 255.58 198.69 23.98 1692.13
calibrated 130.63 9.50 100.38 167.31

DFE—Dietary Folate Equivalent.

Table 3 shows a comparison of the median DFE from unadjusted and calibrated
diet data according to the sociodemographic and clinical characteristics. Women had
a significantly lower intake of DFE compared with men, with a median unadjusted
diet DFE for women and men of 537.09 µg and 610.29 µg, respectively (p = 0.03). The
same p-value was found in the comparison of median calibrated diet DFE among
women (358.67 µg) and men (362.89 µg). The unadjusted and calibrated DFE values
were highest among the mulatto/black race, followed by the white and Asian races.
The difference was significant between the Asian and white races and between the
Asian and mulatto/black races (p = 0.03). Regarding the educational level, patients
completing their primary education had an unadjusted and calibrated DFE intake
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that was significantly higher than those at the college graduate/postgraduate level
(p = 0.01). The unadjusted and calibrated DFE values showed no significant difference
in relation to age.

Table 2. Spearman’s rank correlation coefficient of folate intake with the dosage of
serum folate in the pretreatment of patients for colorectal adenocarcinoma.

Serum Folate (ng mL−1)

N Spearman correlation
coefficient (rho) p

Unadjusted DFE diet 1 (µg) 156 0.05 0.53
Calibrated DFE diet 1 (µg) 156 0.05 0.53
Synthetic folate supplement 17 0.54 0.02 *
DFE supplement 2 (µg) 17 0.54 0.02 *
Total unadjusted DFE 3 (µg) 17 0.40 0.10
Total calibrated DFE 3 (µg) 17 0.45 0.06

DFE—Dietary Folate Equivalent; 1 DFE diet = natural folate + 1.7 × (dietetic synthetic
folate); 2 DFE supplement = synthetic folate supplement × 2; 3 Total DFE = DFE diet +
DFE supplement; * p < 0.05.

Regarding the intake of folic acid supplements, a comparison of the medians of
supplement, total unadjusted and total calibrated DFE is shown in Table 4, according
to the sociodemographic characteristics. DFE supplement intake was significantly
higher among women (1750.00 µg) compared to men (440.00 µg). DFE supplement
values showed no significant difference in relation to age, race and education level.
Similar results were obtained for the total unadjusted and calibrated DFE, where
the median values showed no significant difference in relation to sociodemographic
variables. As previously mentioned, of the 189 patients evaluated, 10.58% received
folic acid supplementation, and 8.46% of these had colon cancer and 2.12% had
rectal cancer. There was an association between total unadjusted and calibrated DFE
with the tumor site. The median total unadjusted DFE intake of patients with colon
cancer was 1177.18 µg vs. 845.60 µg for rectal tumor patients (p = 0.001). The total
calibrated DFE intake was also higher among colon tumor patients when compared
with individuals with rectal tumors, with a median intake of 845.81 µg in patients
with colon tumors and 702.72 µg in patients with rectal cancer (p = 0.02) (Table 5).

Regarding the prevalence of folate inadequacy in patients with intake from diet
alone, 11.00% had intakes below the EAR according to the unadjusted FFQ. However,
according to the calibrated FFQ, only 0.10% of individuals had intakes below the
recommended EAR level. When evaluating the prevalence of inadequacy above
the UL, 6.06% of patients had a dietary folate intake above the UL according to the
unadjusted FFQ, while the calibrated FFQ showed no cases of inadequacy.
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Table 3. Median comparison of DFE from unadjusted diet data and calibrated diet
DFE according to sociodemographic and clinical characteristics in the pretreatment
of patients for colorectal adenocarcinoma.

DFE Diet 1 Unadjusted
(µg) (n = 189) DFE Diet 1 Calibrated (µg) (n = 189)

N Median p N Median p

Sex
Female 93 537.09

0.03 *
93 358.67

0.03 *Male 96 610.29 96 362.89

Age
<61 years 86 615.20

0.17
86 363.15

0.17≥61 years 103 560.96 103 360.10

Race
Asian (a) 35 495.93

0.03 *ab,ac
35 356.06

0.03 *ab,acWhite (b) 135 591.95 135 361.88
Mulatto/Black (c) 19 620.98 19 363.47

Education level
Primary education (a) 62 633.04

0.01 *ac
62 364.10

0.01 *acHigh school/college
incomplete level (b) 55 598.83 55 362.26

College
graduate/postgraduate
level (c)

72 524.09 72 357.86

Tumor site
Colon 125 584.12

0.42
125 361.44

0.42Rectal 64 610.29 64 362.89

Staging
I e II 97 584.70

0.41
97 361.47

0.41III e IV 89 589.11 89 361.72

DFE—Dietary Folate Equivalent; 1 DFE diet = natural folate + 1.7 × (dietetic synthetic
folate); * p < 0.05; In race, “a” is Asian, “b” is white and “c” is mulatto/black; In Education
level, “a” is primary education, “b” is high school and “c” is college graduate.

Of the patients on diets with folic acid supplementation, no patient had an intake
below the cutoff points of the Recommended Dietary Allowances (RDA). However,
when considering the values of the UL through a qualitative interpretation of the
adequacy of folate intake, the FFQ evaluates the usual intake and thus corresponds
to a survey over a large number of days. According to unadjusted and calibrated
FFQ, 50.00% and 35.00% of patients, respectively, had a greater intake up to the UL,
which is a potential risk for adverse effects.

The prevalence of inadequacy of vitamins B2, B6 and B12 was calculated using
the values of EAR and is presented in Table 6. We observed a higher prevalence of
inadequate intake of vitamin B6, followed by vitamin B12, and B2. For the evaluation
of inadequate choline, a qualitative evaluation was used, which considered that
the FFQ takes into account a greater number of days. When evaluated as the
unadjusted FFQ, 22.55% of female patients and 13.76% of males had intake values of
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choline above the levels stated by the AI. This indicates that the mean intake in these
individuals is likely adequate. Nevertheless, when analyzed using the calibrated
FFQ, no patient had a dietary intake above the AI and the adequacy of intake could
not be determined.

4. Discussion and Conclusion

This study is one of the few published studies that present the dietary intake
of folate and nutrients involved in the 1-carbon cycle in CRC patients without any
previous treatment.

A study conducted with 196 patients with CRC, which used a FFQ validated
for Portuguese individuals, found a mean intake of vitamin B6, vitamin B12, folate,
methionine and alcohol of 2.80 mg day−1 (SD = 1.06), 14.50 µg day−1 (SD = 9.10),
401.60 µg day−1 (SD = 161.9) 2.85 mg day−1 (SD = 1.28) and 25.17 g day−1

(SD = 39.80), respectively [15]. These results are consistent with the present study
with regard to the unadjusted data for B6 and methionine and the calibrated data
for folate. Jiang et al. [16] assessed the relationship between folate, methionine and
alcohol and a genetic polymorphism and found a mean folate intake similar to the
unadjusted data found in this study, 634 µg day−1 (SD = 307) for patients with colon
cancer and 638 µg day−1 (SD = 334) for rectal tumors. In the same study, patients
with colon cancer had a mean energy intake of 4260 Kcal day−1 (SD = 2220) and
methionine of 2047 mg day−1 (SD = 939). In patients with rectal cancer, the mean
energy intake was 4321 Kcal day−1 (SD = 1669) and methionine was 2117 mg day−1

(SD = 801). In another study conducted with 787 patients with colorectal tumors,
the mean energy intake was 1588.6 Kcal (SD = 449.5) and folate was 248.1 µg
day−1 (SD = 111.1). Furthermore, 54.5% of these patients consumed <5 g day−1

of alcohol, 19.10% consumed from 5 to <30 g day−1 and 26.40% consumed alcohol in
quantities greater than 30 g day−1 [17]. Laso et al. [18] evaluated the dietary intake
of 246 patients with CRC and found a mean intake of vitamin B2 of 1.91 mg day−1

(SD = 0.6), vitamin B6 of 1.98 mg day−1 (SD = 0.5), vitamin B12 of 7.67 mg day−1

(SD = 4.7), folate of 288.1 µg day−1 (SD = 89.1) and alcohol of 9.94 g day−1 (SD = 18.4).
These data are similar to the unadjusted data found in this study in relation to
vitamin B12 and alcohol. Al-ghnaniem et al. [19] described in their study a mean
alcohol intake of 13 g day−1 and a mean folate intake of 289 µg day−1. The mean
folate intake in the study of Pufulete et al. [14] was 304 µg day−1.

An important difference between this study and previous studies is that folate
intake in this study was assessed by several methods, including an assessment
of the values from the diet (DFE diet), from supplementation by fortification and
supplements (DFE supplement), and from dietary folate plus supplemental folate
(DFE total). We found only one study in the literature that considered these three
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types of folate. This study suggests that the best way to assess folate intake is through
the total DFE because it encompasses the 19 different sources of folate [20].

FFQ are one of the most commonly used methods for evaluating habitual
dietary intake in large-scale epidemiological studies, given their low cost and ease
of application [21,22]. However, the errors present in the measurements of the
questionnaire may attenuate the estimates of the relative risks that are found, and
thus diminish the statistical power of studies evaluating the relationship between
diet and disease [22,23]. Knowing that error is inherent in food intake measurements,
methodological strategies have been used in an attempt to make the measurements
obtained through the FFQ closer to the quantities actually consumed, which are the
calibration. To assess the folate intake FFQ was used and fasting serum folate levels.
FFQ relies on reported food intake and although it is a validated tool, it is prone
to error, using the 24h as reference method only partly removes this error; indeed
it is easier to accurately estimate folate intake in subjects who use supplements
(as evidenced by the results presented in Table 2).

Biochemical markers are more sensitive and specific when compared to methods
of dietary intake assessment through questionnaires and/or dietary recalls [11].
The study of Al-ghnaniem et al. [19] showed a mean serum folate of 12.30 ng mL−1,
a mean level greater than that found in the present study. In contrast, some
studies have shown lower plasma levels compared to this study. For example,
Pufulete et al. [14] found a mean serum folate value of 5.40 ng mL−1 and
Chang et al. [24] found a level of 5.02 ng mL−1 (SD = 4.43 ng mL−1).

267



Ta
bl

e
4.

C
om

pa
ri

so
n

of
th

e
m

ed
ia

ns
of

su
pp

le
m

en
t,

to
ta

lu
na

d
ju

st
ed

an
d

to
ta

lc
al

ib
ra

te
d

D
FE

ac
co

rd
in

g
to

so
ci

od
em

og
ra

ph
ic

ch
ar

ac
te

ri
st

ic
s

in
th

e
pr

et
re

at
m

en
to

fp
at

ie
nt

s
fo

r
co

lo
re

ct
al

ad
en

oc
ar

ci
no

m
a.

D
FE

Su
pp

le
m

en
t1

(µ
g)

(n
=

20
)

To
ta

lU
na

dj
us

te
d

D
FE

2

(µ
g)

(n
=

20
)

To
ta

lC
al

ib
ra

te
d

D
FE

2

(µ
g)

(n
=

20
)

N
M

ed
ia

n
p

N
M

ed
ia

n
p

N
M

ed
ia

n
p

Se
x

Fe
m

al
e

12
17

50
.0

0
0.

01
*

12
27

24
.5

0
0.

44
12

21
28

.7
7

0.
05

M
al

e
8

44
0.

00
8

96
9.

77
8

79
4.

31

A
ge

<6
1

ye
ar

s
3

30
4.

00
0.

55
3

90
0.

26
0.

63
3

65
9.

87
0.

49
≥

61
ye

ar
s

17
48

0.
00

17
10

69
.1

1
17

83
7.

44

R
ac

e A
si

an
6

48
0.

00
0.

22
6

98
4.

68
0.

16
6

83
5.

98
0.

22
W

hi
te

13
48

0.
00

13
99

7.
18

13
83

1.
99

M
ul

at
to

/B
la

ck
1

20
,0

00
.0

0
1

21
,0

79
.6

0
1

20
,3

82
.3

0

Ed
uc

at
io

n
le

ve
l

Pr
im

ar
y

ed
uc

at
io

n
8

80
00

.0
0

0.
07

8
91

50
.0

1
0.

06
8

83
82

.1
1

0.
09

H
ig

h
sc

ho
ol

/c
ol

le
ge

in
co

m
pl

et
e

le
ve

l
4

48
0.

00
4

95
6.

48
4

83
4.

66

C
ol

le
ge

gr
ad

ua
te

/p
os

tg
ra

du
at

e
le

ve
l

8
44

0.
00

8
91

0.
92

8
79

3.
44

D
FE

—
D

ie
ta

ry
Fo

la
te

Eq
ui

va
le

nt
;1

D
FE

su
pp

le
m

en
t=

sy
nt

he
ti

c
fo

la
te

su
pp

le
m

en
t×

2;
2

To
ta

lD
FE

=
D

FE
di

et
+

D
FE

su
pp

le
m

en
t.

268



Ta
bl

e
5.

C
om

pa
ri

so
n

of
th

e
m

ed
ia

ns
of

su
pp

le
m

en
t,

to
ta

lu
na

dj
us

te
d

an
d

to
ta

lc
al

ib
ra

te
d

D
FE

ac
co

rd
in

g
to

cl
in

ic
al

ch
ar

ac
te

ri
st

ic
s

in
th

e
pr

et
re

at
m

en
to

fp
at

ie
nt

s
fo

r
co

lo
re

ct
al

ad
en

oc
ar

ci
no

m
a.

D
FE

Su
pp

le
m

en
t1

(µ
g)

(n
=

20
)

To
ta

lU
na

dj
us

te
d

D
FE

2
(µ

g)
(n

=
20

)
To

ta
lC

al
ib

ra
te

d
D

FE
2

(µ
g)

(n
=

20
)

N
M

ed
ia

n
p

N
M

ed
ia

n
p

N
M

ed
ia

n
p

Tu
m

or
si

te
C

ol
on

16
48

0.
00

0.
06

16
11

77
.1

8
0.

00
1

*
16

84
5.

81
0.

02
*

R
ec

ta
l

4
35

2.
00

4
84

5.
60

4
70

2.
72

St
ag

in
g

Ie
II

12
48

0.
00

0.
96

12
10

59
.7

2
0.

58
12

83
4.

71
0.

93
II

Ie
IV

8
44

0.
00

8
10

05
.7

4
8

79
9.

17

D
FE

—
D

ie
ta

ry
Fo

la
te

Eq
ui

va
le

nt
;1

D
FE

su
pp

le
m

en
t=

sy
nt

he
tic

fo
la

te
su

pp
le

m
en

t×
2;

2
To

ta
lD

FE
=

D
FE

di
et

+
D

FE
su

pp
le

m
en

t;
*

p
<

0.
05

.

Ta
bl

e
6.

T
he

p
re

va
le

nc
e

of
in

ad
eq

u
ac

y
of

vi
ta

m
in

s
B

2,
B

6,
B

12
an

d
fo

la
te

in
th

e
p

re
tr

ea
tm

en
t

of
p

at
ie

nt
s

fo
r

co
lo

re
ct

al
ad

en
oc

ar
ci

no
m

a.

%
B

el
lo

w
of

EA
R

(n
=

18
9)

U
na

dj
us

te
d

FF
Q

V
it

am
in

B2
4.

00
V

it
am

in
B6

14
.8

6
V

it
am

in
B1

2
7.

00
Fo

la
te

11
.0

0
C

al
ib

ra
te

d
FF

Q
V

it
am

in
B2

0.
00

V
it

am
in

B6
20

.1
8

V
it

am
in

B1
2

0.
10

Fo
la

te
0.

10

FF
Q

—
Fo

od
Fr

eq
ue

nc
y

Q
ue

st
io

nn
ai

re
;E

A
R

—
Es

ti
m

at
ed

A
ve

ra
ge

R
eq

ui
re

m
en

t.

269



In the present study, there was a significant difference in plasma levels of folate
in relation to sex and age, but no studies have been found in the literature that
evaluated this relationship. Furthermore, when assessing the correlation of serum
folate concentrations with folate intake, a significant difference was found in relation
to a synthetic folate from supplement as well as a DFE supplement. Additionally,
there were no verified studies that assessed the correlation between the ingestion of
supplements with plasma folate levels.

The present study also evaluated the correlation between serum folate with other
nutrients involved in the 1-carbon cycle, but significant differences were not found.
Studies were not found in the literature that assessed this correlation. However, in
relation to dietary data, one study showed a moderate correlation between vitamin
B2 and B6 (rho = 0.44) and folate (rho = 0.45). In that study, vitamin B6 showed a
moderate correlation with vitamin B12 (rho = 0.38) and folate (rho = 0.48). Vitamin
B12 also showed a moderate correlation with folate (rho = 0.34) [25].

In this study, men ingested significantly more folate (unadjusted and calibrated)
than women. In addition, Asian participants ingested less folate, both unadjusted
and calibrated, than the participants of any other race. The difference was significant
between the Asian and white races and between the Asian and mulatto/black
races. Regarding education, patients with up to a primary school education had an
unadjusted and calibrated folate intake that was significantly higher than patients
with higher education at the college graduate/postgraduate level. We found no
studies in the literature that showed a correlation between folate intake with the
variables mentioned here.

The prevalence of the inadequacy of a particular nutrient has been a target of
interest among researchers because this information allows for the development of
healthcare strategies, such as planning and monitoring actions that are specific to
a group of individuals [26]. Folate, vitamins B2, B6, B12, and choline are part of
numerous biochemical reactions that are involved in the 1-carbon cycle, which is
essential for the synthesis and methylation of DNA, the synthesis of RNA precursors
and the conversion of homocysteine in methionine [14,27–29]. A deficiency of
nutrients in this group can lead to decreased levels S-adenosylmethionine (SAM),
chromosomal instability, changes in transcriptional regulation, poor incorporation
of uracil into DNA, DNA hypomethylation and increased risk of colorectal
tumors [30–35]. When analyzing the prevalence of folate inadequacy in patients
with intake from diet alone, 11.00% and 0.10% had intakes below the EAR according
to the unadjusted and calibrated FFQ, respectively. One of the mechanisms by
which folate deficiency can lead to CRC is related to the synthesis of purines and
thymidylate. Thus, adequate levels are essential for the synthesis, stability, integrity
and adequate repair of DNA [29,36]. In some studies, a dietary intake of 400 µg day−1

of folate for 10 weeks increased DNA methylation in lymphocytes and in the colonic
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mucosa of patients with colorectal adenomas [37,38]. One study that evaluated the
colon in 609 cases showed that an intake of <200 µg day−1 of folate was related to
increased hypomethylation of LINE-1 regulatory sequences in contrast to a dietary
intake of folate ≥400 µg day−1, which showed a decrease in hypomethylation. The
consumption of ethanol≥15 g day−1 was associated with an increased risk of LINE-1
hypomethylation [39].

Regarding vitamin B6, the prevalence of inadequacy according to unadjusted
and calibrated FFQ was 14.86% and 20.18%, respectively. Vitamin B6 acts as an
enzyme cofactor for serine hydroxy-methyltransferase (SHMT) and cystathionine
b-synthase (CBS). Vitamin B6 is responsible for the formation of glycine
and 5,10-methylenetetrahydrofolate and allows for the irreversible reaction of
homocysteine to cystathionine [40]. It is known that vitamin B6 deficiency can
lead to hyperhomocysteinemia, weakness, nervous disorders, irritability, insomnia
and difficulty walking [41].

The prevalence of inadequate dietary intake of vitamin B12 was 7.00% and 0.10%
according to unadjusted and calibrated FFQ, respectively. During the methylation
of homocysteine to methionine, vitamin B12 acts as a cofactor for the enzyme
methionine synthase [42,43]. Additionally, this vitamin plays an important role
during the isomerization of L-methylmalonyl-CoA to succinyl-CoA [44].

Regarding vitamin B2, the prevalence of inadequacy was 4%, assessed by the
FFQ unadjusted data only. Vitamin B2, besides taking part in the remethylation
of homocysteine to methionine, acts as a cofactor for methylenetetrahydrofolate
reductase (MTHFR) and pyridoxine 5′-phosphate oxidase [45].

The prevalence of the inadequacy of choline could only be assessed by the
unadjusted FFQ and was 22.55% in female patients. Of these female patients,
13.76% likely had adequate intake. This nutrient participates as a cofactor for
SAM-dependent transmethylation reactions [46].

A low proportion of patients showed folate deficiency in this sample. On
the other hand, a high proportion of patients showed folate intake above the
recommended levels. Female patients and patients less than 61 years old presented
significantly lower serum folate levels.

In the present study, we found a considerable number of patients who had a
folate intake above the UL, both those who only ingested this nutrient from the diet
and, in many cases, those patients with supplementation. Food fortification with folic
acid has been deployed in several countries around the world to prevent embryonic
neural tube defects and some diseases, such as cancer [47], and is likely the most
important action in the field of nutrition and public health [48]. After fortification in
the U.S. and Canada, considerable increases have been seen both in the intake and
serum concentration of folic acid [49,50]. However, folate fortification or folic acid
supplementation may negatively interfere with the 1-carbon cycle and thus could
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become an important issue for extrapolation [51]. Folate intake above the UL, in
addition to not diminishing the risk for CRC, increases the risk that an individual
may develop this type of tumor [52]. Studies using animal models have shown
that before the presence of neoplastic foci, a moderate deficiency of dietary folate
increased the onset and progression of adenomas, whereas supplementation with
4 to 10 times above the basal daily requirement for folic acid suppressed the onset
and progression of these adenomas. However, when such folate intervention was
performed after the establishment of preneoplastic lesions, a moderate deficiency of
dietary folate suppressed tumor growth and progression in addition to promoting
the regression of the tumor [53,54]. A study conducted by Lindzon et al. which
aimed to evaluate the effects of folic acid supplementation in aberrant crypt foci
and CCR, used 152 male rats at weaning that received supplementation of 2 mg
folic acid (kg day)−1. Six weeks after the induction of the aberrant crypt foci, the
rats were randomized into four groups. In these groups, the rodents received 0, 2,
5 or 8 mg (kg day)−1 of folic acid. The rats were sacrificed after 34 weeks to assess
the result of supplementation. The number of aberrant crypt foci increased with
increasing amounts of supplementation. Furthermore, although the tumor incidence
was significantly different among the four groups from the tumor multiplicity, the
tumor load and rectal epithelial proliferation were positively correlated with the
folate levels and inversely correlated with the concentration of homocysteine [55].
Thus, studies in animals have evaluated the effects of supplements [56,57]. For this
reason, recent studies in humans suggest that in normal mucosa, folic acid can
prevent the onset of CRC. Despite not being completely understood because of its
dual role, folate intake in a previously established preneoplastic lesion can accelerate
the growth of tumor cells [36,58–61]. Thus, it is stressed that careful assessment
should be given with regards to the dose and when to start folate intervention, while
observing the presence or absence of preneoplastic lesions [36,59]. This is because
folate appears to have a dual modulating role in colorectal cancer (CCR), which
involves the onset and progression of this tumor and depends on the dose and start
of intervention [36]. The mechanisms by which this occurs include the provision of
precursors for DNA synthesis and hypermethylation of tumor suppressor genes [29].

In the study by Kim et al. [17], 18.00% of the patients used multivitamin
supplements. Two other studies that evaluated 28 and 18 patients with colorectal
tumors found that 93% [19] and 7% [20] of these patients ingested supplementation,
respectively. Corroborating the present work, one study reported a higher intake of
multivitamins for patients with colon cancer, 6.20% of patients with rectal cancer and
9.10% of patients with colon cancer [62].

Recent studies have shown that folate deficiency in normal intestinal mucosa
can lead to the instability and incorporation of uracil in the DNA molecule. Therefore,
adequate nutritional intake of folate can act as a protective agent against cancer in
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the carcinogenesis of the colon and rectum. However, in preneoplastic lesions, with
intense cell division, folate deficiency appears to disrupt this process, thus inhibiting
tumor growth and even tumor regression [57]. This occurs because folic acid can act
as a substrate for tumor growth and replication, increasing the chances of disease
progression [29,63,64].

Several authors have shown no or positive associations between folate
supplementation and the recurrence of adenomas [25,63,65,66]. In study by
Cole et al. [65], the participants were randomly chosen and 516 received 1 mg day−1 of
folic acid and 505 received placebo. They also were separately randomized to receive
aspirin (81 or 325 mg day−1) or placebo. Follow-up consisted of two colonoscopic
surveillance cycles, the first after three years and the second between three and five
years, and found that patients who received folic acid at 1 mg day−1 did not have
reduced colorectal adenoma risk. Logan et al. [66], in a randomized study, noted
that aspirin (300 mg day−1) but not folate (0.5 mg day−1) use was found to reduce
the risk of colorectal adenoma recurrence. Sauer et al. [51], notes that fortification or
supplementation with folic acid can interfere negatively in the carbon-1 cycle and
thus becomes an important issue for extrapolation. According to Bollheimer et al. [52],
folate intake above the UL, in addition to not reducing the risk for CRC, increases
the risk that the individual will develop this type of tumor [52].

After mandatory fortification in Brazil, dietary folate intake probably increased
in the population. Steluti et al. (2011) conducted a study in Brazil in order to
investigate serum concentrations and the prevalence of inadequate folate intake
and also vitamin B6 and vitamin B12 intakes. The study showed low prevalence
rates of inadequate folate; vitamin B6 and vitamin B12 intakes were low, which is
possibly the result of improved access to and availability of foods that are dietary
sources of these vitamins [67]. In addition, a recent study in Brazil, analyzed folic
acid intake before and since mandatory fortification and showed that prevalence
of inadequate folic acid intake mainly decreased in adolescents and adult males.
The paper also discusses that while folate has been associated with decreased risk
of certain chronic diseases, there is strong evidence that the excess of nutrients
may increase DNA synthesis, stimulating cell proliferation and participate in tumor
progression [68]. Furthermore, because current evidence of the benefits of regular
use and risk of excessive consumption of supplements containing folic acid, it is
necessary to monitor use of supplements [69,70].

5. Conclusions

The purchase of multivitamins by the population is often performed without
guidance. Moreover, due to the difficulty of the early diagnosis of CRC, the medical
professional and/or nutritionist cannot adequately guide the patient in the use
of nutritional supplements. Thus, because of the increased supply of folic acid
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through foods, in combination with the use of multivitamin supplements, a part
of the population may far exceed the intake of folic acid recommended by the
DRIs, which established a tolerable UL of 1 mg day−1. More studies are needed to
understand the impact of high folic acid intake through food fortification and use of
dietary supplements, as well as other nutrients involved in the 1-carbon cycle, and
whether high intake promotes adverse health effects, especially in cancer patients.
We also suggest further studies to identify potential polymorphisms in the MTHFR
enzyme, which is involved in the metabolic pathways that degrade homocysteine,
in order to determine whether changes in this enzyme can effectively interfere with
folate metabolism.
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Assessment of Pre-Pregnancy Dietary Intake
with a Food Frequency Questionnaire in
Alberta Women
Stephanie M. Ramage, Linda J. McCargar, Casey Berglund, Vicki Harber,
Rhonda C. Bell and the APrON Study Team

Abstract: Purpose: Pre-pregnancy is an under-examined and potentially important
time to optimize dietary intake to support fetal growth and development as well
as maternal health. The purpose of the study was to determine the extent to which
dietary intake reported by non-pregnant women is similar to pre-pregnancy dietary
intake reported by pregnant women using the same assessment tool. Methods:
The self-administered, semi-quantitative food frequency questionnaire (FFQ) was
adapted from the Canadian version of the Diet History Questionnaire, originally
developed by the National Cancer Institute in the United States. Pregnant women
(n = 98) completed the FFQ which assessed dietary intake for the year prior to
pregnancy. Non-pregnant women (n = 103) completed the same FFQ which assessed
dietary intake for the previous year. Energy, macronutrients, and key micronutrients:
long-chain omega-3 fatty acids, folate, vitamin B6, vitamin B12, calcium, vitamin
D and iron were examined. Results: Dietary intake between groups; reported
with the FFQ; was similar except for saturated fat; trans fat; calcium; and alcohol.
Pregnant women reported significantly higher intakes of saturated fat; trans fat;
and calcium and lower intake of alcohol in the year prior to pregnancy compared
to non-pregnant women who reported intake in the previous year. Conclusions:
Despite limitations; a FFQ may be used to assist with retrospective assessment of
pre-pregnancy dietary intake.

Reprinted from Nutrients. Cite as: Ramage, S.M.; McCargar, L.J.; Berglund, C.;
Harber, V.; Bell, R.C.; the APrON Study Team Assessment of Pre-Pregnancy Dietary
Intake with a Food Frequency Questionnaire in Alberta Women. Nutrients 2015, 7,
6155–6166.

1. Introduction

It is well known that dietary intake during pregnancy impacts fetal growth
and development as well as maternal health. However, a woman’s weight status
and dietary intake over the course of her life and particularly before becoming
pregnant may also affect fetal growth and development and long-term maternal
health [1,2]. Maternal obesity prior to pregnancy has been associated with negative
maternal outcomes including increased risk of miscarriage, gestational diabetes,
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pregnancy-induced hypertension, venous thrombo-embolism, induction of labour,
caesarean delivery, excessive gestational weight gain, and post-partum weight
retention [3–6]. Pre-pregnancy maternal obesity is also associated with increased risk
of poor infant outcomes including fetal macrosomia, childhood obesity and increased
risk of diabetes later in life [3,5,6]. Due to its importance for both maternal and infant
outcomes, weight status of women prior to pregnancy has been emphasized as a key
variable in the United States Institute of Medicine gestational weight gain guidelines
published in 2009 [7].

While the effects of pre-pregnancy dietary intake are not well characterized,
improvements prior to pregnancy may decrease the risk of poor maternal and
fetal outcomes. Maternal nutrition status prior to conception and during the
peri-implantation phase is believed to affect embryonic and fetal growth [8]. Recent
research from the Nurses’ Health Study indicated that increased intake of fried
foods prior to pregnancy was associated with increased risk of gestational diabetes
even after adjusting for multiple factors including age, body mass index (BMI),
family history of diabetes, total energy intake and diet quality [9]. Results from
studies in animal models are consistent with these results in humans. For example,
an animal model fed a high-fat diet prior to pregnancy demonstrated negative
effects in offspring including increased insulin like growth factor 2 receptor mRNA,
smaller offspring that undergo catch-up growth, and in males, increased cholesterol,
increased percent body fat, and glucose intolerance in later life [10]. Another animal
model that utilized a high-fat diet prior to pregnancy found the offspring had
increased lipid droplet storage in hepatocytes and increased body weight compared
to controls fed standard chow during pre-pregnancy as well as pregnancy and
lactation [11]. Liver tissue in offspring also had a unique up-regulation of Acacb
and Scd1 gene expression in those mice fed a high-fat diet during the pre-pregnancy
period only [11].

In addition to high dietary fat intake, maternal nutrient deficiencies prior
to pregnancy have also been linked with fetal developmental defects. The most
commonly known defect related to pre-pregnancy nutrition is the increased risk of
neural tube defects (NTDs) with low levels of maternal folate [12]. Other nutrient
insufficiencies or deficiencies may also be important. One study found that after
adjusting for energy intake, low maternal dietary intake of vegetable protein, fibre,
beta-carotene, vitamin C, vitamin D, iron and magnesium were linked to an increased
risk of orofacial clefts in newborns [13].

Determining an appropriate method of dietary intake assessment during the
pre-pregnancy period is important to support future interventions. For example,
it has been found that women who received pre-conception advice from a health
professional were more likely than other women to make positive behavior changes
prior to pregnancy including taking supplementary folic acid and consuming a
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healthier diet [2]. A pre-pregnancy dietary intake assessment tool that has the
potential to track changes could assist in determining the impact of interventions
in creating positive diet changes during this critical period. However, recruitment
of women before pregnancy is difficult, thus a tool that examines dietary intake
retrospectively would be important.

This study was completed as a pilot project to support an ongoing cohort
study: Alberta Pregnancy Outcomes and Nutrition (APrON) [14]. The APrON study
is exploring the relationship of maternal dietary intake and nutrient status during
pregnancy with maternal mental health, birth outcomes and child neurodevelopment
up to three years of age. Women were enrolled in the APrON study once they became
pregnant, however, as described above, it was important to assess dietary intake
prior to pregnancy. The purpose of the study was to determine the extent to which
dietary intake reported by non-pregnant women is similar to pre-pregnancy dietary
intake reported by pregnant women using the same assessment tool.

2. Methods

2.1. Participants

Pregnant and non-pregnant women were recruited from Edmonton, Alberta,
Canada. For the pregnant group, any woman who was currently pregnant was
eligible to participate in the study. There were no restrictions placed on number of
weeks gestation. For the non-pregnant group, women who had not been pregnant
during the past 12 months and were aged 17–45 years were eligible to participate. We
have no information as to whether any of the participants were planning a pregnancy.
Women in both groups were excluded if they were unable to speak, read, or write
in English.

A sample size of 100 participants in each group was chosen in order to allow
for comparison between groups; this sample size has been identified as appropriate
for assessment of validity of FFQs [15]. Although this study did not directly assess
validity of the FFQ, other aspects of the study beyond the scope of this short report
did examine relative validity.

Different recruitment strategies were utilized for the pregnant and non-pregnant
groups. Recruitment of pregnant participants was also completed as a pilot test for
one of the APrON study recruitment strategies. This was organized in conjunction
with the Women and Children’s Health Research Institute (WCHRI) at the University
of Alberta along with two other studies also recruiting pregnant women. Upon
having pregnancy confirmed at a medical clinic, potential participants were asked if
they would be interested in participating in pregnancy research. If the individual
was interested, her name and telephone number was forwarded to the WCHRI
office. Names were randomly assigned between the three studies. Once names and
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telephone numbers were received from WCHRI, potential participants were called to
invite the woman to participate in the study. It was made clear to participants that
they would be taking part in a pilot study to test questionnaires for a larger study.
Pregnant women in the present study were not APrON participants.

Non-pregnant participants were recruited through a variety of other methods
as there was no affiliation with medical clinics to recruit these women. These
methods included recruitment tables, posters, advertisements in newsletters and
word-of-mouth at a variety of locations including the University of Alberta
community and City of Edmonton recreation facilities.

This research was approved by the Health Research Ethics Board at the
University of Alberta, Human Research Ethics Study Number Pro00003163.
All participants provided informed consent prior to participation.

2.2. Demographic Assessment

All participants reported age, height, marital status, parity, ethnicity, chronic
illness, education level, employment status, and annual household income. Pregnant
participants reported their weight immediately prior to pregnancy, and number of
week’s gestation. Non-pregnant participants reported their current weight. Body
mass index (BMI) was calculated by dividing weight (in kilograms) by height
(in metres) squared.

2.3. The Food Frequency Questionnaire

The FFQ was adapted from the Canadian version of the Diet History
Questionnaire (DHQ) [16] which was originally developed by the National Cancer
Institute in the United States [17]. The original DHQ utilized the United States
Department of Agriculture (USDA) Nutrient Database for Standard Reference
(SR11) [17]. Csizmadi et al. [16] adapted the FFQ for use in Canada to reflect
differences in Canadian nutrient fortification practices and food availability. The
changes made utilized the Canadian Nutrient File 2007b [18] nutrient database for
analyses. The FFQ was further adapted for the APrON study to address nutrients of
concern prior to pregnancy [8] as well as incorporating culturally appropriate foods.
Changes included the addition of foods fortified with omega-3 fatty acids (eggs,
juice, margarine, milk, soymilk, and yogurt), an expanded fish section, and more
multigrain/flax grain products. Additionally, some questions were re-ordered or
combined. The nutrient profiles of additional foods were added using the Canadian
Nutrient File 2007b [18].

The FFQ was a self-administered, semi-quantitative, retrospective questionnaire
that asked about dietary intake over the 12 months prior to pregnancy for pregnant
women or the past 12 months for non-pregnant women. Since women were recruited
over an 18 month time frame, and “past 12 months” was used as the time over which
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diet was reported, differences that occur in dietary intake according to seasonality
were minimized [15].

2.4. Comparison between Groups

Pregnant and non-pregnant women both completed the same FFQ. All data
reported were for food and beverages only, supplements were not included.

Nutrient intakes in pregnant women were compared to nutrient intakes in
non-pregnant women. The key nutrients selected for comparison were long-chain
omega-3 fatty acids, folate, vitamin B6, vitamin B12, calcium, vitamin D and iron. In
addition, total energy and macronutrient intake (carbohydrate, protein, and fat) were
compared between groups.

2.5. Data Entry

Responses to all FFQs were double-entered into a key-punch program utilizing
Microsoft Excel® (Excel version 2007) to ensure accuracy.

2.6. Statistical Analysis

Assessment for outliers for FFQ data was completed based on unrealistic
reported energy intakes of <600 kcal or >3500 kcal per day, as recommended by
Csizmadi et al. [16]. Independent samples t-tests were used to compare differences
between groups for continuous demographic variables while chi square analysis and
Fisher’s exact test were used to examine the differences in categorical demographics
between groups. Independent samples t-tests were used to compare mean intake
between groups of the key nutrients measured by the FFQ.

Analyses were performed using SPSS (version 18.0, SPSS Inc, Chicago, IL, USA)
except for demographic variables: parity, education level, household income and
BMI classification where STATA (version 10, StataCorp LP, College Station, TX, USA)
was used.

3. Results

3.1. Participant Information

Overall, 98 pregnant women and 103 non-pregnant women completed the
study. Nine participants (seven pregnant and two non-pregnant) were excluded
from all analyses on the basis of unrealistic energy intake reported on the FFQ [16].
Participant demographic information is described in Table 1. Compared to the
non-pregnant women, the women in the pregnant group were more likely to have
a higher pre-pregnancy BMI (p = 0.003), be married (p < 0.001), have more children
(p = 0.005), be employed (p = 0.025), and have a higher household income (p < 0.001).
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There were no significant differences found between groups for age, ethnicity, chronic
illness, or level of education.

3.2. FFQ Nutrient Intake Comparison between Groups

Energy, macronutrient, and key micronutrient intakes are shown in Table 2.
The pregnant women reported a significantly higher mean intake of saturated
fat (SFA) (p < 0.05), trans fat (p < 0.01), and calcium (p < 0.05) compared to the
non-pregnant group. The non-pregnant women reported a significantly higher mean
intake of alcohol (p < 0.05). Intakes of energy and all other macronutrients and key
micronutrients were similar between groups.

Table 1. Participant Demographic Characteristics.

Pregnant (n = 91) Non-Pregnant (n = 101) p value

Mean (SD) a

Age (years) 30.8 ± 5.0 29.1 ± 7.7 0.072
Weeks Gestation 31.0 ± 8.2 N/A N/A

Body Mass Index (BMI) (kg/m2) 25.1 ± 6.7 22.8 ± 3.1 0.003 **

(%) b

Marital Status <0.001 **
Married/Common Law 97% 51%
Single/Divorced/Other 3% 49%

Parity 0.005 *
0 53% 68%
1 32% 13%

2 or more 15% 19%

Ethnicity 0.293
Caucasian 77% 83%

Other 23% 17%

Chronic Illness 0.620
No 80% 83%
Yes 20% 17%

Education Level 0.616
High school graduate or less 7% 4%
Some college or university 16% 20%

College or university degree or above 77% 76%

Employment Status 0.025 *
Employed/Self-Employed 70% 55%

Unemployed c 30% 45%

Annual Household Income <0.001 **
<$30,000 3% 35%

$30,000–59,000 18% 23%
>$60,000 79% 42%

* p-Value significant at p < 0.05 level; ** p-value significant at p < 0.01 level; a t-test for
independent samples; b Chi square analysis (marital status, ethnicity, chronic illness,
employment status) or Fisher’s Exact Test (parity, education, income, BMI) as appropriate;
c Included students, homemakers, unemployed or other. Abbreviations: BMI (body mass
index), kg (kilograms), m (metres), SD (standard deviation).
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Table 2. Comparison between Groups of Energy and Nutrient Intake Measured
by FFQ.

Nutrient Pregnant a (n = 91)
(mean ± SD)

Non-Pregnant b

(n = 101) (mean ± SD)
p-value

Energy (kcal) 1927 ± 537 1869 ± 529 0.456
Carbohydrate (g) 261.8 ± 82.2 246.9 ± 78.9 0.204

Fibre (g) 22.2 ± 9.2 24.1 ± 10.2 0.169
Protein (g) 77.6 ± 25.6 77.3 ± 26.2 0.958

Fat (g) 67.6 ± 22.1 66.1 ± 25.2 0.660
Saturated Fat (g) 22.1 ± 8.6 19.6 ± 8.1 0.039 *

MUFA (g) 26.6 ± 9.8 27.1 ± 12.0 0.733
PUFA (g) 13.1 ± 4.7 13.5 ± 5.8 0.527
ALA (g) 1.8 ± 0.8 1.7 ± 0.7 0.265

EPA/DHA (g) 0.14 ± 0.13 0.17 ± 0.21 0.246
Trans Fat (g) 3.5 ± 1.4 2.9 ± 1.4 0.007 **

Cholesterol (mg) 200.6 ± 75.6 182.7 ± 82.7 0.120
Alcohol (g) 3.7 ± 4.9 5.6 ± 7.3 0.043 *
Folate (µg) 369 ± 124 392 ± 148 0.250

Vitamin B6 (mg) 2.1 ± 0.8 2.1 ± 0.8 0.856
Vitamin B12 (µg) 5.1 ± 2.3 5.0 ± 2.3 0.802

Calcium (mg) 1146 ± 556 988 ± 408 0.026 *
Vitamin D (µg) 5.8 ± 3.5 5.2 ± 3.2 0.204

Iron (mg) 15.3 ± 5.0 16.4 ± 6.0 0.193

* Independent samples t-test significant at p < 0.05 level; ** Independent samples
t-test significant at p < 0.01 level. a Energy and macronutrient intake for the year
prior to becoming pregnant; b Energy and macronutrient intake for the past year.
Abbreviations: FFQ (food frequency questionnaire), kcal (kilocalories), g (grams), mg
(milligrams), µg (micrograms), SD (standard deviation), MUFA (monounsaturated fat),
PUFA (polyunsaturated fat), ALA (alpha-linolenic acid), EPA/DHA (Eicosapentaenoic
acid/Docosahexaenoic acid).

4. Discussion

A novel comparison between groups was used in this study to approach the
question of whether or not food intake measured by the FFQ was similar between
pregnant women reporting intake in the year prior to pregnancy and non-pregnant
women reporting intake for the past year. It appeared that there were some
differences between groups in dietary intake, however, it is not known whether
these differences were due to actual differences in food intake between groups or
differences in recall bias between groups. It is not a traditional assessment of the
relative validity of a dietary intake tool whereby a tool is compared to a gold standard
or secondary method. Assessment of relative validity in this population is difficult.
Many studies have examined the relationship between FFQs and alternate methods
of diet assessment utilizing a variety of populations, sample sizes, FFQs, reference
time periods, and reference diet assessment methods [19]. In general, FFQs are
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typically believed to overestimate nutrient intake although it may be that some
overestimate intake more than others or even underestimate intake [13,20,21].

Overall, the FFQ provided a similar estimate of energy, macronutrients and
key micronutrients: folate, vitamin B6, vitamin B12, vitamin D and iron between
groups. However, saturated fat, trans fat, and calcium intakes were reported as
significantly higher, and alcohol intake was reported as significantly lower in the
pregnant group recalling the year prior to pregnancy compared to the non-pregnant
group recalling the past year. Reasons for these differences could be multi-fold but
cannot be completely discerned in this study. It is possible that: (1) if planning
a pregnancy, some women may have made dietary changes in the year prior to
becoming pregnant. For example, a woman planning a pregnancy may decrease or
eliminate intake of alcoholic beverages and increase consumption of other beverages,
such as milk. The mean difference in calcium intake between groups was 158 mg
which is approximately the amount of calcium in half a cup of milk [18]. Saturated
and trans fats may also be present in milk although in varying amounts depending
on the type of milk. Thus even if some of the pregnant women changed their
beverage consumption as a result of planning pregnancy, intake of these nutrients
may have been higher. (2) There may have been increased recall bias among the
pregnant women such that they perceived a “healthier” diet in the year prior to
pregnancy. Some research supports the idea that women intending pregnancy make
positive behaviour changes including higher levels of physical activity and lower
smoking rates compared with non-pregnant women [22], lower alcohol intake [23]
and taking a multivitamin [24] and/or folic acid supplement [22,23,25]. In contrast,
other pre-conception research indicates that women who are planning a pregnancy do
not differ greatly from other non-pregnant women with respect to health behaviours
such as alcohol use [22,24,25], smoking [23,25], fruit and vegetable consumption [23,25]
and physical activity [25]. There may have been differences between groups in usual
intake irrespective of whether the pregnancy was planned or not. In the present
study, data on whether the pregnancy was planned was not collected so a definitive
statement on this issue cannot be made.

Pre-pregnancy dietary intakes in this study were somewhat similar to
pre-pregnancy intake reported by pregnant women in Portugal [26] and the
Netherlands [13,20]. Women in the present study were observed to have lower
energy intake [20,26], lower fat intake [13], higher vitamin D and lower vitamin
B12 [26]. However, these studies used different FFQs, examined women who were
planning a pregnancy or not [20], and were administered at different time points,
such as during the first trimester [26] or after delivery [13], which makes direct
comparison difficult.

The primary limitation of this study was that neither FFQs nor any other diet
assessment tool is considered a gold standard. A FFQ was chosen because it was
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the only tool that could retrospectively assess nutrient intake prior to pregnancy.
The reality of recruitment procedures for the APrON study as well as the fact that
many pregnancies are unplanned [27] limited the method to retrospective assessment.
In addition to retrospective assessment, there are other times when FFQs are the
appropriate choice for diet assessment. For example, a FFQ may more accurately
measure nutrients with sporadic intake as opposed to daily intake. In this case
a 24 h recall may miss intake of these nutrients. As such, long-chain omega-3
fatty acid intake may be best measured by FFQ as foods containing high levels of
long-chain omega-3 fatty acids (i.e., fatty fish) are typically not eaten on a daily basis
in Canada [28].

Another limitation was that the pregnant women were recalling a 12 month
period that was approximately seven to eight months prior (i.e., before they were
pregnant) as opposed to the non-pregnant women who were simply recalling the past
12 months. In addition, there was variation in the point of gestation of the pregnant
women which resulted in some women having to recall a period that was longer than
others. The extent to which habitual dietary recall is affected by these differences in
time to recall is difficult to quantify. The fact that a FFQ is meant to capture habitual
dietary intake may lessen the impact of these differences in recall period.

One of the strengths of the study, was that recruitment took place over
approximately 18 months which would minimize the effect of seasonality on
reporting food intake. Additionally, in terms of the FFQ, was that every effort was
made to update the food list to include new fortified foods as well as an improved
variety of foods. However, a weakness of FFQs in general is that they continually
need updating to reflect changes in the food supply.

In addition, there were significant differences in the demographic characteristics
of the two groups. This may have augmented the differences observed when
comparing the FFQ between groups. For example, the significantly lower BMI
of non-pregnant women compared to pregnant women may indicate differences in
dietary intake patterns between groups.

Future research on this tool should include comparison against a reference
tool with multiple days of dietary intake in order to generate stronger conclusions
regarding the relative validity of the FFQ. In the future, it would also be important to
collect whether the pregnancy was planned or not.

5. Conclusions

This is the first time to the researchers’ knowledge, that the assessment of a
pre-pregnancy dietary assessment tool has been completed. The FFQ has a role in
dietary assessment of the pre-pregnancy time period as it is a critical period but is
difficult to assess.
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The FFQ provided a similar estimate of dietary intake between pre-pregnant and
non-pregnant groups for energy, macronutrients, and key micronutrients long-chain
omega-3 fatty acids, folate, vitamin B6, vitamin B12, vitamin D and iron. With the
data collected in the current study, it is not possible to state that the FFQ is relatively
valid. However, there is also insufficient evidence to state that the FFQ is invalid.
The FFQ is currently being used in the Alberta Pregnancy Outcomes and Nutrition
(APrON) cohort study. The APrON study sample size will be very large and it is
expected that at the group level, the large sample size will assist with removing
some of the variability in intake measured by the FFQ. However, considering the
limitations of the tool and the populations recruited in this study, it is essential that
data from this questionnaire be interpreted and utilized with caution.
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Estimated Daily Intake and Seasonal Food
Sources of Quercetin in Japan
Haruno Nishimuro, Hirofumi Ohnishi, Midori Sato,
Mayumi Ohnishi-Kameyama, Izumi Matsunaga, Shigehiro Naito,
Katsunari Ippoushi, Hideaki Oike, Tadahiro Nagata, Hiroshi Akasaka,
Shigeyuki Saitoh, Kazuaki Shimamoto and Masuko Kobori

Abstract: Quercetin is a promising food component, which can prevent lifestyle
related diseases. To understand the dietary intake of quercetin in the subjects of a
population-based cohort study and in the Japanese population, we first determined
the quercetin content in foods available in the market during June and July in or near
a town in Hokkaido, Japan. Red leaf lettuce, asparagus, and onions contained high
amounts of quercetin derivatives. We then estimated the daily quercetin intake by
570 residents aged 20–92 years old in the town using a food frequency questionnaire
(FFQ). The average and median quercetin intakes were 16.2 and 15.5 mg day−1,
respectively. The quercetin intakes by men were lower than those by women; the
quercetin intakes showed a low correlation with age in both men and women. The
estimated quercetin intake was similar during summer and winter. Quercetin was
mainly ingested from onions and green tea, both in summer and in winter. Vegetables,
such as asparagus, green pepper, tomatoes, and red leaf lettuce, were good sources
of quercetin in summer. Our results will help to elucidate the association between
quercetin intake and risks of lifestyle-related diseases by further prospective cohort
study and establish healthy dietary requirements with the consumption of more
physiologically useful components from foods.

Reprinted from Nutrients. Cite as: Nishimuro, H.; Ohnishi, H.; Sato, M.;
Ohnishi-Kameyama, M.; Matsunaga, I.; Naito, S.; Ippoushi, K.; Oike, H.; Nagata, T.;
Akasaka, H.; Saitoh, S.; Shimamoto, K.; Kobori, M. Estimated Daily Intake and Seasonal
Food Sources of Quercetin in Japan. Nutrients 2015, 7, 2345–2358.

1. Introduction

Epidemiological studies have suggested that flavonoids, including quercetin,
have a protective effect against cardiovascular diseases, cancers, and other chronic
diseases [1–7]. Quercetin is a flavonol that is ubiquitously found in vegetables, fruits,
and tea, as the glycosides [6,8]. The antioxidant activity [9–11], the anti-inflammatory
effect [12], and/or other molecular mechanisms may prevent lifestyle-related
diseases. Our previous study showed that a diet containing quercetin alleviated
streptozotocin-induced diabetic symptoms in mice [13]. Quercetin was suggested to
recover functions in both the liver and pancreas through oxidative stress reduction
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and the blockade of cyclin-dependent kinase inhibitor p21(WAF1/Cip1) (Cdkn1a)
expression. Moreover, the consumption of a quercetin-rich diet alleviated obesity,
hyperglycemia, hyperinsulinemia, and dyslipidemia in C57BL/6J mice that were
fed a Western diet that was rich in fat, cholesterol, and sucrose [14]. Quercetin
decreased oxidative stress and reducing peroxisome proliferator-activated receptor
α expression that subsequently reduced the expression of genes related to steatosis
in the liver. Recently, Dong et al. reported that quercetin suggested to suppress
obesity-associated macrophage infiltration and inflammation through the adenosine
monophosphate-activated protein kinase α1/silent information regulator 1 pathway
in mice fed a high-fat diet [15].

Quercetin glycosides are mostly hydrolyzed and absorbed from the small or
large intestines [6,8]. The physiological functions utilize the conjugated metabolites
of quercetin in the plasma or other tissues, or the deconjugated aglycone in the
specific tissues [8,16,17]. The intake of quercetin from dietary sources or supplements
increases the plasma quercetin concentration [6]. Cao et al. reported that the
mean intake over seven days of five flavonoids, including quercetin, was positively
correlated to their corresponding plasma concentrations [18]. Ioku et al. showed that
the quercetin glucoside content in onions did not decrease after frying or microwave
heating [19]. Quercetin-4’-glucoside in onions was shown to transfer to the water
during boiling without decomposition [19]. Thus, it is likely that the daily intake of
food rich in quercetin increases the bioavailability of quercetin and contributes to the
prevention of lifestyle-related diseases.

Sapporo Medical University has conducted a longitudinal population-based
cohort study in the Tanno and Sobetsu area in Hokkaido. In the Tanno and Sobetsu
study, central obesity assessed by waist circumference is shown to be useful for
assessing the risk of type 2 diabetes [20]. Moreover, parental hypertension is shown
to have an age-independent impact on the elevation of blood pressure, plasma
glucose, and triglyceride levels, which may underlie the increase in cardiovascular
events due to family history of hypertension [21]. Precise estimation of quercetin
intake by subjects in the cohort study will help elucidate the relationship between
quercetin intake and health indexes or risks of lifestyle related diseases. Sobetsu
town is in an agricultural region and the major industry is fruit growing such as
apples and cherries. The quercetin content of plant foods differs depending on the
cultivars or cultivation conditions [22,23]. Therefore, in this study, to make a precise
estimate of quercetin intake in the local residents, we first determined the quercetin
content of the foods available in the markets in the Sobetsu area; we then estimated
the daily quercetin intake by the residents in the Sobetsu town using a food frequency
questionnaire (FFQ).
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2. Experimental Section

2.1. Materials

One to three bags or bunches (approximately 0.2–1 kg bag−1 or bunch) of
commonly eaten vegetables and fruits were obtained from three major farmer’s
markets and the representative supermarket in the Sobetsu area (Sobetsu town, Toya
town and Date city) during June, July, and December in 2013. Different bags or
bunches of the same food were produced by the different farms. Autumn-planted
onions grown on the main island and spring-planted onions grown in Hokkaido
were available during summer and winter, respectively. Therefore, we determined
the quercetin contents of onions and other vegetables and fruits commonly eaten
in winter. The fruits and vegetables, except onions obtained in July, red leaf lettuce
obtained in July, asupara-ra, and Chinese cabbage, were grown in the Sobetsu area.
The edible parts, which were defined in the “Standard Tables of Food Composition
in Japan (Fifth revised and enlarged editions),” in a bag or bunch were combined
and reduced by sample division. Approximately 100–200 g of each food sample was
frozen with liquid nitrogen, lyophilized, powdered in a grinder, and stored at −30 ◦C
until the analysis. Approximately 150 g and 250 g of asparagus were cooked by
boiling before the lyophilization respectively. Onions (200 g × 2) and green peppers
(100 g × 2) were cooked by stirring before the lyophilization respectively. Green tea
(200 g) and dried buckwheat noodles (400 g) were obtained from the representative
supermarket in the Sobetsu area. Four grams of green tea leaves were infused twice
with 100 mL of 80 ◦C water for 1 min. The green tea infusion was lyophilized,
powdered, and then stored at −30 ◦C until the analysis. The dried buckwheat
noodles were cooked by boiling before the lyophilization.

2.2. Determination of Quercetin Content

The quercetin content of each food sample was quantified by a high-performance
liquid chromatography (HPLC) using the validated method of Watanabe et al. [24].
Briefly, quercetin aglycone was extracted from 200 mg of a freeze-dried food sample
by hydrolysis with 12 mL of HCl solution (ethanol/water/HCl, 50:20:8, v/v/v) at
90 ◦C for 60 min, while shaking the sample solutions every 15 min. Five mL of
green tea infusion was hydrolyzed with 12.5 mL of ethanol and 2 mL of HCl at 90 ◦C
for 60 min. Each extract of vegetables, fruits, and tea was increased to 25 mL with
methanol. Fifteen mL of each sample was filtered through a 0.45 µm polyvinylidene
fluoride (PVDF) membrane filter prior to the HPLC analysis.

A Shimadzu HPLC Prominence that contained a degasser (DGU-20A3),
binary pump (LC-20AB), auto-sampler (SIL-20AC), column oven (CTO-20A), and
photodiode array detector (SPD-M20A) was used as the HPLC system. Ten microliter
of each hydrolyzed food sample was applied to the HPLC column (Prodigy ODS (3),
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5 µm, 100 A, 4.6 × 250 mm (Phenomenex, Torrance, CA, USA; Part No.00G-4097-E0))
and eluted with methanol/0.85% phosphoric acid (1:1, v/v) at a flow rate of 1.0 mL
min−1 at 35 ◦C. The spectra were recorded from 200 nm to 500 nm, and quercetin
was measured at 370 nm.

All food samples were determined in triplicate.
Quercetin content of foods are shown in Table 1. The quercetin content of

cooked asparagus by boiling was 23.1 mg (100 g)−1 fresh weight. The quercetin
contents of sautéed onions and green peppers were 7.7 and 7.5 mg per 100g fresh
weight, respectively. The quercetin contents were slightly decreased by stir-frying.
Among the foods we evaluated, spring-planted onions obtained in winter showed the
highest quercetin content. The quercetin contents were less than the detection limit
(0.07 mg g−1 of dry weight) in green and red shiso (Perilla frutescens), eggplants, welsh
onions, cabbages, spinach, potatoes, buckwheat noodles, garland chrysanthemum,
and Chinese cabbages.

2.3. Diet Survey

Sapporo Medical University has been conducting a cohort study called “The
Tanno-Sobetsu study” since 1977. In the Tanno-Sobetsu Study, residents of two
towns, Tanno and Sobetsu, in Hokkaido, Japan were recruited for annual medical
examinations, including standard blood and urine tests. We recruited the study
participants in the cohort of Sobetsu town. Sobetsu town is a rural area located in
the island of “Hokkaido” in the north of Japan. Most participants in this cohort
were middle-aged and elderly people and their life-style, obesity prevalence, blood
pressure, blood glucose and lipid levels were similar to those in the results of
national survey in Japan. Therefore, this cohort is considered to represent general
Japanese population.

Two-day weighed food records (weight, servings, and portion size of food
intake) were completed by eight volunteer housewives in July 2013. The FFQ,
which asked about the frequency and portion size for 15 food items (onion, spinach,
broccoli, potato, green pepper, asparagus, tomato, cherry tomato, cabbage, eggplant,
red leaf lettuce, shiso (Perilla frutescens), cherry, buckwheat noodles, and green tea)
was recorded by 570 residents aged 20–93 years; trained dieticians checked the
information through interviews during July–August 2013. A FFQ which asked
about the frequency and portion size for 14 food items (onion, spinach, broccoli,
potato, green pepper, asparagus, tomato, cherry tomato, Chinese cabbage, garland
chrysanthemum, red leaf lettuce, apples, buckwheat noodles, and green tea) was
recorded by 60 residents aged 41–91 years; trained dieticians checked the responses
through interviews in December 2013 in the same manner. The subjects were
informed of the objective of the study and agreed to participate. The study design
was approved by the Ethical Committee in Sapporo Medical University.
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The intake of quercetin was estimated by the calculations of the food intakes
and the quercetin content.

Table 1. Quercetin content in commonly-eaten foods in Japan.

Acquisition period Food
Quercetin content
(mg 100 g−1 FW or mg (100 mL)−1 *)

June–July 2013 Red leaf lettuce (Lactuca sativa L. var. crispa) 30.6
Asparagus (Asparagus officinalis L.) 23.6
Romaine lettuce (Lactuca sativa L. var. longifolia) 12.0
Onion (Allium cepa L.) 11.0
Green pepper (Capscicum annuum L.) 9.9
Asupara-na (Brassica rapa) 4.3
Cherry tomato (Solanum lycopersicum) 3.3
Podded pea (Pisum sativu L.) 1.7
Tomato (Solanum lycopersicum) 1.6
Broccoli (Brassica oleracea var. italica) 1.6
Cherry (Prunus avium L.) 1.2
Green tea infusion 2.1*
Welsh onion (Allium fistulosum L.) N.D.
Spinach (Spinacia oleracea L.) N.D.
Potato (Solanum tuberosum L.) N.D.
Red shiso1 (Perilla frutescent var. crispa) N.D.
Green shiso2 (Perilla frutescent var. crispa) N.D.
Eggplant (Solanum melongena L.) N.D.
Cabbage (Brassica oleracea L. var. capitata) N.D.
Dried buckwheat nudles (boiled) N.D.

December 2013 Onion (Allium cepa L.) 41.9
Red leaf lettuce (Lactuca sativa L. var. crispa) 10.3
Apple (Fuji) (Malus domestica Borkh.) 2.3
Broccoli (Brassica oleracea var. italica) 0.5
Spinach (Spinacia oleracea L.) N.D.
Garland chrysanthemum (Glebionis coronaria) N.D.
Chinese cabbage (Brassica rapa var. pekinensis) N.D.

N.D., not detected; FW, fresh weight. 1 Perilla frutescens var. crispa f. crispa. 2 Perilla
frutescens var. crispa f. purpurea. Each food item was purchased 1–3 times and each sample
was determined in triplicate. Values are expressed as mean of 1–3 samples.

2.4. Statistical Analysis

The statistical analyses were performed using GraphPad Prism 5 for Windows
Ver. 5.04 (GraphPad Software, San Diego, CA, USA). The significance of the
differences between groups was determined by the Mann–Whitney U test. We
applied square root transformation to the daily quercetin intakes, which did not have
a normal distribution, before assessing the correlation between quercetin intake and
age. The association was established by the Pearson rank correlation test. A p value
of <0.05 was considered statistically significant.
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3. Results

3.1. Estimated Dietary Quercetin Intakes by Female Volunteers Using Two-Day
Weighted Food Record

Two-day weighed food records were completed by eight volunteer housewives
in Sobetsu town in Hokkaido in July 2013. Quercetin intake was estimated using the
quercetin contents of foods obtained during June and July 2013. The estimated
quercetin and vegetable intakes of each subject are shown in Figure 1a. The
estimated daily vegetable intakes and quercetin intakes were 187–573 g day−1 and
12.6–49.9 mg day−1, respectively. The daily intake of quercetin was higher in subjects
who consumed a large amount of vegetables. The average intake of vegetables and
quercetin was 381 g day−1 and 21.5 mg day−1, respectively. The major sources of
quercetin were onions, asparagus, green peppers, green tea, and tomatoes (Figure 1b).
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Figure 1. (a) Estimated intakes of quercetin and vegetables using two-day weighed
food records of female volunteers. (b) Percentage contribution of foods to daily
quercetin intake by the volunteers.
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3.2. Estimated Daily Quercetin Intakes of Residents by FFQ

The FFQ, which asked about the frequency and portion size of 15 commonly-eaten
and quercetin-rich foods, was then completed by 570 residents of Sobetsu during
July and August 2013. The subjects were 210 men and 360 women, aged 20–93 years.
The average age was 65 years old. Quercetin intake was then estimated using the
quercetin content of food obtained in June and July 2013.

Figure 2a shows a frequency distribution chart of quercetin intake by the
570 residents. The estimated quercetin intake ranged from 0.5 to 56.8 mg day−1. The
average and the median quercetin intakes were 16.2 mg day−1 and 15.5 mg day−1,
respectively. Green tea was the main dietary source of quercetin, followed by onions,
asparagus, tomatoes, and green peppers (Figure 3a). The average and median
quercetin intakes by men and women were 13.8 and 12.0 mg day−1, and 18.3 and
17.2 mg day−1, respectively. The daily quercetin intake by women was significantly
higher than the intake by men (p < 0.001) (Figure 2b).

The coefficients of correlation between quercetin intake and age were 0.242 and
0.292 for men and women, respectively (Figure 2b). Quercetin intake showed low
correlations (p < 0.0001) with age for both men and women (Figure 2c).

Another FFQ, which asked about the frequency and portion size of 14 commonly-eaten
and quercetin-rich foods in winter, was completed by 60 residents of Sobetsu in
December 2013. The subjects included 24 men and 36 women, aged 41–91 years.
The average age was 66 years old. The quercetin contents of onions, red leaf lettuce,
apples, and broccoli in December 2013 were used for estimating the quercetin intake.
The estimated quercetin intake ranged from 3.7 to 109.1 mg day−1 (Figure 4a). The
average and the median quercetin intakes were 18.3 mg day−1 and 16.1 mg day−1,
respectively (Figure 4a). The estimated quercetin intakes in winter were not
significantly different from those in summer. The average and median quercetin
intakes by men and women were 16.2 and 13.7 mg day−1, and 19.6 and 17.3 mg day−1,
respectively. The daily quercetin intakes of men and women were not significantly
different as well (Figure 4b). Quercetin intake during winter did not show a
correlation with age for both men and women (Figure 4c). During winter, quercetin
was mainly ingested from onions (Figure 3b).
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Figure 2. (a) Estimated daily quercetin intake by 570 residents of Sobetsu in
Hokkaido using the FFQ during summer. (b) Estimated daily quercetin intakes
by men and women using the FFQ during summer. Numbers in the figure show
the median quercetin intakes by men and women. (c) Correlation between the
daily quercetin intakes by men or women and their age. r, correlation coefficient;
* p < 0.0001; Pearson correlation test.
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Figure 3. Percentage contribution of foods to the daily quercetin intake by residents
of Sobetsu in Hokkaido during summer (a) and winter (b).
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Figure 4. (a) Estimated daily quercetin intake by 60 residents of Sobetsu in
Hokkaido using the FFQ during winter. (b) Estimated daily quercetin intakes
by men and women using the FFQ during winter. Numbers in the figure show the
median quercetin intakes by men and women. (c) Relationship between quercetin
intakes by men or women and their age.

4. Discussion

In this study, onions and green tea were shown to be major sources of quercetin
intake both in summer and in winter. The quercetin contents of the edible part of
onions in Japan were 10–50 mg 100 g−1 fresh weight. Onions grown in Hokkaido had
been reported to contain 30–50 mg quercetin (100 g)−1 fresh weight [25]. The principal
cultivar “Kita momiji 2000” contained approximately 40 mg quercetin (100 g)−1 [24].
From autumn to spring, the onions grown in the major production area of Hokkaido
were eaten throughout Japan. On the other hand, the quercetin content of the
green tea infusion was less than that of onions. In our study, the green tea infusion
contained 2.1 mg quercetin 100 mL−1, whereas it had been previously reported to
contain 0.11 mg or 4.23 mg quercetin 100 g−1 [26,27]. Because onion and green tea
are the most common vegetable and beverage, they appear to be the major food
sources of quercetin in Japan.

Epidemiological studies showed that moderate wine consumption reduced the
risk of cardiovascular diseases [28]. Consumption of wine rich in polyphenols is
expected to have health benefits [29]. Yoo et al. reported the positive correlation for
quercetin concentration (0.1–1 mg L−1) with total phenols and antioxidant activity in
red wines [30]. However, the result of our survey on alcohol drinking showed that
about 3% and 6% of men and women were habitual wine drinkers, respectively. Wine
consumption probably does not contribute to daily quercetin intake in this cohort.

A significant amount of quercetin was consumed from vegetables, such as
asparagus, green pepper, tomato, and red leaf lettuce during summer. The results of
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the two-day weighted food record by eight volunteers also showed that asparagus,
green peppers, tomatoes, and red leaf lettuce are also major food sources of quercetin.
We showed that cooked asparagus and green pepper maintained a substantial
concentration of quercetin. These vegetables, which are in season during summer,
contributed more to quercetin intake in summer than that in winter.

Although the contribution percentages for different foods varied, the estimated
daily quercetin intake by residents in summer we comparable to that in winter. The
results of the FFQ by 570 subjects showed that the estimated quercetin intakes by
men were lower than those by women. The daily quercetin intakes by the subjects
showed a low correlation with age in both men and women. On the other hand, the
quercetin intakes by men and women were not significantly different and the daily
quercetin intakes were not correlated with age in winter. This difference may have
occurred because there were fewer subjects in the survey during winter.

There have been several reports on the estimated daily quercetin intake by
Japanese women but not by men [26,27,31]. The simple FFQ, which asked about
the frequency and portion size of 15 commonly-eaten and quercetin-rich food
items, enabled estimation of the quercetin intake by men and women, including
older people. Although the quercetin content of plant foods differs depending
on the cultivars or cultivation conditions, quercetin intakes were estimated using
a database established in other country or other period in other epidemiological
studies on quercetin and risks of lifestyle-related diseases [1–7]. In this study we
precisely estimated the quercetin intake by subjects in a cohort study and found
that partial correlation analysis adjusted for age showed that quercetin intake
was negatively correlated with diastolic blood pressure (rpar = −0.145, p = 0.008).
Edwards et al. showed that supplementation with 730 mg quercetin day−1 for 28 days
reduced systolic and diastolic blood pressure in stage 1 hypertensive patients [32].
Egert et al. showed that supplementation of quercetin reduced systolic blood pressure
in overweight–obese carriers of the apo ε3/ε3 genotype [33]. Quercetin intake may
contribute in decreasing the levels of blood pressure. Arai et al. showed that after
adjustment for age, body mass index, and total energy intake, the quercetin intake
was inversely correlated with the plasma total cholesterol and LDL cholesterol
concentrations in Japanese women [26]. Although the cross-sectional analysis did
not show any other significant correlation, further prospective study will be able to
elucidate the causal association between quercetin intake and health indexes or risks
of lifestyle related diseases.

The antioxidant activity is thought to be a prevention mechanism of lifestyle-related
diseases. Although Edward et al. did not find the effect of supplemented quercetin
on oxidative stress indices in hypertensive subjects [32], Egert et al. reported that
the supplementation of quercetin at a dose of 150 mg day−1 for 6 weeks reduced
the oxidized LDL concentration in overweight subjects [34]. Terao et al. recently
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showed that plasma quercetin metabolites detected after combined intake of sautéed
onion and tofu were different from those detected after the intake of sautéed onion
in healthy volunteers [35]. The antioxidant effect of quercetin depends on the matrix
that is it found in the intake of other foods and other factors. Evaluation of the
antioxidant effect of the quercetin-rich foods and the foods in diet may help to
elucidate the preventive effect of quercetin on lifestyle-related diseases.

The averages of the estimated daily quercetin intake by residents of Sobetsu in
Hokkaido were 16.2 mg day−1 in summer and 18.3 mg day−1 in winter. Arai et al.
reported that the average estimated quercetin intake was 9.3 mg day−1 using a
three-day weighted dietary record by women living in the northern part of Japan [26].
Ioku et al. estimated the average quercetin intake by middle-aged and elderly women
living in the Kansai area in Japan as 17.8 mg day−1 [27]. Otaki et al. estimated the
average intake of quercetin by women in the northern part of Japan as 15.8 mg day−1

with a cross-sectional study using a 24 h weighted dietary record [31]. Our results
are similar to the results of these previous studies conducted 10–20 years ago.

5. Conclusions

In conclusion, we have estimated daily quercetin intake by residents, who
are the subjects of the longitudinal cohort study, in a town in Hokkaido. The
average and median daily quercetin intake using FFQ was 16.2 and 15.5 mg day−1,
respectively, during summer. The results were similar to the estimated quercetin
intake by Japanese women in the previous studies. The quercetin intake by men
was lower than that by women. The quercetin intakes showed a low correlation
with age in both men and women. The daily intake of quercetin, which was mainly
provided by onions and green tea, was comparable in summer and in winter. Summer
vegetables, such as asparagus, green pepper, tomatoes, and red leaf lettuce, were also
good sources of quercetin, which is a promising food component for the prevention
of lifestyle-related diseases. Further prospective study will probably be able to
elucidate the causal association between quercetin intake and health indexes or risks
of lifestyle-related diseases.
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Evaluation of Riboflavin Intakes and Status
of 20–64-Year-Old Adults in South Korea
Ji Young Choi, Young-Nam Kim and Youn-OK Cho

Abstract: A recent Korea National Health and Nutrition Survey indicated inadequate
riboflavin intake in Koreans, but there is limited research regarding riboflavin status
in South Korea. The purpose of this study was to determine riboflavin intake and
status of Korean adults. Three consecutive 24-h food recalls were collected from
412 (145 men and 267 women) healthy adults, aged 20–64 years, living in South
Korea and urine samples were collected from 149 subjects of all subjects. The
dietary and total (dietary plus supplemental) riboflavin intake was 1.33 ± 0.34
and 2.87 ± 6.29 mg/day, respectively. Approximately 28% of the subjects consumed
total riboflavin less than the Estimated Average Requirement. Urinary riboflavin
excretion was 205.1 ± 190.1 µg/g creatinine. Total riboflavin intake was significantly
positively correlated to the urinary riboflavin excretion. (r = 0.17171, p = 0.0363).
About 11% of the Korean adults had urinary riboflavin <27 µg/g creatinine indicating
a riboflavin deficiency and 21% had low status of riboflavin (27 µg/g creatinine ≤
urinary riboflavin < 80 µg/g creatinine). Thus, one-third of Korean adults in this
study had inadequate riboflavin status. In some adults in Korea, consumption of
riboflavin-rich food sources should be encouraged.

Reprinted from Nutrients. Cite as: Choi, J.Y.; Kim, Y.-N.; Cho, Y.-O. Evaluation of
Riboflavin Intakes and Status of 20–64-Year-Old Adults in South Korea. Nutrients
2015, 7, 253–264.

1. Introduction

Assessment of dietary intake is essential to investigate the relationships between
diet and health in epidemiological studies and to design nutrient intervention studies.
Particularly, determination of usual intake is critical to estimate the prevalence of
inadequate intakes. The Korea Centers for Disease Control and Prevention have
indicated that riboflavin is one of nutrients consumed inadequately by Koreans
in the Korea National Health and Nutrition Survey (KNHANES) [1–3]. The
KNHANES 2012 reported that a half of the Koreans consumed riboflavin less than
the Estimated Average Requirement (EAR) for Koreans [3]. The KNHANES is a
complex, stratified, multistage, probability-cluster survey of a representative sample
of the non-institutionalized civilian Korean population. In the Nutrition Survey
of KNHANES, one day of 24-h recall from participants is collected and dietary
nutrient intakes calculated, which may not be captured as usual intake for some
individuals with highly variable intakes. In addition, the results of nutrient intakes
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in KNHANES did not count the intake from dietary supplements, causing errors
in the calculated nutrient intakes [4]. Thus, the prevalence of inadequate riboflavin
intake in KNHANES might be overestimated.

Riboflavin—Vitamin B2 is a water-soluble vitamin that is involved for a number
of oxidative enzyme systems in electron transport [4]. Riboflavin coenzymes, flavin
mononucleotide and flavin adenine dinucleotide, are involved in diverse redox
reactions to human metabolism as electron carriers [5], which play in the metabolism
of energy, other B vitamins, drugs, and lipids [6,7]. A high prevalence of inadequate
riboflavin intake and status has been reported in various population groups in many
countries including USA, UK, France, Poland, and Japan [8–11]. Also, the recent
studies have indicated that riboflavin deficiency increases risk of cancer at certain
sites; lung, distal stomach, esophagus, and rectum [12–16]. Some epidemiological
studies have identified relationships between cardiovascular diseases and diets low
in riboflavin [17,18]. In South Korea, several studies reported dietary riboflavin
intakes of Koreans [19,20], however, there is no study regarding current riboflavin
status for Koreans including both intakes and biochemical measurements.

Therefore, the objectives of this study were to estimate total riboflavin intakes
(dietary plus supplemental) and urinary riboflavin excretion as a biochemical
measurement for riboflavin status and to evaluate current riboflavin status for Korean
adults aged 20–64 years.

2. Experimental Section

2.1. Subjects

Four hundred and twelve healthy adults participated as subjects (145 men
and 267 women), aged 20–64 years, living in the Seoul metropolitan area and
the cities of Kwangju and Gumi, South Korea, during January 2010 to January
2012. Urine samples were collected from 149 adults (70 men and 79 women) who
voluntarily provided the samples among 412 subjects. The subjects were recruited by
advertisement in a convenience sampling of universities, gyms, and welfare centers.
Adults who were not in good health, had known illnesses, or took medications were
not included in the study. The Institutional Review Board of Duksung Women’s
University approved the study (2010-1 & 2011-04-0001). Informed consent was
obtained from each subject. The subjects were interviewed to obtain information
regarding age, gender, current illness, medications taken, intake of vitamin and
mineral supplements within 30 days of the interview, and appetite. All interviews
were conducted by trained interviewers. Interviewers measured weights and heights
of the subjects in light clothing and barefoot. Body mass index (BMI) was calculated
as weight divided by squared height (kg/m2).
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2.2. Calculation of Intakes of Selected Nutrients and Riboflavin

Three consecutive 24-h recalls (2 weekdays and 1 weekend day) were obtained
from each subject by a trained interviewer. Intakes of macronutrients and vitamins
were estimated using a computer-aided nutritional analysis program (CAN-Pro 4.0)
developed by the Korean Nutrition Society [21]. The nutrient database of Can-pro
4.0 is based on the Korean Food Composition Table (Korean Rural Development
Administration, 2006) and the Food Values (Korean Nutrition Society, 2009). The
subjects consuming such supplements were asked to offer information on the names
of the supplements and the amount, frequency, and duration of the use. Among
129 subjects taking any types of dietary supplements in this study, 80 subjects (19.4%,
31 men and 49 women) of all subjects took supplements containing riboflavin. In the
subjects providing urine samples, 23% took riboflavin supplements. Thus, the
amounts of riboflavin consumed by the subjects were reported as dietary riboflavin
(from foods only) and total riboflavin intakes (dietary plus supplemental riboflavin).
The EAR for riboflavin is 1.3 mg/day for men aged 19–64 years and 1.0 mg/day for
women aged 19–64 years, respectively. The dietary and total intakes of riboflavin
were compared with EARs for Koreans [22]. The top 10 major food sources of
riboflavin consumed by the subjects were also determined.

2.3. Measurement of Urinary Riboflavin Excretion

First urine samples in the morning of an interview were collected from the
149 subjects in this study. Urine was protected from light and was kept in crushed
ice. The samples were distributed in vials and can be stored at −70 ◦C until analysis.
Urinary riboflavin was analyzed using the high-performance liquid chromatography
(HPLC) method by Gatautis and Natio [23]. The standard of riboflavin was purchased
from Sigma-Aldrich (St. Louis, MO, USA). All reagents were the HPLC grade in
this study. The HPLC system consisted of UltiMate 3000 pump, UltiMate Injector
and autosampler, FLD-3000 fluorescence detector (Thermo Scientific, Waltham, MA,
USA), and C18 reversed-phase HPLC column (Waters, Ireland, 3.9 × 300 mm, 10 µm
particle size). Riboflavin standard and urine were detected with λexcitation of 450 nm
and λemission 530 nm. Minimum detectable level was 0.0042 ng riboflavin. The
coefficient of variance between assays was <5% for urine riboflavin. Urine creatinine
was analyzed using an assay kit (Cayman Chemical Company, Ann Arbon, MI, USA).
Interpretive criteria for the urinary excretion of riboflavin are <27 µg/g creatinine for
deficient and 27–79 µg/g creatinine for low status [4].

2.4. Statistical Analysis

Data were analyzed by gender and by riboflavin supplementation using SAS
version 9.1.3 software (SAS Institute, INC., Cary, NC, US). Values are reported as
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means ± standard deviations, and the differences by gender and by riboflavin
supplementation (nonusers vs. users of riboflavin supplements) were analyzed using
Student’s t-test. Histogram and Q-Q plots were used to determine whether the
variables were normally distributed. Percentile values of riboflavin intakes were
also reported by gender and by urinary riboflavin excretion. Pearson’s correlation
coefficients were calculated to determine the correlations between riboflavin intake
and urinary riboflavin excretion. Differences were considered significant p < 0.05.

3. Results

3.1. Subject Characteristics and Selected Nutrient Intakes

Table 1 shows general characteristics and selected nutrient intakes of 412 Korean
adults aged 20–64 years. The mean age of all subjects was 38.8 ± 12.6 years and BMI
was 22.9 ± 3.0 kg/m2. Energy intake of the subjects was 1866.9 ± 376.7 kcal/day.
Energy intake of men was significantly higher than that of women (p < 0.001).
Significantly higher mean intakes of macronutrients and selected vitamins were
observed for men compared with women, except vitamin A and vitamin C (p < 0.001).

Table 1. General characteristics and selected nutrient intakes of 412 Korean adults
by gender.

Variable Men (n = 145) Women (n = 267) Total (n = 412)

Age (year) ** 36.6 ± 12.7 40.1 ± 12.4 38.8 ± 12.6
Weight (kg) *** 72.3 ± 9.8 56.8 ± 8.1 62.3 ± 11.4
Height (cm) *** 173.3 ± 6.0 159.9 ± 4.6 164.6 ± 8.2

BMI (kg/m2) *** 24.0 ± 2.7 22.2 ± 3.0 22.9 ± 3.0

Macronutrients

Energy (kcal/day) *** 2119.5 ± 389.3 1729.7 ± 289.1 1866.9 ± 376.7
Carbohydrate (g/day) *** 275.3 ± 50.8 251.5 ± 54.0 259.9 ± 54.1

Protein (g/day) *** 89.7 ± 23.8 69.9 ± 15.7 76.9 ± 21.2
Total fat (g/day) *** 60.6 ± 18.6 48.7 ± 15.2 52.9 ± 17.5

Vitamins

Vitamin A (µg RE 1)/day) 803.9 ± 302.1 813.7 ± 329.2 810.3 ± 319.6
Vitamin E (mg α-TE 2)/day) *** 19.4 ± 12.4 16.0 ± 5.1 17.2 ± 8.6

Thiamin (mg/day) *** 1.4 ± 0.4 1.2 ± 0.3 1.2 ± 0.3
Niacin (mg NE 3)/day) *** 19.8 ± 5.5 15.9 ± 4.0 17.3 ± 4.9
Vitamin B6 (mg/day) *** 1.9 ± 0.6 1.8 ± 0.6 1.8 ± 0.5
Vitamin C (mg/day) *** 96.5 ± 45.8 119.9 ± 63.0 111.6 ± 58.5

Values are means ± standard deviations; ** p < 0.01, *** p < 0.001 by t-test; 1 Retinol
Equivalent; 2 α-Tocopherol Equivalent; 3 Niacin Equivalent.
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3.2. Riboflavin Intakes

The dietary and total riboflavin intake of the subjects was 1.33 ± 0.34 mg/day
and 2.87 ± 6.29 mg/day, respectively (Table 2) and there were no significant
differences in the intakes by gender (p ≥ 0.05). The ratio of dietary riboflavin intake to
energy intake of women was significantly higher than that of men (p < 0.001). Users
of riboflavin supplements consumed more total riboflavin than nonusers (p < 0.001).
Approximately 42.8% of men and 29.2% of women had dietary riboflavin intakes
less than EAR, but the prevalence of inadequate riboflavin intake was reduced by
counting riboflavin supplements to 33.8% in men and 24.7% in women. Only two
subjects taking riboflavin supplements had total riboflavin intakes less than EAR.
The top 10 major dietary sources of riboflavin consumed by the subjects were whole
egg, citrus fruit, whole milk, Ra Myeon (Korean instant noodle), Kimchi, pork (loin),
mackerel, spinach, chicken, and pork (belly). There were no riboflavin fortified foods
that the subjects consumed except cereals. Cereal was the 27th largest source of
riboflavin in this study and approximately 2.7% of the subjects consumed cereals.

3.3. Urinary Riboflavin Excretion and Riboflavin Status

Urinary riboflavin excretion was 205.1 ± 190.1 µg/g creatinine (Table 3). No
significant difference in riboflavin excretion was observed by gender (p ≥ 0.05), but
the excretion of users of riboflavin supplements was significantly higher than that
of nonusers (p < 0.001). Approximately 11% of the Korean adults had a riboflavin
concentration <27 µg/g creatinine indicating a biochemical deficiency of riboflavin.
The subjects having low status (27 µg/g creatinine ≤ urinary riboflavin < 80 µg/g
creatinine) were 20.8% of all subjects and 8.8% of the users.

3.4. Percentile Values of Riboflavin Intake

Percentile values of dietary and total riboflavin intakes by gender and by urinary
riboflavin excretion are shown in Table 4. Median dietary and total riboflavin intakes
of men were 1.37 and 1.46 mg/day, respectively. Women had median dietary and
total riboflavin intakes of 1.18 and 1.24 mg/day, respectively. Median dietary and
total riboflavin intakes of men with urinary riboflavin ≥27 µg/g creatinine were 1.37
and 1.44 mg/day, respectively. Median dietary and total riboflavin intakes of women
with urinary riboflavin ≥27 µg/g creatinine were 1.33 and 1.43 mg/day, respectively.

3.5. Associations among Riboflavin Intakes and Urinary Riboflavin Excretion

There was no significant correlation between urinary riboflavin and dietary
riboflavin intakes including the ratio of dietary riboflavin to energy intake (p ≥ 0.05)
(Table 5). However, urinary riboflavin excretion was significantly positively
correlated with total riboflavin intake (r = 0.17171, p = 0.0363).
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4. Discussion

Recent studies have reported the relationships between riboflavin status and
some diseases such as certain types of cancers [12–16] and cardiovascular disease [18].
Riboflavin is involved in the folate-mediated one-carbon. Thus, poor riboflavin status
may lead to an elevated rate of DNA damage and altered methylation of DNA, both
of which are important risk factors for cancer [24]. Inadequate riboflavin intake has
been indicated by a national dietary survey of several countries [25–27] including
South Korea [1–3]. However, in Korea, a study regarding riboflavin status for Korean
adults is very limited. Therefore, this study estimated intakes and urinary excretion
of riboflavin and evaluated riboflavin status of 20–64-year-old adults living in the
Seoul metropolitan area and the cities of Kwangju and Gumi, South Korea.

In this study, the mean dietary riboflavin intake (1.33 mg/day) is similar to
recently reported dietary riboflavin intake of 20–64-year-old adults reported in
KNHANES 2010–2012 [3]. However, dietary riboflavin intakes of Koreans were lower
than those of Chinese adults (1.6 mg/day) [25], American adults (2.19 mg/day) [28],
and British adults (1.97 mg/day for men and 1.50 mg/day for women) [26]. In the
current study, dietary supplements providing riboflavin increased mean intake from
food sources alone by 21% for men, from 1.35–2.62 mg, and by 25% for women,
from 1.31–3.08 mg. Approximately 19% of the subjects took riboflavin supplements
and their mean total riboflavin intake was 5.72 mg/day, much lower than that of
American adults taking riboflavin supplements (11.23–11.61 mg/day) [28]. In this
study, a 24-h recall method was used for calculation of riboflavin intake. However,
food frequency questionnaire or food diary methods were used for estimation of
riboflavin intake in other countries [26–28].

The Korean Dietary Reference Intakes (KDRIs) for riboflavin are set as EAR
and Recommended Nutrient Intake in all age groups older than one year old. EAR
is the daily nutrient intake estimated to meet the requirement of half of healthy
individuals in a life-stage group, thus are set at the median of the distribution or
requirements. EAR is used to estimate the prevalence of inadequate intake within
a group of individuals. EAR of e KDRIs for riboflavin is set at 1.3 mg/day for men
and 1.0 mg/day for women aged 19–64 years, based on reports that the riboflavin
requirement is at least more than 1 mg/day in Koreans to maintain normal urinary
riboflavin excretion and based on median intake of Korean adults in KNHANES
2007 [22]. In this study, median (50th percentile) dietary riboflavin intake of men
and women was 1.37 and 1.18 mg/day, respectively. Median dietary intake of men
and women with urinary riboflavin ≥27 µg/g creatinine, a cut-off point of riboflavin
deficiency, was 1.37 and 1.33 mg/day, respectively. Thus, current riboflavin EAR for
men of KDRIs may be appropriate, but EAR for women might be underestimated.
KNHANES 2010–2012 [3] reported that about 45% of men (n = 3127) and 46% of
women (n = 4081) consumed the dietary riboflavin less than EAR. In the current study,
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a low proportion of participants (33.9%) had dietary riboflavin intakes below EAR
and the proportion for total (dietary + supplemental) riboflavin intake was much
lowered (27.6%). In the US, the prevalence of American adults consuming dietary
riboflavin less than Recommended Dietary Allowance was 3% [28]. In British adults,
8% had total riboflavin intake less than the Reference Nutrient Intakes, a nutrient
requirement to meet the needs of 97%–98% of healthy individuals [22,26]. Therefore,
the prevalence of inadequate riboflavin intake with riboflavin supplementation in
this study was much lower than that of KNHANES. However, the prevalence of
inadequate intake in Korean adults was still high compared to the prevalence of
other countries.

Balance studies in human subjects show clearly that as riboflavin intake increases
there is a progressive rise in urinary excretion of riboflavin [29]. Urinary excretion
of riboflavin reflects an excess of current intake over tissue requirement and the
measurement of urinary excretion provides useful information regarding tissue
saturation [18,29,30] under the circumstance of optimum nutritional status for
riboflavin. Thus, urinary riboflavin excretion could be used as a potential biomarker
to assess its mean estimated intakes in a group. [30–33]. Urinary losses decrease
when riboflavin stores decrease. Besides the urinary excretion, the determination of
erythrocyte glutathione reductase activity coefficient (EGRAC) is also used. EGRAC
is sensitive to changes in riboflavin intake up to levels of intake approaching tissue
saturation of riboflavin. However, differences in the relationship between intake
and EGRAC values among different population groups have indicated [33] that
re-evaluation of EGRAC threshold for riboflavin deficiency should be considered [34].
In this study, urinary excretion was used for evaluation of riboflavin status. The
study conducted by Lim and Yoon [20] in 1997 reported that 8.8% and 14.2% of
Korean women (n = 38) had riboflavin deficient and low status, respectively, based
on urinary excretion, which is in line with the prevalence of riboflavin deficiency and
low status in Korean adults of this study. The national survey of UK in 2014 indicated
the rate of riboflavin deficiency was 69% of British adults [26]. Whitfield et al. [35]
reported that 67% of Canadian women (n = 51) had a suboptimal (low) status in 2014.
The difference in rates of inadequate riboflavin status between the current study and
the studies of UK and Canada may be due to a use of different biochemical index,
EGRAC, in UK and Canadian studies. In this study, seven subjects (20%) of users
of riboflavin supplements had inadequate riboflavin status. The mean riboflavin
intake only from supplements of users with normal status was 6.80 mg/day (0.36–40
mg/day), but those of users with deficiency and low status was 0.94 mg/day (0.51–1.6
mg/day). Additional riboflavin intakes from supplements were low in users with
inadequate status; therefore, it seems that the intake from supplements did not affect
riboflavin status of them.
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A positive relationship has been observed between riboflavin intake and urinary
excretion [31,36]. In this study, no significant correlation was observed between
dietary riboflavin intake and urinary riboflavin. However, urinary riboflavin
excretion showed a positive correlation with total riboflavin intake (r = 0.1717,
p < 0.0363). Because the subjects supplementing riboflavin additionally consumed
0.36–40 mg/day of riboflavin, total riboflavin intake showed significant correlation
with urinary riboflavin rather than dietary intake. These findings show that the
urinary riboflavin level reflects riboflavin intake and the intake in population affects
their riboflavin status as well. The nutrient database in this study is based on raw
foods. In raw foods, nutrient contents are changed by food preparation, cooking
conditions (e.g., time and temperature), and the addition of different ingredients
depending on household preferences. Therefore, riboflavin cooked foods consumed
by the subjects might be underestimated [37]. Three consecutive 24-h recalls were
obtained from each subject, which may not be captured as usual intake. Thus, the
correlation between urinary riboflavin excretion and total riboflavin intake might
not be strong.

5. Conclusions

In Korean adults of this study, the prevalence of inadequate riboflavin intake
including riboflavin supplementation was much lower than that of KNHANES of
South Korea, but the prevalence of inadequacy in Korean adults was still high
compared to other countries. One-third of Korean adults in the current study
had inadequate riboflavin status, thus consumption of good sources of riboflavin
should be encouraged in Koreans such as milk and milk products, whole egg, pork,
and mandarins.
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Suboptimal Micronutrient Intake among
Children in Europe
Boris Kaganov, Margherita Caroli, Artur Mazur, Atul Singhal and Andrea Vania

Abstract: Adequate dietary intake of micronutrients is not necessarily achieved even
in resource-rich areas of the world wherein overeating is a public health concern.
In Europe, population-based data suggests substantial variability in micronutrient
intake among children. Two independent surveys of micronutrient consumption
among European children were evaluated. Stratified by age, the data regarding
micronutrient intake were evaluated in the context of daily requirements, which
are typically estimated in the absence of reliable absolute values derived from
prospective studies. The proportion of children living in Europe whose intake of
at least some vitamins and trace elements are at or below the estimated average
requirements is substantial. The most common deficiencies across age groups
included vitamin D, vitamin E, and iodine. Specific deficiencies were not uniform
across countries or by age or gender. Micronutrient intake appears to be more
strongly influenced by factors other than access to food. Substantial portions of
European children may be at risk of reversible health risks from inadequate intake of
micronutrients. Despite the growing health threat posed by excess intake of calories,
adequate exposure to vitamins, trace elements, and other micronutrients may deserve
attention in public health initiatives to optimize growth and development in the
European pediatric population.

Reprinted from Nutrients. Cite as: Kaganov, B.; Caroli, M.; Mazur, A.; Singhal, A.;
Vania, A. Suboptimal Micronutrient Intake among Children in Europe. Nutrients
2015, 7, 3524–3535.

1. Introduction

While recognizing that comprehensive data regarding diet and nutrition among
children in Europe remain limited, well-documented nutritional deficiencies do exist
across the European pediatric population. The aim of this review article is to raise
awareness of the importance of ensuring children who have ready access to food
are maintaining adequate levels of micronutrients through proper food choices and
appropriate use of nutritional supplements.

Based on the clear relationship between adequate intake of vitamins as well
as other micronutrients and health, authorities in most countries of Europe publish
recommendations for appropriate population-based daily nutrient intake [1]. In 2006
the European Food Safety Authority (EFSA) published its first consensus document
regarding appropriate consumption within the European Union [2]. In that
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document, appropriate levels were defined as dietary reference values (DRVs).
These and other terms, like dietary reference intakes (DRIs), recommended dietary
allowances (RDAs) and estimated daily requirements (EDRs), express best estimates
of nutrient intakes that will reduce the risk of adverse health consequences associated
with a specific nutrient. Table 1.

Table 1. Common Terms for Describing Nutritional Values.

• DRV (Dietary Reference Value) or EAR (Estimated Average Requirment): how much of
a nutrient meets the needs of 50% of the healthy subjects of a specific
population’s group

• DRI or RDA (Dietary Reference Intake or Recommended Dietary Allowance): how much
of a nutrient meets the needs of 97.5% (mean + 2SD) of healthy subjects of a specific
population group

• EDR (Estimated Daily Requirement): estimate of nutrient intakes that will reduce risk
of adverse health consequences

• AI (Adequate Intake): how much of a nutrient is adequate for a population’s group,
according to the average intakes of apparently healthy people

• UL (tolerable Upper intake Levels): maximum intake of a nutrient not bound to any
adverse effect

• LTI (Lowest Threshold Intake): lowest acceptable intake, under which nearly all
individuals in a population’s group will not maintain metabolic integrity
and efficiency

In the absence of reliable information of an absolute threshold at which a nutrient
deficit leads to complications, DRVs are often derived from average intakes in a
healthy population. Values are typically set at two standard deviations above the
average to accommodate variability in physiologic demands [3]. Discrepancies
between DRVs from different guidelines can arise from several causes including
differences in the sampled populations and in the methods with which studies
were conducted. Nevertheless, comparisons of population-based nutritional
recommendations, such as those included on food labels, typically reveal relatively
modest differences across Europe and countries outside of Europe [4].

In children, the disparity among available nutritional guidelines has been modest
within Europe where many countries continue to issue independent recommendations
for the pediatric population. The differences stem from methodology regarding how
data is collected and interpreted across age ranges that are not necessarily stratified
identically. For example, in Italy recommendations are made for five age groups in
post-breastfed children (ages 1–3, 4–6, 7–10, 11–14, 15–17 years), whereas a recently
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published Nordic (Denmark, Finland, Norway, and Sweden) consensus document
divided infants aged younger than 2 years into three groups and older children into
four groups (ages 2–5, 6–9, 10–13, 14–17 years) [5] Recently published EFSA guidelines
were limited to infants and children of 36 months of age or younger with multiple
stratifications within this age range [6].

Specific stratifications are relevant to nutritional analyses. In general, children
require higher levels of many nutrients proportional to body weight than adults [7]
but their specific needs evolve rapidly at different points in growth. Metabolically
active organs, such as the brain, liver, and heart, represent a far greater proportion of
body weight in infants than adults and have reached 50% of adult size by 2 years
of age [8]. In deriving data about health nutrient intake from a sample population,
the specific age stratifications could therefore influence normative data. Moreover,
the methodologies for evaluating food consumption, such as 7-day dietary recall or
standardized questionnaire, as well as the statistical methods for data analysis have
the potential for producing differences that complicate comparisons.

Finally, the presentation of data from different nutritional guidelines may vary.
In the EFSA guidelines, tables outlining nutrients represent a synthesis of available
data in a format intended to be simple to consult. In contrast, tables in the Italian
guidelines include information on the quality of data, drawing attention to values for
which average intake (AI) has been substituted for average requirements (AR) when
reliable data to calculate ARs are absent. This increased detail may be of use when
considering nutrition in special populations, such as those with gastrointestinal (GI)
dysfunction, even if it renders the tables more complex.

Due to potentially irreversible physical or cognitive deficits, the consequences
of micronutrient deficiency are potentially greater in children than adults. Many
of these deficiencies and complications, such as inadequate vitamin D intake
leading to abnormal bone formation [9], are well known and readily recognizable.
Others, such as the impact of micronutrient deficiency on cognition, may be both
complex and subtle [10]. Micronutrients implicated in cognitive development include
iodine [11], for which deficiencies have correlated with lower intelligence quotient
(IQ) scores [12], iron, which is important for oxygen transport to the brain [13], as
well as zinc [14] and thiamine [15].

In Europe, deficiencies in micronutrients are mostly related to the quality of
the diet but not to the quantity of food consumed. For this reason, the risks of
micronutrient deficiency have the potential to persist in otherwise resource-rich
areas of the world. Due to the importance of these micronutrients for growth and
development, risks posed by deficiencies may be greater in children, who may
also have lower stores of micronutrients than adults to bridge periods of deficiency.
In both, nutritional assessments have the potential to avoid preventable disease.
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2. Methods

Two studies, employing different methodologies, have evaluated micronutrient
consumption among children living in Europe. In a report from the Directorate
General of the European Commission, Health and Consumers, nutritional data
was compared across regions of Europe [16]. In this study, data was collected
utilizing the EU-supported Data Food Networking (DAFNE) methodology over
a one year period in order to capture seasonal variations in food intake. In the
other study, representative dietary survey data were collected and compared from
Belgium, Denmark, France, Germany, The Netherlands, Poland, Spain, and the
United Kingdom (UK) [17]. In this study, a number of different design and dietary
assessment methods were used in the surveys, including single or repeated 24 h
recalls; 2, 3, 4 or 7 day prospective food records; estimated or weighed amounts
consumed; and modified dietary histories with a reference period of 4 weeks. All the
surveys, except for those from Belgium and Poland, covered all seasons of the year.

In both studies, data were stratified by types of micronutrients within predefined
age groups. Although the methods of data collection and analysis varied, including
definitions of adequate and inadequate micronutrient consumption, these two sets
of data provide a basis for considering potential trends. They provide a context for
evaluating the variability in diet and its potential impact on endpoints relevant to
pediatric health.

No human subjects nor their data were prospectively collected in the execution
of this work. All of the data used herein were extracted from published sources.

3. Results

In the European survey, nutritional information from 16 countries was collected
for analysis in four geographical regions. The north region included countries
from Scandinavia. The east region included Germany, Austria, and countries of
Eastern Europe. The south region included Greece, Italy, and the Iberian countries.
The west region included Belgium, France, Ireland, The Netherlands, and the UK.
Reference values for adequate nutrient intake were drawn from 2003 World Health
Organization (WHO) guidelines [18].

The data were not collected concurrently but in country-specific surveys
conducted between the years 2000 and 2008. There were also differences in the
methodology of collection, such as 3-day vs. 7-day dietary recall. Despite efforts
to homogenize the data, the authors emphasized its limitations. The findings were
considered suitable to an overview of nutrition in Europe, which was the objective
of this evaluation, but of limited reliability for rigorous conclusions about relative
nutritional intake for cross-country comparisons.

Across the four age groups evaluated (4 to 6 years, 7 to 9 years, 10 to 14 years, and
15 to 18 years) the most commonly observed deficiencies involved vitamin D, folate,
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iron, calcium, iodine, and phosphate. For most of the remaining micronutrients, such
as the trace minerals selenium and magnesium, and the vitamins B6 and vitamin C,
deficiencies were rare or not observed. However, there was substantial regional
variability in reported deficiencies by individual nutrient within age groups and
gender (Figure 1).
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Figure 1. Folate and Vitamin D levels that fell below recommended reference values
compared to normal ranges of Vitamin B6 levels in children in different regions
of Europe.
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The most consistent finding across all age groups was deficiency in vitamin D
and folate. Both the minimum and maximum average intake of vitamin D and
folate fell below reference standards in most age groups in all four geographic
regions. Although both the minimum and maximum average intake are relevant to
epidemiologic studies of nutrition, the terms differ for their relevance to the definition
of malnutrition. An intake below the minimum average, unlike the maximum intake,
indicates the potential for inadequacy, or malnutrition as it applies to that nutrient.

No deficiencies other than vitamin D and folate were observed as consistently
(Figure 2), but other types of deficiencies were observed frequently. For example, the
maximum average intake of iron was below recommended levels among females
aged 4–6 years in the north and west and in all older females from any region. The
maximum average intake of iodine was below recommended levels in the central
region for both sexes at all age groups and for older females in the west region.
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Figure 2. Vitamin D intake in European children aged 4–18 years old.

Among children aged 7–9 years, both the minimum and maximum average
intake of iron also fell below the reference standard among females in the north,
south, and west as did iodine for females in the east. Minimum averages, but not
maximum averages, were below reference standards for calcium among both males
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and females in the north and east, and, for iron, among males and females in the
north and west. For all other nutrients, both minimum and maximum average
intakes exceeded reference standards.

Relative to younger children, the frequency with which both the minimum and
maximum average intake for any given nutrient fell below the reference standard
was greater in both those aged 10 to 14 years and in adolescents. In those aged
10–14 years, this included calcium among males and females in all four regions and
iron among males and females in the north, south, and west. Both minimum and
maximum average intake of iron was also below reference standards among both
girls and boys in all regions with the exception of males in the east. Maximum and
minimum average iodine intake was below the reference standard for both genders in
the east and west. In the oldest age group, both the minimum and maximum average
intake of calcium fell below the reference standard in both genders in most regions
and average minimum intake were commonly deficient for iron, zinc, and iodine.

In the second study, which included both adults and children, nutritional experts
from European countries were invited to submit data that met predefined quality
criteria. Data from eight countries were included. The nutrients selected for analysis
included those for which there were reference values and for which there were known
or suspected deficiencies. These were calcium, copper, iodine, iron, magnesium,
potassium, selenium, zinc, and the vitamins A, B1, B2, B6, B12, C, D, E, and folate. The
reference values were taken from values originally established in the UK in 1991 [19],
or for those missing, from the 2004 Nordic Nutrient recommendations [20]. The age
of these reference values in the context of dietary changes is a potential weakness
of this study but more recent UK values were unavailable. Results were expressed
in several ways, including the proportion of the population with an estimated daily
intake below the lower reference nutrient intake (LRNI) and estimated average
requirement (EAR).

For the majority of nutrients evaluated, the proportion of children with daily
intakes below the EAR, suggesting a potential for a health risk was measurable in
at least some countries in one or more of the five pediatric age ranges evaluated
(ages 1–3 years, 4–6 years, 7–10 years, 11–14 years, 15–17 years) (Table 2). Iodine
is one example. For this nutrient, 61% of girls and 55% of boys aged 4–10 years in
Germany had intakes below the EAR. Iron is another example. In this case, 94% of
girls in Germany aged 4–10 years had average intakes below the EAR. The average
intakes of vitamin D, a third example, were below the EAR in essentially all children
in every age group and country.

Even when deficiencies were uncommon across most countries, there were
exceptions. For example, the proportion of patients with an average intake of vitamin
E below the EAR was consistently low across all countries with the exception of
boys aged 4–10 in Belgium, where more than 20% were deficient by the reference
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standard. In addition, it is reasonable to consider whether low prevalence rates in
relative terms are still clinically meaningful. In children who face complications for
readily reversible nutrient deficiencies, small but measurable prevalence rates may
signal a need for simple screening so that dietary modification or supplementation
can be implemented.

Table 2. Percent of children with intakes of select micronutrients intake
estimated average requirement (EAR) as reported in various surveys in several
European countries.

Country

Iodine Iron MagnesiumSelenium Zinc

C ♂
(75–82.5
µg/day)

C ♀
(75-82.5
µg/day)

T ♂♀
(5.3 mg/day)

C ♀
(4.7–6.7
mg/day)

A ♀
(8.7 mg/day)

A ♀
(230–250
mg/day)

A ♀
(33.8–45
mg/day)

C ♀
(5.0–5.4
mg/day)

A ♀
(5.5–7.0
mg/day)

BE - - 23.4 10.2 - 0.4 - 7.6 -
DK 0.0 0.0 18.8 93.9 0.5 79.6 4.9 23.0
FR 11.8 25.3 3.5 73.6 4.7 54.1 4.6 18.4

DE * 55.1 60.8 5.5 24.8 1.6 - 13.8 6.0
PL 41.9 45.5 55.1 28.3 67.5 11.2 - 27.0 19.2
ES - - 0.3 23.8 0.3 - - -

NL - - 32.0 12.0 85.1 0.2 †; 5.6
‡ 67.9 39.0; 13.0 21.0

UK 9.2 16.3 32.3 25.9 67.0 8.6 60.8 27.1 47.5

Reference values for respective nutrient in (parenthesis); * Age range for a child in
Germany is 6–10 years old; T = Toddler (<3 years old); C = Child (ranges between
4–10 years old depending on country); A = Adolescent (11–17 years old); † Children
4–6 years old; ‡ Children 7–10 years old.

4. Discussion

The obstacles to determine adequate micronutrient intake are complex.
In regions where fruits, fresh vegetables, and proteins are readily available and well
represented in the average diet, nutritional deficiencies are likely to be uncommon.
Yet, dietary decisions made by individuals within such regions may still lead to
nutritional deficiencies, including nutritional deficiencies concurrent with excess
body weight. Despite modern food distribution, which has improved consistent
access to diverse food groups in countries with short growing seasons, food choices
by parents for young children and older children for themselves are not necessarily
influenced the goal of healthy eating.

Public health initiatives in Europe to address common nutritional deficiencies
vary by country. For example, iodine fortification of salt is mandatory in some
countries such as Denmark but voluntary in others, such as Finland and Italy.
Fortification of milk with vitamin D is required or strongly encouraged in most
countries but fortification of milk products or margarine with vitamin A or E is less
common. Fortification of fruit juices with vitamin C is not mandatory and may vary
by country according to consumer demand.
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Differences in fortification policies are likely to explain some portion of the
disparity in the prevalence of some nutrient deficiencies among children living
in Europe but the diet of any individual child may deviate grossly from those of
peers. Parents who avoid individual food groups due to preference or belief, or
children who refuse specific food categories, are vulnerable to deficiencies even
when consuming an otherwise quantitatively well balanced diet. Indeed, the “picky
eater” child is a well-recognized phenomenon with prevalence rates estimated as
high as 50% in children 24-months-of age [21] A greater relative risk of nutritional
deficiencies is likely in children on exclusion diets, such as those on a vegetarian
(especially vegan), gluten-free, or lactose-free diet.

Due to the evidence of persistent deficiencies among children, a systematic
approach to ensuring adequate access to vital vitamins, trace elements, and other
nutrients essential to healthy growth, such as calcium, is reasonable in routine
pediatric care. In otherwise healthy children, a formal dietary assessment, although
potentially valuable for increasing the rate of detection, may not be justified
by time and expense, but general questions about diet may identify potential
inadequacies. Several relatively simple tools, such as the Child and Diet Evaluation
Tool (CADET) [22], have been validated for identifying children with low intake
of fruits and vegetable. Clinical inquiries about diet have the potential to reveal
inadequacies at the same time that they serve to convey the message that a healthy
diet plays a role in disease prevention.

When informal dietary surveys suggest potential problems in nutrient
acquisition, further evaluation, including a referral to a nutritionist or dietician,
may be appropriate. It is important not to underestimate the complexity of adequate
nutrition. The interplay and heterogeneity of variables that affect how micronutrients
are metabolized and stored remains a focus of study. In experimental studies, for
example, metabolism of iron is affected by dietary exposure to both zinc and nicotinic
acid [23] Clinical studies in resource-poor areas of the world have suggested that
coexisting micronutrient deficiencies can impair the response to single micronutrient
replacement therapy [24].

In children suspected or at risk of micronutrient deficiencies, nutritional
supplementation may be a valuable approach for ensuring adequate intakes.
Supplementation of specific nutrients is helpful in those with chronic diseases
affecting liver or gut function, such as Crohn’s disease, or in those on exclusion
diets liable to limit intake of specific vitamins. There is also a strong rationale for
supplements in preventing deficiencies in otherwise healthy children at risk for
micronutrient deficiencies. This may be particularly important in specific stages of
development, such as vitamin D in infants or vitamin D and iron in toddlers and other
young children in whom there is evidence of adverse health consequences when
these nutrients are deficient. Published studies have associated supplementation of
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vitamin D, which appears to enhance metabolism in several organs other than bone,
such as immune function [25], with improved nutrient adequacy in both children
and adults. [26,27] This finding has lead public health agencies in some countries
(e.g., the U.K.) to recommend supplementation, particularly for children younger
than age 5 years.

Due to the evidence that there may be interactions within a healthy diet
important to the metabolism of nutrients, supplementation should not be considered
a substitute for a well-balanced healthy diet. Although suitable for adjunctive use
when nutrient deficiencies are known or suspected, nutritional supplementation
does not provide any additional benefit in individuals who are already obtaining
adequate nutrients by diet alone. Specific supplements should be recommended on
the basis of the nutrients relevant to the risk of deficiency at recommended dosages.
Whether or not supplements are being considered, parents and older children should
receive explicit information on the essential role of a healthy diet to maximize growth
and development while minimizing health risks.

In Europe, the persistence of nutritional deficiencies in the midst of an obesity
epidemic should not be misunderstood as a paradox. Ready access to food does
not ensure healthy food choices required to achieve adequate nutrition. In young
children, food choices may be dictated by adults responding to well marketed
prepared products high in fat and low in nutritional value. Modern food distribution
has largely eliminated seasonal gaps in adequate access to fruits and vegetables
but individual choice can thwart efforts to promote healthy eating. The data from
two large surveys suggest that prevalence rates of selected nutritional deficiencies
among European children are clinically meaningful. The rates for specific nutrient
deficiencies vary by country but several, including vitamin D, folate, and iron, are
common. Due to the threat these deficiencies pose for impaired growth and other
adverse health consequences, the data should encourage public health initiatives
designed to improve nutrition on a population basis and to consider routine inquiries
about diet in the care of healthy children. In children with normal metabolism, the
risks posed by nutritional deficiencies may be circumvented if detected and reversed
in early stages of development.
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Cod Liver Oil Supplement Consumption
and Health: Cross-sectional Results from the
EPIC-Norfolk Cohort Study
Marleen A.H. Lentjes, Ailsa A. Welch, Angela A. Mulligan, Robert N. Luben,
Nicholas J. Wareham and Kay-Tee Khaw

Abstract: Supplement users (SU) make healthy lifestyle choices; on the other hand,
SU report more medical conditions. We hypothesised that cod liver oil (CLO)
consumers are similar to non-supplement users, since CLO use might originate
from historical motives, i.e., rickets prevention, and not health consciousness.
CLO consumers were studied in order to identify possible confounders, such as
confounding by indication. The European Prospective Investigation into Cancer
(EPIC) investigates causes of chronic disease. The participants were 25,639 men and
women, aged 40–79 years, recruited from general practices in Norfolk, East-Anglia
(UK). Participants completed questionnaires and a health examination between 1993
and 1998. Supplement use was measured using 7-day diet diaries. CLO was the
most common supplement used, more prevalent among women and associated with
not smoking, higher physical activity level and more favourable eating habits. SU
had a higher occurrence of benign growths and bone-related diseases, but CLO was
negatively associated with cardiovascular-related conditions. Although the results of
SU characteristics in EPIC-Norfolk are comparable with studies worldwide, the CLO
group is different from SU in general. Confounding by indication takes place and
will need to be taken into account when analysing prospective associations of CLO
use with fracture risk and cardiovascular diseases.

Reprinted from Nutrients. Cite as: Lentjes, M.A.H.; Welch, A.A.; Mulligan, A.A.;
Luben, R.N.; Wareham, N.J.; Khaw, K.-T. Cod Liver Oil Supplement Consumption
and Health: Cross-sectional Results from the EPIC-Norfolk Cohort Study. Nutrients
2014, 6, 4320–4337.

1. Introduction

Since the 19th century, cod liver (CLO), for its source of vitamin D, has been
used as one of the remedies to cure rickets [1]. It has been the most commonly used
supplement in the UK for decades [2–6]. In EPIC-Norfolk, 32% of men and 45% of
women used dietary supplements between 1993 and 1998 [7] with nearly 25% of all
participants consuming CLO [8]. Special interest in CLO supplement use is warranted
for several reasons. Firstly, for its nutrients, CLO contains eicosapentaenoic acid
and docosahexaenoic acid, which in observational studies have been negatively

331



associated with several cancer sites [9,10]; on the other hand, meta-analyses of
trial and/or cohort data have shown no effect of these omega-3 fatty acids in
supplement form on cardiovascular disease [11,12]. CLO also provides vitamins
A, D and E of which vitamin D prevents osteomalacia and has been associated
with osteoporosis [13]; while chronic intake above 1500 µg/day of vitamin A might
increase the risk of fractures [14]. Secondly, methodological reasons: there is no such
person as “a supplement user” [5,15], supplement users (SU) are heterogeneous and
ignoring these differences can lead to bias [16]. These differences are not only due to
lifestyle [17], but also to what is referred to as “confounding by indication” [5,18,19].
Meaning that certain co-morbidities make the use of certain dietary supplements
more likely, which, if not taken into account, could lead to the conclusion that there
is an association between the exposure, i.e., dietary supplements, and outcome
(e.g., fracture) when in fact the co-morbidity (e.g., osteoporosis) is merely an
indication for, or increases, supplement use.

Before public health messages can be formulated to encourage or discourage
CLO use, also in the light of possible harmful effects when overdosed [20], a careful
analysis of eating habits and other possible confounders in CLO consumers will
have to precede this [16]. Supplement use in general in the United Kingdom [3–5,21],
Europe [22], the United States [23] and Australia [24,25] has been associated with
socio-demographic factors such as being a woman, being older, having a higher
socio-economic status; behaviour-wise, SU exercise more, smoke less, eat more
healthily and have a lower body mass index (BMI). Whether CLO consumers share
the same characteristics as SU in general, and as a result would confound the
association found between CLO consumption and health, requires further study.
The high proportion of CLO consumers, as well as the detailed information collected
in this aging cohort, puts EPIC-Norfolk in a position to study such associations.

This paper describes the socio-demographics, eating habits, anthropometry and
self-reported health of NSU and SU in EPIC-Norfolk, with a special focus on the
most commonly consumed supplement: CLO.

2. Methods

2.1. Study Design and Participant Selection

This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures were approved by the Norfolk District
Health Authority Ethics Committee. Written informed consent was obtained from
all participants. The study started in 1993 with participants aged between 40 and
79 years. Participants lived in the Norfolk area of East Anglia and were recruited from
general practitioners’ (GP) age-sex registers [26]. Of the 77,630 invited participants,
30,447 gave their informed consent and received a Health and Lifestyle Questionnaire.
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Of this group, 25,639 attended a health examination at their GP-clinic and were given
a 7-day Diet Diary (7dDD).

2.2. Data Collection

The Health and lifestyle Questionnaire was sent to the participants in advance
of their GP clinic appointment. Participants were asked about the following:
smoking habits (never, former or current smoker); final level of education obtained
(no qualifications, O-level, A-level, Degree or equivalent); current profession, from
which socio-economic class was derived (unskilled, semi-skilled, skilled manual,
skilled non-manual, managerial or professional); marital status (married, single,
widowed, divorced or separated); a validated physical activity score combining
occupational and recreational physical activity (active, moderately active, moderately
inactive, inactive) [27]; and self-reported illnesses, such as cardiovascular diseases,
diabetes, cancer and osteoporosis, measured by the question: “Has the doctor ever
told you that you have any of the following”. The participant’s postcode was
linked to the Townsend residential area deprivation score. This score identifies
material deprivation by using four components: unemployment, non-car ownership,
non-house ownership and overcrowding, i.e., the number of people who live per
room in a house [28].

Participants were taken through the research protocol by a trained nurse [26].
During the health examination, weight (kg) and height (cm) were measured from
which Body Mass Index (BMI) was calculated (kg/m2).

A 7dDD was handed out at the health examination [29,30]. This diary was a
45-page, A5 booklet, with detailed instructions regarding how food and drink should
be recorded, as well as seventeen series of colour photos, depicting portions of food
items on plates in increasing quantities. The nurse completed a 24-h diet recall as a
means of instruction (n = 25,507; 99%). The remainder of the 7dDD was completed at
the participant’s home, 23,638 (92%) of the participants completed more than one day.

The 7dDD ended with general questions, referred to as the “Back Of Diary
(BOD)”, and was completed by 23,309 (91%) participants [8]. The BOD included
the question relating to supplement use (“Please name any vitamins, minerals or
other food supplements taken on each day of last week”). If this question was left
open, crossed out or answered with “no/none”, then participants were categorised
as NSU; however, if participants had recorded any supplements taken, they were
categorised as SU. Kappa-statistics with instruments recalling supplement use over
the past year in EPIC-Norfolk ranged from 0.72–0.78 [7]. Supplements were coded
according to the Vitamin and Minerals Supplement (ViMiS) system described in detail
elsewhere [8]. Summarised, supplements were grouped into 45 distinct groups of
which CLO was one. This group included CLO or any other type of fish oil, and CLO
supplements combined with multivitamins or with, for example, evening primrose
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oil in the same capsule. For the purpose of this analysis, participants who reported
medication containing vitamins and/or minerals without further supplement use
were classified as NSU.

The 7dDD were entered by trained data-entry clerks using a program called
DINER, Data Into Nutrients for Epidemiological Research [30] and checked and
calculated by nutritionists using DINERMO [31]. Alcohol intake in grams was
divided by 8 to obtain the number of units in alcoholic beverages. Food group data
were calculated by summing the weight of each food item consumed, belonging
to either fruit, vegetables, red, white or processed meat or white and fatty fish, as
well as the percentage contribution to these food groups from composite food items
(e.g., Beef stew including vegetables) [31]. These food groups were chosen because
of established associations with cancer and cardiovascular risk factors [32].

2.3. Statistical Analysis

The characteristics of participants were compared using two different groupings.
First, NSU vs. SU, followed by two SU subgroups in order to elucidate possible
confounding factors for CLO users: SU+CLO, participants who used CLO or
supplements where cod liver oil/fish oil was an ingredient, also when used in
combination with non-CLO supplements (i.e., multiple supplement users of which
at least one contained CLO); SU-CLO, participants who consumed one or more
supplements that did not contain CLO.

Both comparisons were firstly carried out without adjustment, stratified by sex,
using the Chi-squared statistic, followed by multivariable binary (SU vs. NSU) and
multinomial (SU+CLO vs. NSU and SU-CLO vs. NSU) logistic regression to compare
these groups adjusted for all presented socio-demographic variables.

Differences in food consumption between NSU and SU groups were tested
using the Mann-Whitney U and Kruskal-Wallis statistic. Associations between
self-reported illnesses and supplement use were adjusted for age using multinomial
logistic regression, with supplement use as the dependent variable (NSU/SU+
CLO/SU-CLO). Analyses were performed using SPSS v19 (IBM Corp., Armonk,
NY, USA). p-values below 0.05 were considered significant.

3. Results

3.1. Supplement Consumption

Out of 23,039 participants who answered the BOD, 3253 (31.7%) of men
(n = 10,247) and 5736 (44.8%) of women (n = 12,792) used a supplement
(χ2 (1) = 410.01, p < 0.001). A total of 5262 and 10,732 supplements were consumed
by men and women respectively. For both men and women, CLO was the most
commonly consumed supplement (43% and 32% respectively), followed by garlic
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(12%) and multivitamins (11%) for men and multivitamins (11%) and evening
primrose oil (10%) for women. For CLO supplements, 94% of men and 96% of
women used these on a daily basis compared to 89% and 90% respectively for
non-CLO supplements. CLO supplements were consumed by 22% of men and 26%
of women. Only 10% of men consumed supplements that did not contain CLO,
compared to 19% of women.

3.2. Socio-Demographic Characteristics of Supplement Users

Supplement use in general was associated with sex-dependent characteristics
(see columns NSU and SU in Table 1 for men and Table 2 for women). Male SU
were older than NSU, whereas female SU completed higher levels of education than
female NSU. Marital status was not, and Townsend score only weakly, associated
with supplement use. All other characteristics had, in general, stronger associations
among women compared to men. In summary, supplement use indicated a healthier
lifestyle and higher socio-economic class.

The characteristics of the participants who consumed a supplement that contained
CLO (SU+CLO) vs. NSU and participants who consumed other types of supplements
(SU-CLO) vs. NSU (see Tables 1 and 2), resulted in stronger associations with
socio-demographic characteristics with supplement use, especially among women.
Notably, younger age in women was strongly associated with the SU-CLO category,
similarly for higher education level; however, such associations among SU+CLO were
not present. In men, not being married as well as a higher education level, though not
associated with supplement use in general, was associated with SU-CLO.

Results of the fully adjusted analysis (NSU vs. SU) are to be found in Tables 1
and 2 (see column SU vs. NSU). 3.6% of the participants were lost due to missing
values for one or more variables (n = 22,205). For supplement use in general, results
remained the same as in the unadjusted analysis, except for the area deprivation
score in both sexes. Smoking had the strongest association with supplement use,
decreasing the odds of supplement use with 41% in men and 29% in women; followed
by physical inactivity in men and winter season and lower social class in women.
The analysis was repeated with sex in the model (data not shown) and showed
a significant independent effect of sex on supplement use in general (OR = 0.54;
95% CI: 0.51–0.58).

Multinomial logistic regression compared NSU with the two SU subgroups
(SU+CLO and SU-CLO, see last two columns in Tables 1 and 2). Results were similar
compared to the unadjusted analysis, with exception of education level among men
and area deprivation score in both sexes, which lost their significance. Strongest
associations were again seen for current smoking; other variables, particularly social
class and education, were more strongly associated with the SU-CLO group and not
with the SU+CLO group when compared to supplement use in general.
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3.3. Food Choices of Supplement Users

SU in general consumed significantly more fruit, vegetables and fatty fish and
less red and processed meat than NSU (Table 3). In both men and women, the lower
intake of red and processed meats amongst SU in general appeared to be mainly
driven by the SU-CLO group, which had a significantly lower intake compared
to the SU+CLO group (p < 0.025). Although there were no associations between
alcohol consumption and supplement use in men, we observed a higher proportion
of alcohol consumers among women using supplements, particularly the SU-CLO
group, as well as an increment in their median weekly intake (p < 0.025).

3.4. Health and Supplement Use

BMI was associated with both age and supplement use. The mean (95%
CI), age-adjusted BMI for male NSU was 26.6 (26.5–26.7) kg/m2, for SU+CLO
26.3 (26.2–26.4) kg/m2 and for SU-CLO 26.1 (25.9–26.2) kg/m2 (F = 15.6 [2;10217],
p < 0.001). Among women, the association between supplement use and BMI was
stronger; the mean BMI for female NSU was 26.4 (26.3–26.5) kg/m2, for SU+CLO
25.9 (25.7–26.0) kg/m2 and for SU-CLO 25.6 (25.4–25.8) kg/m2 (F = 42.4 [2;12750],
p < 0.001).

In this cross-sectional study, the use of different types of dietary supplements
was associated with self-reported illnesses (Table 4). For participants who reported
having had benign growths, the odds of being a SU-CLO increased by 36% in men and
35% in women compared to NSU. Diseases affecting the heart and circulation were
negatively associated with CLO supplement use and not associated with non-CLO
supplement use. Men who reported having had a heart attack had a 42% lower
odds of using CLO compared to men free of a prevalent heart attack; women who
reported having been diagnosed with diabetes had a 50% reduced odds of being a
SU+CLO. Participants who reported diseases that affect bone health were reporting
more supplement use. Women who reported arthritis had a 60% increased odds
of using CLO and 15% increased use of other types of supplements; similar results
for CLO use were found for men. Women who reported osteoporosis had a 58%
increased odds of using a non-CLO supplement.
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4. Discussion

Supplement use in EPIC-Norfolk is more prevalent among women and is
associated with not smoking, a higher social class, higher physical activity levels and
more favourable eating habits. These SU characteristics were found to be stronger
for subgroups of SU, than for SU in general. Moreover, a participant’s self-report of
medical conditions at baseline was associated with subgroups of supplements, with
CLO supplements being strongly positively associated with arthritis and negatively
associated with cardiovascular conditions.

The associations found between supplement use in general and socio-demographic
variables are in line with previous findings from a UK survey and cohort
studies [4,5,21]. Our finding of more and stronger associations in women compared
to men, has also been observed in the MRC National Survey of Health and
Development [4]. However, important socio-demographic differences exist within
SU. For example, in our study social class appeared to be mainly associated with
SU-CLO use in men and women’s education was only associated with SU-CLO
use and not SU+CLO use. Also, while most “unhealthy behaviours” were less
prevalent among SU, exceptions were smoking and alcohol consumption among
women in the SU-CLO group. The Norwegian Women and Cancer (NoWAC) study
grouped participants into categories by frequency of consumption of CLO use [33].
Their average age of 45 years was 15 years lower than in EPIC-Norfolk; even so,
participants’ age was positively associated with daily CLO consumption, as well
as being an ex-smoker and being more physically active. Again, this stresses the
different possible confounders within subgroups of SU.

In EPIC-Norfolk, SU, particularly the SU+CLO group, were found to have a
higher consumption of fruit, vegetables and fatty fish and especially the SU-CLO
group had a lower consumption of red and processed meat compared to NSU. These
associations are comparable with other studies [4,5,21,33] and are indicative that
SU are a group of people who are least likely to need supplements. Although
SU have in general been characterised as “healthy eating” consumers, this might
not necessarily be so [15,34]. A longitudinal study in Switzerland found that 21%
of daily/weekly vitamin and mineral SU were clustered around a “healthy” food
pattern (16% among NSU); whereas 31% of daily/weekly vitamin and mineral SU
consumed an “unhealthy” food pattern (compared to 39% in NSU); the SU were also
found to have the most positive attitude towards fortification and could have used
supplements as a means of compensation. In the current analysis, only a limited set
of foods were compared between NSU and SU in order to avoid multiple testing, but
future analyses could compare clusters of a greater variety of foods.

In this cross-sectional analysis, participants who reported having had benign
growths were more likely to report non-CLO supplement use. Cancer was not
associated with supplement use in the EPIC-Norfolk study, contrary to what has
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been found in the UK Women’s Cohort Study [35]. Also the VITAL cohort [18] reports
significant associations between high dose vitamin E and cancer in women as well as
a study among cancer survivors [36], where only vitamin use, but not mineral, herbal
or other types of supplement use, was associated with cancer. In the VITAL cohort,
the number of supplements consumed among women with a medical condition
was higher than in men; however, the associations between supplement use and
medical conditions were stronger in men [18]. It was suggested that women might use
supplements to prevent illness, whereas men might start to take supplements after
diagnosis. In EPIC-Norfolk, the associations between supplement use and medical
conditions were of similar strength for men and women, but data collected at later
health examinations will be able to answer important questions related to the onset
of illness and the starting or stopping of supplement use. Although the time between
diagnosis and the start of the use of dietary supplements is also of importance since
participants might make a change in their habits shortly after diagnosis, but return
to their former habits after some time has passed [36], the surveys in EPIC-Norfolk
might not be frequent enough to capture these changes.

A limitation of our analysis is the stratification of results into SU+CLO and
SU-CLO groups, since this is likely to have underestimated the heterogeneity among
the SU-CLO subgroup. A recent analysis of the Hertfordshire Cohort Study (HCS)
used cluster analysis to describe five groups of SU; however, plant and fish oils were
grouped together [15]. The aim of our analysis was to study possible confounding
variables of participants consuming fish and CLO supplements. SU+CLO reported
more illnesses such as arthritis and less (symptoms of) cardiovascular disease and
stroke, contrary to what is reported in the HCS [15]. A UK survey [5] and a survey
among 65-98 year old Australians [24,25] however found similar associations to
EPIC-Norfolk. The data collected at later health examinations, will have to be taken
into account before causal inferences between CLO and cardiovascular diseases can
be made, especially since meta-analyses have not shown benefits [11,12]. The fact
that CLO is positively associated with age, and that it is more likely to be taken
on a daily basis, makes the SU+CLO subgroup of particular interest to investigate
further since exposure to CLO is likely to have been for an extended period of time
and follow-up time in this prospective cohort is by now two decades, contrary to
trials. The nutrients of these supplements are quantified in the ViMiS database where
missing values for omega-3 fatty acids were completed, and units of measure were
made compatible for food and supplement sources enabling the calculation of a “total
nutrient exposure” in a detailed way [8,37]. The wide range of endpoints collected
will enable us to look at potential positive as well as harmful effects of CLO.
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5. Conclusions

Significant socio-demographic associations were found in this study with
weaker and fewer associations in SU+CLO than in SU-CLO group, especially among
men. Associations between supplement use and age, smoking, social class and
education were strong, but not uniform across all SU or between sexes. Participants,
who had prevalent heart attack or stroke, were less likely to report CLO supplements;
however, self-reported arthritis was associated with increased CLO use. The
differences we found between subgroups of SU provide important information
that will be necessary for later endpoint analysis of this and other studies, since
confounding by indication as well as lifestyle confounders will need to be taken into
account depending on the type of supplement consumed.
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Nutritional Adequacy of Dietary Intake in
Women with Anorexia Nervosa
Susan K. Raatz, Lisa Jahns, LuAnn K. Johnson, Ross Crosby, James E. Mitchell,
Scott Crow, Carol Peterson, Daniel Le Grange and Stephen A. Wonderlich

Abstract: Understanding nutrient intake of anorexia nervosa (AN) patients is
essential for the treatment. Therefore, estimates of total energy and nutrient
consumption were made in a group of young women (19 to 30 years) with
restricting and binge purge subtypes of AN participating in an ecological momentary
assessment study. Participants completed three nonconsecutive 24-hour diet recalls.
Mean nutrient intakes were stratified by subtype and by quartiles of energy intake
and compared to the age specific Dietary Reference Intake (DRI) levels, as well
as to the reported intakes from the What We Eat In America (WWEIA) dietary
survey 2011–2012. Reported intake was determined for energy, macronutrients,
and micronutrients. The mean body mass index (BMI) for all participants was
17.2 ± 0.1 kg/m2. Reported nutrient intake was insufficient for participants in
quartiles 1–3 of both AN subtypes when compared to the DRIs. Intake reported by
participants in quartile 4 of both subgroups met requirements for most nutrients and
even met or exceeded estimated energy needs. Counseling of AN patients should be
directed to total food consumption to improve energy intake and to reduce individual
nutritional gaps.

Reprinted from Nutrients. Cite as: Raatz, S.K.; Jahns, L.; Johnson, L.K.; Crosby, R.;
Mitchell, J.E.; Crow, S.; Peterson, C.; Le Grange, D.; Wonderlich, S.A. Nutritional
Adequacy of Dietary Intake in Women with Anorexia Nervosa. Nutrients 2015, 7,
3652–3665.

1. Introduction

Anorexia nervosa (AN) is a psychiatric disorder that results in considerable
morbidity and mortality. The estimated prevalence is between 0.3% and 0.6% in
adolescents and young adult women [1]. Prolonged dietary restriction in this disorder
results in overt malnutrition, leading to significant decline in health status. In
addition to the obvious wasting and loss of lean and fat mass, patients experience
bone loss and often amenorrhea [2]. Onset of AN at an early age leads to reduced
growth and an inability to attain genetic height potential despite accelerated growth
following nutritional therapy [3]. Long-term mortality associated with the disease
is ~10% per decade mainly due to cachexia and suicide [1,4].

AN is characterized by two subtypes-those with primarily food restricting
behavior and those with associated binge eating and purging behavior [5]. Although
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definitions of the subtypes are quite distinct, frequent crossover can occur, with up
to 62% of restricting patients developing binge purge behavior [6]. Knowledge of the
AN subtype is important for selection of therapeutic approaches to treatment, and
may play an important role in the nutritional and medical status of the individual [7].

Understanding the nutrient intake of AN patients is essential for nutritional
counseling and treatment. Assessment of dietary intake in this population is fraught
with error [8]. Studies of dietary consumption with retrospective recall of intake
have obvious shortcomings as individuals with AN are often less than candid about
their eating behavior; however, their knowledge of what was consumed may be
greater than that of the general population [9]. Obtaining dietary intake information
by observation in a hospital or clinic setting is not representative of usual intake;
therefore, dietary recall is the best available technique to assess consumption and
has high agreement between reported total energy intake and predicted energy
expenditure [10].

Recently the Academy of Nutrition and Dietetics published its Position Paper on
Nutrition Intervention in the Treatment of Eating Disorders [11]. This statement contends
that “nutrition intervention, including nutrition counseling by a registered dietitian,
is an essential component of the team treatment of patients with anorexia nervosa,
bulimia nervosa, and other eating disorders during assessment and treatment across
the continuum of care” [11]. Information on adequacy of nutrient intake in this
group will direct clinically relevant medical nutrition therapy emphasizing common
key nutritional deficiencies in the context of a treatment plan for a healthy and
nutritionally complete diet.

In evaluation of dietary intake of individuals with AN, emphasis has been
primarily given to the reduced intake of energy and macronutrients. Little work has
been done to describe the effect of diet restriction on the total micronutrient intake
levels in AN [10,12,13]. Our objective was to quantify nutrient intake in a group of
participants with AN who were taking part in an ecological momentary assessment
study (EMA). Therefore, we assessed total reported energy and nutrient intake in a
sample of young women, aged 19 to 30 years, with both restricting and binge purge
subtypes of AN and compared them to the Dietary Reference Intakes (DRIs) [14]
for women aged 19–30 years. We also compared this group to the reported intake
of a representative group of women who participated in What We Eat in America
(WWEIA) the dietary intake segment of the of the National Health and Nutrition
Examination Survey (NHANES) 2011–2012 [15,16]. We discuss the relevance of our
results to RDs and other practitioners working with AN patients.
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2. Experimental Section

2.1. Experimental Protocol

This study is an analysis of dietary recall data that was part of an EMA study
in which participants with AN provided information on eating behavior, emotions,
stress and coping on hand held computers over 14 days [17]. Participants also
completed three non-consecutive 24-hours dietary recalls (DR) during the two weeks.
The study was conducted between 2006 and 2010. The main outcome, adequacy
of energy and nutrient intakes, is compared to the DRI and intake of participants
in WWEIA/NHANES 2011–2012. Studies were carried out at the Neuropsychiatric
Institute, Fargo, ND; The University of Minnesota, Minneapolis, MN and The
University of Chicago, Chicago, IL. Approval for this protocol was obtained from
Institutional Review Boards of all facilities involved in this research: The University
of North Dakota, Grand Forks, ND; Sanford Health, Fargo, ND; the University
of Minnesota; and the University of Chicago. All participants provided written
informed consent prior to enrollment in the study.

2.2. Participants

Participants in the trial included women aged 17 to 58 years (n = 118) with
a diagnosis of AN. volunteers were recruited to meet the criteria for AN, either
restricting or binge purge type, as defined in the Diagnostic and Statistical Manual of
Mental Disorders [5] or subclinical AN as previously described [17].

A subset of all recruited participants was included in this analysis, who were
between the ages of 19 and 30 years, and had three complete days of random DR
(n = 75; 64% of sample). This age group was used for this assessment as it corresponds
to the life stage and sex grouping of the DRI for the purpose of comparison of
nutritional adequacy. There were not enough women in the other age groups (14–18,
31–50, or 51–70 years) to provide appropriate aggregate intake data for comparison
to the DRIs.

2.3. Diagnostic Assessment

Participants were assessed with structured interviews at baseline to evaluate the
status of their disorder and to classify their subtype of AN, including the Structured
Clinical Interview for DSM IV, Axis I [18] and the Eating Disorders Examination [19].
Body Mass Index (BMI) (kg/m2) of participants was determined by measurement of
height in cm and weight in kg by trained clinic staff.

2.4. Dietary Assessment

Participants were called three times to obtain detailed 24-hours dietary recall
information. The recalls were performed by trained interviewers and detailed diet
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information was directly entered during the interview and analyzed utilizing the 2005
version of the Nutrition Data System for Research (NDS-R) [20,21] from the Nutrition
Coordinating Center at the University of Minnesota. The multiple-pass methodology
used by trained interviewers during recalls is similar to the methodology used to
collect 24-hours DR data in the WWEIA/NHANES survey [22].

2.5. Comparison to Dietary Reference Intakes

Use of DRIs as part of the nutrition care process was discussed in detail in a
recent practice dietetics paper [23]. Given the restrictive eating habits of individuals
with AN, many nutrient shortfalls in the diet are expected. Individual nutrition
assessments include many indicators of nutritional status and often include dietary
intake measured by 24-hours DR or food records. If dietary intake has been assessed
for ≥3 days, nutrient intake can be compared to the DRIs and included in the
treatment process [23]. Current dietary intake data can be used to identify nutrient
intakes that are relevant for planning treatment and follow-up goals [24].

The Estimated Average Requirement (EAR) is the median usual intake estimated
to meet the physiological needs of half of the individuals in a life stage and sex
group. The recommended dietary allowance (RDA) is sufficient to meet or exceed
the estimated needs of 98% of the population of interest and is set at two standard
deviations above the EAR. An Adequate Intake (AI) is set when there is insufficient
scientific evidence to set an EAR and RDA and is the estimated intake of an
apparently healthy population.

The Practice Paper of the American Dietetic Association: Using the Dietary
Reference Intakes provides guidelines for the application of the DRIs to patient
assessment: (1) if the reported intake of a specific nutrient exceeds the RDA or
AI, intake may be considered adequate; (2) if intake is less than the AI, it cannot
be considered inadequate, but the dietitian may choose to encourage increased
consumption to meet the AI; (3) if intake is below the RDA but exceeds the EAR,
there is a 50% chance that intake does not meet the individual requirement and
increased consumption should be encouraged; (4) if intake is below the EAR there is
a greater chance that intake is not sufficient to meet requirements [23].

Estimated Energy Requirement (EER) is defined as “the average dietary intake
that is predicted to maintain energy balance in a healthy adult of a defined age,
gender, weight, height, and level of physical activity consistent with good health” [25].
The EER does not address energy needs of AN patients, as additional energy
requirements to restore healthy weight depends upon factors such as initial deficit,
desired rate of recovery, and catch-up growth. Therefore, the EER may underestimate
the energy requirements of patients with AN, despite their low body weight. On
the other hand, AN patients are hypometabolic and the EER may overestimate their
maintenance energy needs if they are not physically active [2]. Due to the uncertainty
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of AN patients energy needs, the description of EER was calculated and presented at
moderate physical activity levels [25].

EER = 354 − 6.91 × age [y] + PA × (9.36 × weight [kg] + 726 × height [m]) (1)

where PA is 1.27 if moderately active.

2.6. Comparison to NHANES

For comparison to an apparently healthy population, the nutrient intake
of non-pregnant women aged 19–30 years was derived from the 2011–2012
WWEIA/NHANES survey [16]. WWEIA/NHANES is a nationally representative,
cross-sectional survey of the non-institutionalized, civilian U.S. population.
The survey uses a complex, stratified, multistage probability cluster sampling design.
WWEIA/HANES participants were asked to complete a single in-person 24-hours
DR. A second 24-hours DR was collected via telephone within 10 days of the first;
however, only the day 1 recalls are used in our analysis (n = 403 women) [26–28].

2.7. Statistical Analysis

Nutrient values computed from the three DR were averaged for each subject and
divided into quartiles based on reported energy intake within restricting and binge
purge subtypes of AN. Means and 95% confidence intervals (CI) were calculated for
each nutrient within each quartile. The percentage of women whose reported intakes
were less than the EAR or AI, as appropriate, were calculated for each nutrient.
Mean and 95% CI of nutrient intakes of women ages 19–30 who participated in
WWEIA/NHANES 2011–2012 were calculated using the Survey means procedure
in SAS (SAS Institute, Cary, NC). Analyses included the sampling strata and
primary sampling units and were weighted using the appropriate NHANES sample
weights. Consonance of the AN subjects intakes with those of the nationally
representative sample of women aged 19–30 was estimated by calculating the
percentage consumed by an AN subject relative to the mean intakes reported by the
WWEIA/NHANES respondents.

Age and BMI values for all women and for AN subgroup by quartile were
calculated and presented as mean ± standard error of the mean (SEM). Mean ± SEM
of the EER was calculated for each quartile for each AN subgroup. The percentage of
subject consuming at least 100% of the EER was calculated for each of the 3 activity
levels. All analyses were performed with SAS V9.3 (SAS Institute, Inc., Cary,
NC, USA).
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3. Results

The overall mean age of participants was 22.5 ± 0.4 years and the average BMI
was 17.2 ± 0.1 kg/m2. There were no significant differences in age and BMI between
the diagnostic subtypes across the quartiles. Age in years (mean ± SEM) and BMI
(mean ± SEM) for participants by AN subtype of restricting and binge purge were,
respectively Quartile 1: age: 23 ± 1, 20 ± 1, BMI: 17.3 ± 0.3; 17.3 ± 0.3; Quartile 2:
age: 22 ± 1, 25 ± 1, BMI: 17.8 ± 0.2; 17.2 ± 0.6, Quartile 3: age: 22 ± 1, 25 ± 1. BMI:
17.0 ± 0.3, 17.3 ± 0.3; Quartile 4: age: 21 ± 1, 24 ± 1.3, BMI: 17.0 ± 0.3; 17.0 ± 0.5.

Table 1 presents mean and 95% CI for reported dietary intake of participants by
AN subtype (quartiles) in reference to the DRI. For all nutrients under consideration
the percentage of individuals reporting intakes lower than the EAR are shown.
Participants of both subtypes in quartiles 1 and 2 reported low energy intake and
consequently were below the DRI EAR for those nutrients evaluated. As reported
energy intake increased in both AN subtype groups in quartiles 3 and 4, the number
of participants not reporting intakes below the EAR is reduced the only macronutrient
with an EAR is carbohydrate. The DRIs also suggest evaluating diets based upon
the Acceptable Macronutrient Distribution Range (AMDR). These ranges are based
upon energy intake. The AMDR for fat, protein and carbohydrate is 20%–25% en,
10%–35% en and 45%–65% en, respectively. However, with the wide variability in
reported energy intake in this population it may be more clinically relevant to use the
AMDRs to plan diets based upon on estimated energy needs, not reported intake.

Table 2 provides mean reported dietary intake by AN subtype (quartiles)
compared to mean reported intake by WWEIA/NHANES for women of the same
age range. Reported intakes are substantially lower for all subjects except those in
the 4th quartile of both the restrictor and binge purge subtype of AN. Estimated
energy requirements for participants at a moderate activity level are 2242 ± 27 kcal,
2292 ± 32 kcal, 2281 ± 28 kcal, 2313 ± 32 kcal, for quartiles 1 through 4, respectively,
of the AN restrictor subtype and 2253 ± 25 kcal, 2248 ± 48 kcal, 2355 ± 31 kcal,
2304 ± 37 kcal for quartiles 1–4, respectively, for the AN binge-purge subtype
participants. Participants in quartiles 1–3 of both subtypes of AN have very
low concordance with energy needs at moderate activity levels with none of
the participants reporting intake equivalent to EER. Sixty four percent (64%) of
participants in quartile 4 of the AN restrictor subtype and 86% of those in quartile 4
of the AN binge purge subtype meet the EER.
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4. Discussion

The mean BMI for all participants (17.2 ± 0.1 kg/m2) was, as expected, below
the lower limit of normal for healthy individuals. Reported nutrient intake was
insufficient for participants in quartiles 1–3 of both AN subtypes when compared
with DRIs. Intake reported by quartile 4 of both subgroups met or exceeded the
requirements for most nutrients. Reported energy intake ranges from extremely low
(~25%–40% of estimated needs) in quartile 1 of both AN subgroups to very high
(158%–220% of estimated needs) for participants in quartile 4 of the binge purge AN
subtype. Interestingly, when compared to the national sample, participants of both
subtypes falling in quartiles 3 and 4 reported similar or higher energy and nutrient
intakes. The higher reported intakes may in part be due to over-reporting by the
AN population, or reflective of the increased food intake found among individuals
engaging in binge-purge behaviors.

Difference in reported energy and nutrient intake by AN subtype did not present
as much separation as anticipated. Eddy et al. [6] suggest that crossover from
restricting to binge purge behavior in AN is suggestive of phases in the course
of the disease. This notion is supported by Peat et al. [7] who suggest there is
generally progression from restrictor to binge purge AN to bulimia nervosa in a
sizeable number of patients, although other cross-over patterns are seen as well.
Furthermore, a recent study from this dataset comparing restricting versus binge
purge AN revealed that the binge purge type tended to engage in more episodes of
virtually all eating disorder behaviors, including restriction, suggesting that subtype
distinction may reflect a dimension of severity as opposed to a true qualitative
subtype differentiation [29].

Participants reporting high energy intakes in quartile 4 of each AN subtype
have a substantial discrepancy between body weight and energy intake as their body
weights do not reflect adequate or excessive calorie consumption. It is possible that
they over-reported their intake. Schebendach et al. [8] suggest that weight restored
AN patients tend to significantly over-report intake and that this bias is increased at
higher intake levels. It is possible that some women with AN, particularly the binge
purge subtype, engaged in various forms of purging behavior to compensate for
eating or binge eating episodes. Similarly, physical activity may be elevated in AN,
and may account for the discrepancies observed in quartile 4. Indeed, two studies
using doubly labeled water to assess total energy expenditure in young women with
AN and bulimia nervosa show that because of high levels of physical activity, they
expend as much energy as their healthy weight counterparts despite decreased basal
metabolic rate [30,31]. These data support the notion that AN participants have a
failure to consume enough energy to maintain a healthy body weight no matter what
their reported intake is, which may be an important element in the diagnosis of AN.

359



A primary limitation of our study is the use of three 24-hours DRs as representative
of actual dietary intake. Although this is generally considered acceptable for healthy
individuals, it may not be adequate to represent usual nutrient intake in patients
with eating disorders. By comparing reported intake of the present group to the
DRIs, we may be substantially overestimating adequacy of these women’s diets as
these standards represent usual rather than optimal intake. In this study, we report
nutrients from foods, not supplements, and may therefore not be reporting total
intake. Additionally, the number of subjects in each cell is small and may, therefore,
affect our outcomes.

Reported nutrient intake may not reflect the quantity of absorbed nutrients due
to purging behaviors. The timing of and type of purging behaviors will affect the
actual nutrients absorbed. We have no way to assess the bioavailability of consumed
nutrients but can make the assumption that food and nutrient utilization is lower in
this group than in healthy populations.

Analysis of nutrient intake of reported diets does not provide any information
on eating patterns or eating behaviors. The present analysis did not assess if there are
differences in the patterns of food intake, such as meal timing, volume consumed per
eating episode, or specific food avoidance behaviors of participants with restricting
versus binge purge types of AN. Recent EMA studies have examined the relationship
of several eating disorder behaviors and their precipitating factors [9,17].

5. Conclusions

Our data demonstrate that intake is below adequate for most nutrients in
participants reporting reduced energy intake and approaching adequate in those
reporting high intake. However, reported intake of participants in quartile 4 exceeds
estimated energy needs, yet they maintain very low body weights. Recognizing
that AN patients diagnosed with either subtype may display characteristics of both
types (i.e., restriction and binge purge behaviors) will allow for more individualized
nutrition care plans. The goal of nutritional intervention in patients with AN is the
attainment of healthy body weight and improved nutrient intake.

Although nutrient intake assessment is subject to error of both over- and
under-reporting, our results provide insight into the dietary intake of malnourished
AN patients. Counseling of these patients should be directed to dietary
improvements in total food consumption to increase energy intake with additional
focus on nutritional gaps presented by evaluation of individual food intake.
Although these data provide some insight into possible nutrient inadequacies,
thorough assessment of dietary intake and physical activity patterns of patients
with AN is required to design appropriate individualized medical nutrition therapy.
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The Contribution of Fortified Ready-to-Eat
Cereal to Vitamin and Mineral Intake in the
U.S. Population, NHANES 2007–2010
Victor L. Fulgoni III and Rita B. Buckley

Abstract: Micronutrients play a pivotal role in achieving and maintaining optimum
health across all life stages. Much of the U.S. population fails to meet Estimated
Average Requirements (EARs) for key nutrients. This analysis aims to assess the
contribution of fortified ready-to-eat cereals (RTEC) to micronutrient intake for U.S.
residents aged 2–18, 19–99, and 2–99 years of age according to National Health and
Nutrition Examination Survey (NHANES) 2007–2010 data. We used the National
Cancer Institute (NCI) method to assess usual intake of 21 micronutrients and the
percentage of the population under EARs and above Tolerable Upper Intake Levels
(UL). Without fortification of RTECs, the percentage of those aged 2–18 years that
were below EARs increased by 155%, 163%, 113%, and 35% for niacin, iron, thiamin,
and vitamin A, respectively. For vitamins B6 and zinc, the respective numbers were
118% and 60%. Adults aged 19–99 and 2–99 had lower percentages but similar
outcomes. RTECs are associated with improved nutrient adequacy and do not
widely affect prevalence above the UL. The data indicate that large proportions of
the population fail to achieve micronutrient sufficiency without fortification, and
that its use can help Americans reach national nutrient intake goals.

Reprinted from Nutrients. Cite as: Fulgoni, V.L., III; Buckley, R.B. The Contribution of
Fortified Ready-to-Eat Cereal to Vitamin and Mineral Intake in the U.S. Population,
NHANES 2007–2010. Nutrients 2015, 7, 3949–3958.

1. Introduction

Micronutrients play a pivotal role in achieving and maintaining optimal health
across all life stages [1]. Vitamins are essential nutrients for many body functions, and
are particularly important during growth as well as for certain vulnerable groups,
such as pregnant women, young children, and the elderly. In addition to increasing
nutrient intakes within the population, fortification has an impact on consumer
purchasing decisions that can ultimately affect health and well-being [2].

Despite the availability of diverse foods, large-scale population-based dietary
intake surveys, such as NHANES, indicate a gap between vitamin intakes and
estimated average requirements for a significant proportion of the population; for
example, more than 75% of the U.S. population does not get enough vitamin E [3].
A high percentage of all children/adolescents have inadequate intakes of numerous
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micronutrients, with the greatest inadequacy among older girls [4]. Many Americans
would not achieve recommended micronutrient intakes without fortification of the
food supply [2].

According to the Dietary Guidelines for Americans 2010 [5], consumption of
vegetables, fruits, whole grains, milk and milk products, and seafood is lower than
recommended. This makes some micronutrients—potassium, dietary fiber, calcium,
and vitamin D—low enough to be a public health issue. Other vitamins of concern
include iron, folate, and vitamin B12 [5].

Shortfalls in nutrition intakes could result from changing lifestyles, with
increased food choices that have low micronutrient densities. These products have
an impact on the quality of an individual’s daily diet, and thus, nutrition status [3].

Diet and physical inactivity are the most important contributors to the epidemic
of overweight and obesity among men, women, and children in all segments of
our society [5]. Fortified ready-to-eat cereals (RTEC) with lower calories appear to
be an effective tool for addressing nutritional deficiencies among populations [6];
for instance, encouraging RTEC consumption by pregnant women is a simple, safe,
and inexpensive intervention that could help optimize nutrient intake for successful
placental and fetal development [7].

Fortified RTECs remain a major contributor of micronutrients within the U.S.
diet. Enriched and/or fortified foods provide a large proportion of the intakes of
vitamins A, C and D, as well as thiamin, iron, and folate, although some of these
nutrients are still below the EARs for a significant portion of the population [8].
Trends observed in the types of fortification in RTECs demonstrate positive changes
in nutrient composition that may have an important impact on public health [9].

It is also important to consider fortification in the context of potential
micronutrient overexposure. For example, excessive niacin intake can lead to
potential skin reactions; too much vitamin A can lead to liver damage; and high
levels of zinc can inhibit immune function [10]. Whether intake of some nutrients
in fortified foods will result in total consumption above the UL depends, in part,
on how the upper intake thresholds are estimated and how the target population is
assessed [2].

The aim of this study was to determine the impact of RTEC fortification on
micronutrient sufficiency in U.S. youths aged 2–18 and adults 19–99 and 2–99 years
of age.

2. Subjects and Methods

2.1. Study Design

We performed a secondary analysis of data from the National Health and
Nutrition Examination Survey (NHANES) 2007–2010. NHANES is a continuous
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cross-sectional survey on the health and nutrition status of a nationally representative
sample of the civilian, non-institutionalized population of the United States [11]. The
database is a publicly available resource for use by researchers throughout the world.
No permission or IRB approval is needed to access NHANES data.

NHANES uses a complex, stratified, multistage probability cluster sampling
design to collect demographic, socioeconomic, dietary, and general health data.
Survey participants undergo a comprehensive health examination in a mobile
examination center (MEC). Trained interviewers collect dietary data via in-person
24 h dietary recalls using USDA automated multi-pass methods during the MEC
examination [12]. A second 24 h dietary recall is conducted by telephone 3–10 days
after the first. Survey participants 12 years and older complete the dietary interview
on their own. Proxy respondents report for children less than 11 years of age.

For this analysis, we used the 2007–2010 NHANES data set for ages 2–18
(n = 6090), 19–99 (n = 11,297), and 2–99 years (n = 17,387), with exclusions for
unreliable data and pregnant or lactating females. We only included dietary records
deemed reliable and complete by the USDA Foods Surveys Research Group.

The analysis included 21 different micronutrients—vitamin A, thiamin,
riboflavin, niacin, total choline, vitamin B6, vitamin B12, folate (DFE), vitamin
C, vitamin D, vitamin E (as alpha-tocopherol), vitamin K, calcium, phosphorus,
magnesium, iron, zinc, copper, selenium, sodium, and potassium. We estimated
amounts consumed from RTECs with fortification, and then used modeling that
removed all 21 nutrients from RTECs to estimate intakes without fortification. Given
that there is no way to estimate inherent nutrients in all RTEC, we assumed that all
nutrients added were from fortification. Dietary supplements and medicines were
excluded. All micronutrients are shown in Tables 1–4; only statistically significant
(p < 0.05) results are included in the Results and Discussion sections.

Cereal consumers were defined as individuals who had eaten some RTEC on
the first NHANES 24 h dietary recall sample day. Dietary Reference Intakes (DRIs)
for populations came from the U.S. Food and Nutrition Board, Institute of Medicine,
and the National Academies of Science.

2.2. Statistical Analyses

Intake was determined on daily and usual bases with and without fortification
calculated using the National Cancer Institute (NCI) method [13], as were percentiles
of intakes, and when applicable, percent of the population below the EAR, AI,
and above the UL for the 21 nutrients used in the analysis. The NCI-supplied
SAS programs Mixtran v1.1 and Distrib v1.1 were respectively used to generate
parameter effects after covariate adjustment and estimate the distribution of usual
intake via the Monte Carlo method [14]. The covariates used in the NCI usual
intake estimation were sequence coded by day (weekend, Friday through Sunday)
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or (weekday, Monday through Thursday) and DRI age groups (2–18, 19–99 and
2–99 years).

We used the balanced repeated replication (BRR) method with a non-response
adjustment for variance estimates, standard errors, and confidence intervals for usual
intake means and percentiles. SAS software (version 9.3, SAS Institute, Cary, NC,
USA) was used to perform all analyses. We used dietary sample weights to account
for differential non-response, adjust for oversampling of some groups, and account
for the complex sample design of NHANES [15]. We used a Z-statistic to determine
differences in population groups, and conducted food source analyses and sources
of nutrients in the diets of children and adults, respectively. The level of significance
was set at p < 0.05.

RTECs are major dietary sources of micronutrients. Thus, we created separate
categories for 21 nutrients in the analyses using data from the first NHANES
24 h recall. We determined the mean and standard error (SE) of nutrient intakes
contributed from the total diets and from each food group with PROC DESCRIPT of
SUDAAN (version 11.0; RTI International, Research Triangle Park, NC, USA).

3. Results

3.1. Estimated Average Requirements (EAR) and Contribution of RTEC Fortification

Among those 2–18 years of age with intake below EAR, significant (p < 0.05)
nutrient increases resulting from RTEC fortification ranged from 3.3% for vitamin D
(D2 + D3) to 161.5% for folate, DFE. Beside folate and vitamin D, there were significant
increases in iron; thiamin (vitamin B1); riboflavin (vitamin B2); vitamin A, RAE;
vitamin B6; vitamin E (alpha-tocopherol); niacin (p = 0.01); and zinc (Table 1).

In the 19–99 year old age group, significant percentage increases for nutrients
below EAR ranged from 8.3% for magnesium to 84.8% for folate. Other micronutrient
intakes that increased as a result of RTEC fortification were iron; riboflavin
(vitamin B2); thiamin (vitamin B1); vitamin A, RAE; vitamin B12; vitamin B6; zinc;
niacin; and vitamin E (Table 2).

Significant percentage increases toward EAR in the population aged 2–99 years
ranged from 2.7% for vitamin E to 91.9% for folate, DFE. Other nutrients that
showed higher intakes with fortification of RTECs were iron; magnesium; riboflavin
(vitamin B2); thiamin; vitamin A, RAE; vitamin B6; zinc, calcium; niacin; vitamin B12;
vitamin C; and vitamin D (Table 3).

Table 4 shows the contribution of RTEC fortification to micronutrient intake
(% increase compared to when fortification was removed) across all age groups.
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Table 1. Percentage of the U.S. population below EAR or AI a with and without
micronutrient fortification, ages 2–18 (n = 6090).

Micronutrient With Fortification No Fortification % Increase *

Calcium (mg) 45.32 ± 1.05 47.58 ± 1.03 5.0
Copper 3.96 ± 0.48 4.68 ± 1.03 18.1
Folate, DFE (mcg) c 4.42 ± 0.46 11.56 ± 1.03 161.5 *
Iron (mg) c 2.43 ± 0.25 6.40 ± 0.47 16.3 *
Magnesium (mg) 35.35 ± 0.96 37.60 ± 0.96 6.3
Niacin (mg) c 0.60 ± 0.16 1.53 ± 0.34 155.0 *
Phosphorus (mg) 16.29 ± 0.95 17.67 ± 0.94 8.4
Potassium 98.22 ± 0.20 98.4 7± 0.16 0.2
Vitamin B2 (mg) c 1.38 ± 0.20 2.31 ± 0.31 67.3 *
Selenium (mcg) 0.19 ± 0.07 0.23 ± 0.09 21.0
Sodium (mg) a 0.53 ± 0.14 0.72 ± 0.18 35.8
Thiamin (vitamin B1, mg) c 2.15 ± 0.38 4.58 ± 0.64 113.0 *
Total choline (mg) a 77.99 ± 0.83 78.65 ± 0.81 0.85
Vitamin A, RAE (mcg) c 24.90 ± 0.98 33.70 ± 0.88 35.3 *
Vitamin B12 (mcg) c 1.51 ± 0.98 2.48 ± 0.49 64.2
Vitamin B6 (mg) c 3.29 ± 0.42 7.18 ± 0.80 118.2 *
Vitamin C (mg) 21.34 ± 0.82 23.77 ± 0.97 11.3
Vitamin D (D2 + D3, mcg) 88.21 ± 0.69 91.14 ± 0.55 3.3 *
Vitamin E b (mg) 77.77 ± 0.79 80.83 ± 0.77 3.9 *
Vitamin K (mcg) a 58.84 ± 1.27 59.37 ± 0.77 0.9
Zinc (mg) c 8.55 ± 0.89 13.75 ± 1.15 60.8 *

a Percentages below adequate intake (AI) levels where EAR was not available;
b alpha-tocopherol; * p < 0.05; c RTEC contributes 10% or more of the mean usual
micronutrient intake.

3.2. Percentage of Population with Micronutrient Intake above the UL

Sodium was above the UL in 89.26% ± 0.93% of those in the 2–18 year age group
and 89.27% ± 0.79% of those aged 19–99 years. Removing fortification reduced these
levels by 2.3% and 1.4%, respectively. Among those aged 2–18 years, the prevalence
of potential risk from excessive micronutrient intake (>UL) was <1% for calcium and
iron. Risk of overconsumption was 14.73% ± 0.73% for zinc, with a 41.9% decline
without fortification, and 2.37% ± 0.22% for selenium, with a 12.6% decline. Among
those aged 19–99 years, <1% of the population was above the ULs for calcium and
iron. In those aged 2–99 years, 3.58% ± 0.18% of the population was above the UL
for zinc, with a 42.1% decline without fortification.
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Table 2. Percentage of the U.S. population below EAR or AI a with and without
micronutrient fortification, ages 19–99 (n = 11,297).

Micronutrient With Fortification No Fortification % Increase *

Calcium (mg) 42.07 ± 0.70 44.00 ± 0.68 4.5 *
Copper 4.12 ± 0.55 4.93 ± 0.63 19.6
Folate, DFE (mcg) c 10.77 ± 0.61 19.91 ± 0.94 84.7 *
Iron (mg) c 4.58 ± 0.32 6.99 ± 0.36 52.2 *
Magnesium (mg) 55.85 ± 0.78 60.50 ± 0.73 8.3 *
Niacin (mg) c 1.30 ± 0.28 2.34 ± 0.39 80.0 *
Phosphorus (mg) 0.74 ± 0.17 0.85 ± 0.18 14.8
Potassium 97.73 ± 0.29 98.06 ± 0.27 0.3
Riboflavin (vitamin B2, mg) 2.23 ± 0.20 3.04 ± 0.25 36.3 *
Selenium (mcg) 0.39 ± 0.13 0.50 ± 0.16 28.2
Sodium (mg) a 0.25 ± 0.10 0.31 ± 0.12 24.0
Thiamin (vitamin B1, mg) c 5.28 ± 0.63 8.90 ± 0.91 68.5 *
Total choline (mg) a 94.12 ± 0.53 94.32 ± 0.50 0.21
Vitamin A, RAE (mcg) c 46.84 ± 1.15 54.84 ± 1.11 17.0 *
Vitamin B12 (mcg) c 2.75 ± 0.33 4.27 ± 0.61 55.2 *
Vitamin B6 (mg) c 11.18 ± 0.79 18.07 ± 0.99 61.6 *
Vitamin C (mg) 42.02 ± 0.85 44.83 ± 0.86 4.2
Vitamin D (D2 + D3, mcg) 95.71 ± 0.45 96.75 ± 0.37 4.2
Vitamin E b (mg) 91.18 ± 0.61 93.37 ± 0.60 2.4 *
Vitamin K (mcg) a 68.37 ± 0.99 68.39 ± 0.98 0.03
Zinc (mg) c 12.32 ± 0.72 17.09 ± 0.88 38.7 *

a Percentages below adequate intake (AI) levels where EAR was not available;
b alpha-tocopherol; * p < 0.05; c RTEC contributes 10% or more of the mean usual
micronutrient intake.

3.3. Percentage of Individuals below the AI with Fortified RTEC Micronutrients

Analysis of NHANES 2007–2010 data indicates that even with fortification of
RTECs, certain nutrients (i.e., potassium, total choline, and vitamin K) are below
AI across all age groups. Inadequate intakes of potassium affected approximately
98% of all individuals. The respective figures for total choline below AI for those
aged 2–18, 19–99, and 2–99 years were 77.99% ± 0.83%, 94.12% ± 0.53%, and
90.19% ± 0.49%; for vitamin K, they were 58.84% ± 1.27%, 94.12% ± 0.53% and
66.03% ± 0.84%, respectively.
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Table 3. Percentage of the U.S. population below EAR or AI a with and without
micronutrient fortification, ages 2–99 (n = 17,387).

Micronutrient With Fortification No Fortification % Increase *

Calcium (mg) 42.87 ± 0.62 44.87 ± 0.62 4.6 *
Copper 4.12 ± 0.49 4.79 ± 0.54 16.2
Folate, DFE (mcg) c 9.33 ± 0.53 17.91 ± 0.81 91.9 *
Iron (mg) c 4.06 ± 0.28 6.85 ± 0.33 687 *
Magnesium (mg) 50.82 ± 0.57 55.05 ± 0.60 8.3 *
Niacin (mg) c 1.12 ± 0.23 2.18 ± 0.36 94.6 *
Phosphorus (mg) 4.51 ± 0.30 4.96 ± 0.32 9.9
Potassium 97.81 ± 0.27 98.16 ± 0.23 0.36
Riboflavin (vitamin B2, mg) 2.00 ± 0.19 2.88 ± 0.25 44.0 *
Selenium (mcg) 0.34 ± 0.11 0.44 ± 0.13 29.4
Sodium (mg) a 0.30 ± 0.11 0.41 ± 0.13 36.6 *
Thiamin (vitamin B1, mg) c 4.48 ± 0.53 7.83 ± 0.78 74.7 *
Total choline (mg) a 90.19 ± 0.49 90.56 ± 0.46 0.4
Vitamin A, RAE (mcg) c 41.53 ± 0.97 49.74 ± 0.93 19.7 *
Vitamin B12 (mcg) c 2.47 ± 0.29 3.84 ± 0.55 55.4 *
Vitamin B6 (mg) c 9.27 ± 0.68 15.46 ± 0.84 66.7 *
Vitamin C (mg) 37.73 ± 0.66 39.65 ± 0.62 5.0 *
Vitamin D (D2 + D3, mcg) 93.91 ± 0.46 95.42 ± 0.38 1.6 *
Vitamin E b (mg) 87.90 ± 0.56 90.35 ± 0.53 2.7 *
Vitamin K (mcg) a 66.03 ± 0.84 66.22 ± 0.83 0.2
Zinc (mg) c 11.47 ± 0.69 16.33 ± 0.82 42.3 *

a Percentages below adequate intake (AI) levels where EAR was not available;
b alpha-tocopherol; * p < 0.05; c RTEC contributes 10% or more of the mean usual
micronutrient intake.

Table 4. Contribution of RTEC fortification to micronutrient intake (% increase)
across all age groups.

Micronutrient
Ages 2–18 p-Values a Ages 19–99 p-Values a Ages 2–99 p-Values *
% Increase % Increase % Increase

Calcium 5.0 0.12 4.5 0.04 * 4.6 0.02 *
Copper 18.1 0.31 19.6 0.33 16.2 0.35
Folate, DFE 161.5 0.00 * 84.8 0.00 * 91.9 0.00 *
Iron 163.3 0.00 * 52.6 0.00 * 68.7 0.00 *
Magnesium 6.3 0.09 8.3 0.00 * 8.3 0.00 *
Niacin 155.0 0.01 * 80.0 0.02 * 94.6 0.01 *
Phosphorous 8.4 0.30 14.8 0.63 9.9 0.30
Potassium 0.25 0.32 0.34 0.39 0.36 0.33
Riboflavin (vitamin B2) 67.3 0.01 * 36.3 0.01 * 44.0 0.00 *
Selenium 21.0 0.66 28.2 0.60 29.4 0.57
Sodium 33.8 0.40 24.0 0.69 36.6 0.02 *
Thiamin (vitamin B1) 113.0 0.00 * 68.5 0.00 * 74.7 0.00 *
Total choline 0.85 0.56 0.21 0.77 0.41 0.57
Vitamin A, RAE 35.3 0.00 * 17.0 0.00 * 19.7 0.00 *
Vitamin B12 64.2 0.09 55.2 0.02 * 55.4 0.02 *
Vitamin B6 118.2 0.00 * 61.6 0.00 * 66.7 0.00 *
Vitamin C 11.3 0.05 4.2 0.13 5.0 0.03
Vitamin D 3.3 0.00 * 1.0 0.07 1.6 0.01 *
Vitamin E 3.9 0.00 * 2.4 0.01 * 2.7 0.00 *
Vitamin K 0.90 0.77 0.03 0.99 0.29 0.87
Zinc 60.8 0.00 * 38.7 0.00 * 42.3 0.00 *

* Statistically significant (p < 0.05).
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4. Discussion

To our knowledge, our observations are the first to model the potential impact
of a lack of fortification on overall dietary intake among a nationally representative
sample of U.S. youths and adults who consume fortified and nonfortified RTECs. The
prevalence of dietary inadequacy (assessed as the proportion of the population with
intakes below the EAR) was significantly lower for consumers of fortified RTECs
compared with nonfortified RTECs.

The results of this study confirm prior reports of higher mean nutrient intakes
from food sources among breakfast consumers and/or those who ate RTECs for
breakfast in nationally representative samples of American children and young
adults [16,17] as well as Australian boys [18] and adults [19]. Galvin et al. [20] found
that in Irish adults, fortified RTECs were associated with a more nutrient-dense diet
and a reduced risk of dietary inadequacy for calcium, iron, riboflavin, and folate.
These outcomes did not increase the risk of excessive intakes of micronutrients [20].

Barr et al. [21] demonstrated that among Canadian children and adolescents, the
prevalence of nutrition inadequacy for vitamin D, calcium, iron, and magnesium was
lowest in consumers of RTEC breakfasts compared with those who skipped breakfast
or ate other types of breakfasts. In all groups, the potential risk of excessive nutrient
intakes was low.

Food fortification is a proven and effective tool for tackling nutritional
deficiencies among populations, especially among ‘emergent deficiencies’ that were
not previously considered a problem [6].

In the U.S., current micronutrients of public health concern include potassium,
calcium, and vitamin D. For specific population groups (e.g., those 50 years and older
and women of childbearing age), intakes of iron, folate, and vitamin B12 are also of
concern [5]. Several of the nutrients enhanced by RTEC consumption iron, folate,
vitamin B12, and vitamin D. RTEC fortification increased the consumption of these
nutrients across all age groups, particularly among those aged 2–18 years (Table 4).
However, it fell short of AI for potassium, total choline, and vitamin K.

Overall, fortification improved nutrient adequacy and had scant impact on the
prevalence of intakes with slightly higher proportions above the ULs. Intakes in
excess of the UL were not associated with the addition of these micronutrients to
RTECs. In addition, the proportion of individuals with intakes exceeding the UL
remained largely unchanged when the added micronutrients were excluded from the
intake estimate [20]. This indicates that consumption above the ULs was not driven
by fortification.

Although the potential for nutrient overconsumption cannot be disregarded,
particularly in the case of zinc in the 2–18 year and 2–99 year age groups, the
benefits of fortified RTECs on reducing nutrient inadequacy appear to outweigh the
potential risks for adverse effects of excess intake [22]. This study found that fortified
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RTEC was associated with better nutrient adequacy and did not meaningfully affect
prevalence above UL for all micronutrients other than zinc.

Strengths and Limitations

The strengths of this report include a large, nationally representative sample
with validated data collection, and the use of sophisticated, readily available software
to estimate intake distributions (i.e., the NCI method). Another includes the use
of advanced modeling techniques to estimate consumption of RTECs without
fortification among the various age groups.

Limitations include the assessment of dietary nutrient adequacy and excess
based on food sources alone, without the potential contribution of supplements.
NHANES data are also cross-sectional (points in time) and rely on different subjects
each year. In addition, we assumed that all nutrients examined in RTEC were
from fortification, but there may have been small amounts of some nutrients still
in RTEC after processing; thus, we may have slightly overestimated the impact of
fortification removal.

5. Conclusions

This study supports previous reports that demonstrate the positive impact of
fortified cereals on micronutrient intakes in the diets of adults [22] and children [23],
with relatively small risk for adverse effects from excessive intake [1,22]. It shows
that RTEC fortification is a cost-effective way to improve vitamin and mineral intake
and ensure a healthy and productive life for many at-risk individuals in the U.S. [3].
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Role of Dietary Pattern Analysis in
Determining Cognitive Status in Elderly
Australian Adults
Kimberly Ashby-Mitchell, Anna Peeters and Kaarin J. Anstey

Abstract: Principal Component Analysis (PCA) was used to determine the association
between dietary patterns and cognitive function and to examine how classification
systems based on food groups and food items affect levels of association between
diet and cognitive function. The present study focuses on the older segment of
the Australian Diabetes, Obesity and Lifestyle Study (AusDiab) sample (age 60+)
that completed the food frequency questionnaire at Wave 1 (1999/2000) and the
mini-mental state examination and tests of memory, verbal ability and processing
speed at Wave 3 (2012). Three methods were used in order to classify these foods
before applying PCA. In the first instance, the 101 individual food items asked about
in the questionnaire were used (no categorisation). In the second and third instances,
foods were combined and reduced to 32 and 20 food groups, respectively, based on
nutrient content and culinary usage—a method employed in several other published
studies for PCA. Logistic regression analysis and generalized linear modelling was
used to analyse the relationship between PCA-derived dietary patterns and cognitive
outcome. Broader food group classifications resulted in a greater proportion of food
use variance in the sample being explained (use of 101 individual foods explained
23.22% of total food use, while use of 32 and 20 food groups explained 29.74% and
30.74% of total variance in food use in the sample, respectively). Three dietary
patterns were found to be associated with decreased odds of cognitive impairment
(CI). Dietary patterns derived from 101 individual food items showed that for every
one unit increase in ((Fruit and Vegetable Pattern: p = 0.030, OR 1.061, confidence
interval: 1.006–1.118); (Fish, Legumes and Vegetable Pattern: p = 0.040, OR 1.032,
confidence interval: 1.001–1.064); (Dairy, Cereal and Eggs Pattern: p = 0.003, OR
1.020, confidence interval: 1.007–1.033)), the odds of cognitive impairment decreased.
Different results were observed when the effect of dietary patterns on memory,
processing speed and vocabulary were examined. Complex patterns of associations
between dietary factors and cognition were evident, with the most consistent finding
being the protective effects of high vegetable and plant-based food item consumption
and negative effects of ‘Western’ patterns on cognition. Further long-term studies
and investigation of the best methods for dietary measurement are needed to better
understand diet-disease relationships in this age group.
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1. Introduction

Cognitive impairment is a condition in which a person has difficulty with
memory, learning, concentrating or making decisions that affect their daily life [1].
Diet is among several modifiable factors found to influence cognitive function [2–4].
Age is presently the strongest known predictor for cognitive decline, and cognitive
impairment (CI) has been shown to adversely affect quality of life and functional
ability [5,6]. Risk reduction is especially important because there is still no effective
treatment for dementia [7].

Studies aimed at elucidating the association between diet and cognitive
function have utilised both the single nutrient and dietary pattern approaches [8,9].
While the single-nutrient approach has addressed various public health problems,
many researchers theorise that due to high correlations between individual food
constituents, there should be a shift toward analysis using a dietary pattern
approach [10,11]. Evidence on the effect of dietary lipids, B-vitamins, antioxidants,
fish, alcohol, vegetables and legumes have all produced varying results, and further
research is needed into biomarkers for particular nutrients and cognitive endpoints in
order for any definitive population-based conclusions to be reached [2,12–15]. Diets
low in saturated fat, high in legumes, fruits and vegetables, moderate in ethanol
intake and low in meat and dairy have also been highlighted as being beneficial to
neurological function. One of the most studied dietary patterns is the Mediterranean
diet, a diet rich in cereals, olive oil, fish, fruits and vegetables and low in dairy
and meat, with a moderate consumption of red wine. This diet has been linked to
increased survival, reduced risk of cancers, cardiovascular disease, longevity and
cognitive impairment [16]. However, it is important to consider that there may be
other dietary patterns, yet to be identified, that may have similar benefits and that
can be applied to various sociocultural and demographic settings.

Few studies have examined the effect of dietary patterns on cognitive function
using a data-driven method and even fewer of these studies have utilised Australian
data. We identified only two studies utilising a data-driven approach to dietary
analysis that have examined links with cognition in an Australian sample. The first
used data from the Melbourne Collaborative Cohort Study in conducting factor
analysis to determine the effect of dietary intake on psychological distress in older
Australians [17] and the second utilised data from the Personality and Total Health
(PATH) Through Life Study to examine the diet-depression relationship in three
cohorts [18].
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PCA is a data-driven approach that reduces a large number of food variables into
a smaller set that captures the major dietary traits in the population [19]. In nutritional
epidemiology, PCA can be used to investigate exposure-disease associations. As it
relates to older age groups, such information can serve to develop age-specific
guidelines and policies. One of the major criticisms of PCA, however, is that
results can differ based on the methods employed during variable reduction and
classification [20,21] and there is presently no accepted gold standard for dietary
analysis to guide researchers.

The present study therefore has two aims. First, it addresses the question of
how classification systems used to reduce food variables before the application of
PCA affect the observed association between diet and cognitive function. Second,
it evaluates the association between dietary patterns and cognitive function in a
population-based cohort of Australian adults. In addition, it aims to determine the
variance in food use explained by the different variable reduction methods employed,
i.e. using 101 individual food items, 32 food groups and 20 food groups.

2. Experimental Section

2.1. Study Design and Sample

The study utilised secondary data derived from the AusDiab study, a
population-based national survey of the general (non-institutionalised) Australian
population aged 25 years and older [22]. The baseline examination was undertaken
in 1999–2000 (n = 11,247), with follow-ups conducted in 2004–2005 (n = 8798) and
2011–2012 (n = 6186) [22]. Dietary data were obtained from a sub-group of the sample
using a questionnaire (Wave 1: n = 3298) [22]. Measurement of cognitive function was
conducted on those who attended survey sites in the third Wave of data collection
(n = 4764) [23]. The present study focuses on the older segment of the sample (age
60+ at baseline) that completed the food frequency questionnaire at Wave 1 and the
mini-mental state examination and tests of memory, verbal ability and processing
speed at Wave 3 (n = 577).

We excluded 2721 participants from the current analysis since these participants
had no dietary and/or cognitive data recorded.

2.2. Cognitive Outcome Measurement

The mini-mental state examination (MMSE) was used for data collection in
2011–2012 (AusDiab Wave 3) to determine CI status. Participants were classified
based on their MMSE score as either cognitively impaired (score of 0–23) or not
cognitively impaired (score of 24–30) [24].

The California Verbal Learning Test (CVLT) was used to assess memory using a
16-point scoring system. For this test, participants were asked to recall and repeat
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a list of 16 common shopping items that had been read to them by an interviewer.
During a short delay of 20 min, during which participants were given other tasks to
perform, the interviewer then asked the participant to recall the 16 common shopping
list items again (delayed recall). The Spot-the-Word test (STW) was used in this study
to test participants’ vocabulary and verbal knowledge with scores ranging from
0 to 60. STW testing involved presenting participants with pairs of items, one of
which was a real word and the other a non-word, and then requiring participants
to identify the word. Performance on the STW has not been shown to decline with
age and is highly correlated with verbal acumen [25]. Finally, processing speed was
tested using the Symbol-Digit Modalities Test (SDMT). Participants were provided
with a reference key and asked to pair geometric figures with specific numbers. Using
the SDMT, participants were scored from 0–60 on the number of correct answers
provided in 90 s.

2.3. Food Consumption Data and Classification

The AusDiab semi-quantitative food frequency questionnaire consisted of 121
items that asked participants about their consumption of 101 food items [26]. This
questionnaire assessed usual intake and recorded the amount and types of specific
food items consumed by participants. In some cases, for example casseroles and
potatoes, pictures of serving sizes were provided so that persons could indicate
whether they had more or less of a given food item each day and each week, using
the past 12 months as a reference. Participants were asked to specify the number
of times they had specific food items in the past year by checking 1 of 10 frequency
categories ranging from ‘never’ to ‘three or more times per day’. The average
daily intake of food weight in grams was subsequently computed and used in the
present analysis.

Three methods were used in order to classify these foods before applying PCA.
In the first instance, the 101 individual food items asked about in the questionnaire
were used (no categorisation). In the second and third instances, foods were
combined and reduced to 32 and 20 food groups, respectively, based on nutrient
content and culinary usage—a method employed in several other published studies
for PCA [21,27] (see Table 1). Some foods were not categorised and were kept
separate since they did not comfortably fit into any of the categories, e.g. pizza and
meat pies [21,28]. More specifically, for the reduction of 101 items to 32 food groups,
individual items were classed into groups, e.g., the item ‘Processed Meats’ was a
tally of a participant’s bacon, ham, salami and sausage consumption in grams/day,
while the item ‘Red Meats’ was a tally of beef, pork, lamb, veal and hamburger
in grams/day. In the final classification system, the 32 food groups were further
categorised into broader groups, which resulted in 20 food groups, e.g. the item
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‘Meats’ was a tally of a participant’s ‘Processed Meats’ and ‘Red Meats’ consumption
in grams/day.

Table 1. Food groupings used in the dietary pattern analysis.

Method 1 Method 2 Method 3

Food Item Food Category Food Category

Bacon, ham, salami, sausages Processed Meats Meat

Beef, pork, lamb, veal, hamburger Red Meats Meat

Fish, fried fish, tinned fish Fish Fish

Chicken Poultry Poultry

Eggs Eggs Eggs

Butter Butter Fats and Oils

Margarine, poly/mono-unsaturated
margarine Margarine Fats and Oils

Butter and margarine blends Butter and Margarine
Blends Fats and Oils

Reduced-fat/skim milk,
low-fat cheese, yoghurt Low-fat Dairy Products Dairy

Full-cream milk,
hard/firm/soft/ricotta/cottage/cream
cheese, ice-cream, flavoured-milk drink

High-fat Dairy Products Dairy

Red/white/fortified wine Wine Alcohol

Light/heavy beer Beer Alcohol

Other spirits Other Spirits Alcohol

Tinned fruit, oranges, apples, pears,
bananas, melon, pineapple, strawberries,

apricots, peaches, mango
Fruit Fruit

Fruit juice Fruit Juice Fruit Juice

Cabbage, cauliflower, broccoli Cruciferous Vegetables Vegetables

Carrot, pumpkin Dark-yellow Vegetables Vegetables

Tomatoes, tomato sauce Tomatoes Vegetables

Lettuce, spinach Green, leafy Vegetables Vegetables

Peas, green beans, bean sprouts, baked
beans, tofu, other beans, soya milk Legumes Vegetables

Cucumber, celery, beetroot, mushrooms,
zucchini, capsicum, avocado Other Vegetables Vegetables

Onion, garlic Garlic and Onions Vegetables

Potatoes Potatoes Vegetables

Chips Chips/French fries Chips/French Fries

All-bran, bran flakes, Weet-Bix,
cornflakes, porridge, muesli,

wholemeal/rye/multi-grain bread
Whole Grains Whole Grains
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Table 1. Cont.

Method 1 Method 2 Method 3

Food Item Food Category Food Category

High-fibre white/white bread,
rice, pasta, crackers Refined Grains Refined Grains

Pizza Pizza Pizza

Sweet biscuits, cakes, crisps, chocolate Snacks Snacks

Nuts, peanut butter Nuts Nuts

Jam, vegemite Condiments Condiments

Sugar Sugar Sugar

Meat pies Meat Pies Meat Pies

2.4. Statistical Analysis

PCA using SPSS version 22 was conducted to identify underlying dietary
patterns. In determining the number of components to retain for further analysis, we
considered component eigenvalues greater than 1 along with examination of scree
plots. Components were rotated by an orthogonal (varimax) rotation to improve
interpretability. Overall though, the comprehensibility and interpretability of the
rotated factors were considered along with the aforementioned criteria. Similar to
other studies, derived components were labelled based on our description of the
observed patterns [29].

Dietary pattern scores were calculated for each individual at Wave 1 using all
three classification methods (individual food items, 32 food groups and 20 food
groups). Scores for an observed pattern were computed using the following equation:
i = ∑j

[(
bij/λi

)
Xj

]
[29]. Variables with factor loadings of ≥0.30 were included in

the weighted average [30,31].
Logistic regression analysis was performed to determine the association between

dietary pattern scores at Wave 1 and cognitive status at Wave 3 using all three
food item categorisation methods, i.e. PCA based on 101 individual food items,
32 food groups or 20 food groups. The interaction between dietary pattern score and
exercise time was also examined to determine whether there was any association
with cognitive status using all three food categorisation methods.

Generalized linear models (GLM) were used to estimate the associations
between dietary pattern scores at Wave 1 and memory, verbal ability and processing
speed using all three food variable reduction methods.

3. Results

Descriptive statistics for the sample are presented in Table 2. A total of
577 participants (49.22% female) had both diet and cognitive data recorded at Wave 1.
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Table 2. Descriptive statistics at Wave 1 for the AusDiab sample included in the
study (n = 577).

Variables Wave 1

Age Range 60–83
Mean Age (SD) 66.07 (4.85)

Female (%) 284 (49.22)
BMI (SD) 26.89 (4.09)

Secondary School (%) 242 (24.4)
Tertiary Level (%) 229 (40.1)

Other - Trade, Technician, Primary Only (%) 100 (17.4)
Current Smoker (%) 29 (5.1)

Ex-Smoker (%) 182 (32.0)
Non-Smoker 357 (62.9)

Exercise Mean (SD), mins./week 292.45 (324.21)
MMSE Score 27.41 (2.44)
CVLT Score 5.17 (2.30)
STW Score 50.30 (6.84)

SDMT Score 38.63 (10.74)
Impaired (%) 44 (7.63)

3.1. Dietary Pattern Analysis

Classification method affected the number and components of the patterns
identified. Variable reduction using 20 food groups explained a greater proportion
of variance in the sample than variable reduction using 32 food groups and
101 individual food items. Use of 20 food groups explained 30.74% of total variance
in food use in the sample. Comparatively, use of 101 individual foods explained
23.22% and use of 32 food groups explained 29.74% of total variance in food use.

3.1.1. Wave 1 Dietary Patterns Using 101 Individual Food Items

Seven dietary patterns were extracted using PCA with varimax rotation. The
rotated component matrix with factor loadings is shown in Supplementary Table 1.

The first dietary pattern identified was labelled ‘Fruit and Vegetable’ because of
the high loadings of unprocessed fruit and vegetables observed. The second dietary
pattern identified was labelled ‘Snack and Processed Food’ due to the high factor
loadings observed for foods that could be qualified as such, e.g., cakes, jam, ice cream,
sausages, and salami. Dietary pattern labels for the other observed dietary structures
can be viewed in Supplementary Table 1. Together, the dietary patterns identified
accounted for 23% of total variance in the sample.
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3.1.2. Wave 1 Dietary Patterns Using 32 Food Groups

After applying PCA, four dietary patterns were extracted. The rotated
component matrix with factor loadings is shown in Supplementary Table 2.

The first pattern identified was labelled ‘Western’ because of the predominantly
high loadings of processed meats, refined grains and convenience foods. The second
dietary pattern identified was labelled ‘Prudent’ and had characteristically high
factor loadings of fish, vegetables and fruit. Dietary pattern labels for the other
observed dietary structures can be viewed in Supplementary Table 4. Together, the
dietary patterns identified accounted for 30% of total variance in the sample.

3.1.3. Wave 1 Dietary Patterns Using 20 Food Groups

Three dietary patterns were extracted using PCA with varimax rotation. The
rotated component matrix with factor loadings is shown in Supplementary Table 3.

The first pattern identified was labelled ‘Variety’ because of the high loadings of
a wide variety of foods—vegetables, fruit, fish, meat and nuts. The second dietary
pattern was labelled ‘Western’ because of the high factor loadings of high-fat and
high-sugar foods. The final dietary pattern was labelled ‘Dairy, Grains and Alcohol’
due to the high factor loadings of these foods recorded. Together, these dietary
patterns identified accounted for 31% of total variance in the sample.

3.2. Dietary Pattern as a Predictor of CI Using the MMSE

Logistic regression analysis using dietary pattern scores obtained from all three
variable reduction techniques (i.e., 101 individual food items, 32 food groups and 20
food groups) was conducted to examine the relationship between dietary pattern
and CI. Covariates included the independent variables age, sex, energy, education,
BMI, smoking status, exercise time and Spot-the-Word (as a control for premorbid
intelligence) [32].

The only significant dietary predictors of CI were obtained using 101 individual
food items. Three of the seven dietary patterns identified were observed to be
significant predictors of CI. For every one unit increase in these pattern scores, the
odds of CI decreased ((Fruit and Vegetable Pattern: p = 0.030, OR 1.061, confidence
interval: 1.006–1.118); (Fish, Legumes and Vegetable Pattern: p = 0.040, OR 1.032,
confidence interval: 1.001–1.064); (Dairy, Cereal and Eggs Pattern: p = 0.003, OR 1.020,
confidence interval: 1.007–1.033)).
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When the interaction term ‘dietary pattern score × exercise time’ was included
in the model, no significant results were obtained.

3.3. Dietary Pattern as a Predictor of Memory, Vocabulary and Verbal Knowledge and
Processing Speed

Using dietary pattern scores calculated from 101 individual food items,
there were no dietary patterns observed to be significantly predictive of memory,
processing speed or verbal knowledge.

Using 32 food groups, however, the ‘Western’ dietary pattern was a predictor
of poorer memory and processing speed (β = −0.008, SE = 0.003, p = 0.001 and
β = −0.024, SE = 0.011, p = 0.035). In addition, the ‘Prudent’ dietary pattern was also
a predictor of poorer processing speed (β = −0.035, SE = 0.011, p = 0.002).

When 20 food groups were used to calculate dietary pattern scores, the ‘Dairy,
grains and alcohol’ dietary pattern was predictive of poorer memory while the
‘Variety’ dietary pattern was associated with poorer processing speed ( = −0.002,
SE = 0.001, p = 0.005 and When 20 food groups were used to calculate dietary
pattern scores, the ‘Dairy, grains and alcohol’ dietary pattern was predictive of poorer
memory while the ‘Variety’ dietary pattern was associated with poorer processing
speed (β = −0.002, SE = 0.001, p = 0.005 and β = −0.026, SE = 0.011, p = 0.018
respectively).

4. Discussion

The present study is one of the few that use a data-driven method of dietary
analysis to assess the relationship between diet and cognitive function in older
Australian adults. A number of findings from this study are noteworthy. First, the
broader the categories used in grouping foods, the greater the variability in food use
that was explained. It was observed, however, that the results of logistic regression
were more sensitive when dietary analysis was based on individual food items than
food groups. From these data we observed that for every one unit increase in ‘Fruit
and Vegetable’, ‘Fish, Legumes and Vegetable’ and ‘Dairy, Cereal and Eggs’ dietary
pattern scores, the odds of CI decreased.

When looking at the relationship between dietary pattern and memory,
processing speed and vocabulary, no significant results were observed using
101 individual food items. Using 32 food groups, the ‘Western’ dietary pattern
was found to be predictive of poorer memory and processing speed, the ‘Vegetable,
Grains and Wine’ pattern was a predictor of better processing speed while the
‘Prudent’ pattern was predictive of poorer processing speed. Using 20 food groups
we observed that the ‘Variety’ dietary pattern was a predictor of poorer processing
speed and the ‘Dairy, Grains and Alcohol’ pattern predictive of poorer memory.

388



We found that the method of reducing food variables affected the amount of
variance in food use that was explained. Similarly to other published findings, the
broader the categories used, the greater the variability in food use explained [21].
We suggest this may be due to the inclusion of foods that are both weakly and
strongly correlated with a specific pattern in the broader categorisations which leads
to an increase in the information captured [21]. Interestingly, for logistic regression
analyses, it was only when the level of detail in the items included in PCA-derived
dietary patterns increased that significant associations between diet and cognitive
impairment were observed, i.e., it was variable reduction that utilised dietary pattern
scores from individual foods that produced the only significant results. This may
be because analysis using individual foods captures more meaningful results as it
is able to show whether consumption or non-consumption of specific food items is
associated with disease.

Our results are consistent with previous studies in showing that diets with high
loadings of vegetables and other plant-based food items (fruit, grains and legumes)
resulted in reduced odds of disease and improved cognitive function [21,27]. In a
study of 6911 Chinese subjects aged 65 and older who formed part of the Chinese
Longitudinal Health Longevity Study, lower intakes of vegetables and legumes
were associated with cognitive decline when using MMSE as a measure of cognitive
function [33]. Multivariate logistic regression showed that always eating vegetables
and always consuming legumes were inversely associated with cognitive decline [33].
Additionally, in a study of 2,148 community-based elderly subjects without dementia
in New York, higher intakes of cruciferous and dark and green leafy vegetables were
found to be associated with a decreased risk of developing AD [34]. The benefits
of diets high in vegetables extend beyond the cognitive domain. In a European
study aimed to investigate the effect of the Mediterranean diet (MeDi) on mortality,
greater adherence was associated with a more than 50% lower rate of all-causes and
cause-specific mortality [35]. McCann et al. [21], in a study examining the effect of
dietary patterns on estimation of endometrial cancer risk, found that dietary patterns
high in fruit, vegetables and whole-grains resulted in reduced endometrial cancer
risks. Similarly, dietary patterns high in vegetables, grain and fruit have been found
to be associated with a modestly lower risk for type 2 diabetes [27]. This seemingly
protective association between plant-based foods and disease may be the result of
the high concentration of antioxidant nutrients present in vegetables and fruits and
their role in suppressing inflammation. There is evidence that oxidative stress and
inflammation can lead to impaired cognitive function because of an increase in free
radicals and the damage they cause to neuronal cells [14].

The Mediterranean diet (MeDi), one of the most studied dietary patterns,
describes a diet rich in cereals, olive oil, fish, fruits and vegetables and low in
dairy and meat with a moderate consumption of red wine. This diet has been linked
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to increased survival, reduced risk of cancers, cardiovascular disease, longevity and
CI [11,16,36–38]. In the present study, diets rich in vegetables, grain and wine were
found to be predictive of better processing speed and diets high in vegetables and
plant-based food items were generally associated with better cognitive outcomes.

Worth noting is the finding that the ‘Prudent’ dietary pattern was predictive
of poorer processing speed. This dietary pattern was so labelled because of its high
loadings of fish, fruit and vegetables, nuts and whole-grains. Perhaps an explanation
of this lies in the method in which food items are prepared or in analysing whether
there is actually a protective effect of foods contained in this pattern. For instance,
while many studies have examined the effect of fish consumption on cognition, some
clarification is still needed on the purported link between the two. In a study of
6150 Chicago residents aged 65 and older to examine whether intake of fish and
omega-3 fatty acids protects against age-related cognitive decline, it was reported
that fish consumption may be associated with slower cognitive decline with age [39].
Similar findings were also reported by Kalmijn et al. in 1997, who found statistically
significant decreased risks of AD with higher fish consumption [40]. In two more
recent Australian studies, one reported that higher fish consumption was associated
with an increased risk of cognitive disorder [15] while the other found no evidence
to support the hypothesis that higher proportions of fish intake benefits cognitive
performance in normal older adults [41].

The ‘Variety’ dietary pattern was also found to be predictive of poorer processing
speed. This pattern, so named because of high factor loadings in a variety of foods, is
of interest because dietary guidelines for Australia and the rest of the world highlight
the benefits of consuming a wide variety of foods. Therefore, in food and nutrition
policy, there is a need to ensure that messages about the method of food preparation,
processing and portion sizes of consumables are equally stressed.

In the present study, the ‘Western’ dietary pattern was predictive of poorer
memory and processing speed. This is supported by other research which has
reported that the ‘Western’ dietary pattern is associated with cognitive decline and
reduced executive function [42].

One of the limitations of this study lies in its inability to report disease incidence
as cognitive data were only collected at one time point (Wave 3). Additionally, no
data were collected on executive function, and dietary intake is self-reported. There
is also some subjectivity in determining food groups before application of PCA, but
the method of food variable reduction we employed has been widely used in other
studies [21,27]. It is also possible that the results observed may represent a selection
bias, as only older adults with dietary and cognitive data were included in the study
(n = 577). This has the effect of limiting the generalizability of the study’s findings.
Finally, while we focused on the methodology of grouping foods in this paper,
we were still unable to clearly identify guidelines for future researchers to follow.
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This is a major issue for diet-cognition research and suggests the need for further
investigation and development of more robust and consensus-led methodologies
in the field.

Despite its limitations, this study adds to the sparse body of literature examining
the relationship between dietary patterns and CI among older adults, both in
Australia and internationally. Furthermore, the study’s focus on older age groups
whose dietary patterns have not been widely studied and reported is noteworthy.
Finally, the study’s ability to answer a methodological question that has been one of
the main critiques of PCA makes it noteworthy—how do variable reduction methods
before the application of PCA affect the results obtained? This question is significant
when examining the relationship between dietary patterns and cognition since there
is a level of subjectivity involved in reducing food variables, and these can affect the
observed associations with cognitive function [27].

Future studies examining the association between dietary intake and cognitive
status will be useful to identify other patterns associated with CI and to examine
more nuanced issues as they relate to diet and cognitive function.

5. Conclusions

Our findings showed that diets with high factor loadings of fruit, vegetables
and plant-based food items conferred cognitive benefits, while those with high factor
loadings of high-fat and convenience foods are linked to poorer cognitive outcomes.
These results are similar to those of other studies which show that diets with high
loadings of vegetables, fruit and grain reduce the odds of a myriad of diseases [21,27,43].
In addition, we demonstrated that the method of variable reduction in dietary studies
may influence results, and suggest that further work is required to establish robust
and replicable methods of dietary analysis for use in research into cognitive ageing.
Additional studies that focus on the dietary habits of those over age 60 would be
useful in order to further elucidate more specific details between dietary patterns,
types and amount of fat, protein and carbohydrates, number of calories, and micro
and macronutrients that are linked with optimal cognitive function and reduced
risk of CI in older adults. Such information is required to provide support for the
development of policies that promote optimal cognitive health in ageing.
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Abstract: Adult diet quality indices are shown to predict nutritional adequacy of
dietary intake as well as all-cause morbidity and mortality. This study describes
the reproducibility and validity of a food-based diet quality index, the Australian
Recommended Food Score (ARFS). ARFS was developed to reflect alignment with the
Australian Dietary Guidelines and is modelled on the US Recommended Food Score.
Dietary intakes of 96 adult participants (31 male, 65 female) age 30 to 75 years were
assessed in two rounds, five months apart. Diet was assessed using a 120-question
semi-quantitative food frequency questionnaire (FFQ). The ARFS diet quality index
was derived using a subset of 70 items from the full FFQ. Reproducibility of the
ARFS between round one and round two was confirmed by the overall intraclass
correlation coefficient of 0.87 (95% CI 0.83, 0.90), which compared favourably to that
for the FFQ at 0.85 (95% CI 0.80, 0.89). ARFS was correlated with FFQ nutrient intakes,
particularly fiber, vitamin A, beta-carotene and vitamin C (0.53, 95% CI 0.37–0.67),
and with mineral intakes, particularly calcium, magnesium and potassium (0.32,
95% CI 0.23–0.40). ARFS is a suitable brief tool to evaluate diet quality in adults and
reliably estimates a range of nutrient intakes.

Reprinted from Nutrients. Cite as: Collins, C.E.; Burrows, T.L.; Rollo, M.E.;
Boggess, M.M.; Watson, J.F.; Guest, M.; Duncanson, K.; Pezdirc, K.; Hutchesson, M.J.
The Comparative Validity and Reproducibility of a Diet Quality Index for Adults:
The Australian Recommended Food Score. Nutrients 2015, 7, 785–798.

1. Introduction

The evaluation of relationships between health and intakes of single nutrients
does not address the complexities of food and nutrient interactions in the human
diet [1]. A focus solely on nutrients does not allow for assessment of the cumulative
impact of nutrient interactions from a range of foods on health outcomes over
time. Individuals do not usually consume single foods, but combinations of several
foods and beverages that contain both nutritive and non-nutritive substances [2].
Given the complexity of assessing individual intakes, measurement of overall diet
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quality and variety by brief indices allows evaluation of several related aspects of
dietary intake concurrently [3], and may provide a better measure of usual dietary
intake patterns [4]. Diet quality refers to the nutritional adequacy of an individual’s
dietary pattern and how closely this aligns with national dietary guidelines [3,5].
Scores or indexes of diet quality are being increasingly used in research as proxies
for nutrient intakes, due to their lower researcher and respondent burden. The
relationship between diet quality indices and nutritional adequacy, morbidity and
mortality in adults has been reviewed [3,6]. This highlights that across these indices
the risk for some health outcomes, including biomarkers of disease, incidence and
risk of cardiovascular disease, some cancers and both cancer mortality and all-cause
mortality can be quantified.

Diet quality indices have been derived by applying a scoring system to dietary
intakes assessed by a variety of measures, including food frequency questionnaires
(FFQ) and 24 h recalls. Indices are constructed by assigning higher scores within
sub-scales based on more frequent or higher intakes of foods, nutrients, or both [3].
Generally there are two types of diet quality scores. These are either food-based
or nutrient-based. A food-based diet quality index considers the number of foods
or food groups consumed in a given period and assigns points based on diversity
and/or frequency of intake [3,5], however no consideration is usually given to the
sources or intakes of nutrients. Food-based scores rely on food consumption data
only, meaning they can be scored quickly, but they typically have a limited food
list and so may not fully reflect overall variety of foods consumed. This may be
particularly for some population sub-groups, such as specific ethnic groups where
food items may not have been included in the original FFQ food list. In comparison,
nutrient-based scores require the dietary intake record to be analysed first in order
to derive nutrient intakes, form which the diet quality scores can be calculated. For
this reason food-based scores may be preferable for clinical settings and education
purposes as they are more easily adapted to this purpose [3,6]. Given differences
in food supply, consumption patterns and nutrition recommendations, diet quality
indices should be country-specific.

The aim of this study was to evaluate the reproducibility of the Australian
Recommended Food Score (ARFS) and its validity against a food frequency
questionnaire from which it is derived.

2. Experimental Section

2.1. Subjects

Data from the Family Diet Quality Study was used in the current analysis. The
methods have been published previously elsewhere [7]. Briefly, the population was
healthy adults living full-time with at least one child aged 8 to 10 years, in New South
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Wales, Australia. Participants were recruited through a range of avenues, such as
newspapers and school newsletters. Demographic and anthropometric data, together
with the AES FFQ data scanned by an optical reader, were collected at baseline
(September 2010–July 2011) and repeated at follow-up (January 2011–February 2012)
5 months later.

2.2. Australian Eating Survey Food Frequency Questionnaire (AES FFQ)

The AES FFQ was previously validated in adults [7] using standard adult
portion sizes derived from unpublished data, purchased from the Australian Bureau
of Statistics, from the National Nutrition Survey [8] and the “natural” serving
size from standard items such as a slice of bread. The FFQ is a self-administered
120 item semi-quantitative FFQ that asks respondents to report usual dietary intake
over the previous 6 months and takes approximately 30 min to complete [9–16].
It contains 15 supplementary questions (vitamin supplements, food behaviour, and
sedentary behaviours). The FFQ has 24 questions on vegetables, 11 on fruit, nine
on breads/cereals, nine on dairy foods, 32 on lunch/main meal food items, nine
on beverages, 20 on snack foods/dessert and six on sandwich spreads/dressings
and sauces. The response for each question is a frequency with options ranging
from “never” to “≥7 times per day”. Nutrient intakes from the FFQ were computed
from the AusNut 1999 database (All Foods) Revision 17 and AusFoods (Brands)
Revision 5 [17] by summing over all food items, the product of the number of serves,
the portion size in grams and the amount of the nutrient in a gram of that food.

2.3. Australian Recommended Food Score (ARFS)

The ARFS was modelled on the Recommended Food Score by Kant and
Thompson [18] and the Australian Child and Adolescent Recommended Food Score
(ACARFS) [19] as a brief food based diet quality index. The ARFS focuses on dietary
variety within food groups recommended in the Australian Dietary Guidelines [20]
for example the meat and alternatives food group encapsulates a range of differing
foods each with unique nutrient profiles i.e., red meat, fish, eggs, nuts and legumes.
It takes approximately 10 min to complete and uses a sub-set of 70 AES FFQ questions.
The ARFS has eight sub-scales with 20 questions related to vegetables, 12 to fruit,
7 to meat/flesh foods, six to non-meat/flesh protein foods, 12 to breads and cereals,
10 to dairy foods, one to water and two to spreads/sauces. Most foods are awarded
one point for a consumption frequency of ≥once per week, which varies based on
national dietary guidelines [20,21]. The ARFS score was calculated by summing the
points for each item. The total score ranges from zero to 73 (Supplementary Table 1).
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2.4. Statistical Methods

Food data were initially screened for implausible energy intakes however none
were removed for this reason. Medians and interquartile ranges (IQR) were calculated
for all nutrients. Univariate relationships were assessed using Fisher Exact tests to
compare categorical variables by gender within data collection round, and exact
symmetry tests [22] to compare categorical variables by gender on paired data.
Continuous variables were similarly assessed using Wilcoxon rank-sum tests and
Wilcoxon signed-rank tests for paired data.

Reproducibility: This was conducted separately for both the ARFS and the FFQ
and evaluated by comparing the administration of the FFQ twice, five months apart
using correlations and intra-class correlation coefficients (ICC) [23]. The ICC, the
total variance, and its component parts, the within and the between person variance,
are estimated using a linear regression model with a person-level random effect [24].
This model was bootstrapped [25] to obtain standard errors that accounted for the
probable correlation between members of the same family.

Validation: The relationships between ARFS and FFQ nutrients and the percent
energy (% E) from food groups were assessed using correlations, which were
estimated by fitting a linear regression models to standardized variables, with
standard errors clustered on family [26]. For the validation both rounds of measures
were included which was possible due to aa random effects model being used. Total
FFQ energy was included as an explanatory variable since both scores increase as
the amount of foods increases.

Statistical significance is determined at the 5% level. Normality was visually
checked where necessary using probability plots and box plots. Square root
transforms were applied as necessary to improve the normality of the residuals of
linear regression models. All nutrient calculations, data manipulation and statistical
analysis was performed using Stata MP version 12.1 [27].

2.5. Ethics

This study was conducted according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects/patients were approved
by the University of Newcastle Human Research Ethics Committee (Approval
No. H-2010-1170). Written informed consent was obtained from all study participants.

3. Results

A total of 96 participants, from 68 separate families, completed FFQs at baseline
and 68 at follow-up. Of these 67 completed the survey in both administration rounds.
Thirty one participants were male and 65 were female in the initial administration
round and of these 20 males and 48 females remained for round 2. Table 1 reports
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demographic and anthropometric variables for the two FFQ administration rounds
and, by sex for n = 67 participants, Supplementary Table 2 provides details of all
observations n = 151. There were no significant differences by sex or by administration
round in education, smoking habits and general health. While there were some
significant differences in weight, height, BMI and waist by sex, there were no
significant differences in these variables between the two administrations rounds.

Table 1. Demographic and anthropometric data (151 observations on N = 67
participants (31 male) in 64 families). * Fisher’s exact test of homogeneity;
† Wilcoxon rank-sum test for equality of populations; § No significant difference
by gender in Round 1, Round 2 or in total according to the exact symmetry test of
homogeneity for paired data; ** No significant difference by gender in Round 1,
Round 2 or in total according to the Wilcoxon signed-rank test for equality of
distributions on paired data.

Round 1 Round 2

Male N = 20 Female N = 47 p * Male N = 20 Female N = 47 p *
N (%) N (%) N (%) N (%)

Education §

Year 10 1 (5%) 3 (6%) 1 (5%) 3 (6%)
Year 12 1 (5%) 7 (15%) 1 (5%) 7 (15%)
Trade 3 (15%) 1 (2%) 5 (25%) 1 (2%)

Certificate 4 (20%) 11 (23%) 2 (10%) 11 (23%)
Degree 5 (25%) 13 (28%) 3 (15%) 14 (30%)

Postgrad 6 (30%) 12 (26%) 8 (40%) 11 (23%)
Total 20 47 0.44 20 47 0.03

Smoked within 10yrs §

Yes 2 (10%) 2 (4%) 3 (15%) 3 (6%)
No 18 (90%) 45 (96%) 17 (85%) 44 (94%)

Total 20 47 0.58 20 47 0.35

Current Smoker §

Yes 1 (5%) 0 (0%) 1 (5%) 0 (0%)
No 19 (95%) 47 (100%) 19 (95%) 47 (100%)

Total 20 47 0.30 20 47 0.30

General Health §

Excellent 3 (33%) 6 (29%) 1 (14%) 8 (35%)
Very Good 2 (22%) 11 (52%) 5 (71%) 11 (48%)

Good 4 (44%) 4 (19%) 1 (14%) 4 (17%)
Fair/Poor 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Total 9 21 0.25 7 23 0.62
Median (IQR) Median (IQR) p † Median (IQR) Median (IQR) p †

Age (years) 43.6 (41–47) 41.3 (38–45) 0.03 44.2 (41–47) 41.9 (39–46) 0.07
Height (cm) ** 179 (174–182) 165 (162–170) <0.01 179 (172–183) 164 (162–169) <0.01
Weight (kg) ** 81.7 (74–89) 64.9 (60–72) <0.01 81.6 (74–91) 65.0 (60–73) <0.01

BMI (kg/m2) ** 25.7 (24–28) 23.5 (22–26) 0.06 26.8 (23–28) 23.5 (22–26) 0.12
Waist (cm) ** 90.3 (84–98) 80.8 (74–86) <0.01 91.4 (85–99) 80.4 (75–87) <0.01
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Table 2 reports the median FFQ nutrient intakes and the proportion of the
sample by sex who met the Recommended Dietary Intake (RDI) targets. These
results confirm that the sample is representative of the Australian adult population,
having similar nutrient profiles as the last Australian National Nutrition Survey [28].

Table 2. Comparison of adult nutrient intakes, as assessed by the Australian Eating
Survey (AES) food frequency questionnaire (FFQ), to Australian Recommended
Dietary Intakes (RDI), Adequate Intake (AI) and upper limit, by gender.

Intake per day Male (N = 31) Female (N = 65)

Meeting RDI/AI Median Meeting
RDI RDI/AI Median Meeting

RDI

Protein (g) 64 124.54 96% 46 92.25 95%
Fiber (g) AI 30 37.95 73% 25 28.41 70%

Vitamin A (µg) 900 1323.77 88% 700 1198.36 87%
Thiamine (mg) 1.2 2.27 90% 1.1 1.6 84%
Riboflavin (mg) 1.3 3.24 100% 1.1 2.42 97%

Niacin equiv. (mg) 16 56.95 100% 14 43.28 100%
Folate (µg) 420 468.17 65% 420 341.22 31%

Vitamin C (mg) 45 198.1 100% 45 174.38 98%
Calcium (mg) 1000 1375.59 71% 1000 1172.81 70%

Iron (mg) 8 19.09 100% 18 13.95 37%
Magnesium (mg) 420 540.95 75% 320 411.14 80%
Phosphorus(mg) 1000 2132.67 100% 1000 1642.88 95%

Potassium(mg) AI 3800 4447.83 73% 2800 3681.6 79%
Zinc (mg) 14 16.44 67% 8 13.14 82%

Exceeding Upper
Limit Median Exceeding

Upper limit
Upper
Limit Median Exceeding

Upper limit
Sodium(mg) 920 2768.22 100% 920 2161.33 97%

% E Saturated fat 10 11 71% 10 13 79%

3.1. FFQ Reproducibility

Table 3 lists medians, correlations and intraclass correlation coefficients (ICC)
for FFQ food group and nutrient intakes. Since observations for both administration
rounds need to be present to estimate correlation between then, the number of
observations available for use was only 67. When calculating the ICC however,
all observations from both rounds can be utilized, thus the sample size was 163.
The median correlation for nutrients was 0.72 (95% CI 0.51–0.92), which was attained
by both thiamin and riboflavin. The least correlated was the percent energy (%E) from
protein 0.49 (95% CI 0.19–0.78), and the most highly correlated was carbohydrate
0.83, (95% CI 0.68–0.98). We can expect tighter confidence intervals when using this
approach. The median ICC was thiamin 0.73 (95% CI 0.55–0.80). The lowest ICC was
the percent energy (% E) from protein 0.50 (95% CI 0.33–0.58), and the highest ICC
was vitamin C, 0.88 (95% CI 0.92–0.93).

Data summarising the ARFS component subscales, the medians percentage
energy from FFQ food groups are presented in Table 4. The median correlation was
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0.66 (95% CI 0.48–0.84), which was attained by meat. The lowest correlation was for
packaged snacks 0.52 (95% CI 0.32–0.72), and the most strongly correlated was for
breakfast cereal 0.83, (95% CI 0.57–1.0). The median ICC was grains 0.62 (95% CI
0.53–0.70), with the lowest for condiments 0.44 (95% CI 0.28–0.61), and the highest
for vegetables, 0.84% (95% CI 0.79–0.89).

Table 3. Reproducibility of Food Frequency Questionnaire (FFQ) nutrients: Median,
interquartile range (IQR) and correlation, with 95% confidence interval, between
round 1 and round 2.

Round 1 N = 96 Round 2 N = 67 Correlation N = 67 ICC N = 163

Nutrients/day Median IQR Median IQR ρ 95% CI ICC 95% CI
Energy

Energy (kJ) 9601 (8024–11501) 8938 (7298–11085) 0.81 (0.67,
0.96) 0.85 (0.80, 0.89)

Protein (g) 101 (82–125) 96.5 (77.3–124.8) 0.65 (0.46,
0.84) 0.70 (0.62, 0.77)

Total fat (g) 75.5 (62.6–85.2) 73.6 (53.5–89.8) 0.71 (0.49,
0.93) 0.69 (0.61, 0.78)

Saturated fat (g) 30.1 (25.0–35.9) 30.6 (20.7–34.8) 0.67 (0.43,
0.90) 0.65 (0.55, 0.76)

Polyunsat. Fat (g) 9.7 (7.52–10.98) 9.15 (7.26–11.91) 0.76 (0.58,
0.94) 0.69 (0.63, 0.76)

Monounsat. Fat (g) 27.8 (22.9–31.7) 27.3 (19.6–35.5) 0.73 (0.52,
0.93) 0.72 (0.65, 0.79)

Cholesterol (mg) 283 (224–360) 252 (211–329) 0.66 (0.45,
0.87) 0.70 (0.60, 0.80)

Carbohydrate (g) 262 (217–341) 243 (192–337) 0.83 (0.68,
0.98) 0.85 (0.81, 0.89)

Sugars (g) 141 (100–182) 119 (97–168) 0.82 (0.68,
0.95) 0.83 (0.77, 0.90)

Alcohol (g) 12 (1.6–20.3) 8.14 (1.58–14.29) 0.79 (0.64,
0.95) 0.82 (0.75, 0.90)

Nutrients

Fiber (g) 30.5 (23.8–37.4) 29.7 (23.9–35.6) 0.76 (0.65,
0.87) 0.79 (0.70, 0.87)

Vitamin A (µg) 1228 (1004–1511) 1225 (970–1667) 0.62 (0.36,
0.87) 0.69 (0.55, 0.83)

Retinol (µg) 297 (227–410) 317 (214–480) 0.69 (0.42,
0.97) 0.67 (0.57, 0.76)

Beta-carotene(µg) 5316 (3997–6581) 5122 (3824–6959) 0.61 (0.35,
0.88) 0.72 (0.54, 0.89)

Thiamin (mg) 1.77 (1.41–2.21) 1.74 (1.38–2.16) 0.72 (0.52,
0.92) 0.73 (0.66, 0.80)

Riboflavin (mg) 2.59 (2.10–3.19) 2.54 (2.06–3.34) 0.72 (0.51,
0.92) 0.72 (0.66, 0.78)

Niacin (mg) 45.3 (38.8–55.7) 43.8 (36.4–54.7) 0.70 (0.51,
0.88) 0.74 (0.67, 0.81)

Vitamin C (mg) 184 (140–235) 167 (133–213) 0.81 (0.61,
0.101) 0.88 (0.82, 0.93)

Folate (µg) 372 (288–455) 357 (279–459) 0.78 (0.62,
0.93) 0.80 (0.74, 0.85)

Calcium (mg) 1200 (949–1413) 1205 (903–1603) 0.72 (0.55,
0.89) 0.71 (0.63, 0.79)

Iron (mg) 15.1 (11.5–18.1) 14.3 (11.2–17.7) 0.75 (0.60,
0.91) 0.76 (0.70, 0.83)
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Table 3. Cont.

Round 1 N = 96 Round 2 N = 67 Correlation N = 67 ICC N = 163

Magnesium (mg) 450 (371–531) 430 (344–541) 0.83 (0.70,
0.95) 0.85 (0.80, 0.90)

Phosphorus(mg) 1743 (1421–2148) 1704 (1273–2256) 0.73 (0.57,
0.89) 0.75 (0.68, 0.82)

Potassium(mg) 3881 (3247–4610) 3730 (3093–4580) 0.73 (0.58,
0.88) 0.78 (0.72, 0.83)

Sodium(mg) 2272 (1783–2846) 2313 (1765–2865) 0.76 (0.58,
0.93) 0.80 (0.75, 0.85)

Zinc (mg) 13.9 (11.3–17.2) 13.5 (11.1–16.4) 0.71 (0.54,
0.87) 0.75 (0.68, 0.81)

Water (mL) 3469 (2977–4024) 3388 (2987–3837) 0.80 (0.64,
0.96) 0.87 (0.83, 0.91)

Percent Energy

Protein 18 (16.0–20.0) 18 (16.0–20.0) 0.49 (0.19,
0.78) 0.50 (0.33, 0.68)

Carbohydrate 47.5 (44.0–52.5) 48 (43.0–52.0) 0.68 (0.50,
0.87) 0.66 (0.58, 0.74)

Total Fats 30 (27.0–33.0) 30 (28.0–34.0) 0.64 (0.47,
0.81) 0.60 (0.50, 0.69)

Saturated Fat 12 (11.0–14.0) 12 (11.0–14.0) 0.64 (0.42,
0.85) 0.63 (0.55, 0.72)

Alcohol 4 (0.50–6.00) 2 (1.00–5.00) 0.77 (0.63,
0.91) 0.78 (0.71, 0.85)

Percent Fat

Saturated 45 (42.0–49.0) 45 (42.0–48.0) 0.72 (0.56,
0.89) 0.73 (0.64, 0.81)

Polyunsaturated 14 (12.0–15.5) 15 (13.0–16.0) 0.80 (0.59,
0.102) 0.76 (0.68, 0.84)

Monounsaturated 41 (39.0–43.0) 41 (39.0–42.0) 0.57 (0.36,
0.79) 0.64 (0.51, 0.76)

3.2. ARFS Reproducibility

The median correlation between the two rounds for ARFS food groups was 0.66
(95% CI 0.48–0. 84), which was attained by meat (Table 4). The lowest correlation
was for was vegetables, 0.59 (95% CI 0.34–0.83), and the strongest for ARFS total
score, 0.83 (95% CI 0.68–0.98). Similarly, the median ICC was thiamin 0.69 (95% CI
0.55–0.80). The lowest ICC was for meat, 0.62 (95% CI 0.51–0.73), and the highest ICC
was for ARFS total score, 0.87 (95% CI 0.83–0.90).

3.3. Validity between ARFS and FFQ

Table 5 summarises the correlations between the ARFS sub-scale components
and FFQ nutrients adjusted for total FFQ energy, significant at the 5% level. Negative
correlations were found for % energy from saturated fat and ARFS total score and
ARFS components of fruit, vegetables and grains, this is likely as foods high in SFA
are not accounted for in ARFS so as the total ARFS increases intake of SFA decreases.
ARFS was highly correlated with FFQ nutrient intakes, particularly for fiber, 0.38
(95% CI 0.27–0.49); vitamin A, 0.45 (95% CI 0.23–0.61); beta-carotene, 0.51 (95% CI
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0.34–0.69); and vitamin C, 0.53 (95% CI 0.37–0.67). There were also strong correlations
with mineral intakes, particularly calcium, 0.23 (95% CI 0.10–0.46); magnesium, 0.30
(95% CI 0.21–0.40); and potassium, 0.32 (95% CI 0.23–0.40) (See Supplementary
Figure 1).

Table 4. Reproducibility of The Australian Recommended Food Score (ARFS)
components and the AES FFQ percentage of energy (%E) from core and non-core
food groups: Median, interquartile range (IQR) and correlation between rounds.

Scores Round 1 N = 96 Round 2 N = 67 Correlation N = 67 ICC N = 163

ARFS (max avail. score) Median IQR Median IQR ρ 95% CI ICC 95% CI
ARFS total(73) 36 (32.0–42.5) 35 (31.0–41.0) 0.83 (0.68, 0.98) 0.87 (0.83, 0.90)
Vegetables(21) 14 (12.0–16.0) 13 (11.0–15.0) 0.59 (0.34, 0.83) 0.69 (0.58, 0.80)

Fruit(12) 7 (4.0–8.0) 6 (4.0–8.0) 0.64 (0.47, 0.81) 0.68 (0.61, 0.75)
Meat(7) 2 (2.0–3.0) 2 (1.0–3.0) 0.66 (0.48, 0.84) 0.62 (0.51, 0.73)

Meat alternatives(6) 2 (1.0–3.0) 2 (1.0–3.0) 0.78 (0.62,0. 93) 0.79 (0.72, 0.86)
Grains(13) 6 (4.0–7.0) 6 (5.0–7.0) 0.64 (0.48, 0.80) 0.68 (0.59, 0.77)
Dairy(11) 5 (3.0–6.0) 5 (4.0–6.0) 0.77 (0.63, 0.91) 0.79 (0.73, 0.84)
Extras(2) 1 (0.0–1.0) 1 (0.0–1.0) 0.65 (0.44, 0.85) 0.66 (0.56, 0.76)

%E from food groups
FFQ CORE 67.5 (58.0–76.0) 69 (60.0–75.0) 0.71 (0.51, 0.91) 0.76 (0.68, 0.85)
Vegetables 8 (6.0–11.0) 8 (6.0–10.0) 0.79 (0.66, 0.93) 0.84 (0.79, 0.89)

Fruit 8 (5.0–11.5) 8 (5.0–11.0) 0.60 (0.46, 0.74) 0.57 (0.39, 0.74)
Meat 11.5 (8.0–15.0) 11 (7.0–14.0) 0.53 (0.15, 0.91) 0.52 (0.31, 0.74)

Meat alternatives 4 (2.0–7.0) 5 (2.0–7.0) 0.53 (0.26, 0.80) 0.57 (0.42, 0.71)
Grains 22 (15.0–27.0) 22 (18.0–25.0) 0.60 (0.45, 0.76) 0.62 (0.53, 0.70)
Dairy 9 (7.0–14.0) 11 (7.0–16.0) 0.54 (0.32, 0.76) 0.52 (0.39, 0.64)

FFQ NON-CORE 32.5 (24.0–42.0) 31 (25.0–40.0) 0.71 (0.51, 0.91) 0.77 (0.69, 0.84)
Sweet drinks, fruit juice 1 (0.0–4.0) 1 (0.0–4.0) 0.78 (0.59, 0.97) 0.78 (0.70, 0.87)

Packaged snacks 1 (0.5–3.5) 1 (0.0–3.0) 0.52 (0.32, 0.72) 0.56 (0.38, 0.74)
Confectionary 4 (2.0–7.0) 3 (1.0–6.0) 0.63 (0.47, 0.78) 0.54 (0.41, 0.67)

Baked sweet products 4 (2.0–7.0) 3 (2.0–7.0) 0.76 (0.62, 0.90) 0.72 (0.58, 0.85)
Take-away 6 (4.0–8.0) 6 (4.0–8.0) 0.77 (0.53, 0.100) 0.76 (0.69, 0.84)

Condiments 2 (1.0–3.5) 2 (1.0–5.0) 0.60 (0.38, 0.82) 0.44 (0.28, 0.61)
Processed fatty meats 2 (1.0–3.0) 2 (1.0–3.0) 0.69 (0.50, 0.88) 0.57 (0.39, 0.76)

Breakfast cereal 7 (4.0–10.0) 8 (5.0–11.0) 0.83 (0.57, 0.100) 0.70 (0.58, 0.82)
Meat meals with veg. 7 (4.5–10.0) 6 (4.0–9.0) 0.52 (0.19, 0.85) 0.54 (0.36, 0.71)
Meat meals no veg. 1 (0.0–2.0) 1 (0.0–1.0) 0.53 (0.26, 0.79) 0.54 (0.43, 0.65)

Table 6 displays the correlations between the ARFS components and FFQ
nutrients, adjusted for total FFQ energy, significant at the 5% level. There were
significant, strong correlations between the corresponding ARFS and FFQ food
groups vegetables, fruit, meat, meat alternatives, grains and dairy (0.50, 0.68, 0.42,
0.56, 0.28, 0.46, respectively) (See Supplementary Figure 2).

ARFS was strongly positively correlated with FFQ %E food group intakes,
particularly for fruit, 0.38 (95% CI 0.27–0.49); vegetable, 0.45 (95% CI 0.23–0.61),
meat alternatives, 0.51 (95% CI 0.34–0.69); and dairy, 0.53 (95% CI 0.37–0.67). There
were also strong correlations with mineral intakes, particularly calcium, 0.23 (95%
CI 0.10–0.46); magnesium, 0.30 (95% CI 0.21–0.40); and potassium, 0.32 (95% CI
0.23–0.40).
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Table 5. Correlations between the Australian Recommended Food Score (ARFS)
and the Australian Eating Survey (AES) FFQ components, adjusted for total FFQ
energy, significant at the 5% level. Shaded cells are negative correlations.

ARFS
Total

ARFS
Veg

ARFS
Fruit

ARFS
Meat

ARFS
Meat Alt

ARFS
Grains

ARFS
Dairy

ARFS
Extra

Protein (g) 0.19 0.10 0.22
Saturated fat (g) −0.09 −0.13 0.14
Cholesterol (mg) 0.26 0.21
Carbohydrate (g) −0.09 −0.09 −0.07

Sugars (g) 0.15 −0.14
Fiber (g) 0.38 0.31 0.37 0.25 0.16

Vitamin A (µg) 0.45 0.38 0.37 0.29
Retinol (µg)

Beta-carotene(µg) 0.51 0.43 0.47 0.30
Thiamine (mg) 0.17
Riboflavin (mg) 0.16 0.14 0.24

Niacin equiv. (mg) 0.12 0.20 0.09 0.12
Folate (µg) 0.27 0.20 0.19 0.15 0.17

Vitamin C (mg) 0.53 0.49 0.51 0.16 0.22
Calcium (mg) 0.23 0.15 0.40

Iron (mg) 0.12 0.13
Magnesium (mg) 0.30 0.20 0.22 0.19 0.18 0.15 −0.10
Phosphorus (mg) 0.32 0.24 0.28 0.15 0.13 0.12 0.20 −0.13
Potassium(mg) 0.32 0.09 0.14 0.27 −0.07

Sodium(mg) −0.12 0.13
Zinc (mg) 0.13 0.17

% E Saturated Fat −0.23 −0.22 −0.29 −0.20 0.18

Table 6. Correlations between the Australian Recommended Food Score (ARFS)
and the Australian Eating Survey (AES) FFQ food groups, adjusted for total FFQ
energy, significant at the 5% level. Light grey shaded cells are those with the same
group in row and column where positive correlation would be anticipated. Dark
grey shaded cells are negative correlations.

Percentage of Energy From ARFS
Total

ARFS
Veg

ARFS
Fruit

ARFS
Meat

ARFS
Meat
Alt

ARFS
Grains

ARFS
Dairy

ARFS
Extra

CORE 0.31 0.30 0.32 0.25 −0.26
Vegetables 0.22 0.50 0.20

Fruit 0.37 0.33 0.68
Meat 0.42 −0.30

Meat alternatives 0.31 0.28 0.23 0.56
Grains 0.28
Dairy 0.23 0.21 0.46

NON-CORE −0.31 −0.30 −0.32 −0.25 0.26
Sweet drinks, fruit juice −0.25 −0.27 −0.18 −0.19

Packaged snacks −0.20 −0.17
Confectionary −0.25 −0.23

Baked sweet products −0.24 −0.26 0.19
Take-away −0.29 −0.26 −0.25 −0.26

Condiments 0.21 0.40
Processed fatty meats −0.26 −0.27

Breakfast cereal 0.23 −0.21
Meat meals with vegetables 0.32 −0.26

Meat meals without vegetables 0.15
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4. Discussion

The reproducibility and comparative validity of the ARFS in Australian adults
was assessed in the current study by comparing food and nutrient intake data
from the AES FFQ over two administration rounds five months apart, to estimate
intra-class correlation coefficients (ICC). The reproducibility of the ARFS was
confirmed as shown by ICCs for each nutrient assessed as being similar to those for
the AES FFQ. The median ICC for ARFS nutrients was 0.66 (0.48–0.84) was similar
when compared with the median ICC for FFQ nutrients 0.72 (0.51–0.92). These results
confirm that the ARFS can be used when a brief evaluation of overall diet quality is
required and with the advantages of considerably lower participant and researcher
burden compared to other methods of dietary intake assessment.

ARFS was found to be highly correlated with FFQ nutrient intakes, particularly
fiber, vitamin A, beta-carotene, and vitamin C. There were also strong positive
correlations with mineral intakes for calcium, magnesium and potassium. These
results indicate that the ARFS reflects the intake of a variety of nutrients which are
known to be associated with health outcomes. These results are similar to a larger
validation study in 6542 adults by Toft et al. [29], that used an FFQ to validate a
food based diet quality score for fiber and vitamin C. However correlations in our
study were higher for calcium (0.23), magnesium (0.30) and vitamin A (0.45) [29].
In the present study there were significant and positive correlations between the
corresponding ARFS sub-scale score and the corresponding FFQ food groups of
vegetables, fruit, meat and vegetarian alternatives, grains and dairy. This was not
completely expected as although the ARFS score is based on sub-set of FFQ questions,
only nutrient dense foods and drink are included. The approach to scoring is also
different with the ARFS being a simple count based on foods usually consumed at
least weekly, while the FFQ incorporates the total number of daily serves, portion
size and nutrient content. Similar correlations have been previously found between
fruits and vegetables assessed by FFQ and diet quality scores [29]. Toft et al. [29]
found correlations with grams of fruit (r 0.55) and vegetables (r 0.48) and in the
current study, r = 0.68 and 0.50 respectively. These results suggest that the ARFS does
reflect intakes across a variety of nutrients. In addition to food groups and that the
foods included in the ARFS are representative of the AES.

The correlation coefficients from the current study are comparable to those
found in the validation study conducted in children and adolescents [9]. This was
anticipated given that adult AES FFQ was modified from the child and adolescent
version [9] and both studies had a similar design. When the results of the current
analysis are compared to those in children and adolescents, which reported a median
energy adjusted correlation between FFQ and food records of 0.32, the median
correlation of all nutrients in the current study are stronger at 0.72, suggesting that
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frequency based on weekly consumption of a range of nutrient-dense foods is a
stronger predictor of nutrient intakes in adults compared to children.

For dietary instruments to be used to examine associations between diet and
disease outcomes, it is suggested that correlations between the instrument and the
reference method need to be in the range of at least 0.3 or 0.4 [30]. The current study
found correlations significantly greater than 0.3 for all nutrients indicating that the
ARFS is an appropriate tool to assess dietary patterns and that it has the potential to
be used to evaluate relationships between diet and health status.

The ARFS food based diet quality score accounts for diet variety, particularly
fruits and vegetables and assesses the healthiness of diet in relation to National
Dietary guidelines however does not account for non-core foods. The ARFS has
application as a brief tool to assess overall diet quality and provide a cross-sectional
snapshot of dietary intake in relation to dietary guidelines and dietary compliance
however may not be sensitive to detect change over time.

A general limitation of validation studies is that the results are not necessarily
transferable to other populations. This is generally due to the dietary assessment
method such as an FFQ being based on the local food supply and portion size
data from national-level surveys [31]. A sample size of at least 50 is desirable for
each demographic group [32], and ideally between 100 and 200 participants [33].
Although the sample size in the present study was adequate at the group level it was
inadequate to confirm validity and reproducibility for subsets based on age, ethnicity
or BMI category. The current sample included 65 female (68%) and therefore results
likely to represent females as sub-category, but not males, however all participants
are parents of primary school aged children so more likely to reflect a younger
age group of adults. Performance of the AES FFQ also needs to be evaluated in
populations of varying socioeconomic status and ethnicity. Strengths of the current
study include that data were screened for implausible intakes. The reporting period
of the FFQ was the previous six months so is likely to reflect differing intake due to
seasonality. Lastly, by using statistical methods appropriate for repeated measures
and correlated data, that is bootstrapped ICC, strong correlations were revealed.

5. Conclusions

This study demonstrated that the Australian Recommended Food Score diet
quality index is acceptable in classifying participants into quintiles of nutrient and
food intakes. The ARFS was found to be reproducible over a five month period
and provides an important contribution to the diet quality indices available for
assessing usual intakes in adults. Further research is required to evaluate it use in
clinical practice, epidemiologic research and public health interventions in terms of
evaluating dietary change and predicting disease risk and evaluating in more diverse
populations such as older Australians.
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Using Short Dietary Questions to Develop
Indicators of Dietary Behaviour for Use in
Surveys Exploring Attitudinal and/or
Behavioural Aspects of Dietary Choices
Alison Daly, Christina M. Pollard, Deborah A. Kerr, Colin W. Binns and
Michael Phillips

Abstract: For countries where nutrition surveys are infrequent, there is a need to
have some measure of healthful eating to plan and evaluate interventions. This
study shows how it is possible to develop healthful eating indicators based on
dietary guidelines from a cross sectional population survey. Adults 18 to 64 years
answered questions about the type and amount of foods eaten the previous day,
including fruit, vegetables, cereals, dairy, fish or meat and fluids. Scores were based
on serves and types of food according to an established method. Factor analysis
indicated two factors, confirmed by structural equation modeling: a recommended
food healthful eating indicator (RF_HEI) and a discretionary food healthful eating
indicator (DF_HEI). Both yield mean scores similar to an established dietary index
validated against nutrient intake. Significant associations for the RF_HEI were
education, income, ability to save, and attitude toward diet; and for the DF_HEI,
gender, not living alone, living in a socially disadvantaged area, and attitude toward
diet. The results confirm that short dietary questions can be used to develop healthful
eating indicators against dietary recommendations. This will enable the exploration
of dietary behaviours for “at risk” groups, such as those with excess weight, leading
to more relevant interventions for populations.

Reprinted from Nutrients. Cite as: Daly, A.; Pollard, C.M.; Kerr, D.A.; Binns, C.W.;
Phillips, M. Using Short Dietary Questions to Develop Indicators of Dietary
Behaviour for Use in Surveys Exploring Attitudinal and/or Behavioural Aspects of
Dietary Choices. Nutrients 2015, 7, 6330–6345.

1. Introduction

Evidence is increasing that the need to eat well as early as possible is inextricably
linked to attainment and maintenance of a healthy weight and overall good
health [1–4]. In 2011–2102, Australia conducted its third national nutrition survey
which coincided with the release of the updated Dietary Guidelines for Australia
(DGA) in 2013 [5]. The first release of results from the national nutrition survey
indicate that the majority of people are not eating a diet consistent with the
Dietary Guidelines [6]. Previous reviews have shown that influencing people to
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eat well is a complex and difficult process [7,8] and that knowledge and attitudes
in line with healthy eating do not necessarily translate into behaviour [9]. Many
studies have provided important information about aspects of attitudes, beliefs,
and behaviours surrounding good eating habits in relation to families [10,11]; socio
demographics [12]; predictors of disordered eating behaviours and diet [13], and
attitudes towards appearance and diet [14]. One of the difficulties in being able
to conduct these necessary investigations in countries where dietary surveys are
infrequent, such as Australia, is that there is not enough current information about
eating choices. What is needed is an interim measure that captures important aspects
of diet that can be used to investigate how people make decisions about what they
eat. A recent study showed that it is possible to get an indicator of healthy eating
choices using four items [15] and this study is an important step in developing
measures that can be used with contextual data to provide a better picture of what
drives eating choices. However such measures are limited as they cannot identify
areas of diet which may be more important than others in determining problems
related to overeating and poor nutrition. The study investigates whether or not it is
possible to use the dietary information collected by the Nutrition Monitoring Survey
Series (NMSS) to develop a measure of who is meeting dietary guidelines. The
Western Australian Department of Health’s NMSS commenced in July/August 1995
to provide information to assist planning interventions promoting the Australian
guidelines for healthy eating. The information obtained in these surveys ranges
from what people think are problems, how they see their own behaviour, skill or
appearance in relation to nutrition, and what they know, believe, and do about the
key components of a healthy diet, as defined by the DGA. The surveys are unique in
that they collect some food consumption information, as well as knowledge, attitudes,
and beliefs that accompany that behaviour. The food consumption part of the NMSS
uses short dietary questions to measure consumption of key food groups [16] that
have been evaluated against weighed dietary records [17,18]. The questions are
used to monitor high level population based adherence to the DGA. These questions
are not a measure of dietary intake nor are they a measure of nutrients; rather
they are indicators of consumption of selected foods taken from the major food
groups recommended for daily consumption. The underlying premise in using
these questions to develop a healthful eating indicator is that it can be viewed as a
latent indicator of diet quality. If the population is eating recommended serves and
types of foods based on dietary guidelines, then they, by definition, must be eating a
reasonable quality of diet. While imperfect, this latent assessment of diet quality can
be used as a benchmark against which to assess the dietary behaviours and choices
at a population level when included in surveys investigating determinants and
precursors of diet. This objective of this study was to demonstrate that, with relatively
few questions, a robust indicator of eating behaviour can be developed for inclusion
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in large-scale cross sectional surveys. These indicators have the potential to identify
and add context to dietary beliefs, attitudes, and behaviours at a population level.

2. Experimental Section

Since 1995, about every three years, over one thousand adults aged 18 to 64 years
are interviewed using Computer Assisted Telephone Interviews (CATI) and asked
questions about their attitudes and beliefs about diet. The surveys are managed by
the Department of Health, who grant ethics approval for the data collection Only
the NMSS 2012 survey data were used to develop the healthful eating indicator
as it was the most recent survey which contained dietary information across all
areas of the DGA. The sample was a stratified random sample according to area of
residence drawn from the most recent Electronic White Pages for Western Australia.
All sample households with an address were sent a Primary Approach Letter and
every household in the initial sample was called up to ten times to achieve contact.
Contacted numbers were eliminated if they were not a household or if there was no
person living in the household within the age range. Households with more than
one adult fulfilling the requirements were asked which adult had the most recent
birthday and that adult was selected for interview. No substitutes were permitted.
At least ten call backs were made to achieve an interview. Interviews took place
during the four weeks between mid-July and mid-August. A raw response rate of
not less than 70% was required based on households contacted within the eligible age
range whether or not an interview was achieved. In 2012, 1548 people, 1005 females
and 543 males, aged between 18 and 64 years, were interviewed, with a response
rate of 82.4% based on interviews attained divided by eligible households contacted.

2.1. Diet Questions

The NMSS collects information on the previous day’s consumption of food
groups identified by the DGA. The food groups covered include vegetable, fruit,
cereals, dairy, and fish or meat. Information on fluids used are also collected. The
data is self-reported and questions were about the amount and types of foods eaten
the previous day. Each question contains a definition of a serve or asks for amounts in
common household measures such as cups or spoons, which can be used to convert
the amount to serves as defined by the DGA.

2.2. Sociodemographic Indicators

Indicators of sociodemographic status included sex, age, education, income,
employment status, living arrangements, perceived spending power, and an area-based
indication of relative socioeconomic disadvantage known as Socio-Economic Indexes
for Areas (SEIFA) and developed by the Australian Bureas of Statistics [19].
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2.3. Developing the Dietary Guideline Indicator

There are only two dietary indices that have been developed for Australia. Both
were based on the 1995 National Nutrition Survey and both used a combination
of the frequency foods were eaten; some consumption questions, for example fruit
and vegetable consumption; and some behaviours such as whether or not meat
was trimmed of fat. The first index, developed in 2007, used a relatively simple
construction and had six dimensions based on the 2003 Dietary Guidelines for
Australian [20]. The second index, developed in 2008, used a similar conceptual
framework but had eleven components exploring more parts of the 2003 Australian
Dietary Guidelines which included a measure of alcohol consumption [21]. While
the NMSS does not collect information about alcohol consumption, there were more
possible comparative scales with the 2008 index than with the 2007 index and for
this reason it was selected as the model for the development of a NMSS healthful
eating indicator (NMSS_HEI). The NMSS_HEI is based solely on consumption of
key food groups the previous day. The dietary guideline index developed in 2008
(DGI_2008) used frequency as a rough indication for amount, with each frequency of
consumption assumed to be at least one serve. As the NMSS collects dietary data
in amounts they can be converted into serves based on the recommendations for
adults aged between 18 and 64 years [22]. To accommodate the differences between
frequency and consumption, and to compensate for questions used in the DGI_2008
which were not asked in the NMSS, comparable measures for the NMSS data were
developed. For example, in the DGI_2008 saturated fat consumption was based
on the type of milk used and whether or not meat was trimmed of fat, but the
question about trimming fat from meat was not asked in the NMSS, so saturated fat
consumption is made up of the type of milk, cheese, and yoghurt consumed and
whether sausages and biscuits (high in saturated fat) were eaten. For type of grains,
the DGI_2008 used only whole grain bread, but as there was information available
for type of bread, rice, pasta, and breakfast cereals, all were used in scoring the type
of grains consumption. The DGI_2008 used lean meat, fish, eggs, nuts and seeds,
and legumes/beans as major sources of protein, but the only comparable measure in
the NMSS were serves of meat or fish eaten the previous day. Additional foods were
also differently assessed. For the NMSS_HEI when people consumed more than the
recommended number of serves of a particular food group, the full score was given
on the specific food component (e.g., cereals) but any serves above the recommended
amount were assessed against the additional serve recommendations for each food
group by age and sex [5] and scores based on compliance with these. The only
exceptions to the additional food score assessments were fruit and vegetables, as the
evidence base indicates that there are no known detrimental effects of consuming
more than the recommended amounts of these foods [5,23]. A full description of the
way in which the index was constructed is shown in Table 1. The table shows the
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2013 ADG recommendation for each part of the scale with the way in which the score
was assigned, what constitutes not meeting the recommendation and how derivation
of the score differs from the DGI_2008.

2.4. Analysis

The total NMSS_HEI was the sum of the eleven individual components of the
indicators described in Table 1. As with the previously developed DGI_2008, scores
for each component are out of ten and as there are eleven measures, the total possible
score is 110, with higher scores indicating the healthier eating. Exploratory factor
analysis with confirmatory structural equation modelling (SEM) was conducted
on the total NMSS_HEI to best identify the structure of the model [25]. The
confirmatory SEM was conducted with the data unweighted, allowing for an estimate
of comparative fit [26,27] and then the fit compared a SEM using the data weighted
for the survey sample design [28]. Post estimation tests conducted on the structural
equation model included the comparative fit index, the standardized root mean
squared residual, the stability of the model using Wald tests, and the coefficient of
determination. Means were calculated for the score components of the two indexes
with 95% confidence intervals. For the mean estimates, the data were weighted
using Iterative Proportional Fitting, applying a basic adjustment for the probability
of selection and then fitting marginal proportional totals for age, sex, and area of
residence based on the 2011 Estimated Resident Population for Western Australia.
Linear regressions on the two components were conducted. Differences at p < 0.05 or
less were considered to be significant. Stata 13.1 [29] was used for all analyses.
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3. Results

The initial NMSS_HEI score showed a wide distribution of scores that has no
statistically significant departures from normality for kurtosis but is significantly
negatively skewed (Figure 1). The exploratory factor analysis showed two factors,
one which reflected the recommended components of the DGI, namely the variety,
fruits, vegetables, grains, cereals, dairy, protein, and fluids and one that reflected
the discretionary components of the total NMSS_HEI, namely fats, sugar, and
additional serves.
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Figure 1. Distribution of the DGI score, NMSS 2012.

The SEM confirmed the two-component structure of the NMSS_HEI and, as with
the factor analysis, one reflected the major food groups (Recommended) and the other
reflected additional serves and discretionary foods (Discretionary), with each variable
contribution to the components statistically significant at p < 0.01. Statistically
significant covariance were identified for a number of variables using post estimation
tests and added to the model with all covariates remaining statistically significant at
p < 0.05 or better. The addition of the covariance associations altered the p value for
the protein score and the cereal score to p > 0.05. The largest coefficients (contributors
to the model) for the “Recommended” component were variety (β = 0.62, p = 0.0001),
fruit (β = 0.46, p = 0.0001), and vegetables (β = 0.37, p = 0.0001), with protein
contributing least (β = 0.002, ns). For the “Discretionary” component the contributors
were sugar (β = 0.74, p = 0.0001), followed by extra serves (β = 0.71, p = 0.0001) and
fat (β = 0.45, p = 0.0001). The model is a non-recursive model and post estimation
tests showed it satisfied the stability condition. The raw component scores were
negatively correlated but at a very low level (Spearman rho-.078 p < 0.05 and in
the SEM covariance between the two scores failed to reach statistical significance.
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For the weighted SEM, the weighted coefficient of determination (CD) was 90.4%
and the CD was 91% for the unweighted SEM. The post estimation statistics for the
weighted SEM (Table 2) are considered to indicate a good fit with the data [27,30].
For weighted models, no equivalent goodness of fit statistics other than the CD and
the standardized root mean squared residual (SRMR) are possible because of the
way in which standard errors are estimated, however both the weighted CD and the
weighted SRMR are similar to the equivalent measures for the unweighted model.
As the data on which the SEM are based are drawn from a cross-sectional population
survey, the weighted model coefficients are the most appropriate for use and are the
ones displayed in Figure 2.

Table 2. Post estimation statistics for the weighted SEM model, NMSS 2012.

Fit Statistic Value Description

Likelihood Ratio *

chi2_ms (33) 51.37 model vs. saturated
p > chi2 0.02 -

chi2_bs (55) 1749.51 baseline vs. saturated
p > chi2 0 -

Population Error

RMSEA 0.02 Root mean squared error of approximation
90% CI, lower bound 0.01 -
90% CI, upper bound 0.03 -

pclose 1 Probability RMSEA ď 0.05

Baseline Comparison

CFI 0.99 Comparative fit index
TLI 0.98 Tucker-Lewis index

Size of Residuals

SRMR 0.02 Standardized root mean squared residual
CD 0.91 Coefficient of determination

* While the chi square is <0.05, the very large sample size would predict that. The chi
square divided by the degrees of freedom is <3 indicating an acceptable chi square for
a sample this size [26].

Even though the NMSS_HEI does not capture the whole range of foods eaten, or
nutrient intake for the previous day, it does provide a comparable measure at the total
component range. Table 3 shows the NMSS_HEI means and proportions meeting
the recommended guidelines for the food group. Compared with the DGI_2008, on
which the NMSS_HEI is based and which did an assessment of nutrients against the
index, many of scales had quite similar means.
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Figure 2. Model produced by structural equation modelling showing two
independent components with covariance, NMSS 2012.

Table 3. Mean scores for each component identified by the SEM and percentage
meeting the recommended dietary guideline in the 2013 ADG by sex with
comparisons to the DGI_2008.

Males Females

Dietary Score
Component RFI 1

Diff >1 §
with

DGI_2008

% Meeting
RFI 2 RFI 1

Diff >1 §
with

DGI_2008

% Meeting
RFI 2

Food variety 4.96 ˘ 0.15 - 5.58 5.33 ˘ 0.10 - 7.00
Vegetables 4.97 ˘ 0.14 - 8.39 5.66 ˘ 0.11 - 14.73

Fruit 6.88 ˘ 0.23 - 58.52 7.74 ˘ 0.14 - 68.06
Cereals 6.78 ˘ 0.19 y 38.48 5.98 ˘ 0.13 - 27.50

Wholemeal/grains 4.64 ˘ 0.27 y 43.76 4.95 ˘ 0.19 y 47.35
Protein (meat/fish) 3.54 ˘ 0.19 y 9.48 3.14 ˘ 0.13 y 6.79

Dairy 5.00 ˘ 0.16 - 10.32 4.88 ˘ 0.12 - 11.37
Fluids 3 6.17 ˘ 0.14 - 15.29 6.11 ˘ 0.10 y 23.92

Fats 7.00 ˘ 0.14 y 24.49 7.12 ˘ 0.10 - 29.38
Sugar 6.20 ˘ 0.2 - 46.07 7.12 ˘ 0.10 y 58.10

Extra serves 4.01 ˘ 0.22 - 22.22 4.93 ˘ 0.17 y 33.83
1 Data are mean scores out of 10 weighted using raking; 2 Data are percentages meeting
recommendations (score of 10) weighted using raking; § The mean score differed by more
than 1 when the mean score of the NMSS_HEI was compared to the DGI_2008.
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The largest differences were for cereals (mean scale score: DGI_2008 Males
4.2 Females 5.6; NMSS_HEI: Males 6.8 Females 6.0) and eating meats/meat
alternatives (mean scale score: DGI_2008: Males 9.8 Females 9.7; NMSS_HEI: Males
3.5 Females 3.1). As the NMSS didn’t ask about consumption of any meat alternatives
and as forty percent of the respondents reported that they had not eaten any of the
meat or fish, the difference is not unexpected. No obvious explanation exists for
the difference in the cereals score unless the DGI_2008 calculation didn’t include
breakfast cereals which were included in the NMSS_HEI calculation. It may be that
the updated 2013 ADG accounted for some of the differences in the proportions
meeting guidelines with increases in the recommended serves of protein, dairy, and
cereals in the later version.

Using the two components established by the SEM, a recommended food
healthful eating indicator (RF_HEI) and a discretionary food healthful eating
indicator (DF_HEI) were calculated by weighting each variable making up the
component by the standardised coefficients generated by SEM. Table 4 shows mean
scores of selected socio demographic indicators and attitudes. The groups with the
highest mean scores for the RF_HEI were people who paid a lot of attention to the
health aspects of diet, being retired and doing home duties; the two lowest scores
were people who don’t pay any attention to the health aspects of diet and being
unemployed. For the DF_HEI the highest mean scores were for people living alone
and people who paid a lot of attention to the health aspects of diet; the lowest scores
were for people who live in the most socially disadvantaged areas and students.

After controlling for all the variables in table four, lower scores for the
RF_HEI were significantly associated with lower education levels, having an annual
household income less than $40,000, not being able to save any money and paying
little or no attention to the health aspects of diet. For the DF_HEI, lower scores
were significantly associated with being male, not living alone, living in the most
socially disadvantaged areas of WA and paying little or no attention to the health
aspects of diet.

For the RF_HEI attitudes toward the health aspects of a healthy diet had a linear
association with the highest scores associated with paying a lot of attention to diet
(Figure 3).
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Table 4. Mean scores for RF_HEI and DF_HEI by selected socio demographics and
attitude toward diet.

Selected Descriptive Variables RF_HEI DF_HEI

Gender Mean (95% CI) Mean (95% CI)
Male 44.11 (42.50, 45.73) 16.64 (15.77, 17.50)

Female 47.61 (46.46, 48.76) 18.77 (18.10, 19.43)

Age Group in Years

18–44 44.86 (43.30, 46.43) 16.66 (15.82, 17.50)
45–64 47.16 (46.13, 48.20) 17.53 (16.92, 18.14)

Highest Level of Education Attained

Up to Year 12 42.07 (39.50, 44.64) 18.07 (16.67, 19.47)
Year 12 43.40 (40.38, 46.43) 17.00 (15.45, 18.54)

TAFE/Trade 45.98 (44.36, 47.60) 17.89 (17.01, 18.77)
Tertiary 47.89 (46.33, 49.44) 17.70 (16.76, 18.64)

Annual Household Income

Up to $40,000 46.29 (45.26, 47.32) 17.75 (17.16, 18.34)
More than $40,000 41.39 (37.73, 45.05) 17.15 (15.53, 18.78)

Perceived Discretional Income

Can’t save 41.88 (39.69, 44.08) 17.10 (15.96, 18.23)
Can save 47.16 (46.07, 48.26) 17.89 (17.25, 18.53)
SEIFA * - -

SEIFA Quintile 1 (most disadvantaged) 43.64 (40.13, 47.15) 14.98 (13.36, 16.59)
SEIFA Quintile 5 (least disadvantaged) 46.96 (45.13, 48.78) 18.25 (17.02, 19.48)

Current Employment Status

Employed 46.35 (45.23, 47.48) 17.94 (17.31, 18.57)
Unemployed 38.28 (31.73, 44.84) 17.78 (13.49, 22.07)
Home Duties 48.32 (46.19, 50.45) 17.28 (15.71, 18.85)

Student 40.85 (36.12, 45.58) 15.66 (13.09, 18.23)
Retired 48.90 (46.38, 51.43) 18.53 (16.88, 20.19)

Unable to work 36.38 (29.35, 43.40) 17.33 (13.23, 21.43)

Living Arrangements

Living with family/partner 45.99 (44.93, 47.04) 17.67 (17.09, 18.25)
Living alone 42.30 (39.24, 45.37) 19.41 (17.82, 21.00)

Other 46.45 (40.25, 52.66) 16.64 (13.02, 20.26)
Residential Area - -

Metropolitan Perth 45.80 (44.58, 47.02) 17.67 (16.98, 18.36)
Rest of State 46.00 (44.33, 47.67) 17.76 (16.88, 18.64)

Country of Birth

Australia 45.81 (44.11, 47.52) 17.35 (16.43, 18.27)
Other country 45.87 (44.64, 47.11) 17.86 (17.16, 18.56)

Attention to Health Aspects of Diet

Pay a lot of attention 51.47 (50.21, 52.72) 19.23 (18.46, 20.00)
Take a bit of notice 43.17 (41.86, 44.49) 16.68 (15.86, 17.49)

Don’t really think much about it 33.13 (28.93, 37.33) 16.00 (13.98, 18.02)

* Comparison is in that quintile or not.
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Figure 3. Predictive margins of attention paid to diet. 
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Figure 3. Predictive margins of attention paid to diet.

4. Discussion

The aim of this study was to develop a measure that could be used during years
when nutrition-based dietary survey data were not available. This proved possible
and, while there is no doubt that the RF_HEI and DF_HEI measures do not capture
the whole range of foods eaten or have the information to make a nutrient intake
assessment, they do provide a basis from which to assess how the population is
doing against dietary recommendations. The fact that the initial NMSS_HEI has
two independent components offers new information about how the population
is approaching their diet. One way is in line with dietary recommendations about
serves and types from food groups; the other is in line with dietary recommendations
about discretionary foods and additional serves. This means that the same person
can have a score indicating healthful eating on one component but not on the
other; well on both components or well on neither component. The regression
analysis showed that the predictors of eating well for each component are, for the
most part, not shared, suggesting that what drives eating behaviours may stem
from different influences according to the types of foods being considered. This
information is intrinsically different from research, which uses cluster analysis on
Australian dietary intake to identify food patterns for example, an eating pattern
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relatively high in fat and meat compared with an eating pattern higher in fruit
and vegetables [31,32], and research using factor, cluster analyses along or ranked
regression conducted on data that has not been pre-scored against any standard,
such as dietary guidelines [32,33]. These methods identify eating patterns and
then explore associations with health indicators [33–35], who is eating in line with
particular patterns [36,37] and, more recently, other aspects such as how changes
in individuals’ dietary patterns affect obesity over time [36,38] and mortality [39].
The two independent components structure identified in this study using SEM
suggests that there may be different attitudes and perceptions associated with each
that have the potential to inform health promotion and education approaches [14,40].
Population groups such as those with excess weight can now be explored in more
detail in relation to their eating choices. The healthful eating indicators as described
in this study have not been explored by each of the foods and eating patterns
summarised by each indicator. Breakdown of the individual indicators by foods
may offer additional information about eating patterns and choices which, in turn,
could lead to more precise information about population groups “at risk” due to
poor diet. The ability of surveys such as the NMSS to allow the construction of
a healthful eating indicator offers a rich source from which to explore important
interactions between the psychosocial aspects of diet, such as attitudes, perceptions,
and intentions with knowledge and behaviours associated with healthy dietary
patterns in the years when detailed nutrient and dietary information with measures
of related attitudes and beliefs is not available [41]. The analyses in this paper did not
explore interactions or the influence of attitudes on the healthful eating indicators as
the aim was to develop healthful eating indicators. To investigate these associations
further studies are planned. Investigation of how closely the indicators monitor a
more comprehensive measure of consumption, such as a 24 h dietary recall or a three
day dietary history, would be valuable to both establish the level of congruence at
the scale level and to identify any major gaps.

As with any cross-sectional survey data social desirability may determine some
responses but in this case most of the responses are unlikely to be biased in this
respect as the respondent would need to be aware of all of the dietary guidelines in
formulating their response. In this cross-sectional survey, as in most others, [42] there
was an under representation of males relative to females, suggesting a non-response
bias for males. The weighting process does adjust for this and having standard
errors calculated by robust methods also helps, however, the recommendation for
further NMSS data collection is that a stratified random sampling method using area,
gender, and age group be considered. Exploration of a more up-to-date source of
telephone numbers should also be considered. It is unfortunate that the data from
the six surveys could not be pooled but the different data collection methods and
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different questions for food eaten prohibited this. Consistency in this regard would
also be beneficial.

5. Conclusions

It is possible to develop healthful eating indicators using validated short dietary
questions for use in years when more complete nutrition data is not available. The
identification of two independent indicators of healthful eating offers evidence that
people approach diet in different ways. This finding suggests that fully investigating
each indicator has the potential for better targeted and relevant interventions to
improve diet quality in the population.
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Do Overweight Adolescents Adhere to
Dietary Intervention Messages?
Twelve-Month Detailed Dietary Outcomes
from Curtin University’s Activity, Food and
Attitudes Program
Kyla L. Smith, Deborah A. Kerr, Erin K. Howie and Leon M. Straker

Abstract: Dietary components of adolescent obesity interventions are rarely
evaluated with comprehensive reporting of dietary change. The objective was to
assess dietary change in overweight adolescents, including adherence to dietary
intervention. The dietary intervention was part of a multi-component intervention
(CAFAP) targeting the physical activity, sedentary and healthy eating behaviors
of overweight adolescents (n = 69). CAFAP was a staggered entry, within-subject,
waitlist controlled clinical trial with 12 months of follow up. Diet was assessed using
three-day food records and a brief eating behavior questionnaire. Changes in dietary
outcomes were assessed using linear mixed models, adjusted for underreporting.
Food record data suggested reduced adherence to dietary intervention messages
over time following the intervention, despite conflicting information from the brief
eating behavior questionnaire. During the intervention, energy intake was stable
but favorable nutrient changes occurred. During the 12 month maintenance period;
self-reported eating behaviors improved, energy intake remained stable but dietary
fat and saturated fat intake gradually returned to baseline levels. Discrepancies
between outcomes from brief dietary assessment methods and three-day food records
show differences between perceived and actual intake, highlighting the need for
detailed dietary reporting. Further, adherence to dietary intervention principles
reduces over time, indicating a need for better maintenance support.

Reprinted from Nutrients. Cite as: Smith, K.L.; Kerr, D.A.; Howie, E.K.;
Straker, L.M. Do Overweight Adolescents Adhere to Dietary Intervention Messages?
Twelve-Month Detailed Dietary Outcomes from Curtin University’s Activity, Food
and Attitudes Program. Nutrients 2015, 7, 4363–4382.

1. Introduction

Current rates of overweight and obesity in adolescence are concerning given
the associated negative medical, psychosocial [1] and economic [2] consequences.
Available evidence supports interventions with a comprehensive multi-disciplinary
approach including a dietary component [3] and a family-based design with a
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focus on food and activity behaviors and attitudes [4]. Despite recommendations
suggesting a focus on lifestyle, most interventions are evaluated using only measures
of weight change. Few details about the implementation and evaluation of dietary
interventions have been documented [5], making it difficult to understand how
weight change may be achieved. Thus, a need for timely and detailed evaluation of
adolescent obesity programs has been identified [4,6,7].

Surprisingly, few adolescent intervention trials have collected and reported
detailed changes in participant dietary behaviors and intake data [8]. Some
studies have not reported any dietary data [9,10], have not accounted for possible
underreporting [11,12] or have used dietary assessment methods that provide
only limited information and are restricted in their ability to detect true dietary
change [13,14]. Further, measures of adherence to dietary interventions appear to be
poorly described. In adolescent studies reporting dietary outcomes, the proportion of
participants adopting specific dietary targets of the intervention (i.e., adherence) were
not reported [11,12,14–16]. This is of particular concern as low adherence to dietary
recommendations is a primary reason for poor outcomes following intervention [17].
Without adherence measures, it remains unclear how the dietary interventions create
change in multi-disciplinary interventions [18].

To date, changes in diet following intervention have shown modest results,
and long-term follow-up has been lacking [4]. In multi-disciplinary interventions
where dietary data was collected, there have been improvements reported in some
self-reported eating behaviors [15], or dietary intakes including reduction in total
energy intake [14,16], absolute fat intake [12,16] and sugar intake [19]. Even these
dietary findings have been limited by follow-up of less than 12 months [12,16,19] and
a lack of adherence measures [12,14–16,19]. This very restricted evidence base limits
the ability for future studies to replicate or compare dietary changes to determine
the effectiveness of dietary interventions in overweight adolescents.

Against this background, the aim of this study was to comprehensively assess
dietary change in overweight and obese adolescents for 12 months following an
intervention (Curtin University’s Activity, Food and Attitudes Program) to better
understand dietary change in this group. The assessment included analyses of
adolescent adherence to the dietary component of the intervention (including changes
in the primary intervention behavioral targets), changes in selected eating behavior
strategies, and a detailed analysis of dietary nutrient intake as reported in three day
food records.
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2. Experimental Section

2.1. Study Design

This study was a multiple cohort, staggered-entry, waitlist period controlled
clinical trial conducted at three sites in Western Australia (two metropolitan areas and
one regional area) [20]. Briefly, overweight adolescents were recruited and assessed
three months before the eight-week intensive phase of the intervention commenced,
and assessed again immediately prior to the intervention. This method was chosen
because it was considered unfair to withhold services from obese adolescents in
view of the lack of appropriate treatment services available [21], and the dual
pre-participation assessments allowed for a within-subjects control period. The
staggered start for the seven cohort groups controlled for external seasonal and public
event confounders to intervention effects. Further assessments were completed at
the immediate conclusion of the eight-week program and again at three months,
six months and 12 months post-intervention [20]. This trial was registered on the
Australian New Zealand Clinical Trials Registry (ACTRN12611001187932). Figure 1
shows the progression of participants through the 17 months of the study. Each
assessment time point is represented by a box on the left of the figure. In each
box, the bold number refers to the number of adolescents potentially still available
for each assessment, with the number of drop outs clearly stated on the right of
the figure.

2.2. Participants

Between January 2012 and December 2013, 69 overweight or obese adolescents
aged 11–16 participated in Curtin University’s Activity, Food and Attitudes Program
(CAFAP). Participants were recruited via the health system, education system and
from the general community and were screened by a medical practitioner for medical
suitability prior to assessment. Further inclusion criteria was a BMI-for-age-and-sex
above the 85th percentile [22]. Exclusion criteria included: obesity relating to an
identified genetic, endocrine or metabolic disease, current treatment for psychiatric
disorders or inability for parent and adolescent to attend twice weekly group sessions
at a local community site. This study was approved by the Curtin University Human
Ethics Research Committee (HR105/2011). Written informed assent/consent was
obtained from all adolescents/parents.

2.3. Intervention

CAFAP was a community-based, multi-disciplinary healthy lifestyle program
directed at overweight and obese adolescents and has been described in detail
elsewhere [20,23]. The focus of CAFAP was increased physical activity, reduced
sedentary behavior, reduced junk food intake and increased fruit and vegetable
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intake. The eight-week intensive phase of the intervention involved parents and
adolescents and consisted of twice-weekly group sessions run by a psychologist,
physiotherapist/exercise physiologist or dietitian. The intensive intervention period
was followed by a tapered maintenance phase over 12 months.Nutrients 2015, 7 4366 
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Figure 1. Participant numbers and food record completion during the waitlist
controlled trial of Curtin University’s Activity, Food, and Attitudes Program.
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2.4. Dietary Intervention

The dietary component of the intervention was facilitated by Accredited
Practising Dietitians. Delivery style was guided by self-determination theory and
goal setting theory, in line with the theoretical underpinnings of the intervention [23].
The dietary component focused on food groups rather than kilojoule intakes or
specific nutrients. Participants learnt skills to help them make healthy food choices
and were not provided with structured meal plans as recent evidence suggests
that these are not well-received by adolescents [24]. The three primary nutrition
intervention messages were: Eat more fruit; eat more vegetables; eat less junk food.
The term ‘junk food’ is used to describe ‘discretionary’ foods that are considered
energy-dense, nutrient-poor foods [25–27]. The dietary intervention consisted of
12 group education sessions with parents and adolescents together regarding general
nutrition, energy balance, food labelling, diet variety, fast food, lunch box food,
portion size and recipe modification, with the key messages reinforced in each
session. Parents were also given practical training in buying healthy food during
a supermarket visit and both parents and adolescents were involved in cooking
classes focusing on the preparation of healthy foods containing fruits and vegetables.
Tailored feedback on the adolescents’ diet, taken from the initial three day food
record, was provided to each participant to assist with adolescent goal setting.

2.5. Dietary Assessment

2.5.1. Nutrient Intake

Three day food records were used in this study to provide comprehensive
descriptive information about meal patterns and intake of foods and beverages
without extensive reliance on participant memory [28]. Records were completed at
all six assessment points and used to assess changes in adolescent dietary intake.
Three days provides a reasonable compromise between understanding the variation
in daily adolescent diets [29] and the risk of poor quality information due to
excessive participant burden [30,31]. Prior to completing the food record, adolescents
were given training and written instructions from the research dietitian regarding
estimating portion size and household measures. The adolescents were interviewed
by the research dietitian to verify the completeness of the record and to probe for any
forgotten food or beverages. Figure 1 shows the number of adolescents who actually
completed food records at each time point. The food records were perceived by the
adolescents as a burden to complete, and thus a small financial incentive was offered
for detailed records. It is commonly accepted that adolescents lack motivation to
complete food records and find them tedious to complete [30], so the relatively low
numbers of non-completers is a positive outcome.
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Food records were analyzed using the NUTTAB 2010 and AUSNUT 2007
databases (FoodWorks Professional, Version 6, 2009; Xyris Software, Brisbane,
Australia) for total energy, macronutrients and percentage contribution to energy
intake, as well as intake of calcium and fiber. A food group analysis was also
undertaken. Serving sizes for fruits and vegetables were derived from the Australian
Guide to Healthy Eating, which specify that one serve of fruit is equivalent
to 150 g and one serve of vegetables is equivalent to 75 g [27]. Servings of
junk food (energy-dense, nutrient poor food) were equivalent to approximately
600 kilojoules [27]. For each participant, an average serve per day was calculated for
fruits, vegetables and total junk food. The research dietitian completed all training,
interviews and analysis of the food records.

2.5.2. Adherence to Intervention Messages

Adherence to the dietary intervention was measured by the percentage of
participants who increased their intake of fruit and vegetables by at least 0.25 serves
per day and reduced their intake of junk food by at least 0.5 serves per day, in
line with the key dietary intervention messages. This was measured immediately
post-intervention and 12 months post-intervention, using the data from three day
food records. There is no accepted definition of a clinically important change in
servings of key food groups, so this magnitude of change was chosen to reflect at
least a 10% change in servings. This reflects the expected changes in physical activity
and dietary behaviors following intervention as described in the protocol paper [20].

2.5.3. Eating Behaviors

A short food behavior questionnaire based on validated questionnaires used
in similar cohorts [32,33] was used to assess eating behaviors likely to be related
to obesity. Questions included frequency of breakfast consumption, frequency of
fast food consumption, frequency of eating meals as a family and sugar sweetened
beverage consumption. Participants responded to questions about eating behavior
frequency using a 5 point scale: Every day, 5–6 days per week, 3–4 days per week,
1–2 days per week, rarely or never. Questions regarding perceived intake of fruit,
vegetables and junk food asked for the usual number of serves consumed each day,
based on standard Australian serving size descriptions [27].

2.6. Statistical Analysis

Data were visually inspected for potential outliers and checks completed for
individual data entry errors or implausible values. Tests for normality were conducted
using histograms. Descriptive statistics at each assessment point are presented
as mean ± standard deviations (SD). t-Tests were used to compare participants
who completed the program with those who dropped out. All participants who
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participated in at least two occasions of data collection were included in the analysis.
Adherence data is presented with additional separate results for those who completed
all six occasions of data collection.

There is a high likelihood of underreporting by overweight and obese adolescents
with food records [34,35]. In this study, implausible food records were identified
using the ratio of energy intake (EI) to total energy expenditure (TEE) as a
time-varying covariate [36] in the mixed model described below. Total energy
expenditure was estimated using resting energy expenditure (REE) estimation
equations [37] and activity energy expenditure (AEE) based on objectively measured
accelerometry [38]. Where accelerometer data was unavailable (62 of 248 occasions)
TEE was estimated as 0.0149 kcal/kg/min, based on the estimation equation
validated by Puyau, Adolph, Vohra, Zakeri and Butte [38]. Underreporting (EI:TEE)
was used as a time-varying covariate in the analysis of the self-reported questionnaire
data and the dietary intake data from the food records.

Change in eating behaviors and dietary intake analysis: Linear mixed models
were used to assess within-person changes in nutrient and eating behavior outcomes
at the time points following conclusion of the eight-week intervention. Models
included random intercepts to account for the within-person repeated measures.
Slight deviations from normality were accounted for using bootstrapped resampling
to estimate standard errors with 1000 replications. Underreporting ratios were
included (EI:TEE) as time-varying covariates. To account for differences in the
time between assessments, the monthly rate of change during each period was
compared. The rate of change was calculated for the waitlist period (baseline to
pre-intervention) and compared to the rate of change in outcome variables for all
assessment periods between pre-intervention and 12 months post-intervention to
assess intervention effectiveness. The analysis was completed using Stata/IC 13.0
for Windows (StataCorp LP, College Station TX, USA) and results were considered
statistically significant at p < 0.05. No adjustment was made for multiple comparisons
but 95% confidence intervals and p-values to three decimals places are reported.

3. Results

Based on the number of adolescents participating at each assessment point,
a total of 281 diet records were possible. However, only 248 (88.3%) diet records were
completed over the 17 months of data collection and were thus available for analysis.
Following the intervention, participants increased their intake of fruit and reduced
their intake of junk food as measured by three day food records, but vegetable
intake did not change significantly [39]. As shown in Figure 1, 25 participants
dropped out of the study between baseline and post-intervention and a further eight
participants did not complete food records. This is similar to the relatively high
dropout rates typically reported for healthy lifestyle programs aimed at overweight
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young people [40]. There were no differences at baseline between completers and
non-completers, as discussed in the associated primary outcomes paper [39].

3.1. Adherence to Intervention Messages

Data from the post-intervention food records showed 21 out of 35 participants
who completed the eight week program adhered to the dietary intervention messages
by increasing their fruit intake by at least 0.25 of a serve from pre-intervention levels.
For vegetables, 17 out of 35 participants who completed the program increased their
intake by at least 0.25 of a serve and 24 out of 35 participants reduced their junk food
intake by at least 0.5 of a serve. The rate of adherence was reduced at 12 months
post-intervention (see Figure 2).
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Figure 2. Adherence to the key CAFAP intervention messages regarding increasing
intake of fruit and vegetables and decreasing intake of junk food in a group of
35 overweight adolescents. a Adherence data taken from three day food records;
b An increased intake was defined as in increase in fruit or vegetable consumption
by at least 0.25 servings; c A reduced intake was defined as a reduction in junk food
consumption by at least 0.5 servings.

Of the 24 participants who had complete data at both time points, 13 adhered to
the fruit message at post-intervention and 10 adhered at 12 months post-intervention.
Similarly, 12 of 24 participants adhered to the vegetable message at post-intervention
and 10 participants adhered at 12 months post-intervention. For junk food, 18 of
24 participants adhered by reducing their junk food intake and 14 adhered at
12 months post-intervention. Adherence to the ‘reduce your junk food intake’
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message had the highest proportion of adherence across the measurement period,
followed by ‘increase your fruit intake’ and lastly ‘increase your vegetable intake’.

3.2. Eating Behaviors

The changes in self-reported eating behaviors at each time point and the
monthly rate of change over each assessment period can be seen in Table 1.
As expected, self-reported dietary behaviors were stable during the waitlist period
(between baseline and pre-intervention). Significant improvements in frequency of
breakfast consumption were reported between pre-intervention and three months
post-intervention (estimated change 0.4 points, 95% CI: 0.12, 0.83). Reductions in
reported fast food consumption were significantly different to pre-intervention levels
at 3 months (−0.20 points, CI: −0.38, −0.02), six months (−0.24 points, CI: −0.41,
−0.06) and 12 months post-intervention (−0.28 points, CI: −0.52. −0.03). Similarly,
the frequency of sugar sweetened beverage consumption was significantly less
than pre-intervention at six months (−0.41 points, CI: −0.71, −0.10) and 12 months
post-intervention (−0.53 points, CI: −0.91, 0.15). The monthly rate of change for fast
food and sugar sweetened beverage consumption did not differ from the monthly
change observed during the waitlist period. Self-reported changes in fruit and
vegetable consumption from the eating behavior questionnaire suggested significant
increases in intake at each time point following intervention (see Table 1), although
no changes were detected in reported junk food intake. The rate of change of
consumption measured during the intervention period was significantly different
to the waitlist period for fruit (0.17 servings per day/month, CI: 0.06, 0.28) and
vegetables (0.25 servings per day/month, CI: 0.07, 0.42). Changes in the frequency of
dinner consumption showed a significant monthly improvement between six and
12 months (0.04 points/month, CI: 0.01, 0.07). There were no changes detected for
frequency of eating dinner as a family or eating dinner in front of the television.

3.3. Detailed Nutrient Intakes

The changes in nutrient intake at each time point and the monthly rate of change
over each assessment period can be seen in Table 3. During the waitlist period there
were no changes in energy, fat or saturated fat intake, nor any changes in the percent
of energy provided by fat, saturated fat or protein. Intake of key micronutrients
(zinc, calcium, iron, Vitamin C) did not change over the waitlist period. There was a
reported increase in consumption of protein (69.1, SE 1.4 g/day to 74.5, SE 1.8 g/day,
p = 0.029), and reduction in consumption of carbohydrates (202.1, SE 3.6 g/day to
188.9, SE 3.9 g/day, p = 0.028) and sugar (88.4, SE 3.5 g/day to 76.2, SE 3.2 g/day,
p = 0.018) during the waitlist period. A reduction in the percent total energy provided
by carbohydrates was also observed (46.6%, SE 0.6% to 44.6%, SE 0.7%, p = 0.046).
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Table 1. Mean self-reported eating behavior point estimates and rates of change
across intervention and follow up in a cohort of 58 overweight adolescents.

Mean (SE) * Period of
Change

Mean ∆ per
Month (95% CI)

p-value
Compared to

Baseline to Pre d

Frequency of
breakfast

Baseline 3.0 (0.1)
Pre 2.9 (0.1) Baseline to Pre −0.03 (−0.13, 0.08) ref
Post 3.1 (0.1) Pre to Post 0.13 (−0.04, 0.29) 0.208

3 months 3.4 (0.1) a,b Post to 3 m 0.07 (−0.03, 0.18) 0.180
6 months 3.2 (0.2) 3 m to 6 m −0.05 (−0.18, 0.08) 0.793
12 months 2.8 (0.2) 6 m to 12 m 0.07 (−0.14, −0.004) c 0.475

Maintenance Post-12 m −0.03 (−0.06, 0) 0.958

Frequency of
fast food

Baseline 0.6 (0.05)
Pre 0.5 (0.1) Baseline to Pre −0.01 (−0.06, 0.04) ref
Post 0.4 (0.1) Pre to Post −0.05 (−0.15, 0.06) 0.578

3 months 0.3 (0.1) a,b Post to 3 m −0.03 (−0.11, 0.05) 0.639
6 months 0.3 (0.1) a,b 3 m to 6 m −0.01 (−0.08, 0.05) 0.972
12 months 0.3 (0.1) a,b 6 m to 12 m −0.01 (−0.05, 0.04) 0.881

Maintenance −0.01 (−0.04, 0.01) 0.907

Frequency of
sweetened
beverages

Baseline 1.5 (0.1)
Pre 1.3 (0.1) Baseline to Pre −0.04 (−0.13, 0.05) ref
Post 1.1 (0.1) a Pre to Post −0.14 (−0.03, 0.03) 0.353

3 months 1.1 (0.1) a Post to 3 m 0.01 (−0.10, 0.12) 0.521
6 months 0.9 (0.1) a,b 3 m to 6 m −0.06 (−0.17, 0.07) 0.800
12 months 0.8 (0.1) a,b 6 m to 12 m −0.02 (−0.09, 0.05) 0.759

Maintenance Post to 12 m −0.02 (−0.05, 0.01) 0.741

Perceived
daily fruit

serves

Baseline 1.6 (0.1)
Pre 1.5 (0.1) Baseline to Pre −0.03 (−0.10, 0.04) ref
Post 1.9 (0.1) a,b Pre to Post 0.17 (0.06, 0.28) c 0.011

3 months 1.8 (0.1) b Post to 3 m −0.02 (−0.10, 0.06) 0.892
6 months 1.8 (0.1) b 3 m to 6 m −0.01 (−0.09, 0.06) 0.785
12 months 1.9 (0.1) b 6 m to 12 m 0.01 (−0.04, 0.06) 0.333

Maintenance Post to 12 m 0 (−0.03, 0.02) 0.476

Perceived
daily

vegetable
serves

Baseline 2.5 (0.1)
Pre 2.4 (0.1) Baseline to Pre −0.03 (−0.13, 0.07) ref
Post 2.9 (0.1) a,b Pre to Post 0.25 (0.07, 0.42) c 0.022

3 months 3.0 (0.1) a,b Post to 3 m 0.02 (−0.11, 0.15) 0.557
6 months 3.1 (0.1) a,b 3 m to 6 m 0.05 (−0.08, 0.17) 0.351
12 months 3.3 (0.2) a,b 6 m to 12 m 0.03 (−0.05, 0.11) 0.348

Maintenance Post to 12 m 0.03 (−0.01, 0.08) 0.272

Perceived
daily junk

food serves

Baseline 1.6 (0.1)
Pre 1.7 (0.1) Baseline to Pre 0.03 (−0.08, 0.15) ref
Post 1.5 (0.1) Pre to Post −0.07 (−0.21, 0.06) 0.331

3 months 1.4 (0.1) Post to 3 m −0.03 (−0.13, 0.07) 0.437
6 months 1.5 (0.1) 3 m to 6 m 0.07 (−0.04, 0.19) 0.617
12 months 1.6 (0.2) 6 m to 12 m −0.01 (−0.08, 0.06) 0.551

Maintenance Post to 12 m 0.01 (−0.03, 0.04) 0.667
* SE is standard error; ref is the reference period; a Difference from baseline (p < 0.05);
b difference from pre (p < 0.05); c significant rate of change between the two assessment
points (p < 0.05); d This column identifies significant differences (p < 0.05) in the rate of
change between the time period being measured and the waitlist control period (baseline
to pre-intervention); Maintenance: The period between post-intervention and 12 months
post-intervention; n = 58.
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Table 2. Mean nutrient intake (point estimates) and rates of change across
intervention and follow up in a cohort of 58 overweight adolescents.

Mean (SE) * Period of
Change

Mean ∆ per
Month (95% CI)

p-value
Compared to

Baseline to Pre d

Energy (kJ)

Baseline 6969 (46.9)
Pre 6972 (50.8) Baseline to Pre 1.0 (−50.5, 52.4) ref
Post 6965 (60.0) Pre to Post −3.2 (−86.9, 80.3) 0.942

3 months 6946 (58.2) Post to 3 m −6.7 (−58.4, 45.0) 0.834
6 months 6987 (68.2) 3 m to 6 m 13.9 (−43.1, 71.0) 0.745
12 months 7133 (86.0) 6 m to 12 m 24.2 (−10.4, 58.8) 0.473

Maintenance Post to 12 m 13.9 (−2.2, 30.0) 0.644

Protein (g)

Baseline 69.1 (1.4)
Pre 74.5 (1.8) a Baseline to Pre 1.8 (0.2, 3.4) c ref
Post 75.3 (2.3) a Pre to Post 0.4 (−2.7, 3.4) 0.489

3 months 76.1 (2.1) a Post to 3 m 0.3 (−1.7, 2.2) 0.213
6 months 76.6 (2.2) a 3 m to 6 m 0.2 (−1.7, 2.0) 0.189
12 months 72.2 (2.5) a 6 m to 12 m −0.7 (−1.8, 0.4) 0.010

Maintenance . Post to 12 m −0.3 (−0.8, 0.3) 0.015

Fat (g)

Baseline 63.4 (1.3)
Pre 66.0 (1.3) Baseline to Pre 0.8 (−0.5, 2.2) ref
Post 59.3 (1.6) b Pre to Post −3.3 (−5.4, −1.2) c 0.005

3 months 62.6 (1.6) Post to 3 m 1.1 (−0.3, 2.5) 0.800
6 months 62.8 (1.8) 3 m to 6 m 0.1 (−1.4, 1.5) 0.432
12 months 64.7 (1.8) 6 m to 12 m 0.3 (−0.5, 1.1) 0.489

Maintenance Post to 12m 0.5 (0.1, 0.8) c 0.568

Saturated fat (g)

Baseline 26.9 (0.8)
Pre 27.5 (0.8) Baseline to Pre 0.2 (−0.6, 0.9) ref
Post 23.6 (0.9) a b Pre to Post −2.0 (−3.1, −0.8) c 0.011

3 months 25.4 (0.9) Post to 3 m 0.6 (−0.2, 1.4) 0.416
6 months 25.8 (0.8) 3 m to 6 m 0.1 (−0.6, 0.9) 0.939
12 months 26.5 (0.8) 6 m to 12 m 0.1 (−2.5, 0.4) 0.854

Maintenance Post to 12 m 0.2 (0.1, 0.4) c 0.876

Carbo-hydrate (g)

Baseline 202.1 (3.6) b

Pre 188.9 (3.9) a Baseline to Pre −4.4 (−8.3, −0.5) c ref
Post 199.4 (4.8) a Pre to Post 5.2 (−1.3, 11.8) 0.032

3 months 189.1 (4.0) a b Post to 3 m −3.4 (−7.6, 0.7) 0.739
6 months 190.0 (5.4) a b 3 m to 6 m 0.3 (−3.8, 4.4) 0.110
12 months 196.1 (4.7) a b 6 m to 12 m 1.0 (−1.1, 3.2) 0.018

Maintenance Post to 12 m −0.3 (−1.3, 0.8) 0.048

Sugar (g)

Baseline 88.4 (3.5)
Pre 76.2 (3.2) a Baseline to Pre −4.1 (−7.5, −0.7) c ref
Post 83.6 (5.5) Pre to Post 3.7 (−2.9, 10.4) 0.066

3 months 81.3 (4.1) Post to 3 m −0.8 (−5.3, 3.8) 0.250
6 months 77.4 (4.9) 3 m to 6 m −1.3 (−5.3, 2.7) 0.300
12 months 82.7 (4.6) 6 m to 12 m 0.9 (−1.2, 3.0) 0.014

Maintenance Post to 12 m −0.1 (−1.1, 1.0) 0.027

Fiber (g)

Baseline 16.1 (0.4)
Pre 15.2 (0.5) Baseline to Pre −0.3 (−0.7, 0.1) ref
Post 16.8 (0.5) b Pre to Post 0.8 (0.1, 1.4) c 0.017

3 months 16.8 (0.6) b Post to 3 m 0 (−0.5, 0.5) 0.326
6 months 18.4 (0.8) a b 3 m to 6 m 0.5 (−0.03, 1.1) 0.016
12 months 17.1 (0.6) b 6 m to 12 m −0.2 (−0.5, 0.1) 0.692

Maintenance Post to 12 m 0.03 (−0.1, 0.2) 0.123
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Table 3. Mean nutrient intake (point estimates) and rates of change across
intervention and follow up in a cohort of 58 overweight adolescents.

Mean (SE) * Period of
Change

Mean ∆ per
Month (95% CI)

p-value
Compared to

Baseline to Pre d

kJ from protein
(%)

Baseline 17.5 (0.3)
Pre 18.4 (0.4) Baseline to Pre 0.3 (−0.04, 0.7) ref
Post 19.1 (0.5) a Pre to Post 0.4 (−0.3, 1.1) 0.869

3 months 19.2 (0.5) a Post to 3 m 0.02 (−0.4, 0.5) 0.327
6 months 19.4 (0.5) a 3 m to 6 m 0.05 (−0.4, 0.5) 0.364
12 months 18.2 (0.6) 6 m to 12 m −0.2 (−0.5, 0.1) 0.022

Maintenance Post to 12 m −0.1 (−0.2, 0.05) 0.037

kJ from fat (%)

Baseline 33.1 (0.6)
Pre 34.8 (0.6) Baseline to Pre 0.5 (−0.04, 1.1) ref
Post 31.2 (0.8) b Pre to Post −1.7 (−2.7, −0.8) c 0.001

3 months 33.9 (0.8) Post to 3 m 0.9 (0.1, 1.6) c 0.471
6 months 33.5 (1.0) 3 m to 6 m −0.1 (−1.0, 0.7) 0.212
12 months 34.1 (1.0) 6 m to 12 m 0.1 (−0.4, 0.5) 0.224

Maintenance Post to 12 m 0.2 (0.05, 0.4) c 0.343

kJ from sat fat (%)

Baseline 14.0 (0.4)
Pre 14.4 (0.3) Baseline to Pre 0.1 (−0.2, 0.4) ref
Post 12.3 (0.4) a b Pre to Post −1.1 (−1.6, −0.5) c 0.002

3 months 13.8 (0.5) Post to 3 m 0.5 (0.1, 1.0) c 0.146
6 months 13.8 (0.4) 3 m to 6 m 0.02 (−0.5, 0.5) 0.706
12 months 14.0 (0.4) 6 m to 12 m 0.03 (−0.2, 0.2) 0.611

Maintenance Post to 12 m 0.1 (0.1, 0.2) c 0.902

kJ from
Carbo-hydrate

(%)

Baseline 46.6 (0.6)
Pre 44.6 (0.7) a Baseline to Pre −0.7 (−1.3, −0.01) c ref
Post 47.0 (1.0) Pre to Post 1.2 (−0.1, 2.5) 0.032

3 months 44.0 (0.9) a Post to 3 m −1.0 (−2.0, −0.1) c 0.547
6 months 44.3 (1.0) 3 m to 6 m 0.1 (−0.8, 1.0) 0.164
12 months 44.7 (1.2) 6 m to 12 m 0.1 (−0.5, 0.6) 0.093

Maintenance Post to 12 m −0.2 (−0.5, 0.1) 0.181

Calcium (mg)

Baseline 601.8 (22.8)
Pre 598.9 (25.0) Baseline to Pre −1.0 (−24.9, 22.9) ref
Post 606.2 (25.5) Pre to Post 3.6 (−33.5, 40.7) 0.864

3 months 663.6 (30.5) Post to 3 m 19.1 (−6.5, 44.7) 0.255
6 months 646.6 (37.9) 3 m to 6 m −5.7 (−35.2, 23.9) 0.811
12 months 663.9 (34.0) 6 m to 12 m 2.9 (−13.8, 19.5) 0.784

Maintenance Post to 12 m 4.8 (−1.9, 11.5) 0.635
* SE is standard error; ref is the reference period; a Difference from baseline (p < 0.05); b

difference from pre (p < 0.05); c significant rate of change between the two assessment
points (p < 0.05); d This column identifies significant differences (p < 0.05) in the rate of
change between the time period being measured and the waitlist control period (baseline
to pre-intervention); Maintenance: The period between post-intervention and 12 months
post-intervention; n = 58.

Following the eight-week intervention, there was a significant reduction in point
estimates of fat (66.0, SE 1.3 g/day to 59.3, SE 1.6 g/day, p = 0.002) and saturated
fat consumption (27.5, SE 0.8 g/day to 23.6, SE 0.9 g/day, p = 0.001). The rate of
change of fat (−3.3 g per day per month, 95%CI: −5.4, −1.2, p = 0.005) and saturated
fat consumption (−2.0 g per day per month, 95%CI: −3.1, −0.8, p = 0.011) was
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significantly improved from the rate of change during the waitlist period. A reduction
in the percentage total energy provided by fat (34.8%, SE 0.6% to 31.2%, SE 0.8%,
p ≤ 0.001) and saturated fat (14.4%, SE 0.3% to 12.3%, SE 0.4%, p ≤ 0.001) was also
observed, along with a significantly improved monthly rate of change during the
intervention period compared to the waitlist period (see Table 3). There were no
changes in energy, protein or sugar intake during intervention. Point estimates of
fiber were significantly increased (15.2, SE 0.5 g/day to 16.8, SE 0.6 g/day, p = 0.016)
and the monthly rate of change of fiber (0.8 g per day per month, 95%CI: 0.1, 1.4,
p = 0.017) was significantly more than that observed during the waitlist period.

During the 12-month maintenance period nutrient intakes appeared to regress
towards baseline levels (see Table 3). Point estimates of fat and saturated fat between
three and 12 months post-intervention were no longer different to pre-intervention
levels. The percent energy provided by macronutrients during the maintenance
period was not different to pre-intervention distributions. There was a significant
increase in the percent of energy provided by fat between post-intervention and three
months post-intervention (31.2, SE 0.8% to 33.9 SE 0.8%, p = 0.022) with a significant
increase in the monthly rate of change (p = 0.002). Total carbohydrate intake did
remain lower than pre-intervention levels throughout the 12 month maintenance
period and fiber intake remained significantly higher than pre-intervention levels
(see Table 3). Energy, protein and sugar intake did not change during the maintenance
period, nor did intakes of calcium, zinc or vitamin C.

4. Discussion

This study provides unique data on adherence to the dietary component of a
multi-component intervention in obese adolescents and is one of the few adolescent
intervention studies to consider eating behavior and dietary intake changes in the
12 month period following intervention. Further, this study used three day food
records to provide detailed dietary change data for overweight adolescents. The main
findings were that a large proportion of participants adhered to the key components
of the dietary intervention, with modest dietary changes seen following intervention
and lessening over time.

4.1. Adherence

More than half of the 35 participants who completed this study adhered to the
key intervention messages about eating more fruit and vegetables and eating less
junk food, but the percentage who adhered reduced over time. There is a lack of
prior studies in overweight adolescents that incorporated any measures of adherence
to dietary interventions, preventing comparisons to these results [18]. This gap in
adherence measurement has begun to be addressed in this study by using data
from detailed food records to measure adherence to the CAFAP dietary intervention
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messages. The methods used have been developed to suit the study given the lack
of previous reporting of adherence in overweight adolescent interventions and the
absence of guidelines regarding the best way to measure or report dietary adherence
in intervention studies [41].The interpretation of the adherence levels in this study is
further limited by the lack of evidence regarding what constitutes satisfactory levels
of adherence. Previous studies have identified a range of 80%–120% of recommended
nutrient intakes as an indicator of adherence [42]. This method was not appropriate
in the current study, given that adolescents were encouraged to improve their intake
rather than achieve ideal but perhaps unrealistic diet goals. Other methods from
previous research measuring dichotomous variables were not applicable due to the
multi-factorial nature of diet. Thus, the adherence reported in this paper relates to the
proportion of participants who have adhered to the different dietary change messages.
Future interventions can compare their findings to these levels of adherence and work
towards a clear consensus for acceptable levels of adherence to dietary interventions
based on observed changes in health status.

Behavior change as a result of the CAFAP dietary intervention was assessed by
adherence to the CAFAP dietary intervention messages. It was hypothesized that
targeting and improving key theoretical constructs, such as motivation and parent
support, would lead to dietary behavior change [43] based on self-determination and
goal setting theories [23]. However, exploratory post hoc analysis did not support this
relationship. When autonomous motivation for healthy eating and perceived parental
support for healthy eating were compared between those who adhered to key dietary
messages and those did not adhere, there were no significant differences between
those groups at either post-intervention or 12-months post-intervention. Due to
the limited sample size, it was not possible to complete a full mediation analysis;
however, future research should include mediation analyses of the theoretical
constructs to help explain the mechanisms for successful behavior change.

4.2. Eating Behaviors

There were some changes in self-reported eating behaviors during the
maintenance period including increased consumption of breakfast and reduced
consumption of fast food and SSBs. CAFAP participants reported changes in line
with prior studies of overweight adolescents, in both fast food intake [44] and
SSB intake [45]. Whilst these behavior changes remained significant for CAFAP
participants during the maintenance period, comparisons of sustained change are
limited as no other studies have reported general eating behavior changes for at least
12 months following intervention. Thus, these findings add much-needed data to the
limited evidence base around overweight adolescent eating behaviors, and provide
an example of how these may change following intervention.
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4.3. Nutrient Intakes

The modest dietary changes observed in this study, reductions in fat and
saturated fat and an increase in fiber; reflect the current evidence from obesity
interventions. CAFAP participants reported no changes in total energy intake
compared to the waitlist control period, reflecting other recent trials where energy
intake did not differ from the control comparison [14,45–48]. A recent trial
demonstrated significant reductions in adolescent energy, fat and saturated fat
consumption immediately post-intervention, but did not include any control group
or waitlist comparison [16]. A significant reduction in adolescent total fat intake has
also been previously reported, but based on a brief questionnaire not yet validated
in adolescents [12]. Neither of these studies adjusted for underreporting and neither
showed a reduction in percentage of total energy provided by fat as CAFAP did,
which is thought to be a more reliable measure than absolute fat intake [49]. In a
study of Latino adolescents, participants reported significant reductions in total
sugar intake in one of two intervention groups immediately post-intervention [19],
although these results may not be generalizable given both groups had received the
same nutrition component of the intervention. There were no changes in reported
sugar consumption following the CAFAP intervention.

Further, findings showed micronutrient levels did not change throughout the
study. This suggests that CAFAP did not have a deleterious effect on nutritional
intake throughout the study period. Similar results have been found in other studies
with some measure of nutrient intake, with no reductions in key nutrients following
intervention [16,45,50]. Calcium intake, important for growth and development, was
consistently low throughout the current study (~600–650 mg), which might suggest
an important potential target for future dietary interventions for adolescents.

The gradual pattern for macronutrient intake levels to regress towards baseline
intake levels over the 12 month maintenance period may reflect the waning adherence
to CAFAP nutrition intervention messages. This pattern was also reflected in the
regression of physical activity changes [39]. The loss of changes occurred alongside
the tapering maintenance support provided to adolescents, aspects of which were not
well-received in the initial three months post-intervention [51]. This might suggest
that future programs would benefit from more intensive support over 12 months,
possibly using a mode of contact other than text messaging. Despite a loss of positive
changes in macronutrient intakes during the maintenance period, these levels did not
worsen from baseline levels. Future trials should monitor long-term dietary changes
to understand how well dietary change is sustained, and plan maintenance support
programs accordingly.
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4.4. Dietary Assessment Methods

In this study, adolescents rated their own intake of fruits and vegetables
differently using the short food behavior questionnaire compared to how they
recorded their intake using a three day food record. Despite the reducing levels
of adherence and modest changes in diet, as shown by the food records, the
estimates of fruit and vegetable intake from the eating behavior questionnaire
remained significantly increased following intervention for the entire 12 month
maintenance period. For example, the food records showed no change in vegetable
intake following intervention but the short questionnaire showed an increase of
vegetable intake during the maintenance period of up to 0.9 serves at 12 months
post-intervention. Thus, it seems that the food behavior questionnaire may have
overestimated the effect of the intervention on intakes as compared to the food
records, particularly for vegetables. This discrepancy may be due to a desire
to report socially acceptable intakes in line with the CAFAP key messages [52],
particularly given that all changes occurred after the intervention had been delivered.
The wording of the questions directly reflected the nutrition intervention messages,
so adolescents may have felt obliged to show they had adhered. Alternatively the
participants may have truly believed that they were eating more healthfully. The
differences in self-reported behaviors from questionnaire and self-reported intake
from food records highlight the inherent difficulties in obtaining consistent and
accurate nutrition data in this population.

4.5. Strengths and Limitations

The strengths of the study include the use of multiple dietary assessment
measures, detailed description of obese adolescent dietary change following
intervention, detailed maintenance dietary data for a further 12 months and
adjustments for the impact of underreporting. The use of objective accelerometry
data in the estimation of total energy expenditure provides added confidence in
the adjustment for underreporting. Three day food records were used in this study
to provide detailed information about consumption patterns, including timing of
meals [53], without being limited by extensive reliance on memory and time available
for physical assessment. Although three day food records have known limitations
with potential underreporting, in this study we were able to use underreporting
as a covariate to control for the effect of underreporting on the dietary outcomes,
giving greater confidence in the results. Aside from the limitations associated with
any assessment of self-reported diet, other limitations included a relatively small
sample size. Due to recruitment difficulties and issues with retention in the study,
69 participants were included in the sample size at baseline, which is less than
initially planned. There were further issues with drop outs during the study, although
the attrition rate of 51% is in line with other recent pediatric weight management
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literature [40]. The proportionately low numbers of male participants in this study
reduces the generalizability of these findings. Additional studies are needed to
replicate these findings in diverse populations.

5. Conclusions

This is one of the first studies to report overweight and obese adolescent
adherence to the dietary component of a multi-component lifestyle intervention.
Findings showed that adherence rates were highest for CAFAP messages about
reducing junk food. Overweight and obese adolescents who participated in CAFAP
reported modest improvements in some key eating behaviors and nutrient intakes,
although this differed between methods of dietary assessment. The brief eating
behavior questionnaire gave a potentially more positive impression about the
adolescent dietary response to intervention, and so this data should be viewed
with caution. Future studies with overweight and obese adolescents should report
adherence to dietary interventions and use standardized and practical methods for
assessing and controlling for underreporting. These data provide evidence to support
the call for more comprehensive and long-term reporting of dietary intake in obese
adolescent interventions to better understand dietary changes in this group and,
thus, guide the design of effective interventions.
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