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Figure 2. Significant associations in multivariable regression models between food groups and
academic outcomes (mathematics and reading) in the Raine Study illustrated in forest plots by £
values and 95% confidence intervals.

4. Discussion

We examined the associations between adolescents’ dietary pattern intake and academic
performance in the Raine cohort at age 14 and found that a higher z-score for the “Western” dietary
pattern was associated with significantly poorer academic performance (specifically, poorer scores
in mathematics, reading and writing) independent of maternal education and race, family income,
functioning and structure. These results showed an average of 1SD difference to the means of the
academic scores for those children who had the 5th percentile (lowest level) and 95th percentile
(highest level) of the “Western’ dietary pattern score. The inclusion of adolescent BMI and physical
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activity level in the analyses did not alter these results. We found positive associations between
academic performance and consumption of fruit, yellow and red vegetables and whole grains.
Negative associations between academic performance and consumption of confectionary, soft drink,
fried potato and processed meat, were observed.

4.1. Diet and Academic Performance during Adolescence

Academic performance of adolescents has been shown to be influenced by meal patterns
(breakfast, lunch and dinner) and both poor (e.g., consuming French fries, hot dogs, soft drinks),
and good (e.g., consuming fruits, vegetables, fish) diets [6-10,28]. These previous reports are consistent
with our current findings that show associations between a higher intake of the “Western” dietary
pattern and its food components with lower academic performance.

Only one study to date has reported on the positive association between whole diet quality and
academic performance in children in grade five [29]. In another study undertaken by our research
group in the same cohort, the ‘Western” dietary pattern at age 14 had a negative influence on 17 year
old adolescents’ cognitive performance, specifically with respect to their psychomotor and executive
functioning [30]. It is known that cognitive performance is a significant predictor for academic
achievement [31].

We showed in the current study that BMI manifested significant associations with educational
attainment in mathematics but not with reading and writing, and that physical activity was not
associated with academic performance. However, our results were not modified by including BMI
and physical activity in the multivariate regression modelling with academic performance as the
outcome. This is in contrast with other studies that have found associations between physical activity,
BM]I, dietary factors and academic performance in children and adolescents [8,32,33].

4.2. Mechanisms Underlying the Association between Diet and Academic Performance during Adolescence

Adolescence is a sensitive developmental time period for the brain, particularly with respect to the
prefrontal cortex and other important brain structures, including the hippocampus which is critically
involved in learning and memory [34]. It is plausible that diet could be a significant environmental
factor influencing brain plasticity during this sensitive time period.

The ‘Western’ dietary pattern (which includes a high intake of ‘take away’ foods, red and
processed meat, soft drinks, and fried and refined food) correlates with overall intake of total fat,
saturated fat, refined sugar and sodium [15]. Moreover, this ‘Western’ dietary pattern has been
associated with increased biomarkers predictive of the metabolic syndrome in the same cohort [35].
Further, high fat and refined carbohydrate consumption and metabolic syndrome and its biomarkers
have all been linked with cognitive dysfunction (and possibly lower academic performance) through
hippocampal and frontal lobe volume loss and dysfunction [36,37]. This dysfunction may be due
to neuroinflammation, oxidative stress, damaged blood-brain barrier and/or abnormal brain lipid
metabolism [36,37].

The “Western’ dietary pattern is not only high in saturated fat, refined sugar and sodium but is
also poor in micronutrients. Micronutrients are necessary for brain function. Specifically, folate has
been positively associated with academic achievement in 15 year old adolescents [38], while iron
deficiency has been linked to poorer mathematics scores in both children and adolescents [39].
Conversely, associations between higher intake of fruit and yellow red vegetables and better
mathematics and reading scores may be due to increased levels of micronutrient content in these foods.

Another possible explanation for our findings is that adolescents who scored higher on the
‘Western’ dietary pattern may have been less likely to eat breakfast regularly. Children who regularly
eat breakfast tend to have better overall diet quality [40] (and possibly vice versa). In another study
in the Raine cohort, a positive correlation was observed between breakfast quality and overall diet
quality [41]. A good quality (i.e., low glycaemic index) breakfast has been linked to better academic
performance, while poor quality breakfast or no breakfast has been linked to poorer academic scores in
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children and adolescents [6,40,42]. Breakfast provides the brain with fuel (glucose) after an overnight
fast, which is important in preserving brain functions. In addition, those children who eat breakfast
generally have higher micronutrient intake compared to those who skip breakfast [42].

4.3. Strengths and Limitations

One of the strengths of our study is that academic performance scores including mathematics,
reading and writing were uniformly obtained by an independent organization via national testing.
Further, we were able to adjust for a range of maternal and family socioeconomic covariates and
adolescent characteristics that may have represented confounding.

A limitation of our study was that, since this was a cross- sectional analysis, we are not able to
claim cause and effect in the observed relationships. Another limitation is that we were not able to
adjust for maternal intelligence. However, we were able to adjust for maternal education, which is a
valid proxy measure for maternal intelligence [43]. Finally, we acknowledge that we cannot rule out
the possibility of other confounding factors that we were not able to adjust for in our analyses and
which may have been significant drivers of academic performance.

5. Conclusions

We have identified a “Western” dietary pattern as a risk factor for poorer academic performance
during adolescence. Adolescence is a sensitive period for brain development and a vulnerable time
of life with respect to nutrition. Therefore, public health policies and health promotion programs
should rigorously target the issue of food intake during this stage of individual development. To date,
this is one of the few studies to report on the associations between dietary patterns and academic
performance; therefore, more prospective studies are required to support our findings.
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Abstract: The objective of this study was to investigate major dietary patterns among older Korean
adults through cluster analysis and to determine an association between dietary patterns and
cognitive function. This is a cross-sectional study. The data from the Korean Multi-Rural Communities
Cohort Study was used. Participants included 765 participants aged 60 years and over. A quantitative
food frequency questionnaire with 106 items was used to investigate dietary intake. The Korean
version of the MMSE-KC (Mini-Mental Status Examination—-Korean version) was used to assess
cognitive function. Two major dietary patterns were identified using K-means cluster analysis.
The “MFDF” dietary pattern indicated high consumption of Multigrain rice, Fish, Dairy products,
Fruits and fruit juices, while the “WNC” dietary pattern referred to higher intakes of White rice,
Noodles, and Coffee. Means of the total MMSE-KC and orientation score of the participants in the
MFDF dietary pattern were higher than those of the WNC dietary pattern. Compared with the WNC
dietary pattern, the MFDF dietary pattern showed a lower risk of cognitive impairment after adjusting
for covariates (OR 0.64, 95% CI 0.44-0.94). The MFDF dietary pattern, with high consumption of
multigrain rice, fish, dairy products, and fruits may be related to better cognition among Korean
older adults.

Keywords: dietary pattern; older adults; cluster analysis; cognitive impairment

1. Introduction

The proportion of the world’s population aged >60 years was 12% in 2013 and is expected to
reach 21% by 2050 [1]. Along with the increase in the aging population, the prevalence of dementia
has also been increasing rapidly [2], and cost for the care of dementia will also be increased with its
prevalence [3]. In 2011, the cost of caring for dementia alone was approximately US $7.1 billion in Korea,
and it was estimated that this would increase to about US $100.6 billion by 2050 [3]. Therefore, the social
and economic burden is expected to increase significantly.

Mild cognitive impairment (MCI) can be defined as an intermediate state of cognitive function
between cognitive decline, seen in normal aging and dementia [4]. Several studies reported MCI to be
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a great risk factor for developing dementia [5,6]. As a result, it is important to prevent MCI in order to
reduce the risk of dementia.

Many studies have investigated the association between specific nutrients and cognitive
function, but the associations of specific nutrients such as antioxidant vitamins, B-vitamins, and n-3
polyunsaturated fatty acids with cognitive function have not been consistent [7-13]. People consume
various foods with complex combinations of nutrients. Therefore, dietary pattern analysis may be a
useful tool to consider overall diet, and can be used to investigate the association between overall diet
and cognitive function.

Several studies conducted in western countries have reported that “whole food” [14],
“healthy” [15,16], and “Mediterranean-style” [17] dietary patterns were related to better cognitive
function. In addition, “processed food” dietary patterns were related to a higher risk of cognitive
impairment [14,18]. In Asian countries, a “vegetables-fruits” dietary pattern (higher intake of
vegetables, fruits, soy products and legumes) and a “snacks-drinks-milk products” dietary pattern
(higher intake of fast food, sweets and desserts, nuts, and milk products) were related to a lower
risk of cognitive impairment in older Chinese people [19]. Koreans have distinct dietary patterns,
but few studies have been conducted on the association between Korean dietary patterns and MCI.
Thus, the objective of this study was to investigate major dietary patterns by using cluster analysis,
and to determine an association between the dietary patterns and cognitive function among Korean
older adults.

2. Materials and Methods

2.1. Study Population

The Korean Multi-Rural Communities Cohort Study (MRCohort), which is a part of the Korean
Genome Epidemiology Study (KoGES), has been conducted since 2004 to determine risk factors for
cardiovascular disease in the Korean population. The target population of this community-based
cohort is residents aged 40 years and over living in rural areas (Yangpyeong, Gyeonggi, South Korea).
Cognitive function has been assessed in the participants aged 60 years and over since 2009.
Thus, the participants included in the present study were the participants aged 60 years and over for
which data were collected between July 2009 and August 2010 (1 = 808). Participants with implausible
self-reports on energy intake of <500 kcal /day (1 = 2) were excluded. Since our study is a cross-sectional
design study, older people already having cognitive impairment lose their ability to prepare or purchase
healthy foods, thus the possibility of reverse causality can exist. Therefore, to reduce the influence of
inaccuracy conferred by participants with cognitive impairment, participants with the lowest 5% of
cognitive function score (3-14; mean £ SD = 11.6 % 2.8) were eliminated [20]. Thus, the final subjects
were 765 participants aged 60 years and over (331 men and 434 women). The Declaration of Helsinki
was upheld, and all procedures involving human participants were approved by the Institutional
Review Board of Hanyang University. Written informed consent was obtained from all participants.

2.2. General Characteristics and Anthropometrics Variables

All procedures were conducted according to standardized protocols developed for examination
and questionnaire procedures. A structured questionnaire was conducted by trained interviewers
to obtain information on demographic characteristics (age, sex, education, and marital status),
medical history (hypertension, hyperlipidemia, diabetes, cardiovascular disease, or stroke),
and lifestyle factors (smoking, alcohol consumption, regular exercise, and intake of dietary
supplements). Participants were asked to report whether they had smoked or had consumed
alcoholic drinks in their entire life. If they had smoked or consumed alcoholic drinks in their
entire life, they were additionally asked whether they were former smokers/drinkers or current
smokers/drinkers. The proportions of current smokers/drinkers were presented in the results.
If participants reported that they had exercised regularly, they were classified into regular exercisers.
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Anthropometric measurements were acquired by using standardized methods. Height was measured
using a standard height scale to within 0.1 cm. Participants were weighed using a metric weight scale
to the nearest 0.01 kg in light clothing without shoes. Body mass index (BMI) was calculated as weight
(kg)/height (m?).

2.3. Cognitive Function Examination

The Mini-Mental State Examination (MMSE) is one of the most frequently used screening tools
for the assessment of cognitive function [21]. In this study, the MMSE-KC (Mini-Mental Status
Examination-Korean version) was used to assess cognitive function. The MMSE-KC was developed
as a part of the Korean version of the Consortium to Establish a Registry of Alzheimer’s Disease
(CERAD) Assessment, and it has been proven to be as equally valid and reliable as the English version
of the CERAD [22]. The MMSE-KC was administrated by trained interviewers using a standard
protocol. Scores can range from 0 to 30, with higher scores indicating better cognitive function.
The MMSE-KC consists of the following areas: orientation (10 points), memory (3 points), attention and
calculation (5 points), memory recall (3 points), language function (6 points), visuospatial construction
(1 points), and understanding and judgment (2 point). Since MMSE is affected by socio-demographic
characteristics, the participants were diagnosed as having mild cognitive impairment (MCI) using the
criteria of the MMSE-KC according to age, sex, and education [23]. Participants with scores less than
1.5 standard deviations from the mean were categorized as “MCI”. Among items from the MMSE-KC,
orientation and memory evaluation were used to identify a relationship between dietary patterns and
cognitive function with the total score of the MMSE-KC. The MMSE-KC has been applied in several
studies to assess the cognitive function of Koreans [24-26].

2.4. Dietary Data

The quantitative food frequency questionnaire (FFQ), with 106 food items, was administrated by
trained interviewers to assess dietary intake. The validity and reproducibility of the FFQ have been
reported in detail elsewhere [27]. Daily intakes of specific nutrients were calculated by multiplying
the frequency of consumption per day, portion size of the 106 food items in grams, and nutrients per
gram. Nutrients per gram were acquired using CAN-PRO 4.0 (Computer Aided Nutritional Analysis
Program, the Korea Nutrition Society).

2.5. Statistical Analysis

The 106 food items were consolidated into 23 food groups depending on the similarity of intakes
and nutrient profiles: white rice, multigrain rice, noodles, rice cakes, cereals, breads, sweet foods,
nuts, beans, eggs, potatoes, salty vegetables, vegetables, meats, soups, fish, seafood, dairy products,
soymilk, coffee, green tea, soft drinks, and fruits and fruit juices.

Factor analysis is commonly used to detect a dietary pattern by finding factors that are composed
of correlated dietary variables. Individuals cannot be classified into distinct groups by factor analysis.
Unlike factor analysis, cluster analysis classifies individuals into relatively homogeneous groups,
thus, cluster analysis enables us to compare distinct groups directly. Cluster analysis was performed
to derive dietary patterns and to divide participants based on the similarity of their diets using the
FASTCLUS procedure. This procedure sorts participants into relatively homogeneous groups through
use of the K-means method. The K-means cluster analysis, a non-hierarchical cluster technique,
is done on the basis of Euclidean distances; therefore, the centers of cluster are grounded on least
squares estimation. This analysis requires the number of clusters to be specified prior to analysis.
The FASTCLUS procedure was initially run with 20 clusters, and then participants in clusters with
fewer than 5 participants were temporarily removed [28]. From this sample, the number of clusters was
varied (from 2 to 6) to determine the optimal number of clusters to provide a solution of reasonable
size, with the interpretable clusters. Through this process, two cluster solutions were selected as
the representation of the dietary patterns in this population. To evaluate the stability of the clusters,
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K-means cluster analysis was conducted repeatedly with two cluster solutions in random samples of
50% of the participants, and similar results were identified as those in the original analysis. Once the
specified number of clusters was settled, the participants were reassigned to the nearest cluster [28].

Nutrient Adequacy Ratios (NAR) and Mean Adequacy Ratio (MAR) were computed for protein
and micronutrients (Vitamin A, Vitamin C, thiamine, riboflavin, niacin, Vitamin By, folate, Vitamin By,
calcium, phosphorus, magnesium, iron, and zinc) on the basis of the recommended nutritional intake
(RNI) from the Dietary Reference Intakes for Koreans (KDRIs) to evaluate the nutrient adequacy of the
diet depending on the dietary pattern [29]. The NAR is defined as the ratio of a certain nutrient intake
to its RNI. The MAR was computed by calculating the average of the NAR values. A MAR value of
100% shows that dietary intake is equal to the RNI.

Characteristics of the participants and food intakes were compared between the dietary patterns
using the Chi-square test for categorical variables and t-test for continuous variables, and the variables
which showed significantly different distributions between the dietary patterns were considered as
potential confounders. Nutrient intakes and MMSE-KC scores were tested by the general linear model
compared between the dietary patterns after adjusting potential confounders (age, sex, education,
alcohol consumption, regular exercise, and history of diabetes). Multivariate logistic regression analysis
was conducted to investigate the association between major dietary patterns and cognitive function
after adjusting for potential confounders. All statistical analyses were performed using SAS software
(version 9.3; SAS Institute, Cary, NC, USA).

3. Results

A total of 36% of the participants were categorized into the cognitive impairment group.
Two major dietary patterns were identified using the K-means cluster analysis in the study population.
Group names were assigned based on the foods and food groups with high consumption. Mean intakes
(g/day) of foods and food groups of the two dietary patterns are presented in Table 1. The Cluster
1 dietary pattern had higher mean intakes of Multigrain rice, Fish, Dairy products, and Fruits and
fruit juices. Consequently, this pattern was named the “MFDF dietary pattern”. The Cluster 2 dietary
pattern was characterized by significantly higher mean intakes of White rice, Noodles, and Coffee,
for which it was named the “WNC dietary pattern”.

Table 1. Means of food and food groups intakes in the two dietary patterns.

Foods & food groups MEFDF (1 = 589) WNC (n = 176) p!
White rice (g/day) 02+56 254.4+78.6 <0.0001
Multigrain rice (g/day) 251.8 £75.1 1.0+ 34 <0.0001
Noodles (g/day) 19.4 £23.1 249 £30.4 0.027
Rice cakes (g/day) 26+52 2.6 +89 0.994
Cereals (g/day) 0.05+ 0.5 01+11 0.615
Breads (g/day) 8.1+ 18.0 83 +20.2 0.909
Sweet foods (g/day) 3.1+80 35+94 0.564
Nuts (g/day) 1.0+33 0.6+19 0.075
Beans (g/day) 22.7 + 289 23.8+29.8 0.664
Eggs (g/day) 934173 110 £ 19.9 0.309
Potatoes (g/day) 18.8 £ 25.6 14.6 275 0.065
Salty vegetables (g/day) 154.6 + 114.3 161.8 + 106.0 0.455
Vegetables (g/day) 634 +582 60.1+62.3 0.516
Meats (g/day) 162 +24.6 20.0 +£24.4 0.073
Soups (g/day) 4.04+10.2 3.6 £6.6 0.554
Fish (g/day) 43.9 £55.0 348 +44.1 0.025
Seafood (g/day) 45+82 6.5+ 14.5 0.090
Dairy products (g/day) 92.8 +127.4 67.7 £113.1 0.019
Soymilk (g/day) 17.7 + 459 27.2 + 838 0.149
Coffee (g/day) 82+8.1 105 +9.2 0.004
Green tea (g/day) 229 +44.6 20.9 + 46.4 0.605
Soft drinks (g/day) 21.1+409 242 4457 0.388

Fruits & fruit juices

(g/day)

MFDF: Multigrain rice, Fish, Dairy products, and Fruits & fruit juices; WNC: White rice, Noodles, and Coffee;
Values are the Mean =+ SD; ! t-test for continuous variables.

172.6 £ 155.8 1354 £116.3 0.001
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General characteristics of the participants by dietary pattern are shown in Table 2. A total of 589
participants (77.0%) were classified into the MFDF dietary pattern, while 176 participants (23.0%) were
classified into the WNC dietary pattern. Mean ages of the MFDF and WNC dietary patterns were
67.5 (SD = 5.0) years and 67.9 (SD = 5.7) years, respectively. The proportion of men was significantly
higher in the WNC dietary pattern (60.2%, p < 0.0001). There were no significant differences in the
proportions of educational levels between the two dietary patterns. “Farmer” was the major job
of the participants in both dietary patterns. Significant differences existed between the two dietary
patterns in regards to current alcohol drinkers, regular exercise, and diabetes. The proportion of
current alcohol drinkers was higher in the WNC dietary pattern than the MFDF dietary pattern
(p=0.001). Conversely, the proportions of those who exercised regularly (p < 0.0001) and were
diagnosed with diabetes (p = 0.002) were higher in the MFDF dietary pattern than the WNC dietary
pattern. No significant differences in age, BMI (Body Mass Index), educational level, occupation,
marital status, smoking status, dietary supplement use, or medical history, except for diabetes,
were found between the two dietary patterns.

Table 2. General characteristics of the participants in the two dietary patterns.

Characteristics MEFDF (n = 589) WNC (n =176) p!
Age (years) 67.5+5.02 67.9 £5.7 0.311
Height (cm) 156.3 + 8.4 158.2 + 8.6 0.008
Weight (kg) 59.8+9.3 60.3 £9.0 0.513
BMI 245+32 241+31 0.172
Men (%) 38.2 60.2 <0.0001
Education (%) 0.355
Uneducated 17.8 229
Elementary 53.1 45.7
Middle school 122 12.6
High school 114 14.3
College or Higher 5.4 4.6
Occupation 0.279
Office work 53 7.4
Non-office work 2.0 17
Service industry 4.6 4.0
Farmer 52.8 56.8
Housework 13.8 8.5
Unemployed 19.7 17.6
Others 1.9 4.0
Marital status 0.226
Currently marl;tzfj, or cohabiting 788 83.0
Alone (%) 21.2 17.1
Current alcohol drinker (%) 36.8 50.6 0.001
Current smoker (%) 22 4.0 0.197
Regular exerciser (%) 34.1 153 <0.0001
Dietary supplement user (%) 12.1 8.0 0.129
Disease
Cardiovascular disease (%) 7.1 5.7 0.503
Hypertension (%) 36.0 28.4 0.063
Hyperlipidemia (%) 3.2 2.3 0.516
Diabetes (%) 139 5.1 0.002
Stroke (%) 2.0 3.4 0.292

MEFDEF: Multigrain rice, Fish, Dairy products, and Fruits & fruit juices; WNC: White rice, Noodles, and Coffee;
BML: Body Mass Index; 1 f-test for continuous variables and Chi-square test for categorical variables; 2 Mean =+ SD.

Dietary intakes of the participants are presented in Table 3 after adjusting for sex. The total
energy intake was not different between the two dietary patterns, but the mean percentages of energy
intake from carbohydrate, protein, and fat were significantly different. No significant differences in
carbohydrate intake were observed between the two groups. However, protein and fat consumption
were higher in the MFDF dietary pattern than the WNC dietary pattern. Consumption of 3-carotene
and B vitamins (vitaming and folate) was also higher in the MFDF dietary pattern. The same tendency
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was observed for n-3 polyunsaturated fatty acid. The consumptions of potassium and calcium were
significantly higher in the MFDF dietary pattern. There were no significant differences in the intakes
of sodium, magnesium, iron, zinc, and selenium between the two dietary patterns. The MAR score,
representing diet quality, was also higher in the MFDF dietary pattern than in the WNC dietary pattern.

Analysis of the MMSE-KC scores revealed significant differences between the MFDF and the
WNC dietary patterns. The mean of the total MMSE-KC score of the participants in the MFDF dietary
pattern was higher than that of the WNC dietary pattern after adjusting for sex, alcohol consumption,
regular exercise, and diabetes (p = 0.040). In addition, the mean of orientation score from the MMSE-KC
was also higher in the MFDF group after adjusting for sex, alcohol consumption, regular exercise,
and diabetes (p = 0.047). (Figure 1).

The association between the dietary patterns and cognitive impairment was explored through
logistic regression analysis (Table 4). Compared with the WNC dietary pattern, the MFDF dietary
pattern showed lower risk of cognitive impairment after adjusting for age, sex, educational level,
alcohol consumption, regular exercise, and diabetes (OR 0.64, 95% CI 0.44-0.94).

Table 3. Nutrient intake of participants in the two dietary patterns.

Dietary intakes MEDEF (1 = 589) WNC (1 = 176) pl!
Total energy (kcal) 1464.6 + 18.22 1422.9 +£32.7 0.270
Percentage of energy
From carbohydrate (%) 76.1£0.3 781405 0.0002
From protein (%) 11.8 £ 0.1 11.1£0.2 <0.0001
From fat (%) 124 £0.2 10.3 £ 0.4 0.0003
Carbohydrate (g) 2759 +3.2 2744 £ 5.7 0.815
Protein (g) 46.1+0.8 403+ 14 0.0004
Fat (g) 202405 175+£1.0 0.015
Total fatty acid (g) 101+ 0.3 9.0£0.6 0.102
Saturated fatty acid (g) 43+02 38£03 0.151
Monounsa}turated fatty 454002 41403 0.269
acid (g)
Polyunsa't'urated fatty 24401 21401 0.091
acid (g)
n-3 polyunsaturated 0.4 +0.02 0.3 +0.03 0.040
fatty acid (g)
B-carotene (11g) 2567.9 £ 79.9 2219.8 + 143.8 0.036
Vitamin C (mg) 789 £ 2.1 71.8 £3.8 0.104
Vitamin E (mg) 6.6+ 0.1 6.1+0.3 0.115
Vitamin D (ug) 20+0.1 1.7+02 0.051
Vitamin Bg(mg) 1.2 +0.02 1.0 £ 0.03 0.001
Vitamin Bp(ug) 22401 22402 0.837
Folate (ug) 417.0+7.1 363.2 +12.8 0.0003
Sodium 2861.4 £ 68.0 2806.4 4 122.3 0.697
Potassium 2072.6 £+ 39.1 1754.3 £70.3 <0.0001
Calcium 368.8 9.7 302.8 £17.4 0.001
Magnesium 39.7+11 35.14+20 0.051
Iron(mg) 374423 33.8+42 0.455
Zinc(mg) 79 +0.1 75402 0.197
Selenium(ug) 64.8 + 1.0 64.0 + 1.8 0.703
MAR 0.7 +£0.01 0.6 +0.01 <0.0001

MFDF: Multigrain rice, Fish, Dairy products, and Fruits & fruit juices; WNC: White rice, Noodles, and Coffee; MAR:
mean adequacy ratio; ! p values for differences across two dietary patterns were obtained using the general linear
model after adjusting for sex; 2 Least Squares Mean =+ SE.
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Figure 1. Means of the total MMSE-KC, orientation, and memory scores across the two dietary
patterns. MFDF: Multigrain rice, Fish, Dairy products, and Fruits & fruit juices; WNC: White rice,
Noodles, and Coffee. All dietary patterns were adjusted for sex, alcohol consumption, regular exercise,

and diabetes.

Table 4. Odds ratio with 95% confidence interval for cognitive impairment according to

dietary patterns.

Model 11 Model 2 2 Model 33
WNC 1.00(reference) 1.00 1.00
MFDF 0.67 (0.47,0.95) 0.62 (0.43, 0.90) 0.64 (0.44, 0.94)

MEFDEF: Multigrain rice, Fish, Dairy products, and Fruits & fruit juices; WNC: White rice, Noodles, and Coffee; 1
Model 1 was not adjusted; 2 Model 2 was adjusted by age, sex, and education; 3 Model 3 was adjusted by age,
sex, education, alcohol consumption, regular exercise, and diabetes.

4. Discussion

Two distinct dietary patterns were identified by cluster analysis in older Korean adults residing
in rural areas. The participants (77.0%) with high consumption of multigrain rice, fish, dairy foods,
and fruits and fruit juices were assigned to the MFDF dietary pattern, while the remaining 23.0% with
higher intakes of white rice, noodles, and coffee were assigned to the WNC dietary pattern. The MFDF
pattern was associated with lower risk of cognitive impairment than the WNC dietary pattern.

Several studies have reported the association between chronic diseases and dietary pattern [30-32],
but limited studies have been done on the relationship between dietary patterns and cognitive function.
Among some of the studies reporting relations between dietary patterns and cognitive function,
the “healthy” dietary pattern reported in a middle-aged French population [15] and “whole food”
dietary pattern in Australians aged 65 years of age or over [18] were similar to the MFDF dietary
pattern observed in this study. No similar pattern to the WNC dietary pattern was present among
Western studies.

The MFDF and WNC dietary patterns were similar to the dietary patterns of previous studies
carried out among Koreans [33-35]. The MFDF dietary pattern (high consumption of multigrain
rice, fish, dairy products, and fruits and fruit juices) was generally similar to the “Korean Healthy”
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dietary pattern (higher consumption of whole grains, legumes, vegetables, and fruits) [34] and the
“modified traditional” dietary pattern (lower consumption of white rice and higher consumption of
fruits, dairy products, and legumes) [33]. On the other hand, the WNC dietary pattern was analogous
to the “Traditional Korean” dietary pattern (higher consumption of white rice and lower consumption
of milk products) [35], “Rice-oriented” dietary pattern (higher consumption of white rice and lower
consumption of vegetables, fruits, meat, and dairy products) [36], and “Traditional” dietary pattern
(higher consumption of white rice) [33].

The proportion of participants who exercised regularly was higher in the MFDF dietary pattern
than in the WNC dietary pattern. Recent research has identified physical activity as a potential
protective factor for preventing mild cognitive impairment [37-39]. When adults experiencing
subjective memory impairment engaged in regular physical activity through a six-month program, a
modest improvement in cognition was observed [37]. Moreover, meta-analysis concluded that aerobic
activities are beneficial for cognition in healthy older adults [38].

A major staple food in the Korean diet is rice, which accounts for 32.7% of total calorie intake [40].
Koreans eat plain white rice, or rice mixed with multigrain (brown rice, black rice, barley, or millet
etc.) and/or beans. White rice and brown rice have similar amounts of calories, but white rice consists
mostly of starchy endosperm because a great portion of the nutrients of brown rice is eliminated during
the polishing process. Several vitamins and minerals such as B vitamins (B, B, and Bg), x-tocopherol,
vitamin E, iron, zinc, and selenium are lost through the polishing process. Thus, mixed-grain rice
contains more B vitamins (B;, By, and Bg), a-tocopherol, vitamin E, iron, zinc, and selenium than
white rice. The constituents of multigrain rice, such as B vitamins, a-tocopherol, vitamin E, iron,
zinc, and selenium, are thought to exert favorable effects on cognitive function [41]. However, to our
knowledge, no study has directly examined the relationship between multigrain intake and cognitive
function, apart from a constituent of a dietary pattern. Therefore, further studies on the relationship
between whole grain intake and cognitive function are required.

The MFDF dietary pattern showed higher intakes of multigrain rice, fish, dairy products,
and fruits and fruit juices. Such foods can be good dietary sources of antioxidant vitamins,
B-vitamins, and n-3 polyunsaturated fatty acid. So far, the evidence from observational studies is
insufficient to exert a definitive association between several nutrients and cognitive function [12,13,42];
however, several studies have supported the beneficial effects of higher intakes of (-carotene,
B-vitamins, and n-3 fatty acids for cognitive function [11,43,44]. Fish is a good source of n-3
polyunsaturated fatty acids, which are major constituents of nerve cell membranes and have
anti-inflammatory effects, possibly providing support for their protective effects against cognitive
impairment [45]. B-vitamins (Vitamin Bg and folate) can be consumed through whole grains and fruits.
Many studies have reported a significant association between hyperhomocysteinemia and cognitive
impairment [46]. Deficiency of folate, Vitamin By or By, is a major factor influencing homocysteine
(Hcy) concentration [46,47]. Fruit is rich in antioxidant vitamins. In the present study, participants of the
MEFDF dietary pattern consumed more 3-carotene compared to those demonstrating the WNC dietary
pattern. (-carotene plasma levels were reported to be related to better memory performance [48].
A randomized trial reported that long-term (3-carotene supplementation for 18 years may be necessary
to obtain cognitive benefits [43]. Brain tissue contains easily oxidizable fatty acids which require the
protection of fat-soluble antioxidant vitamins such as (3-carotene. Adequate intake of 3-carotene may
protect brain tissue against oxidative damage by free radicals. Therefore, the sufficient intake of n-3
polyunsaturated fatty acids, B-vitamins, and (3-carotene in the MFDF dietary pattern may explain the
lower risk of cognitive impairment.

In this study, potassium and calcium intakes were significantly higher in the MFDF dietary pattern
compared to the WNC dietary pattern. Fruits are rich in potassium and dairy products are a good
source of calcium. Ozawa M et al., reported that potassium and calcium intakes reduced the risk of
vascular dementia [49]. However, Cherbuin N et al. observed that a higher intake of potassium was
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related to an increased risk of developing MCI and that there was no effect of calcium on MCI [50].
Further studies on the effects of potassium and calcium intakes on cognitive function are necessary.

MAR evaluates overall dietary quality. The MFDF dietary pattern showed a higher MAR score
than the WNC dietary pattern after adjusting for sex. Several studies have reported that consumption of
a healthy diet, defined by a priori hypotheses such as the Mediterranean diet (MeDi) score, the Healthy
Eating Index (HEI), and the Recommended Food Score (RFS), was associated with better cognitive
function among the elderly [51-57]. Higher quality diets may help to protect against age-related
cognitive decline in the elderly.

The WNC dietary pattern, centered on staple foods such as white rice and noodles without
the consumption of various foods, was identified in this study. This pattern was associated with
lower cognitive function. Previous studies have reported that unbalanced dietary patterns such as
“white rice, kimchi, and seaweed” [58], “white rice and kimchi” [59], and “rice-oriented” [36] dietary
patterns were related to health problems in Koreans. The “White rice, kimchi, and seaweed” dietary
pattern was negatively related to bone health [58], the “white rice and kimchi” dietary pattern was
positively related to obesity [59], and the “rice-oriented” dietary pattern was positively related to
hypertriglyceridemia and low high density lipoprotein-cholesterol [36]. Therefore, white rice-centered
unbalanced dietary patterns could influence the development of health conditions. In the WNC dietary
pattern, coffee intake was higher than for the MFDF dietary pattern. Some studies reported that
caffeine could be helpful for preventing cognitive impairment and dementia [60]. Although the intake
of caffeinated drinks such as coffee was higher in the WNC dietary pattern, it seems difficult to show
beneficial effects of caffeine alone without the consumption of healthy foods.

Limitations of this study should be noted when interpreting the results. Since this was a
cross-sectional study, we cannot conclude causality of dietary patterns for cognitive impairment.
Although we tried to reduce the influence of participants with lower cognition by eliminating the
participants who fell in the lowest 5% of MMSE-KC scores, there is still the possibility of reverse
causality. Because old adults with cognitive impairment may lose their ability to prepare adequate
meals, cognitive impairment can affect dietary pattern. Second, a gold standard for determination of
the number of clusters has not yet been established [61], and dietary pattern analysis (cluster analysis)
requires the subjective decisions of the investigator. Third, depression status was not considered as
a potential confounder because a small number of subjects were included in the depression survey.
In addition, although we tried to control for covariates, except for depression status, it is possible that
there were residual confounders influencing cognitive function, such as unknown risks or protective
factors. Despite these limitations, the dietary patterns identified in this study were similar to the
previous studies on Koreans [33,34], and the result of previous studies which suggested adhering to a
healthy diet could lower the risk of cognitive impairment was also confirmed [15,18].

5. Conclusions

In conclusion, this study identified two distinct dietary patterns, the MFDEF dietary pattern and
the WNC dietary pattern. The MFDF dietary pattern, consisting of higher intakes of multigrain rice,
fish, dairy products, and fruits and fruit juices, showed lower risk of cognitive impairment among
older Korean adults than the WNC dietary pattern, which was made up of higher intakes of white
rice, noodles, and coffee. The present study demonstrated that dietary pattern was related to the
risk of cognitive impairment among Korean older adults. However, since this was a cross-sectional
study, further investigations are necessary to identify causal associations between dietary pattern and
cognitive impairment among Korean older adults.
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Abstract: Previous research suggests the association of glutathione S-transferase (GST) gene
polymorphisms or diet, but no interactions between these factors in atopic dermatitis (AD).
We conducted a community-based case-control study including 194 AD and 244 matched non-AD
preschoolers. Glutathione S-transferase M1 (GSTM1) and T1 (GSTT1) present/null genotypes were
evaluated uisng a multiplex PCR method. We measured dietary intakes by a validated food frequency
questionnaire and constructed three dietary patterns such as “traditional healthy”, “animal foods”,
and “sweets” diets. In stratified analyses by GST genotypes, the “traditional healthy” diet and reduced
AD showed association only in the GSTM1-present group (odd ratio (OR) 0.31, 95% confidence interval
(CI) 0.13-0.75). A similar pattern of the association existed in the combined GSTM1/T1 genotype
that indicated the inverse association between the “traditional healthy” diet and AD in the double
GSTM1/T1-present genotype group (OR 0.24, 95% CI 0.06-0.93). Results from the multiplicative test
analyses showed that the “traditional healthy” diet on reduced AD was significant or borderline
significant in the GSTM1-present group (OR 0.71, 95% CI 0.54-0.92 vs. GSTM1-null group) or the
GSTM1/T1 double present group (OR 0.63, 95% CI 0.39-1.03 vs. GSTM1/T1 double null group).
These findings demonstrate that the present type of GSTMI may increase susceptibility to the potential
effect of the “traditional healthy” diet on AD.

Keywords: dietary patterns; GST gene; polymorphisms; atopic dermatitis; young children

1. Introduction

Atopic dermatitis (AD) is a chronic and relapsing inflammatory skin disease. It is one of the
most common allergic diseases in children, affecting up to 25% worldwide [1]. Comparable or even
greater prevalence of AD (25%-34%) has been reported in a large scale study of Korean children [2].
The majority of AD starts in early childhood, and 70% of children with AD show clinical symptoms
before the age of five years [3,4]. As AD is a major health concern that severely compromises quality of
life in children, understanding the factors associated with the development of AD and its prevention
are critical.

Multiple genetic and environmental factors are thought to contribute to the risk and development
of AD. AD is usually associated with a family history of atopic disorders, such as asthma,
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rhinitis, and AD itself, and twin studies have shown that the genetic contribution is substantial [5].
However, a steady increase in the prevalence of AD over recent decades indicates that environmental
factors also play important roles in AD pathogenesis. Although the molecular mechanisms underlying
AD are not fully understood, impaired homeostasis of oxygen/nitrogen radicals as well as increased
oxidative stress have been suggested to be involved in the pathophysiology of childhood AD [6,7].
In skin inflammation associated with AD, reactive oxygen species are released during the activation
and infiltration of lymphocytes, monocytes, and eosinophils [8,9].

Diet has been suggested as a predictor of health such as allergic diseases and mental health in
childhood [10-16], although the actual association is not clear. Previously, we have demonstrated
that a higher intake of dietary antioxidant vitamins, including (3-carotene and vitamin E, is associated
with a reduced risk of AD among preschool-age children in Korea and suggested a possible role of
oxidative stress in this association [10]. Dietary pattern providing an overall view of intake draws
attention because it could minimize chance inter-correlations among many nutrients in the diet.
“Processed” or “Western” diets , high in fat and sugar content, or “healthy” or “prudent” diets,
containing micronutrient-rich foods, have been reported regarding child mental health, although the
associations are not clear [13-16].

Genetic variations in glutathione S-transferase (GST) that alter enzymatic activity can have
a significant impact on susceptibility to diseases whose pathogenesis involves oxidative stress, as is
the case in many inflammatory diseases such as atopic dematitis (AD) [17-20]. Several genetic
polymorphisms have been identified in GST isoforms. A limited number of studies [21,22], including
one of our own [23], have examined the association of GST gene polymorphisms with AD, yet the
findings are inconsistent.

Considering that both genetic and environmental factors are important contributors to AD
development, we hypothesize that interactions between genetic determinants of antioxidant capacity
and diet may play a role in AD. Therefore, in the present study, we examined the association
between dietary patterns and AD in relation to glutathione S-transferase M1 (GSTMI1) and
T1 (GSTT1)-present/null polymorphisms.

2. Methods

2.1. Participants and Study Design

As shown in Figure 1, at the beginning, our participants were from a population based and
matched case-control study including 781 subjects who were selected by screening eligibility from
2638 preschoolers residing in middle-income areas in large cities in Korea such as Seoul and Incheon
between May and July 2006 [10,23]. We assessed the child’s AD by the Korean version of ISAAC
(The International Study of Asthma and Allergies in Childhood) [10,23]. Case subjects were children
who had experienced AD symptoms in the form of AD diagnosis or treatment (1 = 351), and controls
were matched by the same preschools (n = 430), considering both age and gender. Of those 781
participants, we excluded 343 children who had no dietary intake variables (n = 179; 82 AD, 97 non-AD),
energy intake less than 500 kcal or greater than 4,500 kcal (n = 15; 7 AD, 8 non-AD), modified diet by
AD (n = 36; 26 AD, 10 non-AD) or other diseases (1 = 8; 7 AD, 1 non-AD), or no genetic information
(n =105; 35 AD, 70 non-AD). A total of 438 (194 AD, 244 non-AD) children were included in our data
analyses (Figure 1). Due to the exclusion of a large number of children, we did comparison analysis
including the child’s age (5.3 vs. 5.2 years), BMI (15.4 vs. 15.5) and gender (48.3% vs. 50.3% for girls),
as well as household monthly income (38.4% vs. 33.8% for greater than 4 million Korean Won, close to
4000 US $). There was no significant group difference in these variables (Supplementary Table S1).

Data on dietary intake, AD, and other related information were collected by questionnaires.
Blood samples were taken for the analyses of genetic information and total IgE concentration between
September 2006 and January 2007.
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Screened for eligibility | = n=12638 (1167 AD, 1471 non-AD)
Declined at kindergarten or individual = n=1227 (AD 728, 499 non-AD

level (439 AD, 972 non-AD)

1

Excluded due to under any medication = n =781 (351 AD, 430 non-AD)
(377 AD, 69 non-AD)

1

No dietary intake =) n =602 (269 AD, 333 non-AD)
(n=179: 82 AD, 97 non-AD)

L

Energy intake < 500 or > 4500 kcal = n =587 (262 AD, 325 non-AD)
(n=15:7AD, 8 non-AD)

1

Habitual diet modified by AD = n =351 (236 AD, 315 non-AD)
(n=36:26 AD, 10 non-AD)

4

Other diseases = n =543 (229 AD, 314 non-AD)
(n=28:7AD, 1 non-AD)

1

No genetic information =) Available for data analysis
(n=105: 35 AD, 70 non-AD) n =438 (194 AD, 244 non-AD)

Figure 1. Sample selection process. Atopic Dermatitis (AD).

2.2. Dietary Assessment

We assessed dietary intake through a validated semi-quantitative food frequency questionnaire
(FFQ) used in other studies [10,24]. Reproducibility (r = 0.5-0.8) and validity (r = 0.3-0.6) of this
instrument were both acceptable [10,24]. The FFQ contains 86 food items with nine non-overlapping
frequency response categories as well as three portion size options (low 0.5, medium 1, high 1.5).
Using CAN PRO II (Computer-Aided Nutritional Analysis Program II), developed by the Korean
Nutrition Society, the amount of each food item in the FFQ was converted into grams, after which
daily intakes of nutrients were calculated.

To develop dietary patterns for this study group, we used 84 food items, excluding two rarely
eaten foods (organ meat and fermented salty fish). From the 84 food items, our analysis consisted of
33 food /food groups based on nutrient profiles of each food item (Table 1).

Table 1. Thirty-three food groups used in statistical analyses with factor analysis.

Food/Food Group Food
Beans Soybean curd (tofu)/curd residue, soybean (boiled with soy sauce), soymilk
Beof Sliced beef with sauces (Galbi, Bulgogi), beef (loin, tender loin), beef soup /beef
broiled down in soy

Bread White and dark breads

Cereals Breakfast cereals

Cheese Cheese

Chicken Chicken (fried), chicken (boiled, braised)

Chocolate Chocolate

Eggs Eggs

224



Nutrients 2015, 7, 9440-9452

Table 1. Cont.

Fast food Hamburger, pizza, French fries
Eggs Eggs
Fast food Hamburger, pizza, French fries
Fats Butter/margarine, mayonnaise
White fish (pan fried, fried), white fish (grilled, broiled down in soy) blue fish
Fresh fish (pan fried, fried), blue fish (grilled, broiled down in soy), squid/octopus, shrimps,
clams/oysters
Fruit juice Orange juice, tomato juice, other fruit juices
Fruits Strawberries, apple, pear, mandarin/orange, tomato, banana, melon/muskmelon,
watermelon, peaches/plum, grapes
Ice cream Ice cream
Ki . Korean cabbage kimchi/seasoned cubed radish roots/young radish kimchi, other
imchi . . .
kinds of kimchi
Milk Whole milk, flavored milk, low fat milk
Mulchi Anchovy (stir-fried)
Noodles & Dumplings Korean style noodles, spaghetti/bean sauce noodles, dumplings
Nuts Nuts
Pork Pork (loin, tender loin, shoulder), pork (belly)
Potatoes Potatoes, sweet potatoes (not fried)
Processed fish Canned tuna, fish paste
Processed meat Ham/sausage
Ramyeon Ramyeon
Rice White rice, other grains
Rice cake Rice cakes
Seaweeds Dried laver, sea mustard
Snacks Chips, crackers
Sweet bread Sweet bread
Sweet drinks Cocoa, soft drinks, sport drinks, traditional sweet drinks
Sweets Candies, jam
Lettuce/cabbage (raw), lettuce/cabbage (cooked), radish, bean
Vegetables sprout/mungbean sprout, cucumber, spinach, perilla leaves, unripe hot pepper,
onion, carrots, squash, mushrooms, roots of balloon flower/fernbrake
Yogurt Yogurt, yogurt drinks

2.3. Genotyping

Genotypes for GSTM1 and GSTT1 present/null polymorphisms were assessed as described by
Chung et al. [23]. Genomic DNA was extracted from buffy coats using an AxyPrep™ Blood Genomic
DNA miniprep kit (Axygen Biosciences, Union City, CA, USA), after which multiplex PCR analyses
were performed. Briefly, GSTM1, GSTT1, and (3-globin genes were simultaneously amplified by PCR
along with mixed primers for each gene. PCR conditions were as follows: initial denaturation at 94 °C
for 3 min, followed by 27 cycles of 94 °C for 30 s, 62 °C for 30 s, and 72 °C for 45 s, and a final extension
step of 10 min at 72 °C. After amplification, PCR products were analyzed on a 2% agarose gel and
stained with ethidium bromide. The presence or absence of GSTT1 (480 bp) and GSTM1 (215 bp) genes
was determined in the presence of the control (3-globin gene (268 bp).

2.4. Other Factors

Using a questionnaire, we measured household monthly income, parental education level,
and child’s age as continuous variables, and parental allergic history including AD, asthma, or rhinitis,
and child’s gender, nutrient supplement intake, and current exposure to smoking at home as
categorical variables. Height and weight of children were measured by following recommended standard
procedures [25]. Body mass index (BMI) was calculated by using height and weight measures. Serum total
IgE concentrations were determined by EIA (AutoCAP system, Pharmacia, Uppsala, Sweden).
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2.5. Statistical Analysis

Based on the 33 food/food groups (Table 1) with daily intake frequency values per 1000 kcal,
we performed factor analysis to develop dietary patterns with varimax rotation [26]. Three dietary
patterns were selected in accordance with the eigenvalue (>1.5), scree plots, and interpretability of
factors. We calculated factor loadings for each food/food group across the three dietary factors, and a
factor score for each subject obtained for the 33 food/food groups, in which intakes of food groups
were weighted by their factor loadings and summed.

We named dietary patterns based on food/food groups with the most positive factor loadings.
The “traditional healthy” pattern was identified by considering relatively higher intakes of vegetables,
fruits, seaweeds, beans, anchovies, potatoes, fresh fish, kimchi, and cheese, as well as lower intake
of ramyeon. The “animal foods” pattern was characterized by higher intakes of beef, pork, poultry,
fish, and fast foods, in addition to noodles and rice cake. The “sweets” included higher intakes of fruit
juice, sweet drinks, chocolate, snacks, and ice cream, but lower intake of rice (Table 2).

Table 2. Factor-loading matrix for defining dietary patterns by the factor analysis using 33 food or food
group variables (1 = 438).

Food/Food Groups Traditional Healthy =~ Animal Foods Sweets
Vegetables 0.62 0.13 -0.13
Fruit 0.58 —0.01 0.18
Seaweeds 0.48 0.06 —0.02
Beans 0.44 0.01 0.10
Mulchi 0.46 —0.03 —0.06
Potatoes 0.46 0.21 —0.04
Kimchi 0.38 —0.08 —-0.22
Fresh fish 0.37 0.21 —0.10
Ramyeon —0.35 0.29 -0.17
Noodles and dumplings —-0.21 0.52 0.03
Bread 0.04 0.49 0.12
Rice cake 0.15 0.48 —0.04
Chicken —0.07 0.47 —0.02
Fast food —0.19 0.43 0.19
Sweet bread —0.03 0.40 0.06
Beef 0.15 0.37 0.04
Sweets —0.01 0.36 0.35
Fats 0.11 0.33 —0.01
Pork 0.05 0.30 0.05
Processed meat —0.21 0.28 0.09
Processed fish 0.09 0.25 0.01
Milk 0.01 —0.34 0.19
Fruit juice 0.24 0.01 0.50
Sweet drinks —0.23 0.17 0.46
Chocolate —-0.14 0.14 0.46
Snacks —0.28 0.14 0.41
Ice cream 0.02 0.06 0.38
Cheese 0.32 —0.13 0.33
Rice —0.23 —0.01 —0.60
Yogurt 0.20 -0.23 0.29
Eggs 0.16 0.15 —0.27
Nuts 0.27 —0.05 0.27
Cereals —0.04 0.02 0.16

Each dietary pattern was divided into high (Q4) and low (Q1-Q3) groups according to the quartiles
of dietary pattern scores. In addition to initial crude models, multivariate logistic regression models
were used to estimate the effects of dietary patterns and GST genotypes on AD. As potential residual
confounders, parental allergic history, maternal education level, household income, and child’s age,
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gender, BMI, total energy and nutrient supplement intakes, and secondary smoking exposure had
been considered. Among these variables, household income, maternal education level, and child’s
secondary smoking exposure were excluded in the analytic model because these variables did not
show any significant difference between AD and non-AD groups.

To investigate the association between dietary patterns and AD with respect to GST genotypes,
stratified analyses were performed after dividing the subjects into two groups for the GSTM1
and GSTT1 (null and present), and three groups for the GSTM1/T1 (double null, either present, or
double present). The stratified analysis by GST genotype was conducted adjusted for the confounders
in the corresponding model. Multiplicative interactions were performed using the corresponding
models that included the interaction term to examine the modifying effect of GST genotypes on the
association between dietary patterns and AD. Results were reported as odds ratios (OR) and 95%
confident intervals (CI). Significance was set at p < 0.05. Statistical analyses were conducted with
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

2.6. Ethics Statement

This study was conducted in accordance with the guidelines detailed in the Declaration of
Helsinki, and all procedures involving human subjects were approved by the Institutional Review
Board of the College of Human Ecology at Kyung Hee University [10,23]. Written informed consent
was obtained from all parents of participating children.

3. Results

When we compared the high (Q4) and low (Q1-Q3) groups of dietary patterns,
the “traditional healthy” diet was associated with higher intakes of protein, unsaturated fat, and
micronutrients (Table 3). In particular, higher intakes of f—carotene and vitamin C (2.1 and 1.5-fold
difference between the high and low groups, respectively) were substantial. The “animal foods”
dietary pattern showed higher intakes of macronutrients except for plant protein and saturated fatty
acids (SFA), but had no associations with micronutrients excluding vitamin E. The “sweets” diet was
relevant to higher intakes of energy, plant fat, SFA, retinol, and vitamin C, as well as a lower intake of
plant protein.

When we compared nutrient intakes by AD, AD showed an association with lower intakes of
vitamin E, folate, and possibly (3-carotene (Table 4). General characteristics were similar between AD
and non-AD children except for child’s total IgE concentration and allergic history of parents (Table 4).
In the AD group, the majority of children (80.4%) showed experience of physician’s diagnosis of AD,
followed by AD symptoms (45.8%-49.5%) and AD treatment (22.6%).

The proportions of children with the null genotype in GSTM1 and GSTT1 were close to 60%
and 50%, respectively (Table 5). When the GSTM1 and GSTT1 genotypes were combined, about 30%
of children carried the null genotype for both genes. There were no associations of AD with GST
genotypes and dietary patterns in univariate analyses.

In stratified analyses by GST genotypes (Table 6), the “traditional healthy” diet and reduced
AD showed association only in the GSTM1I-present group (OR 0.31, 95% CI 0.13-0.75). A similar
pattern of the association existed in the combined GSTM1/T1 genotype, which indicated an inverse
association between the “traditional healthy” diet and AD in the double GSTM1/T1-present genotype
group (OR 0.24, 95% CI 0.06-0.93). There was a stronger association between the “traditional
healthy” diet and AD (7%) in the GSTM1/T1 double present group (OR 0.24) than the case of
GSTM1-present (OR 0.31) group. Results from the multiplicative test analyses showed that the
“traditional healthy” diet on reduced AD was significant or borderline significant in the GSTM1-present
group (OR 0.71, 95% CI 0.54-0.92 vs. GSTM1-null group) or the GSTM1/T1 double present group
(OR 0.63, 95% CI 0.39-1.03 vs. GSTM1/T1 double null group). These associations did not exist in the
“animal foods” and “sweets” dietary patterns.
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Table 4. Associations of nutrient intakes and general characteristics with atopic dermatitis (AD) in

young children.
AD (n =194) Non-AD (n = 244) "
Mean SD Mean SD r
Age (year) 54 1.2 53 1.3 0.270
BMI (kg/mZ) 18.3 3.5 17.9 34 0.260
Birth weight (kg) 3.3 0.7 3.3 0.8 0.876
Daily nutrient intake
Energy (kJ) 6305.2 2622.3 6592.8 2957.5 0.289
Animal protein (g) 31.8 18.6 35.4 23.3 0.073
Plant protein (g) 224 9.4 23.3 10.2 0.324
Animal fat (g) 27.5 16.8 30.5 21.0 0.095
Plant fat (g) 18.2 10.5 19.8 119 0.130
Vitamin A (ug RE) 4425 274.3 497.3 321.0 0.055
Retinol (ug) 231 158.8 241.2 161.8 0.509
{B-carotene (ug) 1442.2 1244.3 1679.6 1397.8 0.065
Vitamin C (mg) 69.3 57.1 76.4 61.8 0.217
Folate (ug) 173.8 88.0 197.3 106.5 0.012
Vitamin E (mg o-TE) 8.5 53 10.2 7.4 0.005
Saturated fatty acids (g) 119 7.8 12.7 9.1 0.357
Monounsaturated fatty acids (g) 7.8 4.6 8.8 6.8 0.072
Polyunsaturated fatty acids (g) 3.9 2.4 4.6 3.5 0.009
Total IgE (U/mL) T 325.8 617.2 187.7 307.9 0.006
n (0/0) n (o/u)
Gender (boys) 103 (53.4) 123 (50.4) 0.539
AD status
Symptoms (1 = 192) 88 45.8
Itchy rash in the last year (n = 180) 89 49.5
Diagnosis by physician (1 = 194) 156 80.4
Treatment (1 = 190) 43 22.6
Current exposure to smoking at home 31 (17.0) 35 (15.4) 0.645
Supplementary multivitamin use 80 (46.0) 110 (48.9) 0.564
Household income (10* Won/mo) §
<200 28 (15.0) 30 (12.7) 0.733
200-399 90 (48.1) 113 (7.7
>400 69 (36.9) 94 (39.7)
Maternal educational level (>16 year) 86 (44.8) 99 (40.7) 0.396
Allergic history of mother
Asthma 9 (4.6) 13 (5.3) 0.743
Rhinitis 46 (23.7) 57 (23.4) 0.932
AD 26 (13.4) 14 (5.7) 0.006
Allergic history of father
Asthma 9 (4.6) 6 (2.5) 0.213
Rhinitis 47 (24.2) 35 (14.3) 0.008
AD 22 (11.3) 17 (7.0) 0.110

Abbreviations: RE = retinol equivalents, TE = tochopherol equivalents; * Unadjusted; T n = 182 for AD, n = 232
for Non-AD; ¥ Only for AD group; $ Approximately 10* Won =10 US dollars.
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Table 5. Associations of the glutathione S-transferase M1 (GSTM1) and T1 (GSTT1) genotypes and
dietary patterns with atopic dermatitis (AD).

AD Non-AD

p *
n % n %
Genotypes
GSTM1 0.466
Null 118 608 140 574
Present 76 39.2 104 426
GSTT1 0.686
Null 98 50.5 128 525
Present 96 495 116 475
GSTM1/GSTT1 0.638
Double null 57 29.4 75 30.7
Either null 102 526 118 484
Double present 35 18.0 51 20.9
Dietary patterns
Traditional healthy 0.466
Low (Q1-Q3) 149 453 180 547
High (Q4) 45 41.3 64 58.7
Animal foods 0.873
Low (Q1-Q3) 145 441 184 559
High (Q4) 49 45.0 60 55.0
Sweets 0.776
Low (Q1-Q3) 147 447 182 553
High (Q4) 47 43.1 62 56.9
* Unadjusted.
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Table 6. Association between dietary pattern and atopic dermatitis (AD) by of the glutathione
S-transferase M1 (GSTM1) and /or T1 (GSTT1) genotypes (1 = 438) *.

AD vs. Non AD
aOR  95%CI p for Chi-Square T aOR  95% CI p for Interaction

Tradition healthy
GSTM1
Null 124 (0.68,2.26) 0.495 1
Present 031 (0.13,0.75) 0.009 0.71  (0.54,0.92) 0.011
GSTT1
Null 0.67  (0.34,1.30) 0.239 1
Present 090 (0.45,1.81) 0.788 1.08 (0.85,1.37) 0.542
GSTM1/GSTT1
Double null 093 (0.41,2.13) 0.881 1
Either null 0.97  (0.49,1.90) 0.931 127 (0.90.1.37) 0.176
Double present 0.24  (0.06,0.93) 0.039 0.63  (0.39,1.03) 0.065
Animal foods
GSTM1
Null 1.07  (0.56,2.08) 0.843 1
Present 125 (0.62,2.52) 0.550 1.04 (0.82,1.32) 0.760
GSTT1
Null 1.07  (0.55,2.07) 0.861 1
Present 1.18  (0.60,2.32) 0.649 1.03  (0.81,1.30) 0.836
GSTM1/GSTT1
Double null 1.18  (0.47,2.98) 0.741 1
Either null 0.95 (0.49,1.84) 0.891 0.88  (0.64,1.21) 0.423
Double present 1.68  (0.60,4.68) 0.329 117 (0.79. 1.72) 0.441
Sweets
GSTM1
Null 0.68  (0.36,1.26) 0.220 1
Present 153 (0.73,3.20) 0.266 123 (0.96, 1.56) 0.098
GSTT1
Null 0.85 (0.42,1.73) 0.665
Present 102 (0.54,1.93) 0.963 105  (0.82,1.33) 0.712
GSTM1/GSTT1
Double null 059 (0.24,1.44) 0.247 1
Either null 1.04 (0.52,2.10) 0.920 1.02  (0.74,1.41) 0.897
Double present 1.62  (0.61,4.33) 0.343 127  (0.87,1.86) 0.212

* Model included the main and interaction effects of the GSTM1 and/or GSTT1 genotype (present vs. null) and
dietary pattern (high vs. low) with adjustment for child’s age, sex, total energy intake, multivitamin use and
BMI, and parental history of allergic diseases; T P for the stratified association between dietary patterns and AD
by GST-null and present groups in the corresponding models; * P for the multplicative association between AD
and dietary pattern (high vs. low) in the GST present group compared to this association in the GST null group
as reference (OR 1) in the corresponding models. N null; p present.

4. Discussion

Our findings suggest the association between the “traditional healthy” diet and reduced AD in
children with the GSTM1-present genotype, and that children with GSTT1-present genotype may be
more susceptible to this association. Such associations may not be relevant to an inactive GST allele
such as the GST-null genotype.

Despite a lack of clear explanation, the absence of an association of the GSTM1- or GSTT1-null
genotype with dietary components may suggest that certain polyphenols and carotenoids induce
the expression of GST genes and increase the activities of GST enzymes [27-29]. Thus, the lack of
an active GST allele would inhibit the response to dietary components that affect the expression of GST
genes. Similar to our findings, a recent human intervention study [30] reported that a high-fruit juice
and vegetable diet significantly increased erythrocyte GST activities and antioxidant capacity-related
biomarker levels in blood from GSTM1- and GSTT1-present participants, whereas blood from GSTM1-
and GSTT1-null participants was unaffected. Even though the interactions of GST genotypes and diet
in relation to AD have not been studied yet, previous reports [31,32] that examined these interactions
in other diseases support our findings. Specifically, a significant inverse association between intake
of carotenoid-rich or cruciferous vegetables and cancer risk was detected in carriers of the GSTM1-
or GSTT1-present genotype but not in those participants with the GSTM1- or GSTT1-null genotype.
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These results, as well as our findings, suggest that carriers of the GSTM1- or GSTT1-present genotype
may be more responsive to dietary changes and could benefit more from healthy dietary patterns.

There have been conflicting reports on the association of GST present/null genotypes with AD [21,22,33].
Consistent with our results, the GSTM1-present genotype has been reported to be relevant to AD only
in the presence of specific environmental stimuli (prenatal smoke exposure) [34]. Detection of these
gene-diet interactions suggests that it is important to determine the effects of gene polymorphisms
as well as appropriate dietary information in order to account for the heterogeneity of previous
findings. Further, unlike genetic determinants, diet can be modified by lifestyle intervention. Therefore,
understanding the interactions between genetic and dietary factors is valuable in establishing dietary
guidelines to reduce disease risk.

Several studies [10,35-38] have shown the association between nutrient/food intakes and AD,
but little is known regarding specific dietary patterns relevant to AD in relation to GST genes.
Dietary pattern analysis considers the effects of the whole diet, including interactions and synergistic
effects among nutrients and foods [39]. As nutrients and foods are not consumed in isolation, dietary
patterns more accurately reflect eating habits than nutrient intake levels. The “traditional healthy”
pattern that showed a positive impact on reduced AD in this study is somewhat similar to the
“Mediterranean diet”, which mainly involves higher intakes of micronutrients [40]. Adherence to a
“Mediterranean diet” during pregnancy has been demonstrated as a protective factor against atopy
until an age of 6.5 years (OR 0.55, 95% CI 0.31-0.97) [41]. On the other hand, no association between
the “Mediterranean diet” and AD has been reported in 6 to 7-year-old school children in Spain [42].
This discrepancy may be explained in part by a function of effect modifiers, like GST genes that we
found in this study.

The limitations of this study are as follows. We assessed AD based on subjective measures without
considering objective indices, although the ISAAC questionnaire used in this study is an internationally
standardized protocol and has been widely used to determine the prevalence of allergic diseases in
Korea [2,10,43]. Another limitation would be small sample size to identify a diet-gene interaction
against AD. We determined sample size at the beginning of this study based on antioxidant nutrients
and AD, but with little consideration of genetic characteristics. Possibly meaningful, but unmeasured
or unexamined variables such as heavy metals [44] and other genes may also limit our findings [45,46].

Regardless of these limitations, this study of gene-diet interaction in AD is meaningful because it
is the first study to suggest the importance of genetic susceptibility that could play a crucial role in
the “traditional healthy” diet on a child’s AD. A large scale prospective study is needed to confirm
these findings.

5. Conclusions

We conclude that healhty diet may reduce AD only in children with the GSTM1-present genotype.
These findings suggest genetic susceptibility to the association between diet on AD.

Supplementary Materials: Supplementary materials can be accessed at: http://www.mdpi.com/2072-6643/7/
11/5473/s1.
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Abstract: The transition from adolescence to adulthood is a unique period during which lifelong
dietary habits are shaped. Dietary patterns (DPs) among young adults attending college have not
been adequately described, and associations between DPs and indicators of disease risk are not well
understood in this age group. Dietary data were collected from undergraduates participating in the
Tufts Longitudinal Health Study (TLHS; 1998-2007) by Food Frequency Questionnaire (FFQ; n = 1323).
DPs were derived using principal components analysis with varimax rotation. Scree plots;
eigenvalues; factor loadings; and previous studies were used to determine and label the DPs retained.
Cross-sectional relationships between DP scores and anthropometric measures (percent body fat (PBF)
and (BMI) and lipid biomarkers (total; HDL and LDL cholesterol; and triglycerides) were assessed
with multivariable regression models; adjusted for demographics; physical activity; smoking; intention
to gain/lose weight; and total energy intake. Effect modification by sex was tested. Three DPs were
identified: Prudent; Western; and Alcohol. Greater adherence to the Prudent DP was associated with
favorable anthropometric outcomes. The Alcohol DP was associated with a favorable lipid profile.
Associations between the Western DP and blood lipids differed by sex; with unfavorable impact
observed only among males. Our findings add to the literature linking DPs in young adults with
measurable adiposity and cardiometabolic outcomes; suggesting that improving nutrition among
college students could reduce chronic disease risk.

Keywords: dietary patterns; principle component analysis; college students; BMI; percent body fat;
blood lipids; Tufts Longitudinal Health Study

1. Introduction

Dietary composition represents the largest risk factor for mortality and disease burden
in the United States, responsible for 26% of deaths and 14% of disability-adjusted life
years (Murray et al., 2013). The most important dietary risks in the United States include low intakes of
fruit, vegetables, nuts and seeds and high intakes of sodium, added sugars, processed meats, and trans
fats. Because dietary intake is a modifiable lifestyle behavior, interventions to help individuals make
positive dietary choices throughout the lifespan have the potential to substantially improve the quality
and duration of life.

The transition between adolescence and adulthood, characterized by increasing independence,
autonomy, and responsibility, is often the first time period in which individuals make autonomous
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decisions about “how, what, where, and when to eat” [1] and is, therefore, a crucial life-stage for
establishing life-long health behaviors and habits, including healthy eating patterns [2]. For many,
the transition into adulthood results in a shift in composition and quality of the diet. In fact,
most studies have found that diet quality may worsen during this transition [1]. Data from the
2005-2006 and 2003—2004 NHANES suggest that the 13-18 and 19-39 year age groups consume the
most caloric beverages [3] and are most likely to fall short of meeting fruit and vegetable serving
recommendations [4]. Longitudinal studies support these findings, showing that consumption of fruit,
vegetables, and milk generally decreases, while intake of sweetened beverages and snack foods tends
to increase [5-7]. The transition to young adulthood has also been associated with increased frequency
of fast food consumption and reduced frequency of breakfast consumption [8,9].

An increasing proportion of young adults are attending colleges and universities in the
US, such that 20.2 million are expected to enroll in a degree-granting program in 2015, up by
4.9 million since 2000 (15% increase 1992-2002, 24% increase 2002-2012). With more than half of
the college-going population attending four-year universities (13.2 million) and most enrolling full
time (12.6 million) [10], the college population is of particular interest as a target group for health
promotion- and disease-prevention interventions. To date, the majority of studies on diet-related health
outcomes among college students have focused on weight status and/or trajectory, especially weight
gain during the transition period from home to college during the freshman year [11-14].

A recent meta-analysis of studies from 1960 to 2013 (1 = 49) on weight gain during the college years
reported adjusted mean effect sizes of 1.55 kg increase in body weight and 1.17% increase in percent
body fat (PBF) [12]. Others have explored potential factors that predict weight gain during college,
such as place of residency, physical activity, psycho-social and sociodemographic factors, and body
image/self-perception [15-24]. Though dietary behavior and intake among college students have been
topics of longstanding interest [25-34], the extent to which variability in dietary patterns contribute
to weight status among first-year college students has received limited attention. Most studies have
investigated whether college students meet dietary guideline recommendations and/or whether
specific foods or food groups influence weight status. However, considering individual dietary
components in isolation provides a limited picture of how synergies among foods and nutrients in
combination (i.e., the diet as a whole) influence health outcomes [95].

Given the relative dearth of literature examining associations between dietary patterns and
health outcomes among college students, the aim of this analysis was to investigate cross-sectional
associations between empirically-derived dietary patterns and anthropometric and biomarker disease
indicators among four-year university students. Identifying lifestyle factors that influence college
students’ health, including dietary patterns, could inform policies, programs, and interventions
designed to reduce lifelong chronic disease risk of current and future generations. Although this life
stage has been recognized as a critical time period for establishing nutrition behaviors carried into
adulthood [2], and dietary patterns have been recognized as an important determinant of health [35,36],
additional research is needed to elucidate relationships between the two.

2. Materials and Methods

2.1. Sample and Study Design

The Tufts Longitudinal Health Study (TLHS) is a prospective cohort study on the health and
health-related behaviors of undergraduate students at Tufts University, a private research university
in Medford, MA. All undergraduate students enrolling from 1998 to 2007 were eligible and recruited
to participate. Members of each incoming freshmen class received a soft and hard version of the
study’s informed consent form, with information about the objectives, potential risks and benefits,
and procedures in late July/early August, prior to the start of the academic year. Students who read,
signed, and returned the form were enrolled in the study. Participants completed a 40-item Health
Behavior Survey (HBS) before arriving at school and were invited to participate in a follow-up health
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assessment each spring. During the spring health assessment, students completed the HBS, a Food
Frequency Questionnaire (FFQ), anthropometric and physical fitness measurements, and an optional
blood draw. These assessments took place in April (approximately eight months after baseline HBS
administration) and were repeated freshman through senior year. All procedures were performed in
accordance with human subject research standards and approved by the Tufts University Institutional
Review Board.

For this analysis, we restricted the sample to students who completed the health assessment
during freshman year between 1998 and 2007, which included the largest number of participants
(n =1096). Approximately 99.3% of these students lived on campus and all were required to purchase
a campus dining hall meal plan (97.2% reported eating in the dining hall frequently). As only a subset
of participants completed blood assessments, we only excluded those with missing anthropometric
data and/or missing data on diet, demographics, or physical activity (n = 313). We excluded data from
students entering college in 2003 (1 = 84) due to inconsistencies in the data. Individuals with negative,
outlying, and/or implausible values for exposure or outcome variables based on age/sex appropriate
population distributions were excluded (n = 16). In total, 683 participants had complete information
on measures of body fatness, dietary data, and covariates of interest and 191 had complete blood lipid
data, dietary data, and covariates of interest (Figure 1).

Total TLHS Enrollment
1998-2007

n=1323

N
Enrolled as sophomore, junior, or senior
n=227

p
Missing anthropometric, dietary,

demographic, or physical activity data
n=397

Implausible or outlying values on one
or more outcome or exposure variables

n=16
N J

Missing biomarker data
n=492

Participants with complete data
n=191

Figure 1. Flow chart depicting analytic sample deduction (boxes to the right indicate the number of
participants excluded for each reason).

2.2. Assessments
2.2.1. Outcome Variables: Health Indices

Anthropometric Measurements

Anthropometric variables of interest included weight, height, body mass index (BMI), and
body composition. BMI was calculated as weight (kg)/height (m?) from measured height and
weight (collected from the spring assessment). Participants removed their shoes and wore light
clothing for measurement procedures. Weight was measured using a portable balance beam scale
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(Healthometer, Boca Raton, FL, USA) and recorded to the nearest 1/4 pound. Height was measured using
a portable stadiometer (Model 214, Seca Weighing and Measuring Systems, Hanover, MD, Germany) and
recorded to the nearest 1/8 inch. Agreement between measured and self-reported weight and height was
strong (r = 0.997, p < 0.001 for weight and r = 0.957, p < 0.001 for height) [37].

Body composition was determined via Bioelectrical Impedance Analysis (BIA). Total body
resistance (ohms) and reactance (ohms) were measured on participants lying supine, with four surface
self-adhesive spot electrodes and a standard conduction current of 800 1A and 50 kHz (BIA Model 101,
RJL Systems, Detroit, MI, USA) following standard procedures. The laboratory-reported intra-operator
(n =4 operators; 1 = 4 subjects; triplicate measures) CV was 2.15% for resistance and 3.70% for reactance,
and the inter-operator (n = 6 participants; 2-3 measures each) CV was 2.70% for resistance and 3.25%
for reactance.

Fat Free Mass (FFM) was calculated using the race-combined equations developed by Sun et al.,
(2003) Equation (1) for men and women, and a two compartment model was used to calculate total
body fat (BF) and PBF by subtracting FFM from total mass [38].

FFMpales = _9.88 + 0.65stature? /resistance + 0.26* weight + 0.02* resistance

1
FFMgemales = _11.03 + 0.70 staturez/resistance + 0.17* weight + 0.02* resistance @

Lipid Biomarkers

Blood samples were collected in 2000-2002, 2004, 2006, and 2007. Blood was drawn after a 12-h
overnight fast. Serum lipid profiles (total cholesterol, HDL cholesterol, and triglycerides) and glucose
were measured by ACEi Clinical Chemistry Systems (Schiapparelli Biosystems, Fairfield, NJ, USA)
using standard reagent kits. LDL cholesterol was calculated via the Friedewald equation [39].

2.2.2. Exposure/Predictor Variables: Dietary Intake and Dietary Patterns

Dietary data were collected using an adapted version of the Fred Hutchinson Cancer Research
Center Food Frequency Questionnaire (Version 06.10.88, Cancer Prevention Research Program,
Fred Hutchinson Cancer Research Center, Seattle, WA, USA). Participants were asked to report how
frequently they consumed each food item listed (ranging from 2 or more per day to never/less than once
per month) in each of 8 main food categories (fruit/juices, breakfast, vegetables, meat/fish/poultry,
breads/snacks/spreads, dairy, sweets, and beverages). They were also asked to indicate the amount of
each food they usually consumed (small, medium, or large) relative to a specified medium serving
size (e.g., V2 cup). FFQs were scanned using a Scantron OpScan6 optical mark reader and linked to
the Minnesota Nutrition Data System (NDS) [40] for food grouping, serving size, and nutrient intake
using a SAS program maintained by the Epidemiology and Dietary Assessment Research Program,
USDA Human Nutrition Research Center on Aging at Tufts University, Boston, MA, USA.

The FFQ food items (~100) were condensed into 43 food groups, adapted from Hu ef al. (1999) [41]
(Table S1). For each observation, the number of medium serving sizes of foods within each group were
summed across all relevant food items. Dietary patterns were derived using principal components
analysis (PCA). The resulting scree plot was used to visually assess the variability captured by each
factor (Figure S1). Eigenvalues, factor loading values, and previous studies were used to determine
and label the dietary patterns. Three factors with eigenvalues >2 were identified and then orthogonally
rotated (varimax rotation was applied to obtain uncorrelated factors). Food groups in each factor with
loadings >0.3 in absolute value were used to interpret the factors. Each participant received a score for
each dietary pattern.
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2.2.3. Confounding and Effect Modifying Variables

Physical Activity

Self-reported physical activity and exercise habits were measured using the Cooper Institute for
Aerobics Research Aerobics Center Longitudinal Study (ACLS) questionnaire [42—44]. For each activity
included on the questionnaire (e.g., walking, stair climbing, jogging/running, bicycling, swimming,
weight training, efc.), participants were asked to self-report the number of sessions they engaged in, the
average duration of each session, and the distance and/or speed traveled in each session (as relevant),
over the past three months for activities engaged in at least once a week.

Total Metabolic Equivalent of Task (MET) minutes were calculated for each student from physical
activity information collected via the ACLS. The number of sessions per week was multiplied by the
average session duration to calculate the total number of minutes engaged in each activity per week,
and distance was divided by the duration of each session to calculate average speed for endurance
activities (e.g., running, swimming, biking, walking, efc.). The total number of minutes engaged in each
activity at each intensity value (as available/applicable) was then multiplied by the corresponding
MET value [45]. When there was not an exact match in the MET compendium for an ACLS activity,
we used the MET value for the most closely related activity or took an average of the MET values for
the most closely related category of activities. Because a wide variety of activities were listed for the
“other” category (e.g., singing versus rowing), we used the average MET value for all of the activities
included in the compendium.

Total Energy

Total energy intake per day was calculated from the FFQ data by summing the total k] per person
per day across all food groups.

Demographic Variables

The HBS was developed from existing population-based surveys and pilot tested with more
than 100 college-age students in 1998 and 1999. Questions were adapted and compiled from
validated instruments and questionnaires previously used in large studies of college age students,
including the National College Health Risk Behavior Survey (NCHRBS), American College Health
Association (ACHA) National College Health Assessment, Youth Risk Behavior Surveillance System
(YRBSS), and Colorado State University Wellness Lifestyle Profile [46-48]. Students self-reported their
height/weight and answered questions about age, sex, and race/ethnicity.

Age was coded as a continuous variable, sex dichotomized into male and female, and self-reported
race/ethnicity responses collapsed from Asian/Pacific American, Black/African American,
Hispanic/Latin American, White/Caucasian, Bi-racial/Multiracial, Native American, Other into
five categories: Caucasian, African American, Hispanic, Asian, and Other. Smoking status was
dichotomized into smokers and non-smokers, based on self-report of current smoking behavior.
Participants” intention to gain or lose weight were dichotomous variables based on yes/no survey
question responses.

2.3. Statistical Analysis

All analyses were performed with SAS statistical software (Version 9.3, Cary, NC, USA).
p values < 0.05 were considered statistically significant. Distributions identified as non-normal based
on the Shapiro-Wilk test for normality [49] were log-transformed (BMI, LDL, triglycerides, and total
cholesterol). When log transforming non-normally-distributed outcome variables did not affect
coefficient directionality or model significance, non-logged estimates were reported to enhance
interpretability of results.
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Regression Models

Multivariable regression models were used to examine cross-sectional relationships between
empirically derived dietary pattern scores and BMI and lipid biomarkers. Models were adjusted for
age, sex, race, physical activity (MET minutes), and total energy intake (kJ/day). KJ values <2510.4
and >20,920 were excluded, based on approximations from previous literature [50,51]. Tukey’s test
was used to identify outliers for all predictor and outcome variables [52]. Outlying values for
physical activity were included because they were plausible and their inclusion did not affect the
directionality or significance of the results. Sensitivity analyses were run with physical activity
quantified as total minutes of activity per week and with dietary pattern score categorized into
quartiles. Sex was evaluated as an effect modifier; main effects were reported when no significant
interaction was present. All biomarkers (HDL, LDL, and total cholesterol, and triglycerides) were
treated as continuous variables.

3. Results

3.1. Sample Demographics

The analytic sample included 683 participants with HBS and biomarker data collected during
their freshman year at Tufts University. Sample demographics are presented in Table 1. Briefly,
participants were predominantly non-Hispanic white (76.1%), and the majority were female (68.1%).
The mean age was 18.5 + 6.0 years and ranged from 17 to 21 years. Participants were generally healthy
(mean anthropometric and biomarkers within normal ranges), non-smoking, and physically active.

Table 1. Overall sample characteristics (1 = 683).

Characteristic
Male (%) 31.9
Age years 185+ 0.6
Race/Ethnicity
Caucasian (%) 76.1
African American (%) 34
Hispanic (%) 3.7
Other (%) 16.8
Current smokers (%) 4.1
Freshman (%) 100.0
Intention to lose weight (%) 52.3
Intention to gain weight (%) 112
MET minutes PA per week 2324.4 + 2276.6
Total Daily Energy Intake (kJ) 7824.5 + 3172.3
Percent Body Fat (%) 243 +69
BMI (kg/m?) 22.8 4+ 3.0
Lipid Profile (n = 191)
LDL (mg/dL) 93.8 +27.9
HDL (mg/dL) 54.0 +12.0
Total cholesterol (mg/dL) 167.0 + 32.6
Triglycerides (mg/dL) 96.3 +42.1

All values are mean =+ sd unless otherwise noted.

3.2. Dietary Pattern Characterization

Three dietary patterns were identified and labeled: Western, Prudent, and Alcohol. These patterns
explained 10.3%, 9.3% and 4.8% of total variance, respectively. Food groups with PCA factor
loading values >0.3 are listed for each dietary pattern in Table 2. Negative values reflect inverse
correlations (e.g., legumes and other vegetables for the Alcohol dietary pattern). The highest values
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(absolute values >0.5) were observed for red meat, French fries, refined grains, processed meats, and snacks
for the Western dietary pattern; fruit, vegetables (including subtypes), and whole grains for the Prudent
pattern; and liquor and beer, for the Alcohol dietary pattern. In general the Western pattern was
characterized by refined and energy-dense foods high in fat and sugar; the Prudent pattern by whole,
plant-based foods and healthy fats and oils; and the Alcohol pattern by caloric beverages, especially those
containing alcohol and, to a lesser extent, coffee (mean intake 4.68 fl oz per day among those in the highest
quartile). The average medium serving sizes consumed by participants in the lowest and highest quartile
of dietary pattern scores for the top five foods in each of the three patterns are listed in Table 3.

3.3. Dietary Patterns and Indicators of Disease Risk

Adherence to the Prudent dietary pattern was inversely associated with percent body fat and
BMI after adjustment for biological and behavioral variables (Table 4). The crude, positive association
between the Prudent dietary pattern and HDL was no longer significant after further adjustment.
Significant dietary pattern score by sex interaction terms were observed for the Western dietary pattern
and selected health indices (Table 4 and stratified models in Table 5). In crude models, the Western
dietary pattern was positively associated with PBF among males and with HDL among females,
although significance was reduced in adjusted models.

In general, associations between the Western dietary pattern and disease indicators were
stronger and more adverse among males. The Western dietary pattern was positively associated with
triglycerides among males in all three models. Although significant positive associations with LDL
cholesterol and triglycerides among males were attenuated with the inclusion of lifestyle variables
in Model 3, positive borderline significant associations (p < 0.1) were observed between Western
dietary pattern and LDL cholesterol, total cholesterol, and triglycerides (Table 5). When looking at
differences in food group consumption among males and females with scores in the upper quartile
of Western dietary pattern, the most statistically significant differences (p < 0.001) were observed
for beer, high energy drinks, processed meats, red meat, pizza, and sweets/desserts (Table S2).
The greatest absolute differences (>0.25 servings/day) were observed for fruit juice, sweets/desserts,
beer, processed meats, and red meat. Of the differences with the greatest statistical significance and
absolute value, the processed meat and red meat food groups had the highest factor loadings for the
Western dietary pattern (>0.5), followed by sweets/desserts (0.31). Differences in pizza consumption
were also notable, with an absolute difference of 0.16 servings per day. Though the difference in beer
servings consumed was considerable (0.25 per day), the factor loading was relatively low (0.14).

Alcohol dietary pattern adherence was positively associated with HDL cholesterol and inversely
associated with LDL cholesterol. These relationships were strengthened with adjustment for additional
variables. Borderline positive associations were observed for the Alcohol dietary pattern and PBF in
Model 1 and BMI in Model 2.
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4. Discussion

Findings from this analysis suggest that variability in dietary pattern adherence among freshmen
attending a four-year university is associated with observable differences in select anthropometric and
lipid biomarkers. Specifically, greater adherence to a Prudent dietary pattern, characterized by high
consumption of plant-based foods, was favorably associated with body composition, while greater
adherence to a dietary pattern characterized by higher, but modest, levels of alcohol consumption was
favorably associated with blood lipid concentrations (mean intake less than one standard alcoholic
beverage equivalents per day (0.95 standard drinks equaling 14 g pure alcohol)). Conversely, adherence
to a Western dietary pattern had no impact on anthropometric outcomes but adverse impacts on lipid
biomarkers among males.

Previous research supports Prudent dietary pattern adherence as protective and Western dietary
pattern adherence as predisposing toward a variety of chronic disease outcomes, including type 2
diabetes, obesity, cancer, heart disease, anxiety/depression, and mortality among adults [41,53-62]
and mental and metabolic health among adolescents [63-66]. Our findings extend the inverse
associations between the Prudent pattern and anthropometric/biomarker indices to a younger
population. Although previous empirically derived dietary pattern analyses in this population are
lacking, our results are consistent with studies linking consumption of specific foods and food groups
with health outcomes (e.g., Rose 2007 [67]).

A recent analysis of the Coronary Artery Risk Development in Young Adults (CARDIA) study data
in young adults (18-30 years) reported a protective role of Mediterranean dietary pattern adherence
against metabolic syndrome risk (abdominal obesity, elevated triglycerides, and low HDL cholesterol)
in longitudinal models [68]. Although the CARDIA study was not restricted to young adults and
employed researcher-defined dietary pattern parameters, similarities between the Mediterranean
dietary pattern—rich in fruit, vegetables, whole grains, nuts, and fish and low in red and processed
meat—in the aforementioned study and the Prudent pattern in ours are evident. Another study,
investigating the relationship between nutrient intakes and adiposity in the National Heart, Lung,
and Blood Institute Growth and Health Study cohort of 2371 black and white girls, (9-10 years of age
at baseline) reported that the “healthy pattern”, characterized by high intake of fruit, vegetables, dairy,
grains without added fats, mixed dishes and soups, and low intake of sweetened drinks, other sweets,
fried foods, burgers, and pizza, was related to more favorable nutrient intakes and a smaller increase
in waist circumference at age 19-20 years [69]. Although this population differed in age range and
demographic profile, the findings were consistent with ours, since both studies supported a positive
association between Prudent pattern adherence and adiposity outcomes among youth.

The deleterious association between the Western dietary patterndietary pattern score and
cardiovascular disease biomarkers among males also agrees with previous research in adult
populations [41,70]. Despite these adverse results, no associations were seen with adiposity outcomes
among males in our study. Given the young age and generally healthy profile of our population,
the lack of findings could suggest that adherence to the Western dietary pattern may affect lipid
biomarkers of disease independently and/or prior to measurable changes in anthropometric outcomes
in some cases, which may be important in early detection of cardiometabolic disease risk.

Interestingly, associations between the Western dietary pattern adherence and disease indicators
in females were non-significant in adjusted models. Differences in the mean number of medium
servings consumed from each food group by males and females scoring in the highest quartile of the
Western dietary pattern (Table S2) may have accounted in part for the effect modification. It is also
possible that biological differences in females (e.g., hormonal or neuro-endocrine differences) may
mitigate or delay the adverse impacts seen in males. These hypotheses and other potential explanations
merit further research.

Finally, the protective relationships observed between adherence to the Alcohol dietary pattern
and lipid biomarkers are consistent with literature supporting a link between moderate consumption
of alcohol and reduced risk for cardiovascular disease [71,72]. While previous studies have identified
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“alcohol” or ”drinker” patterns using empirically-derived dietary pattern methodology [73-76],
the emergence of this pattern has generally been reported less consistently than variations of Prudent
(healthy) and Western (unhealthy) patterns. However, increases in alcohol consumption during
college has been observed, though its intake is likely to vary considerably within this population [77],
which could help explain the emergence of a dietary pattern defined by alcohol consumption [78,79].
Nonetheless, even among students in the top quartile of dietary pattern adherence, average daily intake
was relatively low (0.95 standard drinks). We did not observe significant associations between Alcohol
dietary pattern adherence and anthropometric outcomes in our study, and few previous studies
have looked specifically at alcohol consumption and overweight/obesity risk. However, several
have considered relationships between alcohol consumption, especially binge drinking behavior, and
eating patterns, body satisfaction, and weight loss intentions [80-82]. Findings from these studies
suggest that alcohol abuse may be associated with disordered eating and/or lower diet quality. In one
study, binge drinking was associated with poor diets, unhealthy weight control, body dissatisfaction,
and sedentary behavior; although no independent associations between alcohol consumption and
adiposity were reported, differences in alcohol-related eating behavior were associated with increased
risk of overweight/obesity and, therefore, may moderate the association [83]. Students who “usually”
or “always” ate before and/or during drinking were more likely to be overweight (RR: 1.24 (1.03-1.50)),
with differences by year in school and weight status observed. In the general adult population
a systematic review of previous studies did not support a positive association between alcohol
consumption and adiposity [84]. Although positive findings between alcohol intake and weight
gain have been reported, they have been primarily detected among high consumers; in contrast,
some studies have suggested that light-to-moderate alcohol intake may protect against weight gain [84],
which could also explain the lack of association seen here. In other studies, consumption of distilled
alcoholic beverages has been positively associated with weight gain, whereas wine intake has shown a
possible inverse association [84].

Future analyses should consider the frequency, amount, and type of alcohol consumed in relation
to adiposity outcomes specifically among college students, as drinking patterns in this population
differ from that of the general population [77,85,86]. It is also possible that alcohol consumption
coincides with compensatory eating and/or exercise behaviors among college students [87].
Finally, though coffee was less strongly associated with the Alcohol pattern and mean intakes were
relatively low (<6 fl oz per day), coffee consumption was found to be associated with increased
total cholesterol, LDL cholesterol, and triglycerides in a systematic review of randomized trials [88],
despite moderate consumption being consistently associated with reduced chronic disease risk in
observational studies [89]. Further research linking beverage consumption and diet-related behavior
could further clarify these relationships.

While findings from this study contribute to the scientific discussion on dietary patterns and health
outcomes in an understudied age group, several limitations are apparent. First, the cross-sectional
nature of the analysis limits our capacity to draw causal and temporal inferences from our findings.
While models controlled for important variables hypothesized to confound or modify the relationship
between dietary patterns and disease indicators, including total energy intake and physical activity,
several relied upon self-report data, which are vulnerable to inherent biases. Moreover, it is
possible that residual confounding could have affected the magnitude and/or significance of
associations. For example, because dietary data were not collected for the time period prior to degree
program matriculation, we could not account for the potential influence of childhood/adolescent
dietary patterns on current dietary pattern and/or health status. Likewise, despite the relative
sociodemographic homogeneity of our sample, we were not able to control for socioeconomic status
in our models. Previous research suggests that income and education may influence diet quality
among young adults [90] and, therefore, should be considered. We restricted our sample to freshman,
nearly all of whom lived on campus and were required to purchase a University meal plan, regardless.
Though previous literature on linking place of residence and dining habits with diet quality and health
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outcomes is mixed [23,91-93], results may or may not generalize to students living and/or dining off
campus, which was more common among upperclassmen. The race/ethnicity of our sample was also
predominantly non-Hispanic white, which may limit generalizability to more diverse populations.

Furthermore, it is possible that the variables that were measured and controlled in our analysis
contain measurement error. Dietary intake was self-reported by FFQ and, consequently, subject to
biases, such as recall error and observer/social desirability effects. Similarly, physical activity was
assessed by self-report. However, the ACLS has been used in previous studies [42-44,94], and MET
minutes were calculated to capture physical activity intensity and duration. We used the updated 2011
compendium, which included 800 unique activity-intensity levels [45], allowing for comprehensive and
precise estimates of energy expenditure. Finally, although we relied on well-established methodology
and conducted sensitivity analyses, PCA involves subjective decision-making (e.g., the total number
of food groups included, number of patterns retained, pattern labeling, efc.), which could affect our
results and their interpretation. For example, the percentage of the total variance explained by the
derived factors is strongly influenced by the number of food groups included in the analysis and
may also affect the precision of regression estimates [96-98]. Accordingly, we weighed eigenvalues
and factor interpretability more heavily in deciding how many and which factors to retain for this
analysis [98,99].

Despite these potential limitations, this study has notable strengths. In particular, the sample size
was large (1 = 683), even when limiting the analytic sample to students with complete data, including
blood samples (1 = 191). The comprehensiveness and measurement validity of our outcome variables,
including measured height and weight, BIA-assessed body composition, and biomarkers collected
via blood sample add merit to our findings. Finally, this study is one of few to evaluate associations
between total diet and health status of first-year college students.

5. Conclusions

These results provide insight into potential associations between dietary patterns among college
students and disease indices. The evidence could be strengthened by future studies using longitudinal
methods to identify whether changes in dietary pattern adherence over multiple college years are
associated with changes in anthropometric and biomarker measurements. It would also be of interest
to identify predictors of dietary pattern choice. Understanding the relationship between diet and
health among young adults attending colleges and universities is important for developing programs,
policies, and behavior change strategies to improve quality of life and reduce diet-related disease
burden at the population level.
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