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Preface to ”Combined Nutrition and Exercise
Interventions in Community Groups”

Diet and physical activity are two key modifiable lifestyle factors that influence health across

the lifespan (prevention and management of chronic diseases and reduction of the risk of premature

death through several biological mechanisms). Community-based interventions contribute to public

health, as they have the potential to reach high population-level impact, through the focus on groups

that share a common culture or identity in their natural living environment. While the health benefits

of a balanced diet and regular physical activity are commonly studied separately, interventions that

combine these two lifestyle factors have the potential to induce greater benefits in community groups

rather than strategies focusing only on one or the other. Thus, this Special Issue entitled “Combined

Nutrition and Exercise Interventions in Community Groups” is comprised of manuscripts that

highlight this combined approach (balanced diet and regular physical activity) in community settings.

The contributors to this Special Issue are well-recognized professionals in complementary fields such

as education, public health, nutrition, and exercise. This Special Issue highlights the latest research

regarding combined nutrition and exercise interventions among different community groups and

includes research articles developed through five continents (Africa, Asia, America, Europe and

Oceania), as well as reviews and systematic reviews.

Carlos Vasconcelos

Editor
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Abstract: Healthy dietary intake and physical activity reduce the risk of non-communicable diseases.
This systematic review and meta-analysis aimed to examine the effect of interventions including
both nutrition and physical activity provided by nutrition and exercise practitioners for adults in the
general population (those without diagnosed disease). The MEDLINE, CINAHL, Cochrane Central,
Cochrane Database of Systematic Reviews and SportDiscus databases were searched for randomized
controlled trials (RCTs) published from 2010 until April 2021. Outcomes included physical activity,
fruit and vegetable intake, waist circumference, percent weight loss, quality of life (QoL) and adverse
events. Grading of Recommendations Assessment, Development and Evaluation (GRADE) methods
were used to synthesize and grade evidence. Meta-analyses were stratified according to participant
health status. The database search identified 11,205 articles, and 31 RCTs were included. Interventions
increased physical activity amount [standardized mean difference (SMD) (95% CI): 0.25 (0.08, 0.43)]
(low certainty evidence); increased vegetable intake [SMD (95% CI): 0.14 (0.05, 0.23)] (moderate
certainty evidence); reduced waist circumference [MD (95% CI): −2.16 cm (−2.96, −1.36)] (high
certainty evidence); and increased likelihood of achieving 5% weight loss for adults with overweight
and obesity [relative risk (95% CI): 2.37 (1.76, 3.19)] (high certainty evidence). Very low and low
certainty evidence described little-to-no effect on QoL or adverse events. Nutrition and exercise
practitioners play key roles in facilitating positive lifestyle behaviors to reduce cardiometabolic
disease risk in adults.

Keywords: primary prevention; nutrition; physical activity; nutritionists; counseling; systematic
review; meta-analysis; randomized controlled trial

1. Introduction

Modifiable behaviors, such as unhealthy diet and sedentary lifestyle by physical
inactivity, increase the risk of premature death from non-communicable diseases [1–3],
which annually contribute to 71% of all deaths globally [2]. Nutrition recommendations for
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a healthy diet generally include individualizing intake to promote consumption of nutrient-
dense foods such as vegetables and fruits, whole grains, lean proteins and healthy fats,
and limit intake of added sugars, sodium, saturated fat and alcohol across the lifespan [4].
Physical activity recommendations for adults generally include performing 150 min to
300 min a week of moderate-intensity aerobic activity, or 75 min to 150 min a week of
vigorous-intensity aerobic activity, or a combination of those activities. Additionally,
resistance training activities focusing on all major muscle groups is recommended for
adults at least two days a week [5]. Nutrition and physical activity significantly impact
disease prevention; however, most adults fail to meet recommendations for the general
population [1,4]. The World Health Organization (WHO) describes unhealthy diet and
sedentary lifestyle by physical inactivity as leading global health risks [2].

A recent systematic review from the United States Preventive Services Task Force
(USPSTF) demonstrated that behavioral interventions including both healthy diet and
physical activity interventions collectively resulted in reduced risk of cardiovascular disease
events and associated risk factors after 1–2 years in adults with cardiovascular disease
risk [6] and can improve lifestyle behaviors and intermediate cardiometabolic outcomes in
adults without cardiovascular disease risk factors [7]. Adults without diagnosed disease
may have multiple risk factors such as overweight or obesity, impaired glucose tolerance,
pre-hypertension, unhealthy diet, or sedentary lifestyle [8–12]. These adults may prefer to
access allied healthcare practitioners who are available to the general population rather than
seek medical care. With individualized, timely, and strategic interventions, allied healthcare
practitioners can improve behaviors in adults who are healthy or have cardiometabolic risk
factors to prevent disease development.

In the greater context of preventive medicine, specific allied healthcare practitioners
such as registered dietitians or international equivalents (referred to as ‘dietitians’ in this
manuscript), exercise practitioners, and health coaches receive unique training which
positions them to enable meaningful lifestyle changes to improve health and well-being in
clients. Though each of these professional groups has a distinct scope of practice [13–16],
they share the common goal of facilitating lifestyle changes through nutrition and physical
activity to prevent the development of cardiometabolic diseases [14,15,17]. Dietitians are
credentialed nutrition practitioners who work in a variety of settings to provide quality
nutrition services with an aim to improve health and well-being [13]. In contrast, exercise
practitioners are certified professionals who develop safe, effective, goal-driven physical
activity programs [14,15]. This two-pronged nutrition and physical activity approach to
health and well-being is needed to address high population rates of unhealthy lifestyle
behaviors and associated non-communicable diseases [2]. Thus, synthesized evidence
is needed to determine the efficacy of nutrition and exercise practitioners in reducing
cardiometabolic risk for adults prior to disease development.

The aim of this systematic review was to investigate the effects of nutrition and
physical activity interventions provided by nutrition and exercise practitioners to healthy
adults and those with cardiometabolic risk factors to deliver evidence-based information for
practitioners and policy makers working to prevent incidence of cardiometabolic diseases.
The objective of this systematic review was to examine the research question: In adults who
are healthy or have cardiometabolic risk factors, what is the effect of nutrition and physical
activity interventions provided by nutrition and exercise practitioners, compared to control
conditions, on defined behavioral and anthropometric outcomes and quality of life?

2. Methods

This systematic review adhered to Grading of Recommendations, Assessment, De-
velopment and Evaluations (GRADE) methods described by the Cochrane Collabora-
tion [18] as well as PRISMA guidelines [19] and was prospectively registered at PROSPERO
(CRD42021247447) [20].
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2.1. Eligibility Criteria

A full description of eligibility criteria can be found in Table 1. Studies were required to
include adult participants (≥18 years of age) who were healthy or who had cardiometabolic
risk factors, but no diagnosed disease. Cardiometabolic risk factors were overweight or
obesity, and/or impaired glucose tolerance or diabetes risk or pre-hypertension, as defined
by study authors. Interventions were required to include both nutrition and physical
activity, last at least one month in duration, and be delivered by nutrition and/or exercise
practitioners and/or health coaches. For this systematic review, nutrition practitioners were
defined as registered dietitians or international equivalents [21]. Qualifying exercise practi-
tioners were personal trainers, exercise physiologists, and those with other professional
certifications recognized by the United States Registry of Exercise Professionals [22]. Health
coaches were identified according to the authors’ definition. The comparison group could
not receive nutrition or physical activity counseling or coaching. Outcomes of interest
included: physical activity (amount and intensity), fruit and vegetable intake (measured us-
ing a validated tool), waist circumference, percent weight loss (for adults with overweight
or obesity), quality of life (QoL) and adverse events. Glucose homeostasis outcomes and
anxiety/depression symptoms were also examined as outcomes of interest, but results are
not published in this manuscript. Randomized controlled trials (RCTs) published from
January 2010 until the search date were eligible. The publication cut-off date of 2010 was
selected because a recent scoping review identified several relevant articles published since
this period [23] and to reflect contemporary practice. Only peer reviewed articles published
in the English language were included due to resource constraints.

Table 1. Eligibility criteria for systematic review examining the effect of nutrition and physical activity
interventions provided by nutrition and exercise practitioners.

Category Inclusion Exclusion

Setting Community, work, university, research and other
“public” settings, primary care settings In-patient

Population

Humans
Adults ≥ 18 years of age

Health Status: Healthy or with cardiometabolic risk
factors (including overweight or obesity, pre-diabetes

and pre-hypertension) but no diagnosed disease.
Studies targeting women who are postpartum/lactating

are included

Animal studies
<18 years of age

Professional or elite athletes
Family is the target population

Health Status: Any diagnosed disease or conditions
limiting generalizability to individuals in the general

population including but not limited to:
Type 2 diabetes mellitus
Cardiovascular disease

Non-alcoholic fatty liver disease
Chronic kidney disease

Cancer
Eating disorders

Chronic obstructive pulmonary disorder
Human immunodeficiency virus infection and

acquired immune deficiency syndrome
Heart failure, stroke

Post-bariatric surgery
Severe or persistent mental illness

Hypertension
Dyslipidemia

Metabolic syndrome
Frail elderly

Osteoarthritis
Pregnancy

Diagnosed sleep apnea
Cognitive impairment

3
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Table 1. Cont.

Category Inclusion Exclusion

Intervention

Must include nutrition AND physical activity
Multi-disciplinary beyond nutrition and physical

activity are included (e.g., includes intervention from
behavioral therapist, nurse, etc.)

Only includes nutrition OR physical activity

Intervention
Provider

Interventions delivered by a dietitian or international
equivalent, exercise practitioner (see below),

or health coach
Exercise practitioners as defined by United States

Registry of Exercise Professionals
http://usreps.org/Pages/credentials.aspx

(accessed on 20 February 2022) [22]
If the interventionist was defined as a “nutritionist”, the
authors checked the following website to determine if

this was a dietitian equivalent in the country of interest
or emailed the corresponding author:

https://www.internationaldietetics.org/NDAs.aspx
(accessed on 20 February 2022) [21]

“Health Coaches” were identified according to the
author’s definition.

Interventions provided by professionals not specified
in inclusion.

Practitioner delivering the intervention is not specified.
Interventions provided by lifestyle coaches

Health coaches

Intervention
Duration ≥1 month <1 month

Control and
Comparison

Groups

Control group for the overarching question is no
intervention, wait list, or other control that is not a

nutrition or exercise intervention.
Comparisons defined in sub-questions are investigated
with sub-analyses (ex: efficacy of interventions delivered

by telehealth (vs control) compared to efficacy of
interventions delivered in-person (vs control)).

Comparison group receives the same level of nutrition
and/or physical activity intervention compared to the

intervention group.

Outcomes

Quality of life, anxiety/depression, physical activity
(exercise duration (ex: min/week) or intensity measured

as heart rate, rated perceived exertion or metabolic
equivalents, fruit and vegetable intake (measured using
a validated tool), waist circumference, percent weight
loss (measured as a continuous variable for those with

overweight/obesity or as proportion of participants
achieving 5 percent weight loss)

Outcomes not defined in inclusion criteria.

Study Design

Randomized controlled trials
Relevant systematic reviews and meta-analyses are

searched for potentially included articles missed by the
database search.

Non-randomized trials, non-controlled trials,
observational studies, commentaries,

narrative reviews.

Sample size ≥10 in each group <10 in each group

Year January 2010–2 April 2021 Prior to January 2010 or after the search date of
2 April 2021

Publication Peer-reviewed publications. Grey literature, conference abstracts

Language Articles published in the English language. Articles published in languages other than English.

Databases
Searched

MEDLINE, CINAHL, SportsDiscus, Cochrane Database
of Systematic Reviews, Cochrane Database of

Controlled Trials
-

2.2. Information Sources

The full search strategy is described in Supplementary Table S1. Search strategies
were written by an Information Specialist for the following databases via the Ebsco inter-
face: Medline Complete; CINAHL Complete; Cochrane Database of Systematic Reviews;
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Cochrane Central Register of Controlled Trials, and SportDiscus. Searches were conducted
on 2 April 2021 for articles published since 1 January 2010. Two methodological filters
were used, one for systematic reviews and meta-analyses; and another for randomized
controlled trials. Results were limited to the English language. Results were managed and
deduplicated in Endnote Software [24]. Relevant systematic reviews were hand-searched
for potentially included articles that may have been missed by the database searches.

2.3. Selection Process

Titles and abstracts of articles identified in the databases searched were uploaded
and screened using the online Rayyan screening tool, which allows each reviewer to inde-
pendently review each title and abstract and then unblind results to compare judgements
with other reviewers [25]. Two reviewers independently reviewed each abstract, and
discrepancies were settled using consensus or a third review. The full texts of each in-
cluded title/abstract were screened by two independent reviewers to determine eligibility.
Discrepancies were settled by consensus or by a third review from a content expert.

2.4. Data Items and Extraction

Study and intervention characteristics were extracted by trained evidence analysts
and were reviewed by a lead analyst and project manager. Quantitative data were extracted
by the project manager and reviewed by content experts.

Data were extracted onto a standardized template and included bibliographic infor-
mation, eligibility criteria, study location and funding source, sample sizes and dropout
rates, and participant characteristics (age, sex, comorbidities). Analysts also extracted
information on intervention details (practitioners providing nutrition and physical activity
interventions, remote vs. in-person contacts, group vs. individual contacts, number of
nutrition and physical activity contacts, study duration and follow up duration, prescribed
diet and physical activity) and outcomes of interest.

For outcomes measured as continuous variables, quantitative data extracted included
sample size, and mean change and variance (or pre/post study mean and variance) in
the intervention and control groups with an aim to calculate mean difference (MD) and
95% confidence intervals for the outcome of interest between groups. When measurement
methods or units were heterogeneous, standardized mean differences (SMD) were reported.
For categorical variables, the sample size and number of events were extracted for each
group to calculate the relative risk (RR) of events in the intervention groups compared to
the control groups. If authors reported an outcome but did not include data required for
the meta-analysis, corresponding authors were contacted to request additional data. If
additional data were not shared, the result was included in the narrative synthesis only.

2.5. Risk of Bias Assessment for Each Study

Each study was assessed for risk of bias using the updated tool for assessing RCTs
from the Cochrane Collaboration, the RoB 2 tool [26]. This tool assesses risk of bias due
to the randomization process, deviations from intended interventions, missing outcome
data, measurement of the outcome and selection of the reported result. Each study is
assigned an overall rating of “High,” “Some Concerns” or “Low” risk of bias. Risk of bias
was assessed independently by two reviewers using the Cochrane Collaboration’s online
algorithm tool [27]. Discrepancies in ratings for specific domains and overall ratings were
settled by a third review.

2.6. Synthesis Methods

All studies meeting eligibility criteria and reporting at least one outcome of interest
(even if full data were not available), were included in the evidence synthesis and described
in the study and intervention characteristics tables. All studies reporting a particular
outcome of interest were pooled using a meta-analysis when data were available. Results
of studies not included in the meta-analysis were described narratively only. An overview
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of results for each outcome was reported on a summary of findings table, adapted from
the template developed by the Cochrane Collaboration [28]. Results from risk of bias
assessments were presented based on the robvis tool [29].

Meta-analyses were conducted and forest plots were created using OpenMetaAna-
lyst [30] and RStudio [31] software. The methodologist utilized a random-effects model
to accommodate the wide range of studies included. Sensitivity analyses were conducted
using leave-one-out analysis and by examining effect size according to study quality. Pub-
lication bias was described using funnel plots and Egger’s statistics. Heterogeneity was
examined using the I2 statistic. Sub-group analyses were conducted to examine efficacy
of interventions on outcomes according to whether participants were healthy or had car-
diometabolic risk factors.

2.7. Certainty Assessment

Certainty of evidence was assessed for each outcome using the GRADE method [18,28].
Grade for certainty of evidence considered study design, number of studies and partici-
pants, risk of bias in included studies, directness of findings, precision of findings, consis-
tency among studies, publication bias and other factors. Certainty of evidence was graded
as “High,” “Moderate,” “Low,” or “Very Low” [32].

3. Results
3.1. Literature Search

The database search identified 11,205 unique articles; 472 full texts were reviewed,
and 31 RCTs were included in this systematic review. Several studies reported results in
more than one article, and, thus, forty-eight articles, describing results from the 31 RCTs,
were included in this systematic review (Figure 1) [33–80].

3.2. Study Characteristics and Risk of Bias

Study and intervention characteristics are described in Tables 2 and 3. Fourteen RCTs
were conducted in the United States [36,38,45,49–51,55,59,61,65,66,69,75,78] and 17 RCTs
were conducted outside of the United States [35,42,43,46,47,54,56,57,60,62,63,67,70,71,73,76,77].
Sample sizes ranged from 23 [67] to 553 [71] participants; and study durations ranged from
three [43,47,50] to 48 months [54,70].

Seven RCTs targeted adults without cardiometabolic risk factors [42,43,51,57,63,66,77],
while the remaining 24 RCTs targeted adults with overweight or obesity [35,36,38,45–
47,49,50,54–56,59,60,62,65,67,69,73,75,76,78], diabetes risk [54,59,61,67,70,73,78], or other
cardiometabolic risk factors [71]. Practitioners providing nutrition and physical activity
interventions were dietitians in 12 RCTs [35,36,38,43,47,51,59,61,63,66,71,78], dietitians and
exercise practitioners were combined in ten RCTs [45,46,49,50,56,57,62,67,70,75], and health
coaches in six RCTs [42,55,65,69,73,77]. Three additional RCTs described dietitians that
provided both nutrition and physical activity interventions and were thus included, but
in these studies, their interventions included an exercise practitioner that did not meet
inclusion criteria [76], an exercise practitioner was available only if requested [60], or the
practitioner description was inconsistent between articles [54,72]. Exercise practitioners in
included studies were primarily exercise physiologists [36,42–45,48,49,52,57,59,66,74,78,79]
and trainers [55,56,61,69].

The risk of bias of included RCTs is described in Figure 2. The most prevalent sources of bias
were due to the randomization process, typically from lack of information regarding alloca-
tion concealment [36,43,49–51,54,73,76], and deviations from intended interventions and/or
lack of information on intervention adherence [35,42,43,45,47,50,54,56,59–62,65,69–71,75–77].
Of the 31 included RCTs, six demonstrated Low risk of bias [38,46,55,57,63,66], 22 demon-
strated Some Concerns [36,43,45,47,49–51,54,56,59,61,62,65,67,69–71,73,75–78] and three
demonstrated High risk of bias [35,42,60].
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Figure 2. Cont.
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Nutrients 2022, 14, 1729

Figure 2. Risk of bias in the systematic review examining effect of nutrition and physical activity
interventions provided by nutrition and exercise practitioners for the general population [33–80].
a D1: Bias arising from the randomization process; b D2: Bias due to deviations from intended
interventions; c D3: Bias due to missing outcome data; d D4: Bias in measurement of the outcome;
e D5: Bias in selection of the reported result.

A summary of findings for all included outcomes can be found in Table 4. Publication
bias is described in Supplementary Figure S1.
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3.3. Primary Outcomes
Physical Activity

Seventeen RCTs represented in 22 articles examined the effect of nutrition and physical
activity interventions provided by nutrition and exercise practitioners on the outcome
of physical activity [34,35,41,42,44–46,53,56,60,61,63,64,66–69,71,72,74,77,78]. Thirteen RCTs re-
ported quantitative data that could be pooled in a meta-analysis [35,42,44,46,53,64,66–69,72,77,78].
In a meta-analysis of 13 RCTs, the intervention resulted in a small but significant effect
on physical activity amount [SMD (95% CI): 0.25 (0.08, 0.43) (I2 = 80.4%)] (Figure 3), and
findings were significant for both participants with and without cardiometabolic risk fac-
tors. Maddison et al. reported heart rate as a measure of physical activity intensity and
was not included in the meta-analysis, but the authors did report a significant reduction in
resting heart rate in the intervention group compared to the control group [56]. Studies
for which authors did not provide data that could be pooled in the meta-analysis reported
no difference in physical activity amount between groups [60,61,71]. In adults who were
healthy or had cardiometabolic risk factors, nutrition and physical activity interventions
provided by nutrition and exercise practitioners may increase physical activity amount
(Certainty of Evidence: Low).

Figure 3. Forest plot for physical activity amount in the systematic review examining effect of
nutrition and physical activity interventions provided by nutrition and exercise practitioners for the
general population [35,42,44,46,53,64,66–69,72,77,78].
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3.4. Fruit and Vegetable Intake

Thirteen RCTs represented in 16 articles met inclusion criteria and reported the out-
come of fruit and vegetable intake [34,35,39,41–43,46,51,59,60,63,64,68,69,71,77]. Ten RCTs
reported fruit and vegetable intake separately [35,39,42,43,46,51,59,60,64,77], and three
RCTs reported fruit and vegetable intake combined [68,69,71].

Nine of ten included RCTs reporting fruit and vegetable intake separately could be
pooled in a meta-analysis [35,39,42,43,46,51,59,64,77]. In adults who were healthy, there
was a small-to-moderate but significant effect of interventions on fruit intake with no
heterogeneity [SMD (95% CI): 0.26 (0.13, 0.40) (I2 = 0%)] [42,43,51,64,77], but effect size was
more heterogeneous and not significant in participants with cardiometabolic risk factors
[0.65 (−0.15, 1.44) (I2 = 91.9%)] [35,39,46,59] (Figure 4A). Participants who were healthy
experienced a small but significant increase in vegetable intake [SMD (95% CI): 0.15 (0.01,
0.28) (I2 = 0%)] [42,43,51,64,77], as did participants with cardiometabolic risk factors [0.13
(0.01, 0.26) (I2 = 0%)] [35,39,46,59] (Figure 4B). Neale et al. did not report data that could be
included in a meta-analysis, but found no difference in fruit or vegetable intake between
the intervention and control groups [60]. Three RCTs reported fruit and vegetable intake
combined [68,69,71]. In the pooled analysis, there was no significant increase in fruit and
vegetable intake in the intervention compared to control groups [SMD (95% CI): 0.10 (−0.03,
0.23) (I2 = 20.5%)].

In adults who are healthy, nutrition and physical activity interventions provided by
nutrition and exercise practitioners increased fruit and vegetable intake, but efficacy was
more heterogeneous and less certain for adults with cardiometabolic risk factors (Certainty
of Evidence: Moderate).

Figure 4. Cont.
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Figure 4. Forest plot for (A) fruit and (B) vegetable intake in the systematic review examining effect
of nutrition and physical activity interventions provided by nutrition and exercise practitioners for
the general population [35,39,42,43,46,51,59,64,77].

3.5. Waist Circumference

Twenty-one articles representing 18 RCTs reported the effect of interventions on waist
circumference [36,38,41,42,44,45,48,53,56,57,62,67,69–71,73,76–80]. All studies provided results
that could be included in a meta-analysis [36,38,42,44,48,53,56,57,62,67,69–71,73,76–78,80].
In adults with cardiometabolic risk factors, nutrition and physical activity interventions
from nutrition and exercise practitioners reduced waist circumference compared to control
conditions across a wide range of interventions [SMD (95% CI): −2.58 cm (−3.62, −1.53)
(I2 = 62.7%)] [36,38,44,48,53,56,62,67,69–71,73,76,78,80], but results were not significant
in studies targeting healthy adults [−0.95 (−2.01, 0.12) (I2 = 0%)] [42,57,77] (Figure 5)
(Certainty of Evidence: High).

3.6. Percent Weight Loss

A priori, the expert panel specified that percent weight loss would be analyzed as
an outcome for participants with overweight or obesity only. Studies were required to
report the number of participants achieving 5% weight loss or percent weight loss as a
continuous variable.

Eight RCTs reported the outcome of achieving 5% weight loss in adults with over-
weight or obesity [47,50,53,55,67,69,73,78]. In the meta-analysis, adults receiving nutrition
and physical activity interventions had a RR (95% CI) of 2.37 (1.76, 3.19) (p < 0.01) of
achieving 5% weight loss compared to control groups (I2 = 28.6%) (Figure 6). Seven RCTs
represented in nine articles reported the outcome percent weight loss as a continuous
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variable [33,39,40,50,54,58,59,75,78]. In a pooled analysis of three RCTs, there was no sig-
nificant effect of interventions on percent weight loss [MD (95% CI): −2.37% (−5.51, 0.77)
(I2 = 79.9%)] [50,75,78]. In the remaining four studies, authors did not provide variance to
the mean weight loss percentages reported, but all reported increased percent weight loss
in participants who received the interventions compared to the controls [39,54,58,59].

Figure 5. Forest plot for waist circumference in the systematic review examining effect of nutrition
and physical activity interventions provided by nutrition and exercise practitioners for the general
population [36,38,42,44,48,53,56,57,62,67,69–71,73,76–78,80].

Post-hoc, authors investigated if percent weight loss results varied according to if authors de-
scribed caloric reduction as part of the intervention. Of the 13 RCTs that reported percent weight
loss as an outcome for adults with overweight or obesity [39,47,50,53–55,58,59,67,69,73,75,78],
authors of ten studies described that caloric reduction was advised and participants ex-
perienced significant percent weight loss or increased likelihood of reaching 5% weight
loss in nine of these ten RCTs [39,47,53–55,58,59,69,78], but no effect in one RCT [75]. Three
RCTs that did not describe prescribed caloric reduction did not result in significant percent
weight loss [50,67,73].

In adults with overweight or obesity but no diagnosed disease, nutrition and physical
activity interventions from nutrition and exercise practitioners improved likelihood of
achieving 5% weight loss compared to controls, but there was no effect on percent weight
loss as a continuous variable. Percent weight loss was generally only significant compared
to controls when caloric reduction was prescribed (Certainty of Evidence: Moderate).
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Figure 6. Forest plot for 5% weight loss in the systematic review examining effect of nutrition
and physical activity interventions provided by nutrition and exercise practitioners for the general
population [47,50,53,55,67,69,73,78].

3.7. Quality of Life

Seven included RCTs reported the outcome of QoL [49,51,52,60,67,69,80]. Study au-
thors used a variety of tools to measure QoL. Because three RCTs utilized the Short Form-36
(SF-36), a common tool for determining QoL, these studies were included in the meta-
analysis [49,51,80] and demonstrated no significant effect in the intervention groups com-
pared to control groups on SF-36 Physical QoL [MD (95% CI): 3.91 (−0.21, 8.03) (I2 = 57.3%)]
or Mental QoL [0.19 (−4.04, 4.42) (I2 = 33.1%)]. In Rosas et al., an Obesity-related Problems
Scale was used to measure QoL, in which a lower number is a better outcome. There was
no difference in outcomes between groups [69]. In a study by Krishnan et al., transformed
weight was used as a proxy for QoL, and there was a greater increase in QoL in the inter-
vention group, but there was no statistical comparison between groups [52]. When the
Assessment of QoL 6-dimension tool was used in a small sample, QoL was improved in
the intervention group compared to the control group [67]. In a study by Neale et al., the
authors used the Short Form-12 to measure QoL and results were reported as medians
(interquartile range). The authors reported no difference in QoL between groups [60].

In adults who are healthy or have cardiometabolic risk factors, the evidence is very
uncertain about the effect of nutrition and physical activity interventions provided by
nutrition and exercise practitioners on physical and mental quality of life but suggests
little-to-no effect (Certainty of Evidence: Very Low).

3.8. Adverse Events

Three included RCTs reported adverse events [37,55,69]. In Ma et al. [55] and Rosas
et al. [69], serious and nonserious adverse events were comparable between intervention
and control groups. However, in a study targeting postmenopausal women, musculoskele-
tal injuries and hot flash number as well as severity were not significantly different between
groups, but bone mineral density was decreased in the diet and exercise group compared
to the control group (−1.7% compared with 0% change in the control group) [37]. In adults
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who were healthy or had cardiometabolic risk factors, nutrition and physical interventions
provided by nutrition and exercise practitioners may result in little to no difference in ad-
verse events, though postmenopausal women in an intervention group had reduced bone
mineral density compared to the control group in one study (Certainty of Evidence: Low).

4. Discussion

The results of this systematic review demonstrate that combined nutrition and physical
activity interventions provided by nutrition and exercise practitioners may increase physical
activity amount (low certainty of evidence) and fruit and vegetable intake (low-to-moderate
certainty of evidence), decrease waist circumference (high certainty of evidence), and
improve the likelihood of achieving a 5% weight loss for adults with overweight or obesity
(high certainty of evidence). Interventions may result in little to no difference in QoL (very
low certainty of evidence), and adverse events (low certainty of evidence). The results
demonstrated that interventions were more effective for fruit intake among healthy adults
and were more effective for anthropometric outcomes among adults with cardiometabolic
risk factors.

The evidence from this systematic review is consistent with findings from similar
reviews. A 2020 systematic review conducted by the USPSTF demonstrated that medium-
and high-contact multisession behavioral coaching nutrition and physical activity inter-
ventions were effective in reducing cardiovascular events, lowering blood pressure, and
improving blood lipid levels in adults with cardiovascular risk factors [6]. A systematic re-
view by Abbate et al. similarly demonstrated beneficial effects of diet and physical activity
training in adults with cardiometabolic risk factors [81]. For adults without cardiovascular
risk factors, findings from the current systematic review aligned with those from a 2022 sys-
tematic review by the USPSTF that nutrition and physical activity interventions improved
dietary intake and physical activity amount [7]. Other systematic reviews have focused on
the effectiveness of nutrition or physical activity interventions alone. For example, a 2021
systematic review by Jinnette et al. found that personalizing nutrition advice improved
dietary intake compared to generalized nutrition advice [82], which supports the need for
individualized client counseling. The current systematic review is unique because it specif-
ically considers the effect of interventions including both nutrition and physical activity
provided by nutrition and exercise health practitioners and targets participants who may
be at risk for cardiometabolic disease due to poor lifestyle behaviors or cardiometabolic
risk factors. This focus is important because clients can access such allied healthcare practi-
tioners outside of traditional clinical and medical organizations. In addition, it provides
policy makers with information on specific means (nutrition and exercise practitioners) to
deliver effective interventions for disease prevention. The evidence from this and other
current systematic reviews supports the importance and efficacy of early interventions to
reduce cardiometabolic disease risk.

Interestingly, the results of this review revealed little to no effect on QoL. A 2021
systematic review by Jones et al. demonstrated that behavioral weight management inter-
ventions improved mental QoL and reduced depression [83], and a 2021 systematic review
by the Academy of Nutrition and Dietetics found that overweight and obesity treatment
interventions provided by a dietitian improved physical and mental QoL [84]. Conclusions
related to the impact that lifestyle interventions have on psychosocial outcomes are, at this
point, uncertain, and specific lifestyle interventions that improve QoL, particularly mental
QoL, are unknown.

The efficacy of nutrition and physical activity interventions demonstrated in this
review is encouraging. However, it is important to note and recognize the varying scopes
of practice for each nutrition and exercise allied health practitioner, including when it may
be appropriate for a practitioner to give general health recommendations outside of their
area of expertise and when it is appropriate to refer to another allied health practitioner.

An allied health practitioner’s nutritional scope of practice is determined by a combi-
nation of national certification and credentialing [85], state laws and regulations, and the
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professional’s education, experience, and skillset. Thus, a high degree of variability among
different practitioners exists regarding what advice and interventions they can ethically pro-
vide when dispensing nutrition and physical activity guidance and designing interventions.
For example, dietitians have a wider and more sophisticated scope of practice as it relates
to nutrition, medical nutrition therapy, nutrient analysis, and individualized meal planning
compared to an exercise practitioner or health coach [13,16]. An exercise practitioner, such
as a certified personal trainer and/or health coach, has a more limited scope with respect to
nutrition, and would likely benefit from referring clients with metabolic risk factors, such
as obesity, to dietitians. However, exercise professionals may discuss certain aspects of
nutrition with clients. Exercise practitioners, including health coaches, who have earned
an accredited certification [85] can and should educate clients and discuss the following:
principles of healthy nutrition and food preparation, characteristics of a balanced diet, es-
sential nutrients, actions of nutrients, effects of deficiencies and excess of nutrients, nutrient
requirements throughout the lifespan, principles of pre and post-workout fueling, and
information about nutrients in foods or supplements [15]. Certified health coaches, more
specifically, can apply effective communication skills to assist clients in taking ownership
of their behavior changes. Additionally, health coaches support and empower clients to
develop measurable goals and the internal strength to achieve those goals [14].

Alternatively, it may be appropriate for dietitians or health coaches to provide general-
ized physical activity guidance to adults who are apparently healthy or who do not have
physical activity limitations [13,16]. However, in more complex cases such as when clients
have limited mobility due to obesity, limited experience with physical activity, or highly
specific physical activity goals such as building muscle mass, referral to exercise practition-
ers may be warranted. Multidisciplinary collaboration allows allied health practitioners to
share expertise, provides a trustworthy system for client referrals and increases access to
interventions to empower adults to prevent disease.

5. Strengths and Limitations

Strengths of this systematic review and meta-analysis included rigorous methods that
adhered to GRADE and PRISMA standards. In addition, included studies examined a wide
range of nutrition and physical activity interventions provided by a variety of nutrition
and exercise practitioners. This systematic review was conducted using a multidisciplinary
team of researchers and practitioners in the fields of nutrition, physical activity, and
behavior change. Finally, this meta-analysis examined multiple outcomes of interest that
are commonly collected in practice and important to population health.

A limitation of this systematic review was that the limited number of studies for
each outcome and the heterogeneous interventions and results prevented the team from
drawing generalizable conclusions regarding the efficacy of specific types of interventions
that include nutrition and physical activity, such as delivering intervention using telehealth
or in a group setting. The GRADE method specifies that the number of outcomes selected
for analysis are limited to seven outcomes, thus limiting examination of other important
healthy dietary components such as intake of whole grains and added sugars. Further,
this review relied on exclusively peer-reviewed literature, and there is the potential that
unpublished, but applicable, literature relevant to the research question was not included.
Finally, this review does not include an intentional analysis of specific sub-populations
who are at higher risk for cardiometabolic disease, such as those with low socioeconomic
status or who identify as members of racial or ethnic minority groups. Evidence for some
outcomes was limited by the risk of bias of included studies or by the lack of studies
reporting the outcome of interest, such as QoL.

6. Future Research

Future research should aim to investigate the effects of nutrition and physical activity
interventions in underserved populations, such as those with low socioeconomic status
or who identify as members of racial or ethnic minority groups, and others who are at
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higher risk for developing non-communicable diseases. Another goal of future research is to
examine nutrition and physical activity interventions that specifically investigate a behavior
change-based approach compared to education/information only based interventions.
Investigations comparing process (behavior) goals versus product (outcome) goals would
provide significant value. A third goal of future research is to examine the optimal number
of sessions, types of interactions (e.g., one-on-one vs. group or in-person vs. remote),
and/or number of contacts between a client and nutrition and/or exercise practitioners
for effectively eliciting behavior change and positive habit development that promote
sustainable and meaningful lifestyle changes.

7. Conclusions

Recent research demonstrates that allied health practitioners including dietitians,
exercise practitioners and health coaches may facilitate improvement of lifestyle behaviors
and anthropometric outcomes, and thus play a key role in improving population health
by collaborating with clients who are healthy or who have cardiometabolic risk factors
to reduce disease risk. However, more research is needed to determine consistent and
effective delivery of interventions to a diversity of clients. Adults would benefit from
improved access to allied health practitioners prior to disease development to establish
healthy lifestyle behaviors through encouragement, education and skill development.
Complementary practitioners can team up to provide multidisciplinary, comprehensive
services to their clients while staying within their scopes of practice.
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Abstract: Although web-based interventions are attractive to researchers and users, the evidence
about their effectiveness in the promotion of health behaviour change is still limited. Our aim
was to review the effectiveness of web-based interventions used in health behavioural change in
adolescents regarding physical activity, eating habits, tobacco and alcohol use, sexual behaviour,
and quality of sleep. Studies published from 2016 till the search was run (May-to-June 2021) were
included if they were experimental or quasi-experimental studies, pre-post-test studies, clinical
trials, or randomized controlled trials evaluating the effectiveness of web-based intervention in
promoting behaviour change in adolescents regarding those health behaviours. The risk of bias
assessment was performed by using the Effective Public Health Practice Project (EPHPP)—Quality
Assessment Tool for Quantitative Studies. Fourteen studies were included. Most were in a school
setting, non-probabilistic and relatively small samples. All had a short length of follow-up and were
theory driven. Thirteen showed significant positive findings to support web-based interventions’
effectiveness in promoting health behaviour change among adolescents but were classified as low
evidence quality. Although this review shows that web-based interventions may contribute to health
behaviour change among adolescents, these findings rely on low-quality evidence, so it is urgent to
test these interventions in larger controlled trials with long-term maintenance.

Keywords: systematic review; web-based intervention; health behaviour; behaviour change; adolescents

1. Introduction

A major concern to public health researchers is lifestyle behaviours. Risky behaviours,
such as tobacco and alcohol use, unhealthy food habits, physical inactivity, risky sexual
practices, and insufficient sleep duration, play a significant role in many of the leading
causes of death worldwide [1]. According to data from 2015, 70% of all preventable deaths
from non-communicable diseases in adults are related to lifestyle risk factors adopted
during adolescence [2].

Adolescence is a critical period since many unhealthy habits and risky behaviours
begin at this age. However, it is also a window of opportunity for the development of
health-protective behaviours since health-related habits adopted at this age tend to persist
into adulthood [3]. For this reason, it is suggested that public health interventions aimed to
prevent or stop risky behaviours should target this life period [4], knowing that improving
adolescents’ health now is also ensuring a better future for the next generations [5,6].

A positive aspect for health promotion is that, since behaviours are modifiable
health-related variables, the threat they represent is greatly preventable [7–9] and even
minor changes in human behaviours can improve the overall population’s health [1].
However, the drawback is that behaviour change is a very complex and iterative process,
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in which even individuals who are aware of better health practices still fall short in
adjusting their behaviour [10].

Therefore, focusing on achieving and maintaining successful behavioural change
in individuals and communities is a key question for health research [10]. Over the
years, theories, models, and techniques have been suggested to understand and predict
behaviour [11], contributing to the support of planners in handling challenges in the re-
search concept, implementation, and evaluation to improve the effectiveness of behavioural
interventions [12].

Until this moment, there has been no consensus on the key role that these behavioural
interventions can play in population-level health. However, there is already agreement
that understanding theories of behaviour change is an essential element of successful
health-related interventions [13].

The relationship between the healthcare provider and the patient is now much more
different than it was before, and at the end of the 20th century, researchers and health
professionals began to realize how important shared decision-making is in healthcare
service. Additionally, a growing interest in participatory approaches to health promotion
has been observed, especially in interventions targeting children and adolescents. So, as the
medical paradigm was changing, digital technologies able to raise patient empowerment
were also becoming more readily available [14].

Thus, digital health promotion interventions, especially internet-based technologies,
have been suggested as important tools to improve individuals’ health and the quality of
healthcare services and to reduce health inequalities due to their large-scale availability.
Although there is a lack of robust evidence to support the effectiveness of web-based inter-
ventions, it seems to be a promising approach to support behavioural health change [15],
which is becoming increasingly attractive to researchers [16].

The interest in using web-based interventions in the health field is still growing. The
number of publications reveals this interest since this amount increased from 770 in 2016 to
1464 in 2020. In this same period, there was an increase of 683% in Pubmed/MEDLINE
publication results for “health AND web-based intervention” (Figure 1).

Figure 1. Self-elaborated graph of trends by year of publication for search terms “health AND
web-based intervention” from PubMed/MEDLINE data on 26 August 2021.
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Although web-based interventions may be attractive to both users and researchers,
it is crucial to summarize evidence about their effectiveness. It is essential to identify
which are the delivery modes and the behavioural change theories and techniques most
frequently used to promote positive health behavioural change and its maintenance in the
long term [13].

Since there is a wide range of digital technologies (e.g., social media, telemedicine, data
analytics, artificial intelligence, personalized medicine, wearables, mobile apps, electronic
medical records, web-resources for health education, among others) and each of them
has unique capabilities and specificities [17], characterizing each one individually will
help researchers construct more robust evidence to better explain their impact on different
health outcomes.

So, it is valuable to summarize the recent findings concerning the effectiveness
of web-based interventions in adolescents’ health, especially those more critical to the
10–24-year-old age range, namely physical activity, eating, smoking, alcohol use, sexual
behaviour, and quality of sleep. Additionally, it is important to evaluate how these inter-
ventions are modelled and used to support and maintain behavioural health change in this
population. The main objective of this study is to respond to this need by systematically
reviewing the literature published in the last 5 years.

2. Methods
2.1. Data Sources

This systematic review was prepared in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [18]. The review
protocol was registered on the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number CRD42021275508).

The electronic databases of PubMed/MEDLINE, Scopus, APA Journals, Web of Science
and SAGE Journal were searched from May to June 2021. The search terms used were
organized in three main sections: population, intervention, and health outcomes, each
illustrated by keywords and synonyms. All the terms used in the search strategy were
connected by the Boolean operator AND, between each main section, and OR, within each
section, as detailed in Table S1. We set the alerts for each database to reach new added
results. Additional articles were identified from the reference list of retrieved articles by
applying a reverse snowballing search.

2.2. Inclusion and Exclusion Criteria

Studies were eligible for inclusion if their full text was published in scientific journals
in English, Portuguese, or Spanish. Only studies published from 2016 till June of 2021 were
included, considering the wide range of digital technologies [17], the raising of patient
empowerment and their relationship with technology [14], as well as the exponential and
rapid development of digital technology in this last five-year period [19].

Considering the PICO-S framework (population, intervention, comparison, outcomes,
study design), we defined the other inclusion and exclusion criteria that we described
below. Articles that cover all inclusion criteria were considered in this systematic review.

2.2.1. Participants/Population
Inclusion Criteria

The population included only adolescents according to the definition used by
Sawyer et al., (2018), which corresponds to people between 10 and 24 years old [20]
and who have participated in web-based health interventions.

Exclusion Criteria

Interventions targeted not directly to participants aged 10 to 24 years old but targeted
their parents, educators, or healthcare professionals were excluded. Interventions targeting
multiple ages were excluded if it was not possible to isolate the desired target age group.
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Specific subgroups such as disabled people or people with irreversible clinical conditions
or major chronic diseases were excluded since the review focused on general adolescents.

2.2.2. Intervention/Exposure
Inclusion Criteria

In our review, we considered the definition described by Barak et al., (2009), which
mentions that a web-based intervention is “a primarily self-guided intervention programme
that is executed using a prescriptive online programme operated through a website and
used by consumers seeking health and mental-health related assistance. The intervention
programme itself attempts to create positive change and or improve/enhance knowledge,
awareness, and understanding via the provision of sound health-related material and use
of interactive Web-based components” [21]. We considered web-based interventions devel-
oped for health promotion to improve and/or maintain positive health behaviours. To be in-
cluded, the web-based intervention can be a stand-alone intervention or a multicomponent
intervention where the use of web-based resources is one of the intervention’s components.

Exclusion Criteria

We excluded articles if they do not report a web-based intervention, if the intervention
does not aim to reduce lifestyle risk factors (non-health promotion interventions) or if the
interventions aim to improve disease screening or to control major chronic diseases.

2.2.3. Comparator(s)/Control
Inclusion Criteria

Studies that compare the proposed intervention/exposure to another intervention
or a non-intervention group, as well as studies with a pre-test and post-test design, were
considered in this review.

Exclusion Criteria

Studies with no control group and only with a post-test design were excluded.

2.2.4. Outcome(s)
Inclusion Criteria

Regarding the main objective of this systematic review, we included studies if they
analysed the effectiveness of the intervention to promote desired behavioural change
using quantitative or mixed methods. This may include outcomes such as the extent and
maintenance of behaviour changes, risk reduction, cognitions and attitudes, behavioural
intention, subjective norm, self-efficacy, perceived behavioural control and pre-conditions
for practising and maintaining the desired behaviours (regarding physical activity, eating
habits and weight control, smoking, alcohol use, sexual behaviour, and quality of sleep).

Secondary outcomes such as adoption and adherence rates of the web-based interven-
tion, patient-reported experience, feasibility and usability assessments, and coherence of
the technology with behavioural change techniques will also be analysed when available.

Exclusion Criteria

Articles only evaluating the effectiveness of the intervention by qualitative methods
were excluded, as well as those that did not have a measurement of the effectiveness.
Additionally, studies not evaluating health outcomes related at least to one of these health
behaviours were excluded: physical activity, eating habits and weight control, smoking,
alcohol use, sexual behaviour, and quality of sleep.
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2.2.5. Study Design
Inclusion Criteria

The final set of included studies was limited to quantitative or mixed methods studies
as experimental studies, quasi-experimental studies, before-and-after studies/pre-post-test
studies, clinical trials, and randomized control trials.

Exclusion Criteria

Other types of publications, such as case studies, systematic reviews, meta-analyses,
case reports and series, ideas, editorials, opinions, study protocols and studies using only
qualitative methods were not included.

2.3. Data Extraction

The main author (DS) performed a search of the electronic databases. The articles found
by databases search, after applying the filters, were imported into Endnote TM20 software and
the duplicate records were removed by automation tools and manual search. Early screening
by titles and abstracts was performed by one author (DS) based on the aim of the study and the
eligibility criteria. Those articles identified as being potentially eligible were fully examined
by two researchers (DS and AF) separately to make sure they met the inclusion criteria. In
case of discrepancies, the decision was discussed and deliberated by both reviewers. If the
disagreement persisted, it was solved by two other authors (PP and JA).

The articles that met the specified inclusion criteria had their data extracted by the
main reviewer (DS) and validated by a second reviewer (AF) using a table developed in
Microsoft® Excel by the study team (Table S2).

Two researchers (DS and AF) independently performed the risk of bias assessment for
all included studies using the Effective Public Health Practice Project—Quality Assessment
Tool for Quantitative Studies (EPHPP), which has been validated for use in public health
research [22]. Even though we considered several tools, we chose the Effective Public
Health Practice Project (EPHPP) tool because it was a validated tool that could be used
across multiple study designs and had been developed to be used in systematic reviews
about effectiveness to questions related to public health programs [22,23].

The global rating for each article was assessed by evaluation as weak, moderate, or
strong regarding six domain ratings: selection bias, study design, confounders, blinding,
data collection methods, withdrawals, and drop-outs, according to a standardized guide
and dictionary (Table 1). Those with no weak ratings and at least four strong ratings
were considered strong. Those with less than four strong ratings and one weak rating
were considered moderate. Finally, those with two or more weak ratings were considered
weak. Two other domains were included in the assessment, but they were not included in
the overall score (the integrity of the intervention and analysis) [23]. After classifying all
dimensions, both reviewers (DS and AF) discussed and compared their assessments. When
discrepancies occurred, the reason was identified as oversight, differences in interpretation
of criteria or differences in interpretation of the study. After discussion, both researchers
agreed on a final decision.
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Table 1. Quality assessment components and ratings for EPHPP instruments reproduced from
Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature:
providing the research evidence for public health nursing interventions. Worldviews Evid Based
Nurs. 2004. [23], with permission from John Wiley and Sons, Copyright © 2004 (License number
5266150531479 obtained on 11 March 2022).

Components Strong Moderate Weak

Selection bias

Very likely to be
representative of the target
population and greater than
80% participation rate

Somewhat likely to be
representative of the target
population and 60–79%
participation rate

All other responses or not
stated

Study design RCT and CCT
Cohort analytic, case–control,
cohort. Or an interrupted time
series

All other designs or not stated

Confounders Controlled for at least 80% of
confounders

Controlled for 60–79% of
confounders

Confounders not controlled
for or not stated

Blinding

Blinding of outcome assessor
and study participants to
intervention status and/or
research question

Blinding of either outcome
assessor or study participants

Outcome assessor and study
participants are aware of
intervention status and/or
research question

Data collection methods Tools are valid and reliable Tools are valid but reliability is
not described

No evidence of validity or
reliability

Withdrawals and drop-outs Follow up rate >80% of
participants

Follow-up rate of 60–79% of
participants

Follow-up rate of <60% of
participants or withdrawals
and drop-outs not described

2.4. Data Synthesis

Considering the broad health behaviours included in our research question, substan-
tial heterogeneity between studies was found regarding their aims, methods and reported
outcomes. Thus, we decided to perform a qualitative synthesis to summarize the extracted
data rather than perform a meta-analysis. By doing so, we intended to systematically review
web-based interventions related to health behaviour change to interpret the results and
draw conclusions about their effectiveness, feasibility, usability, and use of behaviour chang-
ing techniques. Furthermore, we also identified the limitations and proposed directions for
future research.

3. Results

Table 2 encompasses the summary of narrative synthesis, and it includes authors,
publication year, country/region, setting of the study, study design, health outcomes and
main findings. More detailed information is available in Tables S3–S5.

3.1. Study Selection

As described in the PRISMA flowchart (Figure 2), 449 results were found through
the search in the five electronic databases. Of those, 189 results were marked as ineligible
by automated tools of the databases, the remaining articles were imported into Endnote
TM20 software, and 77 results were found to be duplicate records. In total, 266 results were
removed before the screening. One of the authors (DS) screened the title and abstracts of
183 studies and, based on the purpose of the study and the inclusion and exclusion criteria,
DS identified 65 studies sought for retrieval. The full texts of those potentially eligible
studies were independently assessed by two reviewers (DS and AF) using the inclusion
and exclusion criteria. In cases of discrepancies, the decision was discussed and deliberated
by both reviewers. If the disagreement persisted, it was solved by the two other authors
(PP and JA).

40



N
ut

ri
en

ts
20

22
,1

4,
12

58

Fi
gu

re
2.

St
ud

y
Fl

ow
D

ia
gr

am
ad

ap
te

d
fr

om
:[

18
].

Fo
r

m
or

e
in

fo
rm

at
io

n,
vi

si
t:

ht
tp

:/
/w

w
w

.p
ri

sm
a-

st
at

em
en

t.o
rg

/
(a

cc
es

se
d

on
29

Ja
nu

ar
y

20
22

).

41



Nutrients 2022, 14, 1258

The reference list of retrieved articles was searched, which resulted in 11 articles
being added to be assessed for eligibility, two others were identified from databases’ alerts
and three more were found by searching the intervention names of the articles excluded
because they did not evaluate the effectiveness of the intervention. In total, 16 records were
identified via other methods, and their full texts were compared with our eligibility criteria;
of those, 12 were excluded.

In total, 18 records met all the inclusion criteria, describing a total of 14 different
interventions. We found five records with the same main author describing the same
intervention (The eCHECKUP TO GO) [24–28], so prevent duplicate studies that might
lead to biased results, we assessed the time of recruitment, the sample size, and the
time of follow-up [29]. The decision was to include in the narrative synthesis the work
of Doumas, D. M. et al., (2021) since it had the best combination of the longest time of
follow-up (6 months) with the greatest sample size (n = 311) [28].

3.2. Description of the Studies

From among the 14 included studies, 6 were conducted in the United States of
America (42.9%) [28,30–34], 3 in European countries (21.4%) [35–37], 3 in Asian coun-
tries (21.4%) [38–40] and 2 in Mexico (14.3%) [41,42]. Of those, 10 were implemented in an
educational setting (71.4%) [28,30,32,33,37–42].

Concerning study design, seven studies were randomized controlled trials (50.0%)
[28,32,33,35–37,40], four were quasi-experimental studies (28.6%) [38,39,41,42] and three
had a pre and post-test design (21.4%) [30,31,34].

Regarding the desired behaviour change, four interventions intended to promote
physical activity (28.6%) [30,31,38,39], one aimed to modify physical activity simultane-
ously with fruit and vegetable consumption (7.1%) [40], four were related to alcohol use
(28.6%) [28,34,35,37], four tried to prevent risky sexual behaviours (28.6%) [33,36,41,42] and
one proposed preventing tobacco use (7.1%) [32]. None of the sleep hygiene interventions
records was found to meet the inclusion criteria.
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3.3. Recruitment and Participants

Our review encompasses data from 7616 participants, with 10 included studies having rela-
tively small size samples (≤150 subjects per study’s condition or control) [28,30–34,36,38,39,42].
Sample sizes ranged from 20 subjects in the published work from Wilson, M. et al., (2017) [30] to
almost 3000 participants in the study from Norman, P. et al., (2018) [37].

Data included in our review were collected from participants aged 10 to 24 years
old, with an average mean age of 16.7, from all studies, except two of them who did not
indicate the mean age of subjects [38,41]. The majority of the studies included older adoles-
cents (aged > 14 years old) [28,30,33,35,37,38,41,42], only one was focused only on younger
adolescents [39], two also encompassed younger adolescents (aged ≤ 14 years old) alongside
older ones [31,32], and three also analysed emerging adults (aged < 25 years old) [34,36,40].

Concerning ethnic background, most interventions were tested in Caucasian par-
ticipants [28,30,33–37], three focused on Asian participants [38–40], another three were
implemented in Hispanic participants [31,41,42] and one mostly included both Hispanic
(43.6%) and Afro-American participants (41.6%) [32].

There were more females than males in most studies [28,30,34,37,40–42], with two
of the included studies only targeting girls [31,33], yet none were targeted only to male
participants. In three studies, slightly more than half of the sample were men [32,35,39].
No information about sex representativity was available in Brown, K. E. et al., (2018) [36]
and Pirzadeh, A. et al., (2020) [38].

In most of the studies, recruitment was achieved through educational institutions
using institution-wide announcements, information sessions in lectures, classrooms, or
after-school program meetings, and by sending emails and letters to participants and
parents when applied [28,30,32,33,37–42]. Social media advertisements [34,35], announce-
ments in health promotion sites, open access to the intervention’s website landing page [35],
printed promotion materials distributed in public areas (such as schools, cafes, bars,
stores, youth meetings and health-focused community events) [31,35], referencing by
other participants [31] and using a brief verbal introduction and printed material presented
by the staff to clinical attendees [36] were other recruitment strategies identified in the
included studies.

These recruitment strategies resulted in non-probabilistic samples in all these trials, so
results may not be generalized to out-of-sample contexts.

In eight studies, financial rewards, gift cards, giveaway items and prize draws were
used as incentives for retention [28,30,32–35,37,42].

Only three studies had 6 months of follow up [28,37,38]. The others had a shorter
length of study follow-up (<6 months) [31,33–36,39–41] and three of them did not include
follow-up measurements aside from the moment immediately post-intervention [30,32,42].

3.4. Web-Based Interventions

A variety of web-based interventions were evaluated in the included articles, from
brief online interventions based on text messaging delivered through e-mail with multi-
media content links [37] or wearable digital tracking devices to record data and provide
feedback on progress using an internet-based platform [30], to websites using narrative
and animation to deliver content and challenges into a real-life context combined with a
geographical information system to record progress [39].

Nearly half of them were at least somewhat tailored [33–36,38,40] and the degree of
customization was also variable, ranging from interactive systems designed to generate
individually tailored content matching participants’ response choices [35,36] to interven-
tion elements that were consistent with the participants’ level of motivation/readiness
to change and personalized reports on the participants’ progress [29] according to their
questionnaire responses.

From among our 14 included articles, 10 interventions were exclusively internet-
based and used the web to deliver all intervention components including the online data
collection [26,29,32–34,36–39]. Most were delivered through a website and one of them was
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presented as a mobile application to create a gamification environment, a data collection
field and shared affiliation links to other web-based resources [30]. However, in the other
four studies, the web-based component was merely one element of a multicomponent
intervention, such as using a wearable digital tracking device to record progress in an
internet-based platform combined with workshops, lectures, and goal setting counselling
face-to-face with professionals [31] or a brief tailored web-based programme with paper-
based action planning cards [35], or to support online educational sessions with face-to-face
sessions [41] or class discussions [40].

All our identified trials were health promotion interventions and included content
to promote behavioural change on a range of topics, such as dietary patterns and healthy
eating, physical activity, alcohol and tobacco use, and sexual behaviour.

3.5. Behaviour Change Theories and Techniques

All the included studies were theory-based interventions. Some of them were con-
structed based on only one theory or model, such as the Transtheoretical Model/Stages
of Change [37], Operant Conditioning Theory [30], Information–Motivation–Behavioural
Skills Model [40], Conceptual Framework of Adolescent Sexual Resilience [41], Theory of
Motivational Interviewing [34], Health Action Process Approach [39], and the Self-efficacy
Theory as a subset of the Social Cognitive Theory [31]. In contrast, other studies relied on
more than one theoretical model, combining, namely: the Social Cognitive Theory with
the Transtheoretical/Stages of Change Model [29], the Experiential Learning Theory and
the Extended Elaboration Likelihood Model [32], the Theory of Planned Behaviour with
the Health Action Process Approach [35] or with Self-affirmation and Implementation
Intentions [36], the Social Cognitive Theory and the Health Belief Model [38], the Social
Norming Theory with Motivational Enhancement models [26], as well as the Reasoned
Action Model and Fuzzy Trace Theory with multiple others psychological and health
behaviour change techniques [33].

3.6. Effectiveness of the Web-Based Interventions

Among the 14 included studies, three used differences between pre and post-test as-
sessment [30,31,34] to document their effectiveness, while the remaining 11 based their find-
ings on differences from intervention group to control groups, using active and non-active-
control groups. Namely, six studies used a control group as assessment-only [28,35–38,40];
three studies used a non-web-based educational intervention as the control group, with one
regarding the study outcome [41], while the other two were about generic health themes
other than the one being studied [39,42]; the last two were web-based interventions, where
one was about an unrelated health theme [33] and the other used a website with only
written content and without interactivity or entertainment features [32].

Thirteen of the fourteen studied interventions revealed significant positive findings
that support web-based intervention effectiveness in promoting health behaviour change,
namely in improving motivation [30] and the practice of physical activity [31,38,39] as well
as positive changes in weight, fitness and cardiovascular measurements [30]; in decreasing
self-reported problematic alcohol use [28,34,35,37] and alcohol-related consequences [34];
in improving sex norms and attitudes, self-efficacy, self-reported sexual assertiveness
skills, intentions to communicate about sexual health, knowledge concerning to sexually
transmitted diseases and condom use [33,41] and to mitigate the numbers of mishaps in pill
and condom use [36]; in reducing intention to smoke in non-smokers [32]; and in increasing
fruit and vegetable intake [40].

Although the study from Castillo-Arcos Ldel, C. et al., (2016) had observed a crude
reduction in risky sexual behaviours in the intervention group, they were not able to show
a significant reduction in those behaviours using multivariate analyses since unexpected
effects in pre and post-test scores occurred in the control group. It is important to note
that the control group was subjected to the visualization of an educational video aimed to
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improve general health status, focusing on unhealthy food habits, mental health disorders,
drug use, violence, and accidents [42].

3.7. Other Outcomes

The most frequent non-health-related outcome measured in the included studies was
acceptability [30,31,34,36,39,41], but feasibility [30,31,36], engagement [32,34], adherence [30,31]
and usability [30] were also evaluated in some studies.

The main aim of some of the studies was even to test feasibility and acceptability,
being the evaluation of potential efficacy, a secondary objective given the pilot nature of
those trials [30,31,34,36].

In these studies, the interventions overall proved to have reasonable levels of acceptabil-
ity (ranging from moderate [31,36] to good [30,34,39,41]) and good feasibility [30,31,36,42].
As positive features, web-based interventions were classified by participants as easy to
use [34], interactive and entertaining [32]. The time demanded to accomplish proposed
activities [41], technical problems [34] and high drop-out rates [35,40] were negative aspects
of some of these interventions.

3.8. Risk of Bias Assessment

The critical appraisal of individual studies performed using the Effective Public
Health Practice Project—Quality Assessment Tool for Quantitative Studies (EPHPP) [23] for
selection bias, study design, confounders, blinding, data collection methods, withdrawals
and drop-outs are described in Table 3. Overall, the EPHPP tool showed the low quality of
study methodology since 12 studies were classified as weak [28,30,31,33–40,42] and two
as moderate [32,41].
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4. Discussion
4.1. Summary of Findings

Most previous systematic reviews about digital health interventions are limited to
the self-management of clinical conditions or symptoms instead of focusing on health
promotion [43–47] or try to understand only one major health outcome change such as
nutrition-related behaviours [48–51], sedentary behaviours [52] and physical activity [53],
depression and mental health [54], alcohol-related problems [55] and their target population
is other than adolescents such as adults [56] and older adults [57].

Although one previous review and meta-analysis performed by Wantland, D. J. et al.,
(2004) had found substantial evidence that the use of web-based interventions could
improve knowledge and/or behavioural change outcomes when compared with non-web-
based interventions, that one focused on the general population [58].

Since we hypothesized that its effectiveness could be more relevant in a very digital-
skilled population, such as young people, our review intended to evaluate the effectiveness
of web-based interventions in health behaviour change in adolescents. Moreover, due to
the rapid growth of the technological field, an update focused on the most recent literature
was justified.

As well as the work from Wantland, D. J. et al., (2004) [58], our systematic review
also showed positive effects of internet-based interventions to achieve health behaviour
change, including increased motivation [30] and physical activity level [30,31,38,39], de-
creased harmful alcohol use and its consequences [28,34,35,37], improved attitudes, self-
efficacy, assertiveness skills, intentions to communicate and knowledge concerning to
sexual behaviours [33,36,41], decreased intention to smoke [32], and increased fruit and
vegetable consumption [40].

However, these findings relied mostly on small sample sizes [28,30–34,36,38,39,42],
non-probabilistic samples, and studies with a lower length of follow-up, very context-
specific [28,30–42], which limits the generalizability of the results, as already described in
the literature [59].

In addition, although all studies analysed presented statistically significant differences
between groups (control vs. intervention or pre-test vs. post-test), not all evaluated
the intervention effect size [31,36] and when they do, different analytic estimators were
used, compromising the quantitative summary and interpretation of the dimension of
the differences.

In addition to the widely used statistical significance, the use of effect size for each
outcome should also be promoted, as it would allow for more detailed reading and inter-
pretation of results [60].

Although our review suggests that web-based interventions are a promising ap-
proach to achieve health behaviour change, robust evidence from larger randomized
controlled trials, from the population’s representative samples, with proven relevant effects,
is still needed.

A wide range of web-based interventions was found. It is worth noticing that the more
interactive and entertaining the intervention was, the higher was the participants’ retention in the
study. It also increases the intervention’s acceptability and feasibility [32]. Overall, web-based
interventions seem to have moderate to good acceptability and feasibility [30,31,34,36,39,41,42].

In contrast to the previous literature [61], we found that researchers are largely devel-
oping interventions based on theoretical frameworks and models, which has been shown
to improve an intervention’s effectiveness [62]. Critical points to the quality of evidence
seem to be mainly related to sampling issues, representativeness of populations and ab-
sence of blinding. We identified that some important information, which is required by
risk assessment tools, is sometimes non-available or unclear. The previous literature also
underlines that researchers should include more detailed descriptions of their web-based
interventions to achieve improved research designs [63]. Therefore, examining in advance
all the domains evaluated in these tools may help researchers to conduct more robust
methodological studies with a higher quality of evidence.
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Even though web-based interventions seem to be a promising approach in health
behaviour change with positive acceptability among adolescents, robust evidence is still
lacking. We keep making the same errors as in the past since we still lack results from
larger randomized controlled trials from high-quality papers (lower risk of bias), with
representative samples and testing the long-term maintenance of these health behaviour
changes (time of follow-up > 6 months). These limitations are known by most of the
authors, who refer to them in their papers [28,30–35,39–41]. Nonetheless, it is crucial to
identify why they keep being reported repeatedly and, moreover, try to overcome them.
It was also frequent that studies were being classified as pilot projects, highlighting the
need to study the effectiveness of the intervention in other studies, but never publish-
ing those randomized controlled trials with the sample size needed for the effect size
wanted. This may partially be explained by the lack of financial resources as well as time
availability. Planning, developing, ensuring internal testing and usability testing is very
time-demanding and costly research since the development of a web-based intervention
is often a back and forward process [15]. With limited funding and restricted time to
accomplish the intervention, most researchers will fail in providing robust evidence. We
suggest that more than developing new web-based interventions, researchers should unify
their strengths and resources to largely test the existing intervention in different cultural
contexts within different populations.

4.2. Limitations of This Review

The present review is intended to summarize the most relevant evidence available to
assess the effectiveness of web-based interventions to promote health behaviour change in
adolescents. We acknowledge that our selection of 2016 as the oldest reference comports
the risk of excluding previous robust evidence. However, the recent global increment of
the importance of the web in our daily life and the emergence of other digital innovative
technologies justify our focus.

It is also a fact that in the last two years, the resources and efforts of the worldwide
scientific community have focused on the issue of COVID-19, mitigating the investment in
health-promotion interventions for children and adolescents, since the educational context
where these interventions were often implemented has undergone critical adaptations.
This may partially justify the reduced number of included papers despite the growing
trend observed during the last years. Nevertheless, the mandatory lockdown reinforced
the need to invest in technological health promotion strategies that may be implemented at
a distance, large scale and with almost the same financial and human resources.

We are aware that, due to time restrictions, we left out other databases relevant to this
topic, such as EMBASE, ERIC, B-on, and Emerald, among others. It has been suggested
that piloting a sample of records through every review’s step, such as producing a “mini”
review, could be used to effectively change the criteria in the data extraction table to ensure
that the full review would include the most useful and relevant information, removing the
need to re-visit the papers at a later phase [58]. Thus, we can consider this work as a “mini”
systematic review since an update should be performed by running the search query in
other relevant databases. In addition, searching in grey literature, which was not included
in this review, could expand the number of eligible publications. Even though publication
bias has been largely documented in the literature, it seems that this bias is increasing. It
could be explained by the higher competition between researchers that tend to publish
positive results rather than negative ones [59]. For this reason, searching the grey literature
would give us a more realistic summary of evidence.

The main limitations of the present review include the combination of results from
well-designed and less rigorously designed studies, their heterogeneity of studies in terms
of setting, interventions, methods and outcome measures, and the lack of included records
on sleep hygiene. Additionally, the absence of analysis by subgroups of health outcomes
and active components of the behaviour change intervention may be considered a limitation.
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However, the low number of studies that used each health area and each behaviour change
technique did not allow this analysis to be performed.

In addition to these limitations, to our knowledge, this is the first systematic review
summarizing the effectiveness of web-based interventions in promoting a wide range of
health behaviour changes focused specifically on adolescents. Important findings were
highlighted to help researchers to reach high-quality evidence in the development and
evaluation of web-based interventions. Authors should discuss the results and how they
can be interpreted from the perspective of previous studies and of the working hypotheses.
The findings and their implications should be discussed in the broadest context possible.
Future research directions may also be highlighted.

5. Conclusions

Our findings support that web-based interventions significantly contribute to achiev-
ing health behaviour change among adolescents, regarding physical activity, eating habits,
tobacco and alcohol use and sexual behaviour, with reasonable levels of acceptability
and feasibility. Additionally, more evidence is needed to prove their effectiveness in
long-term maintenance, since there are few studies with follow-up assessments longer than
6 months. As shown by the critical assessment of the risk of bias, these findings are of
low-quality evidence, so it is urgent to test these web-based interventions in larger ran-
domized controlled trials, within probabilistic samples, ideally in single or double-blinded
design and testing the long-term maintenance of these health behaviour changes (time of
follow-up > 6 months).
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Abstract: Weight gain prevention interventions are likely to be more effective with the inclusion of
behaviour change techniques. However, evidence on which behaviour change techniques (BCT) are
most effective for preventing weight gain and improving lifestyle (diet and physical activity) is limited,
especially in reproductive-aged adults. This meta-analysis and meta-regression aimed to identify BCT
associated with changes in weight, energy intake and physical activity in reproductive-aged adults.
BCT were identified using the BCT Taxonomy (v1) from each intervention. Meta-regression analyses
were used to identify BCT associated with change in weight, energy intake and physical activity.
Thirty-four articles were included with twenty-nine articles for the meta-analysis. Forty-three of the
ninety-three possible BCT listed in the taxonomy were identified in the included studies. Feedback on
behaviour and Graded tasks were significantly associated with less weight gain, and Review behaviour
goals was significantly associated with lower energy intake. No individual BCT were significantly
associated with physical activity. Our analysis provides further evidence for which BCT are most
effective in weight gain prevention interventions. The findings support that the use of key BCT within
interventions can contribute to successful weight gain prevention in adults of reproductive age.

Keywords: behaviour change techniques; weight gain prevention; reproductive age; meta-analysis;
meta-regression

1. Introduction

Obesity is a pressing global health challenge. The prevalence of overweight and
obesity affect one-third of the world’s population and are escalating globally [1]. Both
men and women of reproductive age are at increasing risk of longitudinal weight gain and
development of obesity [2,3] with longitudinal data reporting they gained 0.5–0.8 kg per
year [4,5]. Furthermore, women of reproductive age are at a particularly higher risk of
weight gain and obesity exacerbated by excess gestational weight gain and postpartum
weight retention. For example, reproductive age women in Australia had an average weight
gain of 6.3 kg over 10 years [6] with this rate of weight gain greater in women 18–50 years
(0.4–0.7 kg/year) compared to women above 50 years (0.2–0.5 kg/year) [7]. In addition
to increasing the risk of obesity, weight gain in adults is associated with increased risk of
various chronic diseases including type 2 diabetes, hypertension, cardiovascular diseases
and cancer [8,9] and an overall increased risk of mortality [10].

Prevention of weight gain is considered less expensive, more feasible and effective
than obesity treatment [11]. Once established, obesity treatment is more intensive, costly
and largely unsustainable [12,13]. In response to this challenge, there is a need to consider
a greater emphasis on weight gain prevention to curb the rising prevalence of overweight
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and obesity [14,15]. A recent meta-analysis of 29 studies by our group assessed the efficacy
of lifestyle interventions for the prevention of weight gain in 37, 407 adults [16]. Overall,
lifestyle interventions were effective in preventing weight gain in adults aged 18–50 years
(MD −1.15 kg; 95% CI −1.50, −0.80) compared to control [16]. Interventions were effective
for both women and men. The impact of the interventions was also more pronounced in
non-obese adults and for prescriptive compared to non-prescriptive interventions. How-
ever, behaviour change strategies associated with the intervention effectiveness remain to
be identified.

Lifestyle interventions are often complex and involve multiple components also known
as active ingredients designed to change behaviour [17]. A behaviour change technique
(BCT) has been previously defined as an “observable, replicable, and irreducible component
of an intervention designed to alter or redirect causal processes that regulate behaviour;
that is, a BCT is proposed to be an ‘active ingredient’” [18]. A taxonomy of behaviour
change technique (BCTTv1) has been developed for better understanding of complex
interventions and identification of active ingredients of interventions that contribute to
positive behaviour change. This taxonomy by Michie et al. [18] provides a standardized
list of 93 BCT labels and detailed definitions. For example, some key BCTs are: Goal setting
behaviour (e.g., eat 2 serves of fruit and 5 serves of vegetables each day, aim 8000–10,000 steps
per day), Problem solving (e.g., identify barriers or facilitator for change, relapse prevention),
Self-monitoring of behaviour (e.g., regular self-weighing, using pedometer or diary), Review
behavioural goals (email or written feedback on energy intake and physical activity), Social
support (unspecified, (encouraged to walk with friends or join compatible local group
programs), Graded tasks (encourage a gradual increase in physical activity levels-working
towards 150–300 min per week) and Behavioural practice/rehearsal (e.g., exercise classes with
role play). Several previous meta-regression analyses have investigated BCTs associated
with change in diet, physical activity and weight [19–23]. Several reviews have also
identified effective BCTS within lifestyle interventions to improve outcomes in diet [24] and
weight [25,26] using percentage effectiveness ratios and have reported that interventions
are likely to be more effective with the inclusion of BCTs such as self-monitoring, goal
setting and social support. These studies, however, have focused on specific population
groups including younger adults [24,25], pregnant women [23], postpartum women [20]
and participants with chronic conditions [19] which limits the generalizability of these
findings to the broader population of adults of reproductive age who experience greater
longitudinal weight gain. To date, no previous studies have evaluated BCTs associated with
interventions specifically targeting weight gain prevention in adults of reproductive age
(18–50 years); therefore, a greater understanding of specific BCTs or combination of BCTs
associated with weight gain prevention and improvements in lifestyle outcomes is required
to guide future intervention development. This study aims to identify the BCTs associated
with change in weight, energy intake and physical activity in adults of reproductive age.

2. Methods
2.1. Protocol and Registration

This meta-analysis was reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement [27]. The review protocol was registered
with PROSPERO (registration number CRD42018114156). This work is part of our recent
published systematic review and meta-analysis of lifestyle intervention of randomized
controlled trials (RCTs) for preventing weight gain in adults aged 18–50 years [16]. Here,
we present a secondary analysis to identify the BCTs associated with change in weight,
energy intake and physical activity.

2.2. Data Sources and Searches

Complete search strategies used in electronic databases, study selection, eligibility
criteria, data extraction process and risk of bias assessments are reported in detail in the
previous systematic review [16]. A systematic literature search was conducted with no time

60



Nutrients 2022, 14, 209

limit, inclusive to May 2020. Briefly, we included RCTs published in English that recruited
men and women aged between 18 to 50 years, that exclusively aimed to prevent weight gain
with lifestyle intervention (incorporating diet, physical activity and/or behaviour change
strategies) of any duration compared with no/minimal intervention (waiting list, materials
or information only interventions) and reported a weight or BMI (weight (kg)/height (m2))
following intervention as either a change score or endpoint value. Adults aged 18–50
were defined as reproductive age as although females under 18 and males over 50 can
reproduce, it is recognized that fertility is suboptimal in older males [28] and that there
are biological and social ramifications of pregnancies in women under 18 [29]. We used
study level data for the outcome of weight, diet and physical activity from our previous
systematic review and meta-analysis of randomized controlled lifestyle interventions to
prevent weight gain [16]. Overall, 29 studies across 34 publications were included. Results
including detailed description of included studies, intervention effectiveness for weight,
physical activity and energy intake outcomes as well as risk of bias are reported in detail in
our previous systematic review [16]. In brief, lifestyle interventions resulted in significant
reductions in weight (MD −1.15 kg, 95% CI −1.48, −0.81, 29 studies, 11874 participants,
I2 = 35.83%, p < 0.001), energy intake (MD −111.21 kcal/day, 95% CI −115.44, −106.97,
13 studies, 4207 participants, I2 = 87%, p < 0.001) and significant increases in physical
activity levels (MD 71.75 MET-min/week, 95%CI 22.72, 120.77, 6 studies, 1329 participants,
I2 = 0%, p = 0.004) [16]. The majority (n = 15) of studies were classified as moderate risk of
bias [16].

2.3. BCTs Coding

We used the BCTTv1 [18] to identify BCTs utilized within the lifestyle interventions.
Intervention descriptions of each study were reviewed and coded as presence or absence of
the 93 BCTs in the taxonomy. We also referred to intervention protocols and Supplementary
Materials associated with the studies and coded these for BCTs. As stated in previous
systematic reviews and meta-regressions of behaviour strategies [20,22], both the interven-
tion and control groups were coded and only BCTs that were present in the intervention
group and absent in the control group were included in the analyses. BCTs were coded
independently by three reviewers who have completed the BCTTv1 online training course
(http://www.bct-taxonomy.com/, accessed on 23 January, 2020). Each study was indepen-
dently coded by two reviewers, in which one reviewer (M.A.A) independently coded all
intervention descriptions in studies and the other two reviewers (L.M. and S.L. who are
dietitians with experience in lifestyle intervention development) independently coded 50%
of all studies. Discrepancies were resolved by consensus in discussion with all reviewers.

2.4. Data Synthesis and Analysis

Data analysis methods are previously reported in the original systematic review [16].
Briefly, outcomes were pooled using the inverse variance weighted random-effects meta-
analysis with the restricted maximum-likelihood estimator and expressed as mean differ-
ences (MDs) for weight (kg) and energy intake (kilocalories) with 95% confidence intervals.
While we report physical outcome only for six studies reported on similar scales (MET-
min/week) in our previous paper [16], here, we analyzed studies reported on different
scales which can be combined as standardized mean differences (SMDs) (calculated us-
ing Hedges’ (g)) with 95% confidence interval. This was to maximize the sample size to
provide sufficient power to perform meta-regression of BCTs where at least 10 studies
are required. Chi-square tests were used to examine heterogeneity between studies with
p < 0.1 considered statistically significant. The degree of inconsistency between studies was
assessed using I2 with values ≥ 25%, ≥ 50%, and ≥ 75% indicating moderate, substantial
and high heterogeneity, respectively [30].Publication bias was assessed with the funnel plot
and Egger’s test for meta-analyses.
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2.5. Analysis of BCTs: Meta-Regression and Percentage Effectiveness Ratio

The total number of BCTs used per study were calculated as the sum of BCTs that were
present in the intervention but not in the control group. For meta-regression and percentage
effectiveness ratio, BCTs were included in the analysis if they were present in three or more
studies to minimize the impact of single studies or avoid inflation of results (i.e., to reduce
type−1 error) [19,31]. Here, we used two approaches to analyse BCTs and results from both
methods of analyses were triangulated to increase robustness of the findings. Percentage
effectiveness ratio is descriptive in nature and has the advantage of being able to identify
most BCTs that have the potential to be effective. However, it may have low specificity
due to its binary nature of categorization (effective/non effective), potentially including
large numbers of BCTs that may only have small contributions to effectiveness but are
frequently included in intervention components [32]. Meta-regressions, on the other hand,
are able to detect effects that are too small to be picked up in individual studies, but they
require a large number of studies and a substantial heterogeneity between studies to detect
associations.

Random effect meta-regression analyses with restricted maximum likelihood estima-
tion were conducted to explore the associations between BCTs and changes in weight,
energy intake and physical activity. Adjusted R2 was used as a measure of variance
accounted for by the covariates. A series of univariable meta-regression analyses were
performed to explore the effect of individual BCTs, the total number of BCTs and number
of BCTs congruent with control theory (i.e., all BCTs under Goals and planning and Feedback
and monitoring group) [20] on intervention effect. The group of BCTs congruent with control
theory were considered here as it has been found to be associated with greater effect sizes
in weight loss with lifestyle interventions in previous meta-regressions [19,20].

Additionally, a descriptive analysis of BCTs was conducted using ‘percentage effec-
tiveness ratio’ as described in previous reviews [24,25]. Firstly, studies were categorized as
effective (a significant difference in outcomes between intervention and control groups)
or non-effective (no significant differences in outcomes between groups). BCTs utilized
in effective and non-effective interventions were identified. The percentage effectiveness
ratio was calculated as the ratio of the number of times each BCT was identified in an
effective study divided by the number of times it was a component of all studies, including
in non-effective trials. BCTs with percentage effectiveness ratio >50% were considered a
component of effective interventions [25]. All statistical analyses were performed with
STATA statistical software version 16.1 (StataCorp, College Station, TX, USA).

3. Results
3.1. Study Selection and Intervention Efficacy Overview

Study selection and screening process are shown in Figure S1 and the intervention
and comparator characteristics of included studies are shown in Table S1. As reported
previously, 29 studies across 34 publications were included for weight, 13 studies for energy
intake and 17 studies for physical activity. Most studies involved both male and female
(n = 17) participants, were conducted in a community settings (n = 18) and utilized a mixed
diet and physical activity intervention (n = 14 studies) or behaviour change approach
(n = 17 studies) [16]. Intervention delivery was predominantly face-to-face group sessions
(n = 12) with median intervention duration of 9 months. Here, combining studies that
reported physical activity on different scales, the intervention effect remained significant
on physical activity levels (SMD 0.13, 95% CI −0.05, 0.31, 17 studies, 4496 participants,
I2 = 80.77%, p < 0.001) (Figure S2).

3.2. BCT Analysis

BCTs identified within intervention descriptions of each study have been published
before [16]. Of 93 possible BCTs in the taxonomy, a total 43 BCTs unique to the intervention
group were coded in the interventions (Figure 1). The number of BCTs per study ranged
from 2 to 20, with an average of eight BCTs per study. The five most frequently coded BCTs
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were Goal setting behaviour (in 24 studies), Self-monitoring of behaviour (in 19 studies), Action
planning (in 16 studies), Social support (unspecified) (16 studies) and Instruction on how to
perform the behaviour (16 studies).

The associations between BCTs and changes in weight, energy intake and physical
activity are shown in Table 1. Feedback on behaviour and Graded tasks were significantly
associated with reduced weight gain (Table 1). Review behaviour goals was significantly
associated with a greater decrease in energy intake (Table 1). No individual BCT was
significantly associated with physical activity outcomes (Table 1). Both the total number
of behaviour strategies and BCTs congruent with control theory were not significantly
associated with weight, energy intake or physical activity (Table 1).

A summary of BCTs identified in effective and non-effective interventions for changes
in weight, energy intake and physical activity are shown in Table 2. There were 23 BCTs
identified in at least three studies for weight with 18 BCTs having a percentage effectiveness
ratio >50% (Table 2). For energy intake, 16 BCTs were identified in at least three studies
with 9 BCTS having a percentage effectiveness ratio >50% (Table 2). For physical activity,
19 BCTs were identified in at least three studies and no BCTs showed an effectiveness ratio
>50% (Table 2).
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4. Discussion

This meta-analysis and meta-regression assessed for the first time BCTs within lifestyle
intervention targeting weight gain prevention in healthy reproductive-age adult popula-
tions. As previously reported, weight gain prevention interventions prevented weight
gain (1.15 kg), reduced energy intake (−111.21 kcal/day) and improved physical activity
(71.75 MET-min/week) compared with controls [16]. We extended this work to report
the effective BCTs associated with change in weight, diet and physical activity. While
analysis from percentage effectiveness ratios suggest a number of BCTs are effective in-
tervention components for reducing weight and energy intake, only Feedback on behaviour
and Graded tasks were associated with weight and Review behaviour goal(s) associated with
energy intake in meta-regression. No individual BCT was significantly associated with
physical activity outcomes as a percentage effectiveness ratio or in meta-regression. The
total number of BCTs and strategies congruent with Control Theory were not associated
with any of outcomes.

A number of BCTs had a percentage effectiveness ratio >50% for weight and energy
intake, but not for physical activity, with most of these related to self-regulation strategies
(e.g., Goal setting outcome, Review behaviour goals, Self-monitoring outcome(s) of behaviour,
Feedback on behaviour). This is consistent with a previous systematic review of electronic
health interventions in young adults reporting self-regulation skills such as Goal setting,
Self-monitoring and Social support were key strategies for weight gain prevention [33]. Self-
regulation related BCTs were also previously associated with effective interventions for
reducing energy intake in adults with obesity and chronic conditions [19,21,22]. Further-
more, interventions including Self-monitoring were associated with greater weight reduction
in postpartum women [34], in children [35] and in adults with obesity and chronic condi-
tions [19], although this is not consistently reported [36]. These inconsistent findings may be
related to variations in methodology including BCT taxonomy used (e.g., 26-item CALO-RE
taxonomy [37], redefined 40-item CALO-RE taxonomy [38], BCTT v1), population stud-
ied (young adults, postpartum women, adults with obesity and chronic conditions) and
method of BCT analysis (e.g., meta-regression, percentage effectiveness ratio, Meta-CART
analysis).

On meta-regression, Feedback on behaviour and Graded tasks were significantly associated
with reduced weight gain. Studies evaluating specific BCTs or combination of BCTs within
lifestyle interventions aimed at preventing weight gain, instead of weight management in
general, in adults of reproductive age are limited. A recent review by Ashton et al. [25]
identified Goal-setting (outcome) as an effective component for weight gain prevention
interventions in young adults using percentage effectiveness ratios. We extend these
findings by broadening the population studied to adults aged 18–50 years and by including
a meta-regression analysis, which investigates the association between BCTs and effect
sizes of intervention outcomes [21]. While the past finding on Goal-setting (outcome) was
confirmed from our percentage effectiveness ratio analyses [25], this was not supported by
the meta-regression in the current study.

In contrast to these results and previous findings on BCTs for weight gain prevention,
meta regression analysis targeting weight loss interventions in adults with obesity (aged
40 years and above) reported that BCTs including Provision of instructions, Self-monitoring
of behaviour and Relapse prevention were associated with greater weight loss [19]. None of
these BCTs were associated with effect sizes of change in weight in current study. Most
common BCTs associated with weight loss or weight management in previous reviews
were within the BCT group of Goals and planning (e.g., Goal setting, Problem solving, Action
planning) or Feedback and monitoring (e.g., Self-monitoring, Personalized feedback) [19,39]. In
the current review only Feedback on behaviour within the Feedback and Monitoring BCT
group was associated with weight change. These differences may be related to the fact
that interventions targeting weight loss tend to be more prescriptive and intensive [40]
than weight gain prevention interventions and, therefore, involve unique or distinct BCTs.
Further research is needed to confirm this.
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We report that Review behaviour goal(s) was significantly associated with a greater
reduction in energy intake which is consistent with previous meta-regression analysis
targeting healthy eating behaviour in adults [21]. A prior meta-regression in weight loss
interventions in postpartum women reported several BCTs under Goals and planning BCT
group (e.g., Goal-setting of outcome, Problem-solving, Reviewing outcome goal) and Feedback
and monitoring BCT group (e.g., Feedback on behaviour, Self-monitoring of behaviour) were
associated with greater decreases in energy intake [20]. However, only Review behaviour
goals from the Goals and planning BCT group was associated with energy intake in the
current study targeting weight gain prevention interventions. This indicates that Review
behaviour goal(s) can be one of the active ingredients in interventions aiming at reducing
energy intake with potential benefits for weight gain prevention. Fewer BCTs identified for
weight gain prevention may again reflect the fact that prevention of weight gain requires a
smaller change in energy intake [41] than weight loss (cumulative energy deficit of 3500 kcal
per 0.5 kg weight loss) [42] and lifestyle interventions to prevent weight gain may, therefore,
include less or distinct BCTs.

We did not find any individual BCTs significantly associated with physical activity.
This is consistent with prior research in postpartum women [20] and in adults with obesity
and obesity-related comorbidities [19] using meta-regression. In contrast, another review re-
ported several BCTs including action planning, providing instruction and reinforcing effort
towards behaviour were associated with physical activity in older adults [43]. However,
this study used a different method of BCT identification instead of meta-regression and
older version of BCT taxonomy that limits the comparison of findings. Providing feedback,
review of feedback and relapse prevention have been previously suggested in a meta-review
as effective BCTs in changing physical activity levels albeit with inconsistent findings [36].
However, specific BCTs or components of intervention to guide changes in physical activity
and subsequently weight remain unclear in weight gain prevention trials. As weight
gain prevention can be achieved by optimizing both diet and physical activity [44] and
there are independent health benefits in engaging in a healthy diet and regular physical
activity [45,46], there is a need for further research on identifying BCTs associated with
physical activity in healthy adult populations of reproductive age.

Here, we also report that the total number of BCTs used in lifestyle interventions was
not associated with weight, energy intake or physical activity consistent with prior research
by Dombrowski et al. among adults in weight loss intervention using older version of the
BCT taxonomy [19]. Similarly, another meta-regression found no significant association
between number of BCTs and vegetable and fruit intake in adults of retirement age [47].
In contrast, a meta-regression in weight loss interventions in postpartum women found
significant association between increased number of BCTs and decreases in energy but not
weight and physical activity [20,22]. The exact reason for these inconsistent findings is
not clear, although this may be related to the population studied. Using more BCTs may
lead better outcomes for energy intake or eating behaviour in postpartum women [48]
as they have additional barriers for healthy eating relating to their specific life stage.
However, using a greater number of BCTS in interventions may increase the complexity
of interventions [49], which may contribute to challenges in broader implementation [49].
Future research should determine the benefits of using effective types of numbers of BCTs
or parsimonious set of BCTs for both efficacy and successful implementation [21].

The strength of this review were: (1) use of the most recent validated BCT taxonomy
(BCTTv1) for BCTs coding; (2) coding of BCTs by trained three independent reviewers
who also had experience in developing lifestyle interventions; use of rigorous method of
BCT analysis using both percentage effectiveness ratio as explorative analysis and meta-
regression to identify BCTs associated with intervention effectiveness effect size following
previous recommendations [19,21]; focusing on weight gain prevention interventions in
adults of reproductive age distinguishing it from previous reviews [22,24,25] through BCT
taxonomy used, target outcomes and population studied.
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However, the current study has several limitations. Firstly, our search was restricted
to studies published in English language only. Secondly, most of the included studies
provided insufficient studies in assessing the risk of bias. Thirdly, BCTs coding (presence
or absence) depend on the description of interventions details reported in RCTs with an
insufficiently detailed methodology precluding accurate analysis. This limitation was
minimized through reviewing and coding methodology protocols and Supplementary Files
or supporting documents for included studies. Fourth, we were unable to assess the relative
effectiveness of different BCTs between men and women due to insufficient numbers of
studies that present data sex differences. Fifth, the analysis was limited to the effect of
individual BCTs and, therefore, does not show the effect of combination of BCTs. While this
can be done using a meta-classification and regression trees (Meta-CART) analysis [50,51],
we were unable to perform this due to insufficient number of studies. Lastly, this study
was limited by the small number of studies which may reduce the chance of detecting
the true effect with meta-regression. The lack of a significant effect of BCTs observed here
may not indicate that these specific techniques are not important components of lifestyle
interventions for weight gain prevention.

5. Conclusions

This meta-regression analysis showed that Feedback on behaviour and Graded tasks
were associated with effect sizes in weight and Review behaviour goal(s) was associated
with reduced energy intake. Further studies are required to confirm key BCTs associated
with physical activity and to evaluate the interactive and synergetic effect of BCTs for
intervention effectiveness.
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Abstract: Background: Unhealthy diet and sedentary lifestyle have contributed to the rising incidence
of metabolic diseases, which is also accompanied by the shifts of gut microbiota architecture. The gut
microbiota is a complicated and volatile ecosystem and can be regulated by diet and physical exercise.
Extensive research suggests that diet alongside physical exercise interventions exert beneficial effects
on metabolic diseases by regulating gut microbiota, involving in the changes of the energy metabolism,
immune regulation, and the microbial-derived metabolites. Objective: In this review, we present
the latest evidence in the modulating role of diet and physical exercise in the gut microbiota and its
relevance to metabolic diseases. We also summarize the research from animal and human studies on
improving metabolic diseases through diet-plus-exercise interventions, and new targeted therapies
that might provide a better understanding of the potential mechanisms. Methods: A systematic
and comprehensive literature search was performed in PubMed/Medline and Web of Science in
October 2022. The key terms used in the searches included “combined physical exercise and diet”,
“physical exercise, diet and gut microbiota”, “physical exercise, diet and metabolic diseases” and
“physical exercise, diet, gut microbiota and metabolic diseases”. Conclusions: Combined physical
exercise and diet offer a more efficient approach for preventing metabolic diseases via the modification
of gut microbiota, abating the burden related to longevity.

Keywords: metabolic diseases; gut microbiota; diet; physical exercise

1. Introduction

Sedentary lifestyle has progressively become a habitual way of life in modern so-
cieties, and so contributes to the rising incidence of metabolic diseases such as Type
2 diabetes (T2D), obesity, cardiovascular diseases (CVD) and non-alcoholic fatty liver
disease (NAFLD) [1]. Metabolic risks (namely high body mass index (BMI), high blood
sugar, high blood pressure, and high cholesterol) accounted for nearly 20 % of total health
loss worldwide in 2019, according to the World Health Organization (WHO) database.
The Lancet published that high blood pressure contributed to one in five deaths (almost
11 million) in 2019, followed by high blood sugar (6.5 million deaths), high BMI (5 million),
and high cholesterol (4.4 million). The costs associated with these diseases are enormous,
but it has been estimated that these diseases are preventable by regular and adequate levels
of physical exercise. Practically, evidence showing the benefits of regular physical exercise
for health, regardless of age, has grown in recent years. Habitual exercise contributes to
decreasing blood pressure and serum triglyceride levels, as well as improving high-density
lipoprotein cholesterol levels, insulin sensitivity and glucose homeostasis [2]. The health-
promoting mechanisms of physical exercise are complex and multifaceted, including better
regulate immune–inflammatory responses, reductions in oxidative stress and adiposity,
acceleration of the elimination of damaged mitochondria, and so on [3]. Intriguingly, a new
factor by which exercise may affect metabolic diseases has emerged: the interplay with gut
microbiota (GM) [4].

75



Nutrients 2022, 14, 4774

GM is engaged in various interplays affecting the health during the host’s entire life
span. It acts as an endocrine organ, and the shifts of microbiota architecture and status
promoted by exercise play an instrumental role in promoting the production of benefi-
cial metabolites, stimulating/modulating the immune system, protecting the host from
colonization of pathogens, and controlling lipid accumulation and insulin signaling [5].
In fact, positive effects have been reported, mainly in order to shape the diversity of mi-
crobiota, promote the formation of short-chain fatty acids (SCFAs), impact the integrity
of the gut mucus layer, and maintain balance between beneficial and pathogenic bac-
terial communities [6]. Clinical research has revealed that α-diversity and SCFAs were
increased and bacterial endotoxin lipopolysaccharide (LPS) was decreased in professional
players than in non-athlete healthy subjects [7]. Meanwhile, regular exercise is a hormetic
stressor to the gut that propels beneficial responses and improves the integrity of the
intestinal barrier [8].

Diet is important in sculpting the microbial communities or metabolites in a manner
that may affect disease [9]. The microbiota is exposed to healthy dietary components, such
as dietary carbohydrates, proteins, vitamins, minerals and polyphenols, which can produce
beneficial metabolites, in particular, SCFAs and tryptophan metabolites. These metabolites
participate in the maintenance of intestinal mucosa integrity and also mediating host
immune and homeostatic responses [6]. Conversely, an unhealthy diet, such as a high-fat
diet (HFD), augments the production of pro-inflammatory cytokines, thereby leading to
systemic chronic inflammation and LPS translocation, which increase the risk of metabolic
diseases [4]. The effect of exercise on gut microbial composition or function is inextricably
linked with dietary adjustments. The variety in the GM that seems to be associated with
exercise may therefore be due to the combination with dietary intake, rather than exercise
itself. According to the data from the WHO and The Centers for Disease Control and
Prevention, regular physical exercise and dietary interventions can reduce the prevalence
of gestational diabetes by 30% and the risk of death by 20% to 30% [1]. In this article, we
review the research progress of the GM and its relationship with metabolic diseases, mainly
including obesity, T2D, CVD, and NAFLD. We also focus on the effect of physical exercise,
dietary components and dietary patterns on the GM. Importantly, this review presents
some research and related mechanisms of preventing metabolic diseases by combining
physical exercise and diet, which might provide a burgeoning avenue for the prevent of
metabolic diseases.

2. Effect of Physical Exercise on Gut Microbiota

Physical exercise is defined as a subset of physical activity that is planned, structured
and repetitive and aims to either improve or maintain physical fitness [10]. Research
demonstrates that regular exercise is performing physical exercise of moderate intensity
for a minimum of 30 min, 5 days a week, or of high intensity for a minimum of 20 min,
3 days a week [10]. Habitual exercise suppresses the expression of basal pro-inflammatory
cytokines, but excessive exercise triggers the production of multiple pro-inflammatory
mediators. Reasonable and moderate physical exercise protects against all-cause mortality,
and only in extreme cases can these adaptations contribute to an increased risk of physical
exercise-associated complications [11]. In fact, regular exercise training independently
effects gut function and microbiome characteristics, and then has a beneficial role in
preventing metabolic diseases (Figure 1).
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Research revealed that these microbes are known butyrate producers, having a beneficial 
effect on promoting intestinal barrier integrity, regulating the host immune system and 
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The role of physical exercise in shaping the diversity of the GM and modulating its
distribution has been demonstrated. The changes in the GM, under exercise conditions,
can affect the absorption of nutrients, and then affect host metabolism. Data from the
American Gut Project indicated that adopting moderate exercise (from never to daily)
reshaped the alterations in microbial composition and function, and promoted a healthier
gut environment of elderly individuals, especially overweight elderly individuals [12].
The GM of professional rugby players exhibited greater α-diversity and a decrease in
the Firmicutes to Bacteroidetes ratio [13]. Women performing the regular dose of exercise
displayed a higher abundance of health-promoting taxa, such as Faecalibacterium prausnitzii,
Roseburia hominis and Akkermansia muciniphila, compared to sedentary counterparts [14].
Research revealed that these microbes are known butyrate producers, having a beneficial
effect on promoting intestinal barrier integrity, regulating the host immune system and lipid
metabolism [15–17]. Similar results have been yielded in animals. Mice that performed
physical exercise typically showed an increase in commensal taxa such as Bifidobacterium,
Lactobacilli and Akkermansia [8,18]. Moderate exercise also alleviated chronic stress-induced
intestinal barrier impairment in mice, reducing bacterial translocations and maintaining
intestinal permeability [19]. Furthermore, significant quantities of lactate are released
during exercise and then secreted into the gut lumen, which can alter intestinal pH [6].

Conversely, high-intensity exercise may be having a deleterious influence on intestinal
function. A total of 70% of athletes might experience abdominal pain, nausea, and diarrhea
after strenuous exercises [20]. Prolonged exercise also results in less microbial diversity,
increases the abundance of Helicobacter, as well as induces an increased intestinal perme-
ability, promoting bacterial and their toxic products to enter into the bloodstream and
activate systemic inflammation [21]. Exhaustive and acute endurance exercise, as observed
in animal studies, has been indicated to induce altered permeability [22].

77



Nutrients 2022, 14, 4774

3. Effect of Diet on Gut Microbiota
3.1. Nutrients
3.1.1. Dietary Carbohydrates

A diet rich in different types and numbers of fruits, vegetables, and wholegrain cereals
is the main sources of dietary carbohydrates (CHOs). In the human genome, less than
20 glycosidases have been identified as enzymes involved in digestion of dietary CHOs.
Salivary α-amylase firstly breaks down complex CHOs into simple sugars in the mouth
cavity, and digestible CHOs can be degraded and digested through pancreatic α-amylase,
sucrase, maltase, galactose and lactase [23]. Complex non-digestible dietary CHOs drive
our gut microbial to evolve an arsenal of carbohydrate-active enzymes in order to efficiently
compete for nutrition [24].

The distal gut of the host is constantly inundated with a dynamic array of CHOs.
It has been noted that simple CHOs (e.g., sucrose, fructose) cause rapid microbiota re-
modeling and hence metabolic disturbance in the host [25]. Complex CHOs, specifically,
certain microbiota-accessible polysaccharides and dietary fiber, feed the dense consor-
tium of microbes that compete in this habitat, having a major effect on gut microbial
ecology and health [26]. A diet high in polysaccharides is related to up-regulated GM
community diversity and promotes the growth of beneficial microbes, such as Akkermansia,
Bifidobacterium and Lactobacillus. Meanwhile, GM can use intermediate oligosaccharides
to generate host-beneficial SCFAs [27]. Pharmacological studies suggested Dendrobium
officinale polysaccharides (DOPs) were indigestible and non-absorbing but promoted GM to
produce more butyrate, mainly generated by Parabacteroides_sp_HGS0025, which mediated
the improvement of intestinal health and immune function [28]. DOPs intervention also
could reinforce the intestinal barrier function via promoting mucin synthesis, by acting on
Akkermansia muciniphila [29]. Other polysaccharides from Schisandra chinensis also reversed
the GM dysbiosis and upregulated the production of butyric acid and propionic acid, which
is possibly involved in the anti-inflammation protective mechanism [30]. For dietary fiber,
research indicated that an insulin-enriched diet reduced fasting blood glucose levels, as well
as alleviated glucose intolerance and blood lipid panels in diabetic rats [31]. Remarkably,
dietary fiber restriction not only contributes to a decrease in microbial diversity and the
production of SCFAs, but also alters the metabolism of GM toward the utilization of less
favorable substrates, which may be detrimental to the host [32].

3.1.2. Dietary Proteins

Dietary protein is another key macronutrient, which also modulates microbial com-
position and metabolite production. The relationship between protein intake and health
follows a U-shaped curve, in which a lower protein intake is associated with undernutrition
states, while intake above the tolerable limit is associated with overnutrition illnesses [24].
WHO recommends a daily protein intake of 0.83 g/kg for adults [33]. The products of
dietary protein digestion are amino acids. Metabolites of amino acids by GM degradation
include SCFAs, branched chain fatty acids, indoles, phenols, thiols, sulfides, ammonia and
amines [24]. On the one hand, protein degradation provides essential free amino acids as an
alternative energy source for colonocytes [9]. On the other hand, this process also releases
toxic metabolic by-products such as ammonia, sulfides and phenols, which are detrimental
for the local intestinal environment [9]. Research showed that moderate dietary protein
restriction could shape the harmonious balance of the microbiota composition and diversity,
and improve gut barrier function in adult pigs [34]. Higher protein diets show a reduction
in the abundance of CHO utilizers belonging to Lachnospiraceae, Ruminococcaceae and Akker-
mansia [35]. In addition, proteins, especially from red meat and processed meat, are a source
of L-carnitine and choline, which can be metabolized by GM and produce trimethylamine
(TMA) [36], subsequently oxidized to trimethylamine N-oxide (TMAO) [37]. High TMAO
concentrations are correlated with an increased risk of CVD or death [38]. It is important
to note that athletes may have a higher protein requirement to support bone metabolism,
keep adequate protein synthesis and energy metabolism, as well as sufficient immune
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function and intestinal integrity in the intensive/prolonged exercise routines [39]. Re-
search recommends that the protein intake of endurance- and strength-trained athletes was
1.2–1.7 g/kg/day [40]. Lack of protein, for instance, could lead to menstrual disorders in
female athletes [41].

3.1.3. Dietary Fats

Dietary fats from plants and animals are a reserve source of energy for the human
growth and development. Fat is first digested by lingual and gastric lipases in the mouth.
Dietary fat is hydrolyzed into free fatty acids (FFA) by pancreatic lipase; most of the
FFA is absorbed in the small intestine, and a minority will pass through the gastroin-
testinal tract and directly alter GM composition [42]. A palm oil-based diet could induce
body mass gains, negatively affect the microbiota diversity, and increase the ratio of
Firmicutes to Bacteroidetes, compared to olive or safflower oil [43]. Regarding genera, sat-
urated fatty acids decrease the abundance of Bacteroides, Prevotella, Lactobacillus spp. and
Bifidobacterium spp. [44]. Consumption of HFD significantly also reduced the release
of SCFAs compared with a low-fat diet [45]. The variation of the GM composition in-
duced by dietary fats can also regulate the production of microbial-derived secondary
bile acids (BAs). An HFD trigger enhanced BAs’ discharge, resulting in increased colonic
concentrations of primary BAs. However, 5% to 10% of BAs are not reabsorbed but are
converted to secondary BAs by microbes in the large intestine, which are harmful and
promote colon carcinogenesis [46]. Moreover, the microbiota dysbiosis observed in HFD
mice favored the passage of LPS from the intestinal lumen to systemic circulation, which
activated the host pro-inflammatory signaling pathway and then triggered a low-grade
systemic inflammation [9,47].

3.1.4. Other Dietary Components

A stable gut microbial community is affected by several essential components, such as
vitamins, minerals and polyphenols. Vitamins are required cofactors in small amounts for
maintaining normal physiological function. Humans are incapable of synthesizing most
vitamins to meet our daily needs, and they consequently have to be obtained exogenously.
Remarkably, the GM has the capacity to regulate both the synthesis and metabolic output
of various vitamins [24]. Subsequently, vitamins also can dramatically alter the abundance
and diversity of the GM. Vitamin A, for example, can up-regulate the health-beneficial
microbiota, including Bifidobacterium, Lactobacillus and Akkermansia genera [48]. Like vi-
tamins, minerals are micronutrients that play an instrumental role for host metabolism
and performing active interaction with the GM. It has been demonstrated that magne-
sium (Mg) deficiency is associated with an increased incidence of chronic disease [49] and
reduces the Bifidobacterial content in Mg-deficient mice for four days [50]. While, with
prolonged Mg deficiency (21 d), there is an increase in the abundance of Bifidobacteria and
Lactobacilli [50]. Clinical trials are still necessary to identify the effects of magnesium
deficiency and magnesium supplementation for avoiding adverse effects. In addition,
polyphenols are a large and diverse family of compounds found widely in plant foods, sev-
eral of which have been related to the gut health. Tea polyphenols could inhibit the growth
of detrimental bacteria such as Helicobacter pylori and Staphylococcus aureus, and stimulate
the growth or favor the growth of beneficial species of the GM, such as Bifidobacterium and
Akkermansia muciniphila [51].

3.2. Dietary Patterns

It has been reported that dietary patterns may have a pronounced effect on the
metabolic activity of the GM than individual nutrients. A single-nutrient dietary interven-
tion has several limitations. Dietary habits worldwide are manifold, including the Western
diet (WD), Mediterranean diet (MD), ketogenic diet (KD), intermittent fasting (IF) and so
on (Table 1) [52]. In a WD, a large proportion of energy is provided by acellular nutrients,
which are more easily digested by microbial and human cells [53]. Increased amounts of
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readily accessible acellular nutrients affect the regulation and maintenance of GM home-
ostasis by contributing to variations in pH, the GM composition and metabolism. On the
other hand, the consumption of HFD also augmented the production of pro-inflammations
cytokines, thereby leading to systemic chronic inflammation and LPS translocation [54].
As opposed to the WD, the MD is considered one of the most worldwide healthy dietary
patterns. Greater adherence to the MD has been linked with a significant reduction in
total mortality and reduces risk of immune system dysregulation, CVD, cognitive decline
and cancer [55]. In addition, the MD changes the composition of the microbiota in favor
of beneficial bacteria, such as Parabacteroides distasonis, Bacteroides thetaiotaomicron, and
Bifidobacterium adolescentis, and counteracts the growth of pathogens, restoring potentially
beneficial microbes [56]. The KD is a high-fat, adequate-protein, and low-CHOs diet.
The body burns fats rather than CHOs to obtain calories by restricting the availability of
CHOs. Research showed that the KD affected the GM with mixed results. On the one
hand, the KD is at a greater risk of being nutritionally inadequate and may not main-
tain a healthy microbiota by lacking in fiber, necessary vitamins, minerals, and iron. On
the other hand, research revealed that the KD conferred microbiota benefits and relieved
colitis in a DSS-induced recipient, following the dramatic increase of the abundance of
Akkermansia and butyric acid-producing Roseburia; additionally, the decrease of the abun-
dance of Escherichia/Shigella was found in mice fed with a KD [57]. The IF is a dietary
intervention similar to caloric restriction, encompassing various programs that manip-
ulate meal time to improve body composition and overall health [58]. Overwhelming
studies support the robust disease-modifying efficacy of the IF in animal models on a
wide range of chronic disorders, including T2D, CVD, and brain function, in addition
to weight loss [59]. The IF appears to have positive impacts on the GM. Preclinical
studies consistently demonstrated the IF contributed to increasing the richness of gut
microbes, enriching of the Akkermansia muciniphila and Lactobacillus, reducing putatively
pro-inflammatory taxa Desulfovibrio and Turicibacter, and enhancing antioxidative microbial
metabolic pathways [60].

Table 1. The effect of dietary patterns on health mediated by gut microbiota.

Dietary
Pattern Characteristic Changes of Gut

Microbiota Effect Reference

WD

High consumption of
saturated and trans fatty acids,

refined grains, sugar, salt,
alcohol and other harmful
elements; Low content of

complex dietary fiber.

Firmicutes/Bacteroidetes
ratio↑

Alistipes↑
Bilophila↑

Bifidobacteria↓

Systemic chronic inflammation
and LPS translocation;

Increase the risk of disease.
[61]

MD

High intake of whole grains
and vegetables; Use olive oil as
the lipid supply; A regular but
moderate consumption of fish
and other meat, dairy products

and red wine.

Bifidobacteria↑
Lactobacillus↑
Clostridium↑

Faecalibacterium↑
Oscillospira↑

Ruminococcus↓
Coprococcus↓

Improve the gut barrier integrity;
Protect against oxidative stress

and inflammation;
Reduce the total mortality and the
risk of cardiovascular, metabolic

and gastrointestinal diseases.

[56]

KD High-fat, adequate-protein,
and low-carbohydrate.

Akkermansia↑
Parabacteroides↑

Escherichia↓
Shigella↓

Nutritionally inadequate in fiber,
necessary vitamins, minerals,

and iron.
[57]
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Table 1. Cont.

Dietary
Pattern Characteristic Changes of Gut

Microbiota Effect Reference

IF

Manipulate meal time to
improve body composition

and overall health, including
of time-restricted feeding,
alternate day fasting, and

religious fasting.

Akkermansia↑
Lactobacillus↑
Desulfovibrio↓
Turicibacter↓

Improve gut epithelial integrity,
the leaking LPS and blunted

systemic inflammation;
Improve metabolic profiles and

reduce the risk of obesity,
obesity-related conditions.

[62]

VD
Reduce or restrict of

animal-derived foods; High
intake of plant-source foods.

Bacteroides/Prevotella
ratio↑

Clostridium↑
Faecalibacterium↑

Bifidobacteria↓

Reduce of caloric intake but
nutritional deficiency of fatty

acids, proteins, vitamins,
and minerals;

Prevent and better control of
chronic diseases.

[63]

GD
The exclusion of

gluten-containing cereals like
wheat, rye, barley and hybrids.

Bifidobacterium ↓
Lactobacillus↓

Enterobacteriaceae↑
Escherichia coli↑

Appropriate for treatment of celiac
disease, dermatitis herpetiformis

and gluten ataxia.
[64]

WD = Western diet, MD = Mediterranean diet, KD = ketogenic diet, IF = intermittent fasting, VD = vegetarian
diet, GD = gluten-free diet, ↑ = up-regulate, ↓ = down-regulate.

4. Gut Microbial Dysbiosis Linked to Metabolic Diseases

Traditionally, genetic variants have been thought to be the major drivers of metabolic
diseases, but the heritability of these variants is fairly modest. The GM is recently suspected
to be a contributor for driving metabolic diseases. Compared with healthy individuals, most
populations with obesity, T2D, CVD and NAFLD show reduced gut microbial diversity.
The GM’s composition, if modified by external factors, leads to a dramatic change of the
symbiotic relationship between GM and the host, which are essential for the development
of metabolic diseases.

Alteration of the GM by behavioral changes, such as HFD and use of antibiotics,
could be the robust drivers of the obesity pandemic. The researches concerning the role of
the GM in mediating obesity pathogenesis, were based on findings from animal models
firstly. The obese microbiota results in a significantly greater increase in harvesting energy
from the diet. It has been observed that introduction of the microbiota from obese donors
into germ-free (GF) mice results in an increased energy gain capacity, compared to those
receiving the microbiota of lean donors [65]. Similarly, a transferrable obesity-associated
microbiota contributes to the accumulation of total body fat than colonization with a ‘lean
microbiota’ [66,67]. Following these phenomena, subsequent epidemiological studies have
shown that GM composition differs between obese and lean individuals. [67]. Human stud-
ies observed that the microbiota of overweight individuals was characterized by a lower
abundance of Bacteroidetes and a higher Firmicutes when compared with non-overweight
individuals [68,69]. At the genus level, a metagenome-wide association study revealed the
under-representation of Bacteroides thetaiotaomicron in obese individuals. Interestingly, gav-
age with B. thetaiotaomicron could alleviate diet-induced body weight gain and adiposity in
mice, implying that probiotic or microbial compounds might be potential future modalities
for anti-obesity [70].

T2D has also been considered to be under the influence of the dysregulated GM
composition and functionality. Clinical reports have indicated the relative abundance
of Bifidobacterium, Lactobacillus and butyrate-producing bacteria (Akkermansia muciniphila)
were negatively associated with T2D, while the genera of Clostridium spp., Ruminococcus,
Fusobacterium and Blautia were positively associated with T2D [71,72]. The dysregulation
of the GM may impair intestinal barriers through damaging tight junction proteins (TJPs),
subsequently causing a leaky mucosa and metabolic endotoxemia, which is one of the
leading factors in insulin resistance and the development of T2D [73]. In addition, indirect
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evidence that the GM might be involved in glucose regulation comes from large-scale
epidemiological studies, which revealed that patients with total colectomy had an increased
risk of T2D compared with those without colectomy [74].

There are many pathological processes and risk factors of CVDs involved in obe-
sity, T2D, dyslipidemia, hypertension, and an unhealthy lifestyle, such as partaking in
smoking, lack of exercise and poor dietary habits [75]. Noteworthy, most of those factors
are associated with the GM, and genome sequencing and metagenomic analyses also re-
vealed the association between CVD phenotypes and changes of specific microbial taxa,
or the GM richness and diversity. Early study demonstrated that bacterial DNA (mainly
of Chryseomonas) was detected in atherosclerotic plaques with signatures that match taxa
associated with disease states [76]. Moreover, a metagenomic analysis showed that the gut
microbiome of CVD patients differed from those of healthy individuals, which was mainly
manifested in elevated abundances of Streptococcus spp. and Enterobacteriaceae spp., and
in the decreased abundances of Bacteroides spp., Prevotella copri, and Alistipes shahii [77,78].
At the mechanistic level, the effect of the GM on CVDs has been linked to modulation of
inflammation, intestinal barrier function and metabolites. Dysbiosis-associated changes in
the GM impair intestinal barriers, leading to an elevation in circulating LPS levels, and LPS
can activate inflammatory signals through the toll-like receptor (TLR)-MyD88 signaling
pathway, resulting in the release of pro-inflammatory cytokines that orchestrate an inflam-
matory state in the host [79]. Previous studies showed patients with heart failure displayed
impaired intestinal integrity, and that elevated levels of pro-inflammatory cytokines in the
blood are associated with symptom severity and poorer outcomes [80]. In metabolism-
dependent pathways, GM cleaves some TMA-containing compounds to produce TMA,
which can be further oxidized to TMAO by flavin monooxygenase. TMAO activates MAPK,
NF-κB signaling pathways, contributing to inflammatory gene expression, which affects
lipid metabolism and increases triglycerides, and decreases high-density lipoproteins
in CVD patients [81].

NAFLD is a disorder associated with obesity, generally regarded as the hepatic manifes-
tation of the metabolic syndrome. Multiple preclinical and clinical studies have highlighted
a role of the GM in NAFLD pathogenesis, although we are still far from finding a causal
link. In brief, individuals with NAFLDs harbor lower GM diversity than healthy subjects,
having an increased abundance of species assigned to Anaerobacter, Streptococcus, Escherichia
and Lactobacillus, and a lesser abundance of Prevotella, Oscillibacter and Alistipes spp [82–84].
The mechanism by which GM is proposed to affect NAFLD is in terms of the gut–liver
axis. Aside from dysregulation of the GM, NAFLD is also related to the enterohepatic
circulation of bile acids, GM-mediated inflammation of the intestinal mucosa and the
related impairment in mucosal immune function [52].

5. Combined Physical Exercise and Diet for Preventing Metabolic Diseases by
Modulating Gut Microbiota

Consumption of a calorie-rich diet and sedentary lifestyle have contributed to the
rising incidence of obesity in the modern lifestyle, which is caused by energy intake ex-
ceeding energy expenditure to a large extent. Substantial epidemiologic evidence suggests
obesity is a risk factor for inducing other metabolic diseases, including T2D, CVD and
NAFLD. Identifying effective interventions is an important way for improving metabolic
diseases. In fact, the majority of research concluded that when a program includes diet
alongside physical exercise, there were more effective changes, compared with exercise or
diet alone [85]. The diversity and function of GM are also affected by diet and physical
exercise. Here, we will summarize the research from animal and human and potential
mechanisms on improving metabolic diseases through diet-plus-exercise interventions.

5.1. Evidence from Animal Studies

The effects of exercise and diet on GM are more extensively focused on in HFD
animal models. Repeated exercise increased the α-diversity and metabolic capacity of
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the mouse distal GM during diet-induced obesity [86]. Moderate exercise and a low-fat
diet have beneficial effects on body weight loss and macrophage immunocompetence
in HFD-induced obese mice [4]. Exercise plus curcumin in combination exhibited better
effective in weight loss and improved glucose homeostasis and lipid profiles of diabetic
rats, compared with exercise or diet alone interventions groups [87]. Besides, the combined
treatment of isoflavones and exercise has a stronger impact on enhancing GM diversity and
preventing HFD-induced inflammation [88].

5.2. Evidence from Human Studies

Although diet-plus-exercise interventions are classically accepted, few human stud-
ies deeply reveal the effect of the combination of physical exercise and diet on GM and
metabolic diseases, which often focus on meta-analysis studies. A meta-analysis from
Johns et al. identified that there was no difference in weight loss in the short-term for
diet-only/exercise-only interventions than for combined physical exercise and diet, but
in both the short and long term, weight had a greater reduction in the diet-plus-exercise
interventions groups [36]. Wu et al. conducted a meta-analysis of weight loss studies
published from 1997 to 2008. Results indicated that the weighted mean difference for the
1–2 year time point between combined physical exercise groups and diet-only controls was
−2.29 vs. −0.67 kg/m2 for BMI, respectively, implying that diet-plus-exercise interventions
yielded a more long-term weight loss effect than diet-only interventions [89]. The diet-
plus-exercise interventions was also found to be superior in improving the body weight
and adiposity of overweight/obese postmenopausal women, compared with diet-only
interventions [90]. Moreover, a 6 month randomized intervention program suggested
that aerobic exercise and a low-CHO diet offer a more efficient approach for reducing
liver fat and preventing diabetes via modification of GM composition [91]. A randomized
controlled trial for overweight/obese Chinese females (BMI 25.1± 3.1 kg/m2) revealed that
a combined low-carbohydrate diet with exercise training increased the SCFAs-producing
Blautia genus and reduced T2D-related genus Alistipes, caused significant weight loss, as
well as improved blood pressure, insulin sensitivity and cardiorespiratory fitness, suggest-
ing that a low-CHO diet and exercise interventions might play a role in cardiometabolic
health by regulating the GM [92,93]. A recent randomized controlled trial demonstrated
that diet-plus-exercise interventions could significantly reduce hepatic fat content and
increase the diversity and stabilize of keystone microbes than exercise or diet alone interven-
tions, which offered a more efficient avenue for developing diet-plus-exercise intervention
strategies for preventing NAFLD [94].

5.3. Underlying Mechanisms

The key is to understand the potential mechanism that a combined diet and exercise
strategy may prevent metabolic diseases (Figure 2). Several studies have elucidated that
exercise in the fasted state generated advantageous metabolic adaptations, accompanying
by stable blood glucose concentrations and elevated blood FFA concentrations, which
may be more effective in improving insulin sensitivity and controlling glycemic in insulin-
resistant individuals [95,96]. From the GM perspective, combining physical exercise and
diet tempers intestinal barrier dysfunction, reserving mucous thickness and intestinal
permeability. The intestinal barrier is a selective physical and immunological barrier that
facilitates nutrient, water, and electrolyte absorption into circulation while deterring the
translocation of harmful pathogens and noxious luminal substances [97]. As previously
mentioned, one of the pathophysiological statuses by which metabolic diseases could be
perpetuated and aggravated was intestinal homeostasis dysbiosis to release endotoxins,
creating a leaky gut, which induces a chronic low-grade inflammatory state in the host [98].
Diet and exercise can modulate the expression of TJPs involved in the maintenance of
epithelial membrane integrity, which improves intestinal permeability and reduces the risk
for chronic disease [99].
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Figure 2. Combining physical exercise and diet for preventing metabolic diseases by modulating
gut microbiota.

The combination of diet and exercise also can influence how the GM utilizes and syn-
thesizes metabolites. The GM and the corresponding metabolites act in concert with the host
in different ways, affecting intestinal homoeostasis and providing protective intervention
for metabolic diseases. Specifically, SCFAs are one of the major end products of microbial
fermentation or the transformation of dietary polysaccharides in the gut. Exercise is a
potent modulator of SCFAs, exerting a particular influence on butyrate concentrations [16].
SCFAs are the primary energy source for the intestinal epithelial cells, participating in
the maintenance of intestinal mucosa integrity, which also improves glucose and lipid
metabolism, controls energy expenditure as well as regulates the immune system and in-
flammatory responses [100]. In animal models, the supplementation with SCFAs has been
shown to improve the metabolic phenotype by increasing energy expenditure and glucose
tolerance, and might help delay or attenuate diabetes and lead to weight reduction [101].

6. Conclusions and Future Perspectives

Regular and adequate levels of physical exercise and diet interventions abate the
burden related to longevity and expand life expectancy of present days. Regular exercise
is a hormetic stressor to the gut that propels beneficial responses, particularly in shaping
the diversity of the GM and modulating its distribution. Healthy dietary components
and patterns combined with physical exercise propels the production of beneficial metabo-
lites and tempers intestinal barrier dysfunction, which protects the host against invading
microorganisms, contributing to maintaining homeostasis and preventing metabolic dis-
eases. However, additional challenges and limitations in the area of research are numerous.
Although both interventions are traditionally accepted and implemented, few in-depth
studies focus on the mechanism of microbiota-based strategies coupled with physical
exercise programs to delay metabolic disease onset. More research is needed to determine
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whether the GM could be an important predictor of metabolic diseases in response to
dietary and exercise interventions. Exercise intensity is a controversial issue; we must be
take into consideration the various forms of exercise, and the exercise duration. Meanwhile,
we should formulate different intervention plans according to different populations; the
challenge is how to motivate the sedentary people to escape from unhealthy lifestyles.
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Abstract: Type 2 diabetes is an emerging concern in Kenya. This clustered-randomized trial of
peri-urban communities included a theory-based and culturally sensitive intervention to improve
diabetes knowledge, health beliefs, dietary intake, physical activity, and weight status among Kenyan
adults. Those in the intervention group (IG) received a culturally sensitive diabetes education
intervention which applied the Health Belief Model in changing knowledge, health beliefs and
behavior. Participants attended daily education sessions for 5 days, each lasting 3 h and received
mobile phone messages for an additional 4 weeks. The control group (CG) received standard
education on COVID-19. Data was collected at baseline, post-intervention (1 week), and follow-up
assessment (5 weeks). Linear mixed effect analysis was performed to assess within and across group
differences. Compared to the control, IG significantly increased diabetes knowledge (p < 0.001), health
beliefs including perceived susceptibility (p = 0.05), perceived benefits (p = 0.04) and self-efficacy
(p = 0.02). IG decreased consumption of oils (p = 0.03), refined grains (p = 0.01), and increased intake of
fruits (p = 0.01). Perceived barriers, physical activity, and weight status were not significantly different
between both groups. The findings demonstrate the potential of diabetes education in improving
diabetes knowledge, health beliefs, and in changing dietary intake of among adults in Kenya.

Keywords: diabetes intervention; health belief model; culturally sensitive; diabetes prevention;
health promotion; health behaviors; diet; physical activity; low and middle income and countries;
community intervention

1. Introduction

Non-communicable diseases (NCDs) are responsible for 41 million annual deaths
globally [1]. Approximately 77% of NCD deaths are in low-and middle-income countries
(LMICs) in South East Asia and Africa [1]. In LMICs like Kenya, NCDs are responsible for
over 50% of all reported adult hospital admissions and 55% of adult mortality [2]. In these
regions, the burden of morbidity and mortality due to NCDs is often overshadowed by the
infectious diseases [3]. For instance, NCDs resulted in 67% of disability-adjusted life years
(DALYs) and accounted for 74% of deaths globally [1,4]. However, In LMICs, NCDs receive
2% of global funds allocated from governments, the private sector, or donors in comparison
to the response given to the treatments of infectious diseases such as HIV/AIDS that
accounts for 3% of DALYs yet receives 30% of global funds [5–8].

About three quarters of the global burden of type 2 diabetes (T2D) occur in LMICs [9].
In Kenya, the prevalence of diabetes is 12.2% in urban areas, higher than the global preva-
lence of 9.3% [10]. Kenya, like other LMICs, is undergoing a nutritional and epidemiological
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transition as the population increases the consumption of ultra-processed, high-caloric diets
and adopts a sedentary lifestyle due to social-economic development and urbanization [11].
Dietary preferences are shifting from indigenous healthier food options, rich in micro-
nutrients, high fiber and diverse, including a variety of fruits, vegetables, nuts, legumes,
and root tubers to western-style diets that are energy-dense and ultra-processed, high in
saturated fats, added sugar and sodium [9,10]. Additionally, countries in Sub-Saharan
Africa, including Kenya, now have the highest smoking and alcohol consumption rates
globally [11,12].

Besides the dietary shift, changes have also occurred in physical activity patterns. For
instance, there is a shift away from the high-energy expenditure activities such as farming,
mining, and forestry towards the service sector and white-collar jobs, with reduced energy
expenditures [13]. Similarly, economic growth, urbanization, and technological changes
have also influenced and simplified how people move, with more individuals now owning
cars or using train systems to conveniently get from one place to another, rather than
walking [14], and this has contributed to a reduction in overall energy expenditure. In
addition, unlike in the recent past, where leisure time would be spent outdoors, it is now
more common that leisure time will include sedentary activities such as watching TV or
smart devices [14]. Diet and physical activity transitions have influenced the demographic
characteristics of those affected with T2D. For example, T2D was often associated with
older age (65 years or older), but research now shows that globally, the greatest number
of people with diabetes are between 40–59 years of age, with increasingly more younger
people diagnosed with pre-diabetes [15].

Another reason for the increase of T2D in Kenya is a lack of knowledge about diabetes
and poor health attitudes [11]. Some studies report that low awareness of risk and preven-
tive factors for T2D significantly contribute to the increasing cases of T2D in Kenya [10,16].
People are vulnerable to misinformation, unhealthy behavior, and poor health outcomes
without proper health information [17]. Furthermore, the few existing T2D programs are
primarily led by the government of Kenya through the Ministry of Health (MOH) [18].
However, according to the Ministry of Health, they face several challenges that prevent
successful implementation of these programs, including a lack of capacity of the health
workforce in terms of numbers, equipment, and skills and poor availability and affordabil-
ity of quality, safe and efficient technologies and medications for screening, diagnosis and
treatment [19]. As such, many of the available documented programs on T2D education
are outdated and are not supported by behavior theories that offer a framework for un-
derstanding and predicting human behavior [18,19]. Additionally, many of the existing
programs lack cultural tailoring, which is proven to be important in enhancing receptivity
of health programs by adapting intervention materials to fit the needs, preferences, and
norms of the population more appropriately [20].

Due to the increasing prevalence of T2D enabled by the above-mentioned factors,
there is a need to provide culturally sensitive diabetes education, guided by theory-based
behavioral oriented methods that are effective in motivation and behavior change [21].
Consequently, this study aimed to examine the effectiveness of a theory-based and cultur-
ally sensitive educational intervention on diabetes prevention knowledge, health beliefs,
dietary intake, physical activity, and weight status among adults in peri-urban communities
in Nairobi, Kenya.

2. Materials and Methods
2.1. Study Design

A cluster randomized control trial (cRCT) design was used in this study. Peri-urban
communities were purposively selected as study locations as they are areas where towns
and the countryside meet that are nutritional zones with observable changes in diet and
lifestyle and increasing growth of overweight and obesity [22]. The specific locations were
peri-urban communities in Embakasi constituency, which borders the city of Nairobi and
was the area that where administrative access to do the study was granted. Sample size
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was calculated for a cRCT with fixed number of clusters (n = 6) and in consideration of a
power of 90%, a 5% level of significance, an expected drop-out rate of 10%, an intra-cluster
correlation coefficient of 0.01, to detect a difference of 2.5 points (or a standardized effect
size d of 0.8) based on a similar intervention focusing on changing diabetes knowledge
and attitudes [23–25]. In line with these calculations, 226 participants were enrolled in
the study.

Six peri-urban communities in Nairobi County were randomized so that 3 were
assigned to the intervention group (IG) and 3 were assigned to the control group (this
3&3 balance was enforced by the randomization scheme). An impartial statistician with no
active role in the study conducted the random assignment.

Data was collected at baseline assessment, post-intervention assessment (1 week),
and at a follow-up assessment (5 weeks after baseline). Adults 18 years and older, living
within peri-urban communities in Embakasi constituency were recruited through flyers
distributed at the chief’s camp, religious centers, social media, and local community groups
(‘Nyumba Kumi’). Those excluded were pregnant women, and those with chronic diseases,
as these conditions can affect dietary intake, metabolism, and physical activity [26].

2.2. Diabetes Education Intervention

The diabetes education intervention was designed based on established components
associated with effective health interventions for adult populations, including having
clear and focused objectives and using behavioral theory to guide the intervention. The
intervention focused on the desired behavior and used an interactive teaching method,
such as hands-on activities and group discussions. The intervention was delivered by
Community health workers (CHW) that attended a 2-day training on the delivery of the
intervention. The intervention was driven by the Health Belief Model (HBM) constructs
(perceived susceptibility, perceived seriousness, perceived benefits, perceived barriers, self-
efficacy), and it was informed by materials from scientific sources, including the American
Diabetes Association [23], the Vanderbilt Medical University Diabetes Pride Study [26] and
USDA’s SNAP Education Program [27]. The intervention addressed diabetes knowledge,
prevention, and management as directed by five modules: (i) understanding diabetes,
(ii) preventing and managing diabetes through nutrition, (iii) physical activity, (iv) reducing
tobacco and alcohol consumption, and (v) management of diabetes (Table 1). Each module
was culturally tailored and designed to suit the population. For instance, the use of
culturally relevant examples and use of cultural beliefs and behaviors to provide context to
the content. The use of plain language, visual aids, large fonts, demonstrations were used
as low health literacy strategies for teaching. Teach-back techniques were also employed to
improve the understanding of diabetes concepts.

Table 1. Demographic characteristics of participants (n = 226).

Total Participants Intervention Group Control Group p-Value

Mean ± SD

Age (years) 37.5 ± 12.7 39.4 ± 12.6 35.5 ± 12.7 0.02
Weight (pounds) 169.9 ± 38.8 164.2 ± 31.1 175.9 ± 44.8 0.02
Height (inches) 65.0 ± 6.4 63.7 ± 8.5 66.0 ± 3.4 0.01

Body Mass Index
Underweight 4 (1.8) 3 (2.6) 1 (0.9)

0.001
Normal weight 84 (37.2) 40 (34.8) 44 (40.0)

Overweight 51 (22.6) 22 (19.1) 29 (26.4)
Obese 72 (31.9) 36 (31.3) 36 (32.7)

Gender
Male 64 (28.3) 38 (32.8) 26 (23.6)

0.08Female 158 (69.9) 74 (63.8) 84 (76.4)
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Table 1. Cont.

Total Participants Intervention Group Control Group p-Value

Education
Primary School 9 (4.0) 5 (4.3) 4 (3.6)

0.06
Secondary School 77 (34.1) 28 (24.1) 49 (44.5)

College (2-year degree) 77 (34.1) 45 (38.8) 32 (29.1)
University Degree (4-year degree) 50 (22.1) 29 (25.0) 21 (19.1)

Post-graduate Degree 12 (5.3) 8 (6.9) 4 (3.6)
Occupation

Government employed 87 (38.5) 49 (42.2) 38 (34.5)

0.81

NGO employed 27 (11.9) 14 (12.1) 13 (11.8)
Self employed 43 (19.0) 21 (18.1) 22 (20.0)
Homemaker 9 (4.0) 3 (2.6) 6 (5.5)

Retired 7 (3.1) 4 (3.4) 3 (2.7)
Not employed 50 (22.1) 23 (19.8) 27 (24.5)
Unable to work 2 (0.9) 1 (0.9) 1 (0.9)

Household Income
100 USD or less 49 (21.7) 24 (20.7) 25 (22.7)

0.97
100–299 USD 75 (33.2) 38 (32.8) 37 (33.6)
300–499 USD 41 (18.1) 21 (18.1) 20 (18.2)
500–999 USD 35 (15.5) 19 (16.4) 16 (14.5)

1000 USD and above 9 (4.0) 5 (4.3) 4 (3.6)
Diabetes Diagnosis

Yes 20 (8.8) 9 (45.0) 11 (55.0)
0.71No 206 (91.2) 107 (51.9) 99 (48.1)

Family history of diabetes
Yes 75 (33.2) 36 (48.0) 39 (52.0)

0.67No 151 (66.8%) 71 (47.0) 80 (53.0)
Type of family member with diabetes

dia 32 (42.6%) 14 (43.8) 18 (56.2
0.63Extended 28 (37.33%) 17 (60.7) 11 (39.30)

Both 15 (20.0%) 6 (40) 9 (60)

Guided by the participants’ preferred availability, those in the IG attended 5 days of
concurrent face-to-face sessions, each lasting 3 h and where each of the five modules was
covered. Following the completion of the face-to-face sessions, participants received three
mobile-phone and WhatsApp messages each week to reinforce the materials learned, such
as MyPlate, portion control and physical activity reminders. The CG received the standard
education by the World Health Organization on hygiene practices related to COVID-19 [28].
The topics included hand washing and sanitization, social and physical distancing, face
masks and facial coverings, cleaning protocols, assessment of symptoms and quarantine
measures. To avoid contamination between the IG and CG, participants from each group
met at different sites.

2.3. Data Collection

The lead author and 16 CHWs did all the data collection. The CHWs attended 4 h
of data collection training sessions by the lead author. The training session included the
purpose of the study, the role of the CHWs, the questionnaires involved and maintaining
data integrity. Participant’s consent was obtained before data were collected. Participants’
anthropometrics were measured, and a set of questionnaires was administered to collect
data on diabetes knowledge, health beliefs, and dietary intake and physical activity at
baseline (T1), post-intervention (1 week; T2), and follow-up (5 weeks; T3).

2.3.1. Knowledge Assessment

Diabetes knowledge was assessed using a questionnaire based on diabetes education
objectives that reflected participants’ culture and health literacy levels. The questionnaire
consisted of thirty-nine questions informed by previously validated scales [29] that sought
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to measure knowledge on risk factors, symptoms, the role of nutrition and physical activity,
alcohol and tobacco and other self-management skills. The questionnaire underwent face
and content validation by experts and was pilot tested to identify potential problem areas
and deficiencies in the instrument to improve accuracy, comprehension, appropriateness,
and consistency. Out of 39 possible points, participants’ knowledge was categorized as
poor for scoring 13 points or less, acceptable for scoring between 14 and 26 points, and
good knowledge for scoring 27 or more points.

2.3.2. Health Beliefs

Health beliefs related to diabetes were assessed using a validated HBM scale from a
study of the relationship between health beliefs and prevention behaviors of T2D [30]. The
questionnaire had 23 items which were grouped in categories related to the constructs of
the HBM. These are perceived susceptibility, perceived seriousness, perceived benefits, and
perceived barriers. All questions were evaluated on a 5-point Likert scale ranging from
strongly disagree (coded as 1) to strongly agree (coded as 5).

2.3.3. Self-Efficacy

Self-efficacy was assessed using the validated scale from the Risk and Health Behavior
Scales research [31]. The questionnaire consists of four sections with five items assessing
self-efficacy related to nutrition, six items related to physical activity, five items related
to alcohol and four related to smoking. The scale was based on a Likert scale of 4, where
respondents are asked to rate their confidence in their ability to change their health behavior.
The question responses ranged from strongly disagree (coded as 1), disagree (coded as 2),
agree (coded as 3) to strongly agree (coded as 4).

2.3.4. Dietary Intake

Dietary intake was assessed using a validated and culturally sensitive semi-quantitative
30-day food frequency questionnaire (FFQ) designed for adults in urban populations in
Nairobi, Kenya [32]. The FFQ consists of 123 food items contributing to the total energy.
The portion size was estimated by asking participants to translate their usual consumption
amount based on commonly locally used utensils that were provided for demonstration. The
sizes used were small (250 mL), medium (360 mL) and large (750 mL) portions. The Kenyan
food composition tables were used to convert and analyze nutrient estimates for each food
item [33]. The period between baseline assessment and post-intervention assessment was
one week, and therefore, the dietary intake of the participants was only assessed at two-time
points, at baseline and four weeks after intervention at follow-up assessment.

2.3.5. Physical Activity

Physical activity was assessed using the International Physical Activity Question-
naire (IPAQ) [34]. The questionnaire consists of 27 items focusing on physical activity in
household activities, activity during transportation and time spent on leisure activities.
The Metabolic Equivalent of Task (METs) scores were assigned to the various activities.
Physical activity was categorized as high if the participants achieved 3000 MET minutes
per week with a combination of walking, moderate and vigorous activity, or three days
or more of a combination of walking, moderate and vigorous activity with more than
1500 MET per week. Moderate activity consists of 600 MET per week or five or more days
of any combination, including walking or moderate activity for at least 30 min per day.
Participants were classified as having low activity levels if they had less than 600 MET per
week and not less than 10 min of physical activity per day. Any activity less than 10 min
was not considered. After that, physical activity was coded on a 3-point scale, with 1 being
high, 2 moderate physical activity and 3-low physical activity.
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2.3.6. Anthropometric Measures

The body weight of each participant was measured using a properly calibrated digital
scale, and their information was recorded in kilograms in their individually labeled ques-
tionnaires. Weight was later converted to pounds. Height was measured in centimeters
using a wall-mounted stadiometer and later converted to inches.

2.4. Data Analysis

Data were analyzed using SPSS system (Version 28, SPSS Inc, Chicago, IL, USA).
Descriptive statistics were used to describe differences in demographic characteristics,
knowledge, health beliefs, household food insecurity, physical activity, and dietary intake
among groups. One-way Analysis of Variance (ANOVA) and chi-square (χ2) tests were used
to assess for equivalency between the demographic variables (age, income, marital status,
education level, BMI) between the IG and CG. Linear mixed effect models with random
effects for clusters and subjects were fit to assess within and between group differences in
the outcomes from baseline to post-intervention and from to follow-up assessment. The
change scores in diabetes knowledge, dietary intake, health beliefs, physical activity and
weight status was compared between the IG (∆IG: change score in the IG) and CG (∆CG:
change score in the CG). The linear mixed effect analysis adjusted for age and BMI. An
alpha level of 0.05 was used as the threshold for statistical significance.

3. Results

A total of 226 adults completed the baseline assessment (116 adults in the IG; 110 in the
CG). Ten participants (6 in the IG and 4 in the CG) dropped out of the study for personal
reasons. A total of 216 adults attended the study and completed the post-test assessment
(T2). An additional 28 adults (13 in the IG; 15 in the CG) dropped out from the study before
the follow-up assessment. A total of 188 adults (83.2%) completed the study in its entirety
(Figure 1).
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A summary of the characteristics of the participants can be found in Table 1. Most par-
ticipants were females (71.7%), with a mean age of 37.5 years with majority (54.5%) having
overweight or obesity (54.5%). Statistical comparisons showed significant differences in
age and BMI between the two groups (p =0.02; p < 0.001) that were adjusted for in analysis.
No other differences between the groups were significant (Table 1).

3.1. Effect of Intervention on Diabeteknowledge, Health beliefs, Physical Activity, Dietary Intake
and Weight Status
3.1.1. Diabetes Knowledge

The mean diabetes knowledge score of participants in the IG at baseline was 1.43. After
the intervention, this significantly increased to 2.80 at post-intervention and to 2.87 at
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follow-up. Compared to the CG, this increase in knowledge in the IG was significant
over time from T1 to T3 (p < 0.001) (Table 2) and across the other assessment time points
(Tables S1 and S2).

Table 2. Changes in diabetes knowledge and health beliefs from baseline (T1) to post-intervention
(T2) and follow-up (T3) assessments.

Variables

Baseline Assessment
(T1)

Post-Intervention
Assessment (T2)

(1 Week after Baseline)

Follow-Up Assessment
(T3)

(5 Weeks after Baseline) ∆T3-T1 (m ± sd)
p-Value †

between
Groups

over TimeMean Change ± SD Mean Change ± SD Mean Change ± SD

IG CG IG CG IG CG IG CG

Diabetes
Knowledge 1.43 ± 0.68 1.36 ± 0.61 2.80 ± 0.55 1.31 ± 0.59 2.87 ± 0.43 1.40 ± 0.69 1.44 ± 0.56 0.04 ± 0.65 0.001

Perceived
Susceptibility 2.37 ± 1.06 2.21 ± 1.02 3.03 ± 0.53 2.27 ± 0.95 3.22 ± 1.11 2.34 ± 0.90 0.85 ± 1.09 0.13 ± 0.96 0.05

Perceived
Seriousness 2.91 ± 0.83 3.13 ± 0.72 2.53 ± 0.39 3.03 ± 0.79 2.51 ± 0.97 2.99 ± 0.78 −0.4 ± 0.90 −0.14 ± 0.75 0.06

Perceived
Benefits 3.63 ± 0.94 3.48 ± 0.95 4.30 ± 0.91 3.41 ± 0.89 3.64 ± 0.89 3.43 ± 0.85 0.01 ± 0.92 −0.05 ± 0.90 0.04

Perceived
Barriers 2.58 ± 0.92 2.67 ± 0.92 2.54 ± 0.32 2.64 ± 0.81 2.45 ± 0.94 2.68 ± 0.75 −0.13 ± 0.93 0.01 ± 0.84 0.09

Self-efficacy-
Nutrition 3.12 ± 0.74 3.09 ± 0.76 3.82 ± 0.62 3.08 ± 0.68 3.86 ± 0.72 3.06 ± 0.68 0.74 ± 0.73 −0.03 ± 0.72 0.02

Self-efficacy-
Physical
activity

2.98 ± 0.82 2.92 ± 0.83 3.03 ± 0.82 2.89 ± 0.79 3.05 ± 0.81 2.87 ± 0.77 0.07 ± 0.82 −0.05 ± 0.80 0.98

Self-efficacy-
Alcohol
(n = 76)

3.08 ± 0.81 3.04 ± 0.87 3.49 ± 0.29 2.99 ± 0.82 3.48 ± 0.81 2.86 ± 0.83 0.40 ± 0.81 −0.18 ± 0.85 0.02

Self-efficacy-
Smoking
(n = 30)

2.71 ± 1.02 2.33 ± 0.88 2.85 ± 0.32 2.89 ± 1.01 2.71 ± 1.02 2.89 ± 1.02 0.00 ± 1.02 0.56 ± 0.95 0.12

Note: ∆T3-T1: change score from T1 to T3 assessment, calculated by subtracting score at T1 from score at T3; IG:
intervention group; CG: control group. † Adjusted for cluster differences in age, and BMI.

3.1.2. Health Beliefs
Perceived Susceptibility

On a scale of 5, the perceived susceptibility to T2D in the IG significantly increased
from 2.37 to 3.03 to 3.22 points (Table 2). Comparing the IG and the CG over the three
assessment periods, there was a significant increase in the perceived susceptibility of
participants in the IG versus the CG from T1 to T3 (p = 0.05; Table 2) and across the other
assessment time points (Tables S1 and S2).

Perceived Seriousness

There was no significant change in the perceived seriousness of diabetes in both
groups. At baseline, the mean score for the IG was 2.91 points, which changed to 2.53 at
the post-test and 2.51 at the follow-up assessment. When comparing the two groups, the
change in perceived seriousness was not significant for participants in the IG versus the
CG at any of the three time points (Tables 2, S1 and S2).

Perceived Benefits

Perceived benefits of adopting healthier behaviors among the intervention group
significantly increased in this study. For example, at baseline, IG participants scored an
average of 3.63, 4.30 points at post intervention and 3.64 points at follow up assessment.
This was a significant increase in perceived benefits of participants compared to the CG from
T1 to T3 (p = 0.04; Table 2) and across the other assessment time points (Tables S1 and S2).
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Perceived Barriers

The participant’s perceived barriers to achieving a healthy lifestyle did not significantly
change within and across groups (Table 2). The mean score for the IG was 2.58, 2.54, and
2.45 at the three respective time points, and this was not statistically different at any time.
(Tables 2, S1 and S2).

Self-Efficacy

Self-efficacy related to nutrition and healthy eating significantly increased in the IG
over the three assessment points from 3.12 to 3.82 to 3.86 points, respectively. When com-
paring the two groups over the three assessment periods, there was a significant increase
in the self-efficacy (nutrition) of participants in the IG versus the CG (Tables 2, S1 and S2).
The mean self-efficacy at baseline for those in the IG who consumed alcohol was 3.08 points
at baseline, 3.49 at post-test and 3.48 at follow-up assessment. Self-efficacy for the CG was
3.04 at baseline, 2.99 at post-test and 2.86 at follow-up assessment. In comparison, there
was a significant difference in self-efficacy relating to alcohol use by participants in the IG
versus the CG from T1 to T3 (p = 0.02) and across the other assessment (Tables S1 and S2).
Self-efficacy related to smoking and physical activity did not significantly increase for
participants within and across both groups from T1 to T2 to T3 (Table 2).

3.1.3. Dietary Intake

As shown in Table 3, the intake of refined grains in the IG significantly decreased from
a mean intake of 6.03 cups at baseline assessment to 5.43 cups at follow-up assessment
p = 0.004). The CG refined grain intake was 6.01 cups at baseline and 6.13 at follow-up
(p = 0.363). The IG had a significantly reduced intake of refined grains versus the CG
(p = 0.009). The mean daily intake of oils in the IG significantly decreased from 42.53 g at
baseline to 38.7 g at follow-up assessment (p < 0.001). While the CG intake of oils did not
significantly change from 43.54 g at baseline and 44.72 g at follow-up assessment. Overall,
the IG had a significantly reduced intake of oils versus the CG (p = 0.030). Additionally,
mean daily fruit intake significantly increased for participants in the IG from 3.68 to
4.66 cups (p = 0.002) but did not significantly increase for the CG (p = 0.663). The dairy
intake was 5.14 at baseline, and 4.41 cups at follow-up assessment (p = 0.03), and this was
different compared to CG over time (p = 0.05) (Table 3).

Table 3. Changes in food groups consumption from baseline (T1) to follow-up assessment (T3).

Food Groups
Baseline Assessment

Mean (SD)
Follow-Up Assessment

Mean (SD) ∆T3-T1 (m ± sd) p-Value
between Groups

Over TimeIG CG IG CG IG CG

Whole Grain †† 2.40 (2.26) 2.28 (2.23) 2.09 (2.51) 2.30 (2.31) −0.31 ± 2.385 0.02 ± 2.27 0.77
Refined Grains †† 6.03 (1.89) 6.01 (1.92) 5.43 (1.29) 6.13 (1.03) −0.6 ± 1.59 0.12 ± 1.48 0.01

Meat/poultry/eggs ϕ 1.48 (1.68) 1.52 (1.68) 2.38 (1.39) 1.72 (1.36) 0.9 ± 1.54 0.20 ± 1.52 0.34
Fish/seafood ϕ 3.36 (1.67) 3.01 (1.67) 3.22 (1.29) 3.38 (1.23) −0.14 ± 1.48 0.37 ± 1.45 0.69

Dark green vegetable Φ 4.93 (2.21) 4.95 (2.22) 4.84 (1.49) 4.56 (1.81) −0.09 ± 1.85 −0.39 ± 2.02 0.17
Red & orange vegetables Φ 6.15 (1.87) 6.14 (1.89) 6.23 (0.91) 6.22 (0.83) 0.08 ± 1.39 0.08 ± 1.36 0.56

Other vegetables Φ 3.98 (2.60) 3.99 (2.62) 3.86 (2.17) 3.87 (1.99) −0.12 ± 2.39 −0.12 ± 2.31 0.51
Oils ¥ 42.53 (1.42) 43.54 (1.02) 38.7 (0.83) 44.72 (0.86) −3.83 ± 1.13 1.18 ± 0.94 0.03

Starchy vegetables Φ 2.21 (0.31) 2.28 (0.31) 3.62 (0.57) 2.26 (3.09) 1.41 ± 0.44 −0.02 ± 1.70 0.001
Beans/peas/lentils Φ 2.19 (2.64) 2.17 (2.65) 2.47 (2.17) 2.37 (1.95) 0.28 ± 2.41 0.20 ± 2.30 0.29

Fruits †† 3.68 (2.88) 3.66 (2.93) 4.66 (1.88) 3.81 (2.00) 0.98 ± 2.38 0.15 ± 2.47 0.01
Dairy †† 5.14 (3.02) 5.02 (3.08) 4.41 (2.00) 4.92 (2.20) −0.73 ± 2.50 −0.10 ± 2.64 0.05

Nuts/seeds/soy ϕ 0.75 (1.20) 0.82 (1.33) 0.78 (0.89) 0.75 (0.85) 0.03 ± 1.05 −0.07 ± 1.09 0.87

Note: ∆T3-T1: change score from T1 to T3 assessment, calculated by subtracting score at T1 from score at T3;
IG: intervention group; CG: control group. ϕ demotes dietary intake reported in ounce equivalents per day.
¥ demotes dietary intake reported in grams per day. Φ denotes dietary intake reported in cup equivalents per
week. †† denotes dietary intake reported in cup equivalents per day. Food group intake based on participant’s
mean caloric intake of 2200–2600.
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3.1.4. Physical Activity and Weight Status

Physical activity measured in METs was categorized on a 3-point scale, with 1 being
high, 2 moderate and 3-low physical activity. The mean scores on physical activity among
participants in the IG were 1.92 at baseline, 1.96 at post-test and 1.89 at follow-up assessment
(p = 0.96). The mean score for the CG was 1.90 at baseline, 1.94 at post-test, and 1.91 at
follow-up assessment (p = 0.99). The mean weight for the IG was 164.16 at baseline, 162.26 at
post-test and 166.96 pounds at follow-up assessment. The mean weight for the CG was
174.34, 175.45, and 179.45 pounds within the three respective time points. There were no
significant differences in changes in weight status within and across groups from baseline
to post-intervention and follow-up assessment (p = 0.96).

4. Discussion

Findings from this study showed that a theory-based intervention was effective in
increasing diabetes knowledge and improving health beliefs (perceived susceptibility
to diabetes, perceived benefits, and self-efficacy) in adopting a healthier lifestyle. The
intervention also improved dietary intake with reduced intake of refined grains and oils
and increased intake of fruits. However, the intervention did not result in a significant
improvement in the other food groups, perceived seriousness, perceived barriers, physical
activity and weight status.

The findings of this study showed an improvement in knowledge of diabetes risk
factors, symptoms, role of nutrition and physical activity, alcohol and tobacco and other
self-management skills. These findings are similar to other studies conducted in LMICs, in-
cluding by Muchiri and colleagues, where participants in the treatment group who received
a diabetes education intervention had higher knowledge scores than the control group [23].
Similarly, Chawla and colleagues found that participants that received education showed
a significant increase in knowledge from baseline to endpoint compared to the control
group [35]. Diabetes education interventions can lead to an increase in knowledge, as
demonstrated by a systematic review that looked at over 19 heterogeneous trials and found
that education interventions led to a significant increase in knowledge of T2D [35].

Perceived susceptibility to diabetes, perceived benefits and self-efficacy improved
in this study. However, perceived seriousness and barriers did not improve. Like these
findings, several studies have found that while perceived susceptibility, benefits, and self–
efficacy improve, there may be an inverse relationship with perceived seriousness. For
instance, in a similar study where participants received an education intervention on cal-
cium intake, the perceived seriousness of osteoporosis declined with increased knowledge,
improved benefits and self-efficacy [36]. Likewise, Suratman and colleagues, in an educa-
tional intervention to improve perceptions for reducing exposure to pesticides in farmers,
found a decrease in perceived seriousness with improved perceived susceptibility [37]. It is
possible that as participants increase their knowledge and perceived benefits of adopting
healthier behaviors and improve their self-efficacy, these improvements contribute to a
decrease in the perceived seriousness of disease as participants feel empowered by the
knowledge and skills to change their behavior to a healthier lifestyle.

This study looked at barriers at the inter-personal level in the socio-ecological context,
such as taste, time management, cost of food, social influences from family and friends,
motivation, and stress [38,39]. These perceived barriers did not significantly improve.
A possible reason for the lack of change is that the study was conducted during the
COVID-19 pandemic and effects of the lockdowns could have exacerbated health barriers.
Furthermore, barriers addressed were at the individual level, and yet there may be others at
the macro level, such as lack of employment opportunities, gender inequalities, inhibitive
policies, poverty, and insecurity [40]. Therefore, future studies can incorporate a broader
scope while addressing perceived barriers to diabetes health.

The intake of whole grains was low at 2.4 cups compared to the recommended
2.5–4.5 cup equivalents per day. Refined grain intake was high, with average intake of
6.03 cups compared to the recommended intake of 3.5–4.5 cup eq/day. These findings are
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consistent with other studies investigating dietary patterns that have found that the average
diet in Nairobi, Kenya is heavily reliant on carbohydrates as a source of energy intake
with primary staples being maize products, wheat, rice and cooking bananas [41]. A time
series study assessing staple food consumption patterns in households in Nairobi, and its
environs, found that there was a significant increase in consumption of milled and refined
grains overtime at the expense of whole grains [41]. This could explain the high intake of
refined carbohydrates versus whole grains in this study. The intake of refined grains sig-
nificantly reduced after the diabetes intervention, and this was ultimately a positive effect
as there’s higher risks of obesity and associated chronic diseases, with increased intake of
refined grains [42]. However, while refined grains reduced, the intake of starchy vegetables
increased. This may signify a dietary compensation mechanism that has been observed in
some studies, and that needs further investigation, where in response to adjustments in
energy intake, individuals compensate by increasing intake of certain foods to maintain
satiety and regardless of portion control there’s constant energy intake [43]. The high mean
intake of dark green vegetables (4.95 vs. 2.0–2.5 cups/week), red and orange vegetables
(6.15 vs. 6.0 cups/week), and fruits (3.68 vs. 2.0 cups/day) at baseline could explain the lack
of significant change in intake after the intervention [44]. Nyanchoka and colleagues had
similar findings in a study in Kenya where 78% of the respondents met fruits, vegetables
and beans/peas/lentils recommendations [45].Regarding the lack of change in physical
activity, participants in this study already had a high physical activity of 3000 MET minutes
per week with a combination of walking and moderate and vigorous activity at baseline
assessment. It is possible that this contributed to the lack of observable change in the
amount of physical activity at post-test and follow-up assessment. Weight status did not
change significantly after the intervention. Notedly, there was a significant portion of the
sample in the underweight and normal weight categories, and this could have statistically
affected the ability to observe significant change in weight. Additionally, weight loss is
extremely challenging due to interactions between our biology, behavior, and obesogenic
environments [46]. Change in body weight also requires consistent behavior change and
long-term observation, which could explain the lack of significant change in this study [47].
It is recommended that future interventions that hope to observe a significant change in
weight status have a longer post-intervention period, preferably longer than the four weeks
applied in this study.

Implications and Recommendations

The findings of this study have several implications and recommendations for policy
and future research. The increase in diabetes knowledge, perceived susceptibility, benefits,
and self-efficacy after the intervention, amplifies the importance of educating people to
prevent and manage T2D. Education interventions should target improving awareness of
T2D and increasing perceived threats to diabetes, and the benefits of adopting healthier
behavior while addressing barriers and building self-efficacy.

The CHWs were instrumental in implementing the intervention, since they are well
known to the community, they can be tapped into to educate the community on T2D as a
sustainable measure and can facilitate the scaling up of existing or future T2D programs.
Lastly, the cultural and theory-based aspects of the intervention were a crucial part of
ensuring that there was increased knowledge, perceived susceptibility, perceived benefits,
self-efficacy and improving dietary intake. These have important implications for the
designing of future community-based health interventions focusing on T2D prevention and
management. It is recommended that similar health education interventions be culturally
tailored, theory-driven and should also apply low health literacy strategies. They should
also extend their duration to measure sustained behavioral changes.

This study had some limitations. For instance, some data were self-reported and may
be subject to bias resulting from recall or social desirability, especially in reporting dietary
intake data and health beliefs. Additionally, while the diabetes knowledge questionnaire
was pilot tested and underwent face and content validation by experts, it may benefit from
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further confirmatory analyses to establish reliability before use in other settings. Again,
the study was not powered to detect non-primary outcomes, which may have affected
our ability to observe changes in physical activity and body weight. Lastly, the short
study period may have limited the ability to detect body weight changes and hindered the
evaluation of the long-term effects of the intervention effects.

5. Conclusions

The findings of this study demonstrate that the culturally sensitive and theory-based
diabetes intervention was effective in increasing diabetes knowledge and improving health
beliefs, including perceived seriousness, perceived benefits, and self-efficacy. It also effec-
tively improved the dietary intake of refined grains, oils, fruits, and dairy among adults in
peri-urban communities in Nairobi, Kenya.
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Abstract: Parenting practices have been associated with adolescent lifestyle behaviors and weight
status. Evidence is limited regarding the efficacy of interventions to address father influences on
adolescent lifestyle behaviors through availability and modeling practices. Therefore, the purpose of
this study was to evaluate changes in father parenting practices after Latino families with adolescents
participated in the Padres Preparados Jóvenes Saludables (Padres) program. Time-1 (baseline) and
Time-2 (post-intervention) data were used from Latino father/adolescent (10–14 years) dyads enrolled
in the Padres two-arm (intervention vs. delayed-treatment control group) randomized controlled
trial in four community locations. The program had eight weekly, 2.5-h experiential learning sessions
on food preparation, parenting practices, nutrition, and physical activity. Two types of parenting
practices (role modeling and home food availability) were assessed by father report via questionnaire
for each of 7 lifestyle behaviors, for a total of 14 parenting practices. Linear regression mixed models
were used to evaluate the intervention effects. A total of 94 father/adolescent dyads completed both
Time-1 and Time-2 evaluations. Significant positive intervention effects were found for frequencies of
fruit modeling (p = 0.002) and screen time modeling (p = 0.039). Non-significant results were found
for the other 12 father parenting practices.

Keywords: randomized controlled trial; community-based intervention; Latino fathers; father’s
parenting practices; lifestyle behaviors

1. Introduction

Many adolescents in the U.S., including Mexican American and other Hispanic adoles-
cents, have poor dietary behaviors [1–3], low levels of physical activity, and frequent screen
time [4,5]. These behaviors have been identified as critical behavioral determinants of
obesity among adolescents [6]. Childhood obesity increases the risk of developing a variety
of health complications and chronic diseases, such as becoming overweight or obese as an
adult and developing diabetes, metabolic disorders, and heart disease [7,8]. The current
Dietary Guidelines for Americans (DGAs) [9] recommend that U.S adults and adolescents
increase their intakes of nutrient-dense foods and a variety of fruits and vegetables while
limiting energy-dense foods and beverages to meet the recommended food group and
nutrient needs to achieve healthy dietary patterns.

Physical activity is defined as any kind of body movement produced by the skeletal
muscles that substantially increases energy expenditure [10]. Adequate physical activity
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during adolescence may contribute to various short- and long-term benefits for the health
and wellbeing of adolescents, including a higher level of cardiorespiratory fitness, stronger
muscles and bones, lower body fat, and lower symptoms of depression compared to having
an inactive lifestyle [11,12]. On the other hand, screen time is a common sedentary behavior
among adolescents in the U.S. [13]. Screen time can contribute to increased risk of adiposity,
elevated serum triglyceride concentrations, and metabolic syndrome in adolescents [14].

Parenting practices, which influence these health behaviors, have been defined as
intentional or unintentional behaviors/actions by parents that shape their child’s attitudes,
behaviors, or beliefs [15]. Previous studies have highlighted the positive influence of
parenting practices on adolescents’ dietary behaviors [16], physical activity, and screen
time [17–19]. Several qualitative and cross-sectional studies have shown that Latino parents
play a positive role in improving older children and adolescents’ lifestyle behaviors [20–26]
and weight status [27,28] by engaging in positive food parenting practices. However,
these studies have primarily focused on Latino mothers and their adolescents, and little
research is available assessing father influences on adolescent lifestyle behaviors and
health outcomes.

The limited literature available on the influence of Latino father parenting practices
on adolescent behaviors has shown positive findings [20,25,28]. A cross-sectional study
with 81 Mexican-origin fathers and children aged 7–13 years who participated in the
Entre Familia: Reflejos de Salud study showed that children consumed more fruit and
vegetables when their fathers used feeding-related reinforcement of healthy eating more
frequently [25]. Another study with 174 mother-father-child triads (8–10 years of age)
demonstrated that a father’s healthy BMI was related to a child’s healthy BMI z-score [28].
Latino fathers of adolescents reported in focus groups that role modeling and making
healthy food and physical activity opportunities available were parenting practices that
could help adolescents have healthier food and activity behaviors [21]. Therefore, interven-
tions that focus on Latino father parenting practices to promote healthy lifestyles among
Latino youth may be beneficial.

The primary goal of the Padres Preparados, Jóvenes Saludables (Padres) (Prepared
Parents, Healthy Youth) program was to prevent overweight and obesity among Latino
adolescents in low-income households by increasing the frequency of healthy father
food and activity parenting practices [29]. The Padres program was adapted from a
successful community-based parenting skills education program to prevent substance
use among Latino parents and adolescents [30]. The program was grounded in social
cognitive theory [31,32] and based on the principles of community-based participatory re-
search [33], with collaboration from community partners in all design and implementation
processes [20]. The aims of the current study were 1) to determine baseline (Time-1) to
post-intervention (Time-2) changes in father parenting practices (role modeling and making
foods and physical activity opportunities available) in a RCT study with intervention and
delayed-treatment control groups, and 2) to assess the intervention effect on changes in
father parenting practices from Time-1 to Time-2, adjusted for father age and adolescent
age and sex.

2. Materials and Methods
2.1. Study Design and Sample

This study used Time-1 (baseline) and Time-2 data (after the 8-week program was
conducted for the intervention group) from the Padres program trial [29]. The primary
outcomes of the randomized controlled intervention trial (identifier: NCT03641521), which
were father and adolescent dietary intake and weight status, are reported elsewhere, as
well as intervention details [29]. This paper reports on secondary outcomes regarding the
frequency of father parenting practices.
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Latino fathers or male caregivers (hereafter referred to as fathers) of adolescents
10–14 years, who identified as Latino, spoke Spanish, and had meals at least three times a
week with their adolescents were eligible for the study. Families were recruited using social
media, flyers, and announcements at community service centers and churches primarily
serving low-income Latino families. Fathers and adolescents completed surveys in person
at Time-1 and Time-2. The study protocol was approved by the University of Minnesota
Institutional Review Board (project identification code: 1511S80707).

2.2. Intervention

Father/adolescent dyads were randomized to either an intervention or a delayed-
treatment control group [29]. The program was implemented in person at four locations
(community service centers and churches) in the Minneapolis/St. Paul metropolitan area
between September 2017 and December 2019. In-person implementation was discontinued
in March 2020 and not resumed because of public health efforts to limit the transmission of
COVID-19. During the intervention, fathers and adolescents attended eight weekly, 2.5-h
experiential learning sessions facilitated by bilingual Latino educators. In each session,
fathers and adolescents participated together in activities to prepare food, be physically
active and learn about nutrition and active lifestyles. In separate parts of each session,
fathers participated in activities to develop parenting skills and improve frequency of
parenting practices, while adolescents participated in activities to reinforce learning about
healthy lifestyle behaviors.

2.3. Participation in Evaluation Data Collection

A total of 303 father-adolescent dyads expressed interest in participating in the study
(Figure 1). Of those, 266 were screened for eligibility over the telephone and 234 were
identified as eligible. Of the 234 dyads, 54 did not attend the Time-1 data collection session,
and 20 dyads did not complete the data collection procedures. Time-1 data collection
sessions were completed by 147 father/adolescent dyads, with 94 father/adolescent dyads
completing both Time-1 and Time-2 data collection.

2.4. Sociodemographic Characteristics

Fathers reported their age, years in the U.S., education, employment status, marital
status, family annual income, and language spoken at home via surveys. For ease in
describing characteristics, education was categorized as middle school or lower, GED
(equivalent to a high school diploma) or high school, and some college or higher. Employ-
ment was collapsed into four categories: self-employed, unemployed, employed part-time,
and employed full-time. Marital status was categorized as single or married/living with
a partner.

Adolescents reported their own birthdates and sex. Adolescent age at Time-1 was
calculated by subtracting the birthdate from the date of Time-1 data collection divided by
the number of days each year (365; 366 for leap years).

2.5. Anthropometric Measurements

Adolescents’ and fathers’ body weight and height were measured separately twice
in a private space using a digital scale (BWB-800 Scale, Tanita) and a stadiometer by a
trained research assistant, according to standardized procedures of the National Health and
Nutrition Examination Survey (NHANES) [34]. Two measures of both weight and height
were averaged to obtain mean weight and height. Fathers’ body mass index (BMI) was
calculated using weight (kg) divided by height squared (m2). Adolescents’ BMI percentiles
were generated by a SAS program using the 2000 CDC Growth Charts [35].
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Figure 1. CONSORT diagram (Father/adolescent dyads) [29]. 1 Participants reported frequency of
paternal parenting practices; 2 Four participant dyads were randomized to intervention but attended
delayed-treatment control group educational sessions; 3 Seven participant dyads were randomized
to delayed-treatment control but attended intervention group sessions.

2.6. Father Food and Activity Parenting Practices

The frequency of two types of parenting practices (role modeling and home availability
of food or activity opportunities) was assessed by father report via questionnaire for each
of seven lifestyle behaviors (fruit, vegetable, sugar-sweetened beverage (SSB), fast food,
sweets/salty snack consumption, and frequency of physical activity and screen time) for
a total of 14 father food and activity parenting practices. The questionnaire had a total of
33 items, including two items for each of seven role modeling scales, three items for each of
six food/activity availability at home scales, and one item for screen time availability at
home. Parenting practice questions were developed based on findings from focus groups
with Latino fathers [20] and existing validated scales [36–38]. Father food and activity
parenting practice items and scales showed adequate criterion validity in a preliminary
study and internal consistency for all scales based on Cronbach’s α coefficients >0.7 [39].

Fathers were asked two questions about role-modeling frequency, separately, for fruit,
vegetable, SSB, fast food, and sweets/salty snack consumption and physical activity and
screen time, including (1) how many times fathers were seen by adolescents consuming each
type of food or beverage or engaging in physical activity, and (2) how many times fathers
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consumed each type of food or beverage and engaged in physical activity with adolescents.
Response options were almost never or never = 1, <1 time/week = 2, 1–3 times/week = 3,
4–6 times/week = 4, and once a day or more = 5. Responses were coded, summed, and
averaged to create a score for each food type or activity.

Fathers were asked three questions about the frequency of practices regarding making
fruit, vegetables, SSBs, fast food, sweets/salty snacks, and physical activity available at
home. Availability of screen time opportunities was assessed with only one question. Mak-
ing fruit and vegetables available at home was assessed separately by frequency of fathers
(1) buying, (2) preparing, and (3) making sure adolescents had different kinds of fruits
and vegetables. Making SSBs, sweets/salty snacks, and fast food available at home was
assessed separately for each type of food/beverages by the frequency of fathers (1) buying,
(2) preparing, and (3) giving money to adolescents to buy these foods. Making physical
activity available was assessed by the frequency of fathers (1) taking their adolescent to a
place he/she can be physically active, (2) sending their adolescent outside to be physically
active when the weather is nice, and (3) making opportunities available for their adolescent
to be physically active. Making screen time available was assessed by the frequency of
fathers making screen time opportunities available to their adolescents. Response options
for all availability questions were almost never or never = 1, rarely = 2, sometimes = 3,
often = 4, and almost always or always = 5. The responses to the three questions for each
lifestyle behavior, except for screen time, were coded, summed, and averaged to create an
availability score.

2.7. Data Analysis

Initial sample size and power calculations were completed based on expected pri-
mary program outcomes as described elsewhere [29]. Post hoc power calculations were
completed using nQuery sample size software (Version 4.0.0.0) to determine the power
available to detect the observed between-group differences in parenting practice outcomes
as significant at alpha = 0.05, using the study sample size in each group.

All fathers who had both Time-1 and Time-2 data were included in the analysis of
parenting practice frequency. The first aim of the analysis was to describe observed changes
in parenting practices. Descriptive statistics for Time-1 sociodemographic characteris-
tics and Time-1-to-Time-2 changes for parenting practices for intervention and delayed-
treatment control groups were assessed using independent two-sample t-tests, Chi-square
and Fisher’s exact tests.

Linear regression mixed models were used to address the second aim, which was
to assess adjusted differences in mean change from Time-1 to Time-2 in father parenting
practices outcomes between the intervention and delayed-treatment control groups. The
mixed models were adjusted for father age and adolescent sex and age. Additionally, the
models included a random intercept for sites and a random intercept for fathers nested
within sites to account for clustering of fathers within sites.

All analysis was performed using SAS software version 9.4 (Cary, NC, USA, 2002–2012)
with statistical significance defined as p < 0.05.

3. Results

The retention rate was 64% for father/adolescent dyads based on withdrawal from the
study because of relocation, scheduling conflicts, or loss to follow-up. Mean BMI for the
fathers who completed Time-1 and Time-2 data collection (n = 94) was 29.7 vs. 28.3 for the
fathers who only completed Time-1 data collection (p = 0.041). Adolescent sex (p = 0.013)
was significantly different between those whose fathers completed both Time-1 and Time-2
data collections and those whose fathers only completed Time-1 data collection.

Of 147 father/adolescent dyads, 77 were randomized into the intervention group,
and 70 were randomized into the delayed-treatment control group. Random assignment
was not followed correctly by 11 father/adolescent dyads (4 father/adolescent dyads
randomized to intervention attended the delayed-treatment control group educational

109



Nutrients 2022, 14, 4967

sessions, while 7 father/adolescent dyads randomized to the delayed-treatment control
group attended the intervention group). Therefore, there were 80 father/adolescent dyads
in the intervention group educational sessions, and 67 father/adolescent dyads in the
delayed-treatment control group educational sessions. Of the 94 fathers/adolescent dyads
who completed both Time-1 and Time-2 data, 48 were in the intervention group, and 46
were in the delayed-treatment control group.

Overall, the demographic characteristics of fathers and adolescents in the intervention
and delayed-treatment control groups were similar at Time-1 (Table 1). The mean father age
was 42.1 (7.4) years. Most fathers reported having a yearly household income of ≤$49,999
(87%), completing high school or less (77%), being employed full-time (72%), speaking
exclusively to primarily Spanish at home (81%), being married (86%), and having lived in
the U.S. for more than 10 years (98%). The mean BMI of all the fathers was 29.7 kg/m2.
The mean age of the adolescents was 12.2 (1.4) years, with 62% being male and 38% female.
The mean BMI percentile of all adolescents was 77.6.

Table 1. Time-1 father and adolescent demographic characteristics (n = 94).

Demographic Characteristics All
n = 94

Intervention
n = 48

Delayed
Treatment

Control
n = 46

p-Values

Father demographics
Age, mean (SD 1) 42.1 (7.4) 43.1 (7.1) 41.1 (7.7) 0.195 2

Annual income, n (%)
<$25,000 38 (41.8) 23 (48.9) 15 (34.1) 0.229 3

$25,000–<$50,000 41 (45.0) 20 (42.6) 21 (47.7)
≥$50,000 12 (13.2) 4 (8.5) 8 (18.2)

Marital status, n (%)
Married 78 (85.7) 41 (87.2) 37 (84.1) 0.674 4

Living with partner 6 (6.6) 2 (4.3) 4 (9.1)
Single/widowed/divorced/separated 7 (7.7) 4 (8.5) 33 (6.8)

Education, n (%)
Middle school or less 33 (35.9) 20 (41.7) 13 (29.6) 0.410 3

HS 1 grad or GED 1 38 (41.3) 17 (35.4) 21 (47.7)
College (any) or technical school 21 (22.8) 11 (22.9) 10 (22.7)

Employment, n (%)
Self-employed 10 (11.1) 5 (10.6) 5 (11.6) 0.643 4

Unemployed/homemaker 5 (5.6) 3 (6.4) 2 (4.7)
Part-time employment 8 (8.9) 6 (12.8) 2 (4.7)
Full-time employment 67 (74.4) 33 (70.2) 34 (79.1)
Years in the US, n (%)

<10 2 (2.2) 1 (2.1) 1 (2.3) 0.834 4

10–<20 52 (57.1) 29 (61.7) 23 (52.3)
20–<30 33 (36.3) 15 (31.9) 18 (40.9)
≥30 4 (4.4) 2 (4.3) 2 (4.6)

Language, n (%)
More Spanish than English 76 (81.7) 37 (77.1) 39 (86.7) 0.515 4

Equal Spanish and English 15 (16.1) 10 (20.8) 5 (11.1)
More English than Spanish 2 (2.2) 1 (2.1) 1 (2.2)

Father BMI 1 (kg/m2), mean (SD 1) 29.7 (3.7) 29.5 (4.0) 29.8 (3.4) 0.728 2

Adolescent demographics
Age, mean (SD 1) 12.2 (1.4) 12.2 (1.5) 12.1 (1.3) 0.778 2

Sex, n (%)
Male 58 (61.7) 33 (68.8) 25 (54.3) 0.151 3

Female 36 (38.3) 15 (31.2) 21 (45.7)
BMI 1 percentile 5, mean (SD 1) 77.6 (23.8) 80.3 (21.2) 74.7 (26.2) 0.260 2

1 SD = Standard Deviation, HS = High School, GED = General Educational Development test, BMI = body mass
index; 2 Two sample t-test; 3 Chi-square test; 4 Fisher’s exact test; 5 Adolescent BMI percentiles for age and sex
were calculated from SAS codes based on the 2000 CDC Growth Charts; p-value < 0.05.
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The means and standard deviations of Time-1 parenting practices were reported for
the treatment groups in Table 2. The Time-1 intervention fathers’ frequency of fruit role
modeling was significantly lower than that of the fathers in the delayed-treatment control
group (p = 0.020). Also, the Time-1 frequency of screen time role modeling was significantly
higher in the intervention fathers compared to the delayed-treatment control group fathers
(p = 0.047). From Time-1 to Time-2, the intervention fathers reported an increased mean for
fruit role modeling frequency (Mean = 0.44, SD = 0.97, p = 0.001) and a decreased mean
for screen time modeling frequency (Mean = –0.22, SD = 1.18, p = 0.028) compared to the
fathers in the delayed-treatment control group, based on unadjusted tests for paired data
(Table 3).

Table 2. Father-reported paternal parenting practices: Time-1 means and standard deviations for the
intervention and delayed-treatment control groups (n = 94).

Paternal Parenting Practices N 1 All
n = 94

Intervention
n = 48

Control
n = 46 p-Values

Role modeling 3 times/week,
mean (SD 2)
Fruit intake 88 3.19 (0.93) 2.95 (0.97) 3.41 (0.97) 0.020 *

Vegetable intake 91 3.21 (0.98) 3.15 (0.98) 3.27 (0.99) 0.549
SSBs 2 intake 94 2.32 (1.03) 2.36 (1.04) 2.27 (1.02) 0.663

Sweets/salty snack intake 94 1.87 (0.86) 1.89 (0.89) 1.86 (0.84) 0.882
Fast food intake 92 1.85 (0.70) 1.75 (0.71) 1.95 (0.69) 0.183
Physical activity 90 2.75 (1.13) 2.82 (1.19) 2.67 (1.06) 0.516

Screen time 93 2.82 (1.10) 3.04 (1.14) 2.59 (1.02) 0.047 *
Make available 4, mean (SD 2)

Fruit 94 4.06 (0.74) 4.09 (0.63) 4.03 (0.83) 0.672
Vegetables 93 3.96 (0.84) 4.03 (0.82) 3.88 (0.86) 0.370

SSBs 2 93 1.77 (0.60) 1.80 (0.60) 1.75 (0.60) 0.660
Sweets/salty snacks 94 1.81 (0.66) 1.88 (0.63) 1.74 (0.68) 0.306

Fast food 94 1.90 (0.66) 1.93 (0.71) 1.86 (0.61) 0.323
Physical activity 93 3.77 (0.93) 3.78 (0.86) 3.77 (1.00) 0.970

Screen time 92 3.10 (1.09) 3.23 (1.15) 2.96 (1.02) 0.223
1 N reported for each outcome; 2 SSB = Sugar-sweetened beverages, SD = Standard Deviation; 3 Role modeling
frequency for fruit, vegetable, SSB, fast food, and sweets/salty snack consumption and physical activity and
screen time was based on the average of two items with response options: almost never or never, <1 time/week,
1–3 times/week, 4–6 times/week, and once a day or more; 4 Frequency of making fruit, vegetable, SSB, fast food,
and sweets/salty snack consumption and physical activity and screen time available at home was based on the
average of three items with response options: almost never or never = 1, not often = 2, sometimes = 3, often = 4,
and almost always or always = 5. * Indicates significant differences between groups. p-value < 0.05.

Table 3. Time-1 to Time-2 changes in paternal food and activity parenting practices outcomes.

Paternal Parenting Practices 1 N 2 All
n = 94

Intervention
n = 48

Control
n = 46 p Values

Role modeling times/week,
mean (SD 3)
Fruit intake 82 0.12 (0.95) 0.44 (0.97) −0.23 (0.80) 0.001 *

Vegetable intake 88 0.10 (1.07) 0.20 (0.98) 0.00 (1.17) 0.396
SSBs 3 intake 91 −0.36 (1.02) −0.45 (1.07) −0.27 (0.98) 0.407

Sweets/salty snack intake 94 −0.09 (0.85) −0.19 (0.87) 0.01 (0.81) 0.258
Fast food intake 90 −0.12 (0.65) −0.16 (0.65) −0.08 (0.67) 0.575
Physical activity 90 0.01 (0.97) 0.14 (0.97) −0.14 (0.96) 0.175

Screen time 91 0.04 (1.21) −0.22 (1.18) 0.33 (1.18) 0.028 *
Make available, mean (SD 3)

Fruit 93 −0.00 (0.68) 0.06 (0.69) −0.06 (0.68) 0.405
Vegetables 93 0.02 (0.84) 0.05 (0.88) −0.00 (0.81) 0.766
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Table 3. Cont.

Paternal Parenting Practices 1 N 2 All
n = 94

Intervention
n = 48

Control
n = 46 p Values

SSBs 3 93 −0.04 (0.78) −0.05 (0.88) −0.04 (0.81) 0.934
Sweets/salty snacks 94 −0.12 (0.99) −0.25 (0.90) 0.01 (1.07) 0.204

Fast food 94 0.10 (0.81) −0.03 (0.82) 0.24 (0.79) 0.108
Physical activity 92 0.02 (0.78) 0.02 (0.79) 0.02 (0.79) 0.991

Screen time 92 −0.05 (1.22) −0.04 (1.37) −0.07 (1.05) 0.925
1 Two-sample t-test of difference in means; 2 N reported for each outcome; 3 SSB = Sugar-sweetened beverages,
SD = Standard Deviation; * Indicates significant differences between groups. p-value < 0.05.

After adjusting for covariates (Table 4), the intervention fathers had a significantly
increased adjusted mean for fruit modeling frequency and decreased adjusted mean for
screen time modeling frequency compared to the delayed-treatment fathers [group*time
(SE) = 0.63 (0.19), p = 0.002 for fruit modeling; group*time (SE) = −0.49 (0.24), p = 0.039 for
screen time modeling] based on linear regression mixed models (Table 4).

Table 4. Adjusted group differences for Time-1 to Time-2 change in paternal food and activity
parenting practice outcomes.

Positive 2 Paternal
Parenting Practices
(Time-1 to Time-2

Change)

Estimate (SE 1) and p-Value for Fixed Effects from Mixed Model 2 with Random
Intercept for Site and Random Intercept for Father Nested Within Site

Group 3

(Ref = Control)
Time 4

(Ref = Time-1)

Group * Time 5

(Ref = Control Time-1
to Time-2 Change)

p Values for Group *
Time

Role modeling
Fruit intake −0.31 (0.16) −0.18 (0.14) 0.63 (0.19) 0.002 *

Vegetable intake −0.12 (0.17) 0.05 (0.15) 0.18 (0.21) 0.414
SSBs 1 intake −0.03 (0.17) −0.33 (0.15) −0.11 (0.21) 0.598

Sweets/salty snack
intake 0.01 (0.14) 0.00 (0.12) −0.17 (0.17) 0.298

Fast food intake −0.07 (0.12) −0.09 (0.09) −0.11 (0.13) 0.395
Physical activity 0.04 (0.18) −0.11 (0.14) 0.29 (0.20) 0.142

Screen time 0.38 (0.19) 0.28 (0.17) −0.49 (0.24) 0.039 *
Make Available

Fruit −0.07 (0.14) −0.05 (0.10) 0.16 (0.14) 0.254
Vegetables 0.01 (0.15) 0.02 (0.12) 0.10 (0.17) 0.566

SSBs 1 −0.04 (0.12) −0.11 (0.11) 0.03 (0.16) 0.854
Sweets/salty snacks 0.11 (0.12) 0.01 (0.13) −0.25 (0.18) 0.174

Fast food 0.02 (0.12) 0.19 (0.11) −0.22 (0.16) 0.160
Physical activity −0.21 (0.15) 0.01 (0.11) 0.07 (0.16) 0.672

Screen time 0.13 (0.17) −0.16 (0.17) 0.09 (0.24) 0.700
1 Abbreviations: SE = standard error, SSB = sugar-sweetened beverages; 2 Models were adjusted for father age,
adolescent age and sex; 3 Group effect estimates the adjusted difference between intervention and control means
across both times; 4 Time effect estimates the adjusted difference between Time-1 and Time-2 means across both
groups; 5 Group*time estimates the adjusted difference in mean change from Time-1 to Time-2 for intervention
compared to control; * Indicates significant differences in adjusted Time-1 to Time-2 changes between intervention
and control at p < 0.05.

4. Discussion

This randomized controlled trial examined the effects of the Padres program on
Latino fathers’ food and activity parenting practices. Compared to the delayed treatment
control group fathers, the intervention group fathers reported a higher adjusted mean
change for fruit modeling frequency and a lower adjusted mean change for screen time
modeling frequency from Time-1 to Time-2. Overall, this study identified a moderate
positive intervention effect for 2 of 14 parenting practices (adjusted models), including fruit
and screen time role modeling. In other studies, role modeling behaviors were associated
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with greater healthy food consumption [16] and with sedentary activity [40,41] among
children and adolescents.

A limited number of studies have examined improvements in Latino food parenting
practices in community-based programs, resulting in few studies available for comparison
to the current study. One study with primarily low-income Hispanic parents (95% mothers)
and children (3–11 years) showed Time-1 to Time-2 intervention improvements in two
parenting practices involving food availability [42] but not in frequency of food intake role
modeling. This finding was in contrast to the current study, where the intervention group
fathers had a mean increase in fruit modeling frequency and a mean decrease in screen
time modeling frequency compared to the delayed-treatment control group fathers. The
previous intervention was a pilot study [42] with primarily mothers and did not include
a control group; therefore, the results were not directly comparable to the results of the
current study.

The current study demonstrated no intervention effects for most of the parenting
practices, which could be related to ceiling effects. The majority of the fathers in both groups
reported a high frequency of healthful food and activity practices and a low frequency
of most of the unhealthful food and activity practices at Time-1, except for screen time
modeling and availability. For example, intervention fathers reported role modeling screen
time more than 1–3 times a week and role modeling sweets/salty snacks and fast food
intake less than once a week. Thus, fathers who reported a high frequency of unhealthful
food and activity practices before the intervention may have been better able to apply what
they learned during the intervention to improve the frequency of some parenting practices.

Another possible explanation for not observing improvements for most parenting
practices in the current study could be associated with social determinants of health.
Evidence from previous studies demonstrates that being part of a low-income household
and having lower educational attainment are two key social factors associated with poor
health in the United States [43]. Racial and ethnic minorities with low socioeconomic status,
including the Hispanic/Latino population, often experience health disparities [43,44]. The
majority of fathers in this study had a high school diploma or less (79%) and had lower-
incomes (87%), even though most had full-time employment. The role of fathers as family
providers with busy work schedules may have kept fathers from implementing parenting
practices. For example, limited resources to purchase healthy foods may have restricted
the ability to make healthy foods available at home and/or role model healthy food intake.
Also, fathers who work long hours may have limited time to interact with adolescents
and apply parenting practices; thus, a longer period of time from post-intervention to the
completion of evaluation surveys might have allowed fathers to better apply the practices
promoted in the program.

This study had several limitations. The COVID-19 pandemic did not allow for contin-
ued in-person program implementation after March 2020, thus limiting the sample size.
The low retention rate and smaller sample size than expected resulted in the study being
underpowered to detect significant changes in most of the parenting practice comparisons.
The Padres program was only implemented in community centers and churches in the
Minneapolis/St. Paul metropolitan area and only with low-income families, which limited
the generalizability of study findings to the broader Latino/Hispanic population. Defin-
ing groups by randomization (not by group assignments) might cause bias in the group
comparisons, since the randomization assignments were not followed correctly for eleven
dyads. Not correctly following assignments may have occurred because participants in
some locations may have known each other and preferred to attend sessions with relatives
or friends or needed to share transportation. However, similar results were obtained from
a sensitivity analysis when the group comparisons were defined by participation instead of
randomization. Another potential limitation is that delayed-treatment control participants
may have been exposed to the intervention, since participants may have known each other.
Also, participants may have enrolled in this study because of an interest in nutrition and
health and/or financial compensation, which could have biased the intervention data.
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5. Conclusions

The current study showed positive adjusted Time-1 to Time-2 change in two parenting
practices between groups, including an adjusted mean increase in fruit role modeling
frequency and an adjusted mean decrease in screen time modeling frequency among
intervention group participants compared to delayed-treatment control group participants.
Overall, only 2 of 14 Latino father parenting practices were reported to be improved after
the intervention. The lack of significant findings for other parenting practices may be
associated with the limited sample size, low family socioeconomic status, and possible
ceiling effects of baseline paternal parenting practices. Future studies could consider social
determinants of health and family strengths when developing interventions to support an
increase in healthy Latino father parenting practices.
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Abstract: We aimed to test the feasibility of an online survey and tailored message program in young
women. Recruited from college campuses, women (n = 189) completed an online survey assessing
preference for and behaviors toward diet and physical activity as well as theory-based influencers
of these behaviors (knowledge/information, motivation, and confidence). Health messages were
tailored to the participant’s survey responses and learning style to address misconceptions and
motivate or reinforce healthy physical activity and dietary behaviors. Most women reported the
survey as relevant (92%) and useful for reflecting on their health (83%), with survey responses variable
in level of nutrition and physical activity knowledge, motivation, and confidence. Each woman
received four tailored messages—most reported the messages as relevant (80%) and learning new
information (60%). Across all messages, nearly half of the participants (~48%) reported willingness
to try or maintain healthier behaviors and confidence in their ability. Body size discrepancy and
dietary restraint had small effects message responses of information learned, and the motivation
and confidence in trying healthier behaviors. In summary, these data support the feasibility of this
online tailored message program. The college women found the tailored message program acceptable
and useful to motivate healthier behaviors. The findings provide direction for behaviorally focused
interventions to improve dietary and physical activity behaviors.

Keywords: mhealth; physical activity; diet; tailored intervention; behavior change theory; Information-
Motivation-Behavioral Skills Model; women; young adults; college students; brief intervention

1. Introduction

For young adults, the college years present many challenges to the maintenance or de-
velopment of healthy behaviors (e.g., regular physical activity, high quality diets) [1–4]. Of
particular concern are college women, who face barriers such as lack of knowledge, misin-
formation, poor body image, social pressures, and time obligations that may cause strain on
their motivation and self-efficacy for appropriate and healthy engagement in physical activ-
ity and dietary habits [3,5–8]. These barriers in tandem with the COVID-19 pandemic have
caused further negative effects, with more college women reporting significant changes to
their physical activity and dietary intake [9–13]. The 2019–2021 American College Health
Association surveys found that only 37% of women identifying students engaged in regular
physical activity that would qualify them as active adults, 66% reported drinking ≥1 sugar
sweetened beverage(s) a day, and only 18% and 32% met the recommended guidelines
of consuming 3 servings of vegetables and fruit a day, respectively [14–16]. Furthermore,
college women may be more apt to have extreme physical activity behaviors to compensate
for poor dietary behaviors and vice versa [17–21]. However, failure to develop appropriate
and sustainable behaviors can lead to decreased adherence to physical activity guidelines
and an overall poor diet quality [7,8,22]. Thus, successful health interventions that provide
appropriate information and motivation in this population are warranted.

There has been demonstrated short-term improvements in behaviors in response to
health interventions targeting college-aged individuals, however, refinement in methodol-
ogy and personalization are necessary to improve program quality and outcomes [23,24]. A
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systematic review found that college students are not engaged with general health promo-
tion messaging, thereby limiting their usability and impact [25]. Personalized approaches,
which can involve the tailoring of health information to one’s phenotype, learning prefer-
ences, psychosocial characteristics, activity, and environment, are suggested to improve
individual effects of health programming [25,26]. Tailoring health information incorpo-
rates methods that personalize communication for the intended receiver, assisting in the
reading, remembering, and relevancy of information to the participant [27,28]. Tailored
communications, versus generalized and generic communications, have demonstrated
greater participant benefit to promote and support health behavior change through in-
creased intention and motivation [28–32]. Tailoring of health information to college women
may be key in successful marketing of physical activity and dietary messages to motivate
healthier behaviors.

The COVID-19 pandemic has highlighted the importance and normalization of online
health care and interventions [33,34]. As online interventions in young adults, incorporat-
ing tailoring health information into an internet-based program could improve interest,
increase accessibility, reduce participant burden, and offer support/feedback [25,30,35,36].
Computer-generated programs offer an efficient way to tailor health messaging [37] and mo-
tivate individuals to improve their physical activity and dietary behaviors by automating
delivery of messages via text message, email, or social platforms [30,38–40]. Automating
these methods allows messages to be tailored in response to participant’s self-reported be-
haviors versus general goals and recommendations to produce greater changes in physical
activity and diet [41]. However, due to poor recall and misreporting of physical activity
and dietary intake [42], better measures of self-reported behaviors to tailor physical activity
and diet messages are warranted [37].

Assessment of individual food preferences and physical activity though surveying
likes/dislikes is a feasible way to measure behavior in young adults/college students as it
is cognitively simple, less biased by misreporting [43–46], and has a low time burden [47].
Messages can be tailored to participant reported preferences to help encourage or motivate
behavior change. Acknowledging preference and incorporating tailoring into physical
activity and nutrition interventions has helped to encourage physical activity engage-
ment [48–51], increase preference of healthy foods [44,52–55], and decrease preference for
less healthy foods [56,57]. Acceptability and usability of liking surveys with evidenced
based tailored messages has been demonstrated in promoting behavior change in children
and adolescents [31,32].

The Informational Motivational Behavioral Skills (IMB) Model has been identified as a
supportive framework for tailored messages to participant’s behaviors. The IMB Model
suggests that each construct (information, motivation, behavioral skills) has a direct effect
on behavior; however, behavioral skills mediate the effect of information and motivation
on the resulting health behavior [58,59]. This model is commonly used to understand
predictive factors for health behavior and outcomes [59,60]. Previous literature supports
its use in predicting many different health behaviors, including physical activity and
diet [58,60–71]. Thus, the IMB model was used to guide further survey development and
creation of tailored messages [72].

Our team has used intervention mapping to develop physical activity and diet mes-
sages for college students and young adults based on the IMB model [72]. Included in this
approach was examination of literature, assessment of previous survey results, and key
informant interviews [72]. The messages were designed with simple language and imagery
aligned with IMB model to provide information, motivate, and encourage confidence
(i.e., behavioral skills) by either reinforcing or motivating behavior change [72]. As these
messages were delivered anonymously and one time, confidence was used to operational-
ize behavioral skills. Messages were evaluated for participant’s response to information,
motivation, and confidence as it pertained to the targeted behavior in the message.

Although preliminary feasibility of the survey and tailored messages suggested
promising results [72], additional evaluation of feasibility in women is required, as well as
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testing of information, motivation, and confidence (i.e., behavioral skills) in the survey, re-
sponse variability, and message usability. Factors such as body size perception and dietary
restraint influence women’s health behaviors [17–21] and may influence their response to
the messages and impact their motivation or confidence for behavior change [3,5–8]. Evi-
dence suggests intersecting relationships between body size perception, dietary restraint,
diet quality and physical activity in young women, where body size perception or dietary
restraint influence eating behaviors, diet quality and physical activity [21,46,73–81].

Thus, this study aimed to explore the feasibility of an online tailored message program
for young adult college women that aligns with changes in information, motivation, and
confidence (IMB constructs). Feasibility was defined as variability in responses to baseline
knowledge, information learned, motivation, and confidence as well as acceptability and
usefulness of the messages to promote healthier behaviors. Secondly, this study aimed to
test the effect of body size discrepancy and dietary restraint on participant responses to the
behavioral survey and message evaluation measures. It was hypothesized that body size
perception and dietary restraint may influence women’s responses to the tailored messages.
The results from this study address the ability of the survey and participant’s response to
the messages to provide direction for future health promotion efforts to improve physical
activity and diet quality in young women.

2. Materials and Methods
2.1. Participants

This was an observational, cross-sectional study with a convenience sample of
189 female-identifying college students from multiple campuses of one New England
University. The survey was open to all students regardless of gender identity, however for
purposes of this study, analysis was limited to only participants who identified as female.
Participants were recruited virtually to complete an online survey and tailored message
program from February–April 2021.

A key focus of our marketing plan was recruitment of a diverse student population.
We employed a comprehensive marketing strategy and outreach with key stakeholders to
recruit students of diverse academic interests, demographics, and campus involvement [72].
Key stakeholders for participant recruitment included academic programs and colleges
throughout the University main campus and branches, student health and wellness ser-
vices, student support services, as well as off-campus and commuter student services.
Additionally, the research team created a list and contact information of 250 student-run
organizations/clubs, with focus on culturally centered groups. A white paper was created
that highlighted the study’s purpose, goals, and pictures with brief bios of members of
the research team. Prior to initiation of recruitment, research team members reached out
to stakeholders and contact persons for each organization to supply them with the white
paper, the option to schedule a virtual informational meeting, and identify interest in
recruitment assistance efforts. Recruitment information, including the flyer and materials
created for social media postings, was sent to the key stakeholders, and interested student
groups. In addition, participants were recruited through consistent postings in the online
student newsletter throughout the recruitment months [72].

The study received IRB approval from the University Board (X17-084). The online
survey began with an information sheet, followed by a yes/no consent to participate.
Participation was voluntary, and students could end the online program at any point. After
completing, students had the opportunity to enter their email into a raffle for a $25 gift card.

2.2. Procedure

This online tailored message program utilized the IMB framework to adapt an evidence-
based program, originally conducted with children their parents/caregivers [31] or chil-
dren in a middle school setting [32], for college students. The program consisted of a
validated survey assessing liking/disliking of usual diet and physical activity behav-
iors [46,82,83], questions assessing current health knowledge and behaviors [72,84–88], and
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tailored messages driven by response to the liking survey (food and physical activity),
intuitive eating, stress, and sleep. Following the IMB framework, the program assessed
knowledge/information of participants through: (1) baseline knowledge related to message
Information and responses to each message; (2) reported Information learned; (3) Motiva-
tion on how much they would like to try/continue targeted behavior; and (4) Behavioral
Skills by assessing confidence/self-efficacy to try/continue the targeted behavior.

The program was designed to be conducted online in a single session via an anony-
mous Qualtrics platform (Provo, UT, USA). After an online assent to participate, students
were asked to report demographic information, liking/disliking of foods and activities,
health, and diet related questions (including body size perception, dietary restraint, in-
tuitive eating, food insecurity, weight stigma and perception, stress, and sleep), and the
usefulness and acceptance of the survey. Students then received their health messages
tailored to their responses and responded to a series of usefulness and acceptance questions
for the messages individually and collectively.

2.3. Socio-Demographic and Health Characteristics

Students were asked to report their year in college, gender identity, age, ethnicity,
race, self-reported weight, and height (used to calculate BMI), and current/ideal body size
(Figure Rating Scale [84], self-reported eating disorder (yes/no), school or college, and
device used to take the survey. Additional health questions surveyed frequency of physical
activity, food group consumption, and level of dietary restraint.

Body Size Discrepancy: Participants responded twice to Figure Rating Scale [84,89]
to choose which figure represented what they consider their current and then ideal body.
The Scale consists of 9 figures (males and females) representing underweight to obese body
types [84,89], including figures 1–2 as underweight, 3–4 as normal weight, 5–6 as over-
weight, and 7–9 as obese. The body size discrepancy variable used in the analysis was ideal
body figure subtracted from current figure as a proxy of body dissatisfaction [73,74,90,91].
The variable was treated continuously to test relationships with responses to information,
motivation, confidence and categorical as Body Discrepancy (scores greater or less than 1)
versus No Body Discrepancy (scores 0 or ±1) to describe the sample and test survey and
message feasibility.

Dietary Restraint: Participants responded to 6 questions in the Concern for Dieting
Subscale from the Dietary Restraint Scale [85]. Scores could range from 0–19. The dietary
restraint score was tested for reliability using Cronbach’s Coefficient alpha (α = 0.83). The
score was split at the median (8) for analyses examining differences in survey and message
evaluation responses based on level of restraint to indicate young adult woman who were
high or low in dietary restraint.

Knowledge Scores: Participants responded to 11 questions on knowledge of physical
activity and diet. These questions were based on predetermined health misconceptions
and misinformation of college students found in the literature [72], and the concepts were
addressed in the in the tailored messages. For each question, the participant selected their
level of agreement, scored as −2 (Strongly Disagree) to +2 (Strongly Agree). True/False
questions were scored so the correct answers received a value of 1, and incorrect a value
of 0. Scores were summed to create a knowledge score, with a maximum score of 15.

2.4. Liking Survey and Tailored Message Program

A proxy of physical activity and dietary behaviors was captured using a previously
validated, online liking survey for college-aged individuals [46,82,83]. Each activity, food
or beverage item was each shown as an image and text label to the left of a horizontal,
hedonic scale with five faces and corresponding descriptors of “love it”, “like it”, “it’s
okay”, “dislike it”, and “hate it”, and a slider allowing a continuous rating from ±100.
Students were able to move the marker anywhere on the slider containing five faces: “love
it”/“hate it” had a midpoint value of ±80, “like it”/“dislike it” a midpoint value of ±40,
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and “it’s okay” as 0. Students were able to select “never tried or done” for any of the
activities, foods, and beverages.

Students were oriented to the liking survey by reporting their liking/disliking for
generally pleasant and unpleasant experiences (seeing family and friends, receiving a
compliment, going on vacation, taking an exam, zoom class, and being caught in a lie).
Following orientation, students rated liking/disliking of physical activities (19 items),
sedentary activities (5 items), and foods and beverages (47 items). The physical activities
represented four categories: aerobic training, resistance training, flexibility training, be-
havioral inclinations. Behavioral inclinations included general habits related to physical
activity preferences such as working up a sweat, exercising alone/with a partner, taking
the stairs, going to the gym, attending group classes, and playing sports. Reported liking of
physical activities and behavioral inclinations were averaged together to create an overall
liking of physical activity score. The foods and beverages represented major food groups
(vegetable, fruit, whole grains, heathy fat, low-fat dairy, refined grains, high fat protein,
unhealthy fat, salty foods/snacks, sweets, and sugar-sweetened beverages), with at least
three items per group.

The messages were tailored to the average liking/disliking of activity and food groups
and the responses to intuitive eating, stress, and sleep questions to be motivating or
reinforcing as shown in Table 1 [72]. All messages were pilot tested with a small group of
college students and were edited based on their feedback [72]. The criteria for receiving a
tailored messages as motivating or reinforcing were based on liking responses following
our previous studies with young adults [46,82,83], our tailored message program [31,32],
and the literature [86–88]. For example, participants who reported a high liking of a healthy
item or low liking of a less healthy item received a reinforcing message encouraging
the participant to continue the behavior. Participants who reported a low liking of a
healthy item or high liking of a less healthy item received a motivating message. The
health behavior messages (intuitive eating, stress, sleep) were tailored using participant
response to validated questionnaires by criteria reported previously [86–88]. The motivating
messages also were tailored to the participant’s preferred learning style [92] for either
autonomous support or directive support. Two generic health messages were also created
to serve as comparison with the tailored messages [72]. Algorithms were embedded within
Qualtrics to assure each participant received 5 messages, including 4 tailored messages
(reinforcing or motivating), and 1 generic message (randomly assigned from 2 possible).
Two of the tailored messages were food-based messages (vegetable, fruit, whole grains,
lean protein, fats, hydration, sweets, salt), one physical activity-based, and one health
behavior-based (intuitive eating, stress, sleep).

Table 1. Tailored Message Categories and Examples.

Category Composite Group Items Message Category Message Example

Physical Activities

Aerobic Training

Walking, running, sprinting,
high intensity interval

training, playing sports,
biking, circuit training

Physical
Activity

Resistance Training
Barbell exercises (squat,

deadlift, bench press), free
weights, cable exercises

Keep up with the great
movement you’re doing!
Setting timers to do quick
stretches or air squats can
help to increase physical

activity levels. (Reinforcing)

Flexibility Training Pilates, yoga,
flexibility training

Behavioral Inclinations

Exercising alone, exercising
with others, going to the

gym, taking the stairs,
instructor-based classes,

working up a sweat
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Table 1. Cont.

Category Composite Group Items Message Category Message Example

Sedentary Activities Sedentary

Watching TV/Streamed
channels, scrolling through

phone/social media, playing
video games, using
computer, reading

Physical Activity

Try creating a habit of
setting a timer to get up and

move. Small movements
like squats or doing a fun
activity help to increase

physical activity.
(Autonomous Motivating)

Foods

Vegetables
Broccoli, carrots, greens,

tomatoes, sweet
potato, mushroom

Vegetables

Vegetables are a great
source of fiber. Try using

the salad bar to add
vegetables to meals to eat at

least 2 cups a day.
(Autonomous Motivating)

Fruit Melon, strawberries,
blueberries, pineapple Fruit

Choose Fruit! Fruits are
packed with vitamins and
minerals that make your

skin glow. Eat at least
2 cups or piece of fruit a

day. (Directive Motivating)

Whole Grains
Whole wheat bread, oatmeal,

granola, shredded
wheat cereal

Whole Grains

Great job! Whole grains are
a great source of dietary

fiber and B vitamins, which
support a healthy digestive

system and energy
metabolism. Try a whole

grain bowl with quinoa or
brown rice and your

favorite add
ins. (Reinforcing)

Healthy Fat Tuna, baked white fish,
olive oil Heart Healthy Fat

Great job on choosing heart
healthy fats. Foods like

nuts, avocado, salmon, &
olive oil nourish your

body. (Reinforcing)

Refined Grains
White rice, bagels/rolls,
spaghetti/pasta, snack

crackers, pizza
Whole Grains

Whole grains are a great
source of dietary fiber and B
vitamins, which support a
healthy digestive system
and energy metabolism.

Make a whole grain bowl
with quinoa or brown rice
and your favorite add ins.

(Directive Motivating)

High Fat Protein Foods Hot dog, fried chicken,
bacon, fast food Lean Protein

Try to select a variety of
lean protein foods to

improve nutrient intake.
Sources like chicken, fish,
eggs, and beans, help to

build a strong body.
(Autonomous Motivating)

Unhealthy Fat
Cheddar cheese,

mayonnaise, full fat
dressing, whole milk

Heart Healthy Fat

Healthy fats are good for
your heart. Select foods like

nuts, avocado, salmon, &
olive oil to nourish

your body.
(Directive Motivating)

Salty Foods/Snacks Salty snacks, noodle soups,
French fries Salt

Reading a nutrition label is
a great way to reduce salt
intake. Continue limiting

salt by choosing
foods ≤ 140 mg of sodium.

Sweets
Ice cream,

cookies/cake/pastries, cake
icing/frosting, cheesecake

Sweets

Feel like you have a sweet
tooth? When enjoying

sweets, try to make each
bite satisfying by taking

your time and
enjoying every bite!

(Autonomous Motivating)
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Table 1. Cont.

Category Composite Group Items Message Category Message Example

Foods
Sugar Sweetened

Beverages
Chocolate milk, soda,
flavored coffee drinks Hydration (Water)

Sugary beverages can lead
to dehydration which can

cloud our thinking and
make us tired. Drink a glass
of water every hour to stay

hydrated.
(Directive Motivating)

Health Behaviors

Intuitive Eating

7 Questions from Intuitive
Eating Scale (Scored from

Strongly Disagree to
Agree) [86]

Intuitive Eating

Your body knows best!
Continue to eat intuitively
by listening to your body’s
hunger and fullness cues to
stay within the green areas

for most meals and
snacks. (Reinforcing)

Stress

Within the last 30 days, how
would you rate the overall

level of stress you have
experienced? [87]

Stress

In times of high stress, try
to take a few deep breaths.
Deep breathing has proven

to be effective
in calming oneself.

(Autonomous Motivating)

Sleep

4 questions from the
Pediatric Daytime

Sleepiness Scale (adapted to
College Students) [88]

Sleep

Sleep is important for your
mental and physical health.
Before bed, stretch, reflect,
and shut off all screens to

improve your sleep.
(Directive Motivating)

2.5. Feasibility Measures

Participants rated the feasibility of the survey and the overall acceptability and use-
fulness of all the messages collectively, as well as provided responses to each message
following the IMB model.

Prior to receiving their tailored messages, participants used the sliding hedonic scale
to report their level of agreement/disagreement to the survey acceptability and usability
questions [93]. Acceptability questions included: (1) I could answer the questions quickly
and (2) I would recommend this survey to a friend. Usability questions included: “The
survey was helpful in reflecting on my current behaviors”, and “The survey questions
were relevant to me as a college student”. The hedonic scale was labeled with five faces
with corresponding descriptors of “strongly agree”, “agree”, “neutral”, “disagree”, and
“strongly disagree”, with ability to slide the marker anywhere to produce a value ±100.

Following each tailored message, participants completed four questions assessing
the IMB constructs to the message and target behavior of the message: (1) interesting
and specific Information learned (2 questions); (2) Motivation; and (3) Behavioral Skill
(i.e., confidence) for the targeted behavior. Participants responded on the same hedonic
scale with facial label (±100) specific to the displayed tailored message/behavior and text
to indicate information agreement, motivation, and behavioral skills as shown in Table 2.
Due to participant responses pooling around the scale labels, they were compressed to the
label value, creating a 5-point scale (Table 2), and then used to create composite scores of
Information, Motivation, and Behavioral Skills constructs. First, responses to the message
target behaviors, including food, physical activity, other health behaviors, were averaged
separately (e.g., average information for food-based messages, average motivation for
physical activity message, average behavior skill for health behavior messages, etc.) and
then together to create an overall information, motivation, and behavioral skill variable.
For example, the average response to information for food, physical activity, and health
behavior messages was averaged to create a composite information variable. Reliability
of each composite variable was tested using Cronbach’s Coefficient alpha and produced
sufficient reliability (<0.6–0.9’s).
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Table 2. Information, Motivation, behavioral skills (confidence) message response recodes.

Information Labels Motivation Labels Behavioral Skills Labels Original
Ranges

Compressed
Scale

Interval Range
(for Means)

I learned a new or
interesting fact from

this message.
I learned [insert

targeted specific fact]

How much would
you like to engage

in/continue
[targeted behavior]?

How confident are you that
you can engage/continue

[targeted behavior]?

strongly disagree hate to Not all confident −61 to −100 1 1–1.80
disagree dislike to Somewhat confident −21 to −60 2 1.81–2.60
neutral neutral Moderately confident −21 to 20 3 2.61–3.40
agree like to very confident 21 to 60 4 3.41 to 4.20

Strongly agree Love to completely confident 61 to 100 5 4.20 to 5.0

Following the individual display and evaluation of messages for information, motiva-
tion, and behavioral skills, participants reported the general impressions of all 5 messages
using a 5-point rating from strongly agree to strongly disagree. These questions served as
on overall evaluation of participants’ agreement to learning new information about food
and exercise, motivation to make a behavior change, and ability to accomplish behavior
change after reading the messages. In addition, participants reported their agreement in
relevancy of the messages to their experience as a college student.

2.6. Statistical Analysis

Data were analyzed using SPSS statistical software (Version 28, Chicago, IL, USA) with
a significance criterion at p < 0.05. Descriptive statistics were used to analyze participant
demographics and variability in IMB-based variables (knowledge scores, information,
motivation, and behavioral skills measurements). Composite variables were tested for
reliability using Cronbach’s alpha (diet restraint, information, motivation, behavior skills).
Descriptive statistics and were used to examine responses to liking/disliking of food and
physical activity items, other health behavior questions, and feasibility measures. Pearson
Chi-Square statistics were used to examine differences in survey and message feasibility
between participants with and without body size discrepancy, high/low levels of dietary
restraint, and differences in IMB constructs between the message types. Linear regression
analysis was used to test the influence of body size perception and dietary restraint on
participant responses to information, motivation and behavioral skills for both message
types combined, reinforcing, and motivating messages. Covariates (where appropriate)
included age, race/ethnicity, and self-reported history of diagnosed eating disorder.

3. Results
3.1. Participant Characteristics

Table 3 displays the characteristics of the 189 college women who completed the online
tailored health messaging program. The sample was mostly young and normal weight
with an average age of 20.8 ± 0.18 and reported BMI of 23.6 ± 0.37. Most women identified
as White (69.3%) and not Hispanic/Latino (83.1%). There was good representation across
academic year (student status). Participant body size perception fell within the normal
weight body figure range [84], with 65.1% reporting little to no body size discrepancy.
Average dietary restraint was 8.1 (0–19), indicating that most of the participants had
moderate level of dietary restraint.

3.2. Variability in Responses

The sample had good variability in liking/disliking ratings across the food and activity
groups (Figure 1). Pleasant activities and being caught in a lie (i.e., unpleasant item) were
included to provide context for the liking responses. Refined grains were the most liked,
while high fat protein the least liked (Figure 1). Physical activity was generally rated as
“It’s Okay” to “Like it”. Overall, the less healthy food items (e.g., refined grains, sweets,
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salty foods/snacks, unhealthy fats, sugar sweetened beverages) were liked more than
the healthier food items (e.g., physical activity, vegetables, whole grains) and sedentary
activities were liked more than physical activities. Internal reliability of the individual food
groups and activity groups ranged from below acceptable (alpha < 0.6, n = 7) to acceptable
(alpha ≥ 0.6, n = 5).

Table 3. Characteristics of 189 Young Adult Women.

Category %

Age
17–20 52.4
21–24 40.2
25+ 7.4

BMI Categories *

Underweight 6.3
Normal Weight 62.4

Overweight 17.5
Obese Class I 4.8
Obese Class II 3.7
Obese Class III 0.5

Race

Asian 15.3
Black/African American 6.3

White 69.3
Other 9

Ethnicity Hispanic/Latino 16.9
Not Hispanic/Latino 83.1

Student Status

First-year student 19.0
Sophomore 17.5

Junior 21.2
Senior 27.5

Graduate Student 13.2
Other 1.6

Body Size Perception + No Body Size Discrepancy
Body Size Discrepancy

65.1
34.9

* Calculated using self-reported height and weight. BMI Categories are as follows: Underweight ≤ 18.5; Nor-
mal Weight = 18.5–24.9; Overweight = 25.0–29.9; Obese Class I = 30.0–34.9; Obese Class II = 35.0–39.9; Obese
Class III = >40; + Participants selected which labeled figure matched their current and ideal body size from
1 (smallest) to 9 (largest); Body Size Perception (BSP) was defined by current-ideal body image. Body Size
Discrepancy present if BSP > 1 or <−1.
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Figure 1. Average reported liking/disliking of foods and activities ranked most to least in young
adult college women (n = 189).
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Intuitive eating responses were variable within the sample, with an average score of
22.5 ± 0.3 (range 11–34), suggesting a moderate amount of intuitive eating behaviors within
this sample of young adult women. Additionally, this sample experienced moderate to high
stress (91.5%) and inadequate sleep, with an average scores of 11.8 ± 0.19 (range 6–18).

Knowledge Scores: Figure 2 displays the variability in knowledge scores, showing
a negative skewness impacted by 3 outliers (low knowledge scores). Examination of
the quartiles revealed that many participant’s knowledge scores ranged between 10–13
(25th–75th quartile), suggesting an overall low variability in the sample.
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3.3. Survey Evaluation (Acceptability and Usefulness)

The study sample of college women found the online survey acceptable and useful.
Nearly all (92%) reported at least agree that they could answer questions quickly and found
survey questions to be relevant to them as a college student. Slightly fewer women (82.6%)
at least agreed the survey was helpful in reflecting on current behaviors and 80% with
recommending the survey to a friend. No significant differences were found in survey
acceptability and usefulness among women with/without body size discrepancy and
high/low levels of dietary restraint.

3.4. Responses to Information, Motivation, and Behavioral Skills

Descriptive statistics are displayed for responses to information, motivation, and
behavioral skills (IMB constructs) for all messages (Table 4). Each construct ranged from
acceptable to very good internal reliability and good range. With both message types
combined, average response to information measures (both interesting and specific) cat-
egorized as “agree” to learning interesting information and specific information from
messages. Average response to motivation measures categorized as “love to” continue or
try behaviors suggested in messages. Average response to measures categorized as “very
confident” in continuing or trying behaviors suggested in message. Similar ratings were
seen in reinforcing or motivating messages.

Table 4. Descriptive Statistics of IMB Construct Responses for All Messages †.

Construct Min Max Mean St Dev St Error Cronbach’s Alpha

Interesting Information 1 5 3.46 0.98 0.071 0.82
Specific Information 1 5 3.87 0.89 0.064 0.87

Motivation 2 5 4.47 0.57 0.041 0.71
Behavioral Skills 1.33 5 3.99 0.82 0.06 0.66

† Mean values between 2.61–3.40 = “neutral”, “moderately confident”; 3.41–4.20 = “agree”, “like to”, “very
confident”; 4.20–5.0 = “strongly agree”, “love to”, “completely confident”.
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As shown in Table 5, there was variability in response to the messages for each IMB
construct (information, motivation, behavioral skills). Frequency in responses to interest-
ing information and specific information learned were similar between reinforcing and
motivating types of messages, with 60–74% responses in agreement to learning interesting
or specific information. For motivation, there was an overall significant difference between
responses to reinforcing and motivational messages. Reinforcing messages had higher
(87%) agreement/strongly agree (willingness) than motivational messages (66%). A slightly
higher percentage (13%) of responses were neutral in motivational compared to reinforcing
messages (x2(2, N = 189) = 23.51, p < 0.001). For behavioral skills, there was a significant dif-
ference between responses to reinforcing and motivational messages (x2(2, N = 189) = 3.91,
p < 0.05). Very few (<4%) participants reported lack of confidence to try or continue the
behavior, with 90% reporting at least confident. Higher percentage was seen in reports of
high confidence to reinforcing (68%) compared to motivational messages (53%).

Table 5. Number of participants (n = 189) who fell into each response category for message types that
were reinforcing or motivation according to information, motivation, and behavioral skills.

Interesting Information Strongly
Disagree Disagree Neutral Agree Strongly Agree

Reinforcing 14 30 29 76 40
Motivational 15 30 34 80 30

Specific Information
Reinforcing 11 13 21 87 57

Motivational 6 17 27 89 50

Motivation † Hate to Dislike to Neutral Like to Love to
Reinforcing 3 6 15 61 104

Motivational 9 17 39 64 60

Behavioral Skills † Not at all
confident

Somewhat
confident

Moderately
confident

Very
confident

Completely
confident

Reinforcing 1 5 5 49 129
Motivational 0 6 17 66 100

† Sum of the highlighted categories significantly different than unhighlighted categories with in a message type
by chi square testing.

3.5. Message Evaluation

This sample of young adult women rated the overall messages as generally acceptable
and relevant to them as college students, with 60% reporting “agree” or higher to learning
new information and 80% “agree” or higher to message relevancy. Slightly less than half
of the sample of young adult women reported agree or higher to being motivated to
and confident in their abilities to accomplish the behaviors in the messages, 48.7% and
47.1%, respectively. There were no significant differences in overall collective message
evaluation among participants with/without body discrepancy or with high/low level of
dietary restraint.

3.6. Influence of Body Discrepancy and Dietary Restraint on IMB Construct Responses

Body discrepancy did not have a significant relationship with the knowledge scores
acroos the sample. However, dietary restraint was a significant predictor of knowledge
scores (F(1, 187) = 4.144, p < 0.05), where a slight increase in dietary restraint was associated
with increases in knowledge scores. Higher dietary restraint scores correlated significantly
but weakly with knowledge scores (Pearson r = 0.147, p < 0.05). Visual analysis of the
relationship showed a group of women who reported a higher diet restraint and higher
knowledge scores.

Neither body size discrepancy nor dietary restraint showed significant relationships
with the information measurements (i.e., interesting/specific information learned) for both
types of messages combined. However, dietary restraint trended on significance to predict
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specific information learned (F(1, 187) = 2.550, p = 0.07). Further examination of reinforcing
and motivating messages separately also did not result in significant associations with infor-
mation, yet motivating messages trended on significance with dietary restraint positively
predicting motivation measures (F(1, 174) = 2.512, p = 0.081).

Body size discrepancy (F(1, 187) = 4.921, p < 0.05) and dietary restraint (F(1, 187) = 3.93,
p < 0.05) were significant predictors of motivation responses across reinforcing and mo-
tivating messages. A slight increase in either body size perception or dietary restraint
predicted an increase in motivation. However, these factors only accounted for 2.1 to 2.6%
of variability in the responses. When examining reinforcing and motivating messages
separately, the relationship between body size discrepancy and motivation only was seen
for reinforcing messages F(1, 154) = 6.767, p < 0.05), and accounted for 4.2% of variabil-
ity (adjusted R2 = 3.6%). There was no significant relationship seen between body size
perception and motivating messages. In motivating messages, dietary restraint trended
on significance to positively predict motivation (F(1, 174) = 3.96, p = 0.067). There was no
significant relationship seen between dietary restraint and reinforcing messages.

In both message types combined, body size discrepancy was a significant predic-
tor of behavioral skills responses (F(1, 187) = 4.283, p < 0.05), accounting for 2.2% of
variability (adjusted R2 = 1.7). No relationship was seen between dietary restraint and be-
havioral skills for both message types combined. Neither body size perception nor dietary
restraint significantly predicted behavioral skills responses in motivating messages. In
reinforcing messages, body size discrepancy was a significant predictor for behavioral skills
(F(1, 154) = 6.730, p < 0.01), and accounted for 6.1% of variability in responses (adjusted
R2 = 5.4%). No significant relationship was seen between dietary restraint and behavioral
skills in reinforcing messages.

Overall, these results suggest that body size discrepancy and dietary restraint have
a small influence on some response measures (mainly motivation and behavioral skills).
Accordingly, it can be inferred that the survey and response measures are able to capture
variability in responses, partially supporting the hypothesis.

4. Discussion

Findings from the present study, conducted during the COVID-19 pandemic, demon-
strated the feasibility of an online tailored messaging program (survey and tailored mes-
sages) aligned with behavior change theory in 189 young adult college women. The survey
and tailored messages were deemed acceptable and useful, evidenced by the women re-
porting high agreement to learning new information, being motivated, and confident in
their abilities to accomplish behaviors targeted in messages. Variability was displayed
in the baseline knowledge scores of participants, information learned, motivation, and
confidence responses to both motivating and reinforcing messages. Body size discrepancy
and level of dietary restraint had only small effects on the participants’ level of knowledge,
motivation, and confidence. Overall, this program demonstrated applicability for use in
communicating tailored health recommendations for general health promotion efforts for
college women, especially during a stressful period that was found to impact many health
behaviors [9–11].

Despite our comprehensive marketing strategy for diverse recruitment, the sample
predominantly identified as White, with an average age of 20 years. Height and weight were
self-reported to calculate an average BMI of 23.6 kg/m2, which is similar to a UConn sample
of young adult college women recruited prior to the pandemic [46]. Most of the women
did not have a large discrepancy in their body size perception, contrary to the expected
higher body size discrepancies reported in the literature [73,74]. The sample displayed a
moderate level of dietary restraint, which is similar to a pre-pandemic sample but with a
different dietary restraint measure [46]. Thus, the results from the present study may only
be generalizable to college women who do not have high risk of excessive adiposity or
disordered eating and should be considered as primary or secondary prevention efforts
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to promote healthier physical activity, diet quality, and other behaviors such as stress
and sleep.

The acceptability and usefulness of the survey with tailored messages were equivalent
to previous online tailored messaging programs in children alone in a school setting [32]
and with their parents/caregivers in a clinical setting [31]. Liking of food items resembled
dietary intakes observed in college adults, with higher liking of unhealthier food items
suggesting higher intake of nutrient dense foods and risk of not meeting dietary guide-
lines [94–97]. Physical Activity was generally not liked with scores averaging between “It’s
okay” and “like it”, suggesting that available activities or environment for these activities
may be insufficient to be liked enough to compel physical activity behavior in college
women [1,8–11]. Responses to intuitive eating, stress, and sleep resemble what is expected
in college students [98–101].

The baseline knowledge scores in this sample of college women suggested a range
in misinformation and ability of questions to capture variability in response. However,
most women (75th quartile) had scores > 10, suggesting higher health behavior knowledge
compared to previous literature reports [5,102–104]. Participants with low knowledge
scores were considered outliers, and if removed would decrease the range, thus limiting the
variability seen. It is possible that participants who elected to take the survey were health
seeking with good health behavior knowledge, indicating that questions may have been too
easy. However, evidence suggests that though participants may have knowledge and under-
standing of the importance of healthy behaviors; it does not always translate into behavioral
skill and action [6,102,105–107], further supporting need for tailored health interventions.

The variability in responses to the information measures (i.e., interesting and spe-
cific) are consistent with past study findings assessing health behavior knowledge. The
high agreement to learning information seen in women who received reinforcing mes-
sages suggests that, although one may be practicing a behavior, information can be
improved [5,6,102,105] and motivate them to continue the behavior, as theorized in the
Information Motivation Behavior Skills Theory [59]. The observed agreement to interest-
ing and specific information learned to the motivating messages support the underlying
structure of this theory. Information has an influencing relationship on motivation and
behavior [59], thus can be inferred that if an individual received a motivating message due
to low engagement in targeted behavior, lack of information could be a contributing factor.
Although not significant, specific information had slightly higher response agreement
than interesting information, suggesting acquisition of the intended information of the
message [72]. Based on these results, asking if specific information was learned was the
best method to measure the information construct.

Previous literature suggests challenges to assessing the information construct of the
Information Motivation Behavioral Skills model. Traditional and common measures have
included knowledge questions to specific behaviors [61,64,65,69] or a single general infor-
mation measure [62]. The present study employed both specific and general information
measures. More novel methods of the information construct include cognitive function [58]
or qualitative evaluation [66,71]. Alternate measures, such as “food literacy” may increase
precision as they measure proficiency in nutrition knowledge, and employing the use
of functional knowledge tests to assess behavioral skills [108]. Measuring health promo-
tion literacy, including food literacy, has demonstrated associations with healthy eating
habits [109].

The higher frequency of neutral ratings in the motivating type messages, indicative
of participant willingness (i.e., motivation) to try the targeted behavior, suggests the need
for intervention to move people along the stages of change [110]. Higher willingness
(i.e., motivation) ratings in response to the reinforcing messages support that participants
were likely practicing the healthy behaviors and were eager to continue them. Within
the IMB Model, motivation influences both behavior and behavior skills [59]. Reinforcing
feedback can encourage motivation and continued liking of and engagement in healthy
behaviors [111,112]. Willingness to try a healthier behavior in response to a motivating
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message can be the focus of an intervention beyond the tailored message program, including
goal setting and follow-up to support achievement of the goal.

The present study observed a higher percentage of neutral confidence ratings for
motivational messages than reinforcing. The high confidence observed for reinforcing
messages may be indicative that the participant has the confidence or self-efficacy to
continue the healthy behavior [111–115]. Conversely, if an individual was not engaging
in a behavior, self-efficacy or low confidence could be likely a barrier [113–116]. Other
behavioral techniques may be necessary to help increase confidence [110,116] through goal
setting and addressing barriers to behavior change.

Though dietary restraint and body size discrepancy had limited influence on knowl-
edge scores, motivation, and behavioral skills in the present study, our findings are consis-
tent with previous literature reports. For example, higher dietary restraint, or cognitive
control of eating, appears to associate with a greater level of nutrition knowledge [117–119],
consistent with the present study. Body size perception has been found to influence moti-
vation for eating and physical activity behaviors [21,73–81], aligned with the significant
associations seen in our sample between higher body size discrepancy and increased mo-
tivation to try or continue healthier behaviors. Our study finding of higher body size
discrepancy in association with increased confidence in behavior skills adds to the mixed
findings of body size effects on self-efficacy in the literature. Some studies report higher
body sizes are associated with less engagement in healthy behaviors [120,121] due to low
self-efficacy related to body size, experienced weight stigma/bias, discouragement, or fear
of failure [19,79–81]. Consequently, high discrepancies can lead to maladaptive behaviors,
or compensatory behaviors in young women where over exercise or undereating becomes
common [17–21,78]. However, in our sample higher body size discrepancy was signif-
icantly associated with increased confidence only in responses to reinforcing messages,
further supporting the feedback relationships of motivation, skill, and successful engage-
ment discussed earlier [111–115]. Nevertheless, the significant relationships observed
between dietary restraint and body discrepancy with the IMB constructs only accounted
for a small percentage of variability in responses. These findings support the feasibility
of our survey with tailored messages program for college women who report low risk of
excessive adiposity or disordered eating to encourage health promoting physical activity
and diet quality.

The study does present several limitations. Due to this being a feasibility study of
a smaller sample size, it was not powered to make inferences from the statistical analy-
ses. Although, we implemented a comprehensive marketing plan, recruitment methods
were solely virtual due to the University COVID-19 precautions and may have limited our
ability to obtain a diverse sample as evidenced by the limited racial/ethnic and body size
diversity seen. In person methods may assist in developing trustworthy relationships that
can enhance communication and recruitment of less represented populations [122–124].
Although sample characteristics were reflective of many University demographics [16], lack
of adequate representations of racial/ethnic minority populations cautions generalizability
of findings. Results should only be applied for consideration in health promotion programs
targeted for a low-risk groups. Future methods in stakeholder development/ communica-
tion, recruitment, tailoring of information, and inclusion of multilevel interventions may be
necessary to improve program delivery [123–125]. The survey relied on self-reported data,
which always presents risk of bias. Nonetheless, utilizing liking as a proxy of behavior has
been demonstrated to limit bias in response [43–46]. Another limitation was the degree
of randomization for the message delivery. While messages were initially randomized,
the algorithms were set for each participant to receive one general message, one physical
activity message, 2 food-based messages and one other health behavior message. This is
a potential limitation as a participant could have had a higher need to address another
behavior over the behavioral message they received. For example, the participant may have
had a higher need to address multiple food behaviors over a physical activity behavior.
Lastly, although responses to information, motivation, and behavioral skills were combined
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for each message to equate to 4 responses for each measure for 1 participant, only 1 question
was used to measure the constructs. This could limit comparability to other studies that
use various validated scales to measure the constructs.

Despite the limitations, there are several strengths to the study. Only using 1 question
to measure each construct can strengthen results as the questions were specific to the
intended information/behavior versus generalized in many previous studies. Secondly,
using liking to measure and trigger the tailored behavior strengthened methods and study
results. Differences seen in responses to motivational and behavioral skill measures in the
two types of tailored messages (reinforcing, motivational) support the use in liking as a
proxy of behavior. Another strength is the ease and accessibility of the online delivery of
the survey and messages. The online delivery allowed participants to complete the survey
on their own time and at their own pace with relatively low time commitment. This was
especially important during the online nature of university classes and programs during
COVID-19 and assisted greatly with the distribution of the program during this time.
Online delivery also allows for further reach to students in different academic programs.
The online program allowed for immediate delivery of information to the participants and
researchers. In addition, the online nature allowed for rapid adaptation of the survey and
tailored health messages. Although the length of the online program averaged 25 min, it
provided participants with information consistent with a nutrition professional as tailored
recommendations were provided. This length is shorter than the typical 1 h duration
of initial appointments and 30 min follow up appointments with nutrition and physical
activity professionals. This demonstrates the future applicability of this program in a
counseling setting. The program can be adapted for use as a pre-appointment tool, in
between appointments for support, or even in place of appointments for patients who
may only need general healthy eating and behavior recommendations. Additionally, the
program can be adapted for used as a wide scale campus effort to survey and improve the
general health behaviors of student populations. The focus of tailoring in this program
can help to increase relevancy to health information, decreasing previous barriers found to
traditional health promotion efforts in young adults [25].

5. Conclusions

The results supported the feasibility of the online survey and tailored message program
to promote healthier diet and physical activity for college women. The program aligned
with a theoretical framework focused on the information, motivation, and confidence
needed to follow healthier behaviors. College women found the survey and messages
acceptable and useful. There was variability in response to each message for information
learned as well as motivation and confidence to follow healthier behaviors, with minimal
effects of the participant’s body size perception and level of dietary restraint on these
responses. The information gained from the responses to the survey and tailored messages
can provide direction for further individualized interventions as well as broader campus
efforts to promote healthier diets and physical activity.
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Abstract: (1) Background: The aim of this study was to evaluate the effectiveness of a three-
component nutrition, sleep, and physical activity (PA) program on cardiorespiratory fitness, body
composition, and health behaviors in overweight airline pilots. (2) Methods: A parallel group study
was conducted amongst 125 airline pilots. The intervention group participated in a 16-week per-
sonalized healthy eating, sleep hygiene, and PA program. Outcome measures of objective health
(maximal oxygen consumption (VO2max), body mass, skinfolds, girths, blood pressure, resting heart
rate, push-ups, plank hold) and self-reported health (weekly PA, sleep quality and duration, fruit
and vegetable intake, and self-rated health) were collected at baseline and post-intervention. The
wait-list control completed the same assessments. (3) Results: Significant group main effects in favor
of the intervention group were found for all outcome measures (p < 0.001) except for weekly walking
(p = 0.163). All objective health measures significantly improved in the intervention group when
compared to the control group (p < 0.001, d = 0.41–1.04). Self-report measures (moderate-to-vigorous
PA, sleep quality and duration, fruit and vegetable intake, and self-rated health) significantly in-
creased in the intervention group when compared to the control group (p < 0.001, d = 1.00–2.69).
(4) Conclusion: Our findings demonstrate that a personalized 16-week healthy eating, PA, and sleep
hygiene intervention can elicit significant short-term improvements in physical and mental health
outcomes among overweight airline pilots. Further research is required to examine whether the
observed effects are maintained longitudinally.

Keywords: weight loss; nutrition; fruit and vegetable intake; aerobic capacity; moderate-to-vigorous
physical activity; lifestyle medicine

1. Introduction

Adverse health outcomes promoted by occupational demands of airline pilots includ-
ing shift and irregular work schedules, circadian disruption, sedentary activity, and high
fatigue [1] may be mitigated through attainment of health guidelines for lifestyle behaviors:
healthy diet, physical activity (PA), and sleep [2,3]. Non-communicable diseases (NCDs)
including cardiovascular disease (CVD), stroke, type 2 diabetes, and their major risk factors
are among leading causes of mortality and morbidity worldwide [4]. The presence of
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modifiable behavioral NCD risk factors including obesity, hypertension, physical inactivity,
low cardiorespiratory fitness, unhealthy dietary patterns, short sleep, depression, high
perceived stress levels, and high fatigue are each associated with adverse outcomes to
acute and chronic health [4–6]. Obesity is a complex, widespread, yet modifiable NCD risk
factor that poses a significant public health threat [7]. The obesity prevalence worldwide
was estimated as 13% in 2015, which is nearly double the prevalence from 1980 [7]. In
2020, 67% of male airline pilots in New Zealand were classified as overweight or obese
with hypertension affecting 27% of the population [8]. Moreover, this study reported the
prevalence of insufficient fruit and vegetable intake, physical inactivity, and <7 h sleep per
night among airline pilots as 68%, 48%, 33.5%, respectively [8].

The global economic burden associated with NCDs is estimated as $47 trillion between
2010 and 2030 [4]. Previous research has demonstrated evidence of significantly reduced
longitudinal health care cost utilization following diet and exercise lifestyle interventions [9].
Relevantly, airline pilots undergo annual or biannual medical examinations, results of
which influence flight certification status [10]. Ongoing health care costs associated with
the presence of NCDs and their risk factors present economic implications for aviation
medical care [4,10].

Better health status is generally associated with enhanced productivity and work per-
formance [11]. In the context of commercial aviation, pilot work performance is imperative
to flight operation safety. As established in the International Civil Aviation Organiza-
tion’s Annex 1, aviation medicine providers are required to implement appropriate health
promotion for license holders (pilots) to reduce future medical risks to flight safety [10].
Thus, interventions that promote positive health of pilots, mitigate health risk factors for
NCDs, and reduce longitudinal health care costs of employees are of importance to aviation
medicine, health practices, and policies.

Limited studies have investigated the efficacy of health promotion interventions
among airline pilots, and no studies to date have reported on cardiorespiratory fitness
or body fat percentage among this occupational group [1]. Based on the findings of our
recent preliminary research [2,12], we found a personalized three-component healthy
eating, sleep hygiene, and PA intervention produced favorable outcomes in subjective
health and reductions in body mass and blood pressure among airline pilots. Utilizing a
different sample of pilots, the aim of the present study was to evaluate the effects of a three-
component healthy eating, sleep hygiene, and PA program on cardiorespiratory fitness,
body composition, and health behaviors in overweight airline pilots. It was hypothesized
that the intervention group would have significantly greater improvements in physical
fitness, body composition and health behaviors compared to the wait-list control group at
four months.

2. Materials and Methods
2.1. Design

A parallel controlled study (intervention and control) with pre- and post-testing
was conducted to evaluate the effectiveness of a personalized three-component, 16-week
lifestyle intervention for enhancing subjective and objective health indices in airline pilots.
This study was approved by the Human Research Ethics Committee of the University of
Waikato in New Zealand; reference number 2020#07. The trial protocol is registered at The
Australian New Zealand Clinical Trials Registry (ACTRN12622000233729).

2.2. Participants

The participants comprised of self-selected airline pilots who were recruited from a
large international airline in New Zealand. Invitations to participate in the study were
distributed to all airline pilots within the company through internal communication net-
works. Group allocation was determined by a first in, first serve basis due to intervention
implementation capacity. Accordingly, pilots who expressed interest to participate in the
study early and satisfied the eligibility criteria were allocated to the intervention group
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(n = 86) and subsequent enrolments that exceeded initial capacity were allocated to the
wait-list control (n = 80). Participants involved pilots from short-haul (regional flights) and
long-haul (international flights) rosters. The participants allocated to the wait-list control
group received no intervention and were invited to participate in the intervention after the
study period.

Potentially eligible pilots who volunteered to participate were screened according
to the following eligibility criteria: (a) aged >18 years, (b) pilots with a valid commercial
flying license, (c) working on a full-time basis, (d) having a body mass index (BMI) of ≥25
(overweight), and (e) a resting blood pressure of >120/80 (systolic/diastolic). Pilots were
excluded if medical clearance was deemed necessary prior to engagement in a PA program
after completion of the 2020 Physical Activity Readiness Questionnaire for Everyone (PAR-
Q+) [13].

Informed consent was obtained from participants prior to commencement of partici-
pation in the study and participants were notified that they were permitted to withdraw at
any time during the study if they wish to do so. To encourage data blinding and anonymity
during data analysis, participants were allocated a unique identifier code on their informed
consent form and were instructed to input this into their online health survey in lieu of
their name.

2.3. Intervention

At baseline the intervention group completed an individual face-to-face 60-min consul-
tation session with an experienced health coach practitioner located at the airline occupa-
tional health facility, followed by provision of a personalized health program. Participants
also received weekly educational content emails throughout the intervention and a mid-
intervention follow-up phone call with a health coach to discuss progress and support
adherence. Health coaching advice delivered to pilots was evidence-based and derived
from experts in the fields of dietetics, physical activity, and sleep science.

For extended details of the procedures associated with the three-component inter-
vention, readers are referred to the study of Wilson and colleagues [12]. In brief, the
intervention incorporated seven behavior change techniques (BCT) including collaborative
goal setting, action planning, problem solving, information about health consequences,
self-monitoring, feedback on behaviors, and reviewing of outcomes. The intervention
utilized 35 participant interactions: including two face-to-face consultations (baseline and
post-intervention), one mid-intervention telephone call, 16 weekly emails, and 16 weekly
self-monitoring surveys.

Between the participant and health coach, personalized collaborative outcome, process,
and performance goals [12] were established at baseline for (a) sleep hygiene, (b) healthy
eating, and (c) PA. Healthy eating goals were defined based on a healthy eating resource
(see Appendix A, adapted from Beeken and colleagues [14] with amendments derived from
Cena and Calder [15]). Sleep goals were set based on a Sleep Hygiene Checklist (see Ap-
pendix B) which was derived from previous sleep hygiene and stimulus control studies [12].
Physical activity prescription goals were established based on assessment of individual
barriers and facilitators to physical activity, implementation of the frequency, intensity,
time, and type principles [16], and progression to fulfillment of sufficient moderate-to-
vigorous-intensity physical activity (MVPA) to meet World Health Organization health
guidelines [17] according to individual capabilities. Sufficient physical activity was de-
fined as ≥150 min moderate-intensity, or ≥75 min vigorous-intensity, or an equivalent
combination MVPA per week [17].

2.4. Outcome Measures

Objective measures of health (maximal oxygen consumption (VO2max), body mass,
skinfolds, girths, blood pressure, resting heart rate, pushups, plank hold) and self-report
measures (weekly PA, sleep quality and duration, fruit and vegetable intake, and self-rated
health) were collected at baseline and 4 months (post-intervention). Self-report measures
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(weekly MVPA, sleep duration, fruit, and vegetable intake) were also collected weekly to
monitor intervention adherence via an online survey delivered through Qualtrics software
(Qualtrics, Provo, UT, USA).

Participants were instructed to avoid large quantities of food, stimulants such as caf-
feine, and strenuous exercise 4 h prior to measurement of physiological outcome measures.
Outcome measurement protocols for body mass, blood pressure, and subjective health
have been previously described in detail [2,12]. In brief, at the start of the consultation
session, participants completed an electronic questionnaire via an iPad (Apple, California,
CA, USA) to provide data for self-report measures. Using standardized methods previously
described [2], resting heart rate was measured utilizing a Rossmax pulse oximeter SB220
(Rossmax Taipei, Taiwan, China), height was recorded with SECA 206 height measures,
body mass was measured with SECA 813 electronic scales (SECA, Hamburg, Germany),
and blood pressure was measured with an OMRON HEM-757 device (Omron Corporation,
Kyoto, Japan).

Skinfold measurements were collected following standardized procedures of the Inter-
national Society for the Advancement of Kinanthropometry (ISAK) [18]. The skinfold sum
was determined by measurements obtained for eight locations: biceps, triceps, subscapular,
abdominal, supraspinale, iliac crest, mid-thigh, and medial calf. All skinfold measurements
were taken from the right side of the body twice, with a third measurement taken if the
difference between recordings were greater than 4%. The anthropometrical technical errors
were under the recommended limits [18] for all final recorded measurements. Skinfold
measurements were conducted by an accredited ISAK anthropometrist, using Harpenden
calipers (British Indicators, Hertfordshire, UK) which were sufficiently calibrated as per the
manufacturers’ guidelines. Body fat percentage was derived from skinfold assessments and
was calculated using updated sex and ethnicity specific equations reported elsewhere [19].
Girth measurements for the waist and hip locations were measured with a thin-line metric
tape measure (Lufkin; Apex Tool Group, Sparks, MD, USA) congruent with standardized
technique [20].

Push-ups and the plank isometric hold were utilized as assessments of musculoskeletal
fitness, using previously reported standardized methods [21,22]. For push-ups, the hand
release technique was utilized, where participants were instructed to keep their torso tight
so that the shoulders, hips, knees, and ankles were aligned throughout the range of motion.
At the bottom position, the hands were lifted from the floor between each push-up. Push-up
cadence was coordinated by a metronome and participants completed maximum full range
of motion repetitions until the onset of failure to maintain correct form [21]. The basic plank
isometric hold technique was utilized, consisting of the participant holding a prone bridge
position supported by their feet and forearms. Elbows were below the shoulders with the
forearms and fingers extending forward. The neck was maintained in a neutral position
so that the body remained straight from the head to the heels. Time was recorded from
initiation of the position until the loss of the plank position [22].

For quantification of aerobic fitness, estimated VO2max was obtained by participants
performing a previously validated [23,24] 3-min aerobic test (3mAT) on a Wattbike (Wood-
way USA, Waukesha, WI, USA) electro-magnetically and air-braked cycle ergometer. Par-
ticipants were given a full explanation of the protocol, safety procedures, the Wattbike
seat and handle were fitted appropriately for the participant, who was also fitted with a
Polar H10 heart rate strap (Polar Electro, Kempele, Finland). Full details on the procedure
have been detailed elsewhere [23]. Participants completed a 10-min warmup consisting of
self-paced cycling at 70–90 rpm with two 6-s sprints within that timeframe, as suggested by
the manufacturer. The goal of the 3mAT was to maintain the highest power output possible
for 3 full minutes. Verbal encouragement was provided, and participants were allowed to
adjust the resistance and pedal cadence as needed throughout the test. Each participant’s
customized setup was noted, and the same procedures were carried out for the retest at
4 months.
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Prior to baseline testing, the Wattbike was calibrated by the manufacturer, and a
between session reliability assessment was conducted with the Wattbike utilizing a con-
venience sample of seven untrained airline pilots (aged = 42 ± 12 years, body mass =
80 ± 11 kg, height = 173 ± 4 cm, mean ± standard deviation (SD), 5 males, 2 females).
Following standardized procedures [23,24], participants of the reliability trial performed
the 3mAT twice separated by >48 h between assessments. For measurement of estimated
VO2max, the reliability trial produced a coefficient of variation (CV) of 4.3% and an intraclass
correlation coefficient (ICC) of 0.98 (0.90–0.99), denoting acceptable CV [25] and excellent
ICC reliability [26].

Self-report measures (PA, sleep quality and duration, fruit and vegetable intake, and
self-rated health) have been previously described in detail [12]. In brief, self-rated health
(physical and mental) were measured utilizing the Short Health Form 12v2 (SF-12v2) [27].
The International Physical Activity Questionnaire Short Form (IPAQ) was utilized to
quantify self-report MVPA [28]. Self-report subjective sleep quality and duration were
measured with the Pittsburgh Sleep Quality Index (PSQI) [29]. Daily fruit and vegetable
intake were measured using dietary recall questions derived from the New Zealand Health
Survey [28].

2.5. Statistical Analyses

G-Power software was utilized to calculate sample size required to detect a clinically
significant change in primary outcome measures of ≥5% weight loss and a change of
3.5 mL/kg/min for VO2max [30]. Our sample size power calculation suggested 65 pilots
were required in each group to achieve 90% power and a 5% significance criterion to detect
relevant differences between the intervention and wait-list control groups. To account for
20% dropout observed in a similar study [2], our target sample size was 156.

Statistical Package for the Social Sciences (SPSS, version 28; IBM Corp., Armonk, NY,
USA) was utilized for all analyses. Listwise deletion (i.e., entire case record removal) was
applied if individual datasets had missing values or for participants who did not complete
post-tests. Stem and leaf plots were inspected to ascertain whether there were any outliers
in the data for each variable. A Shapiro–Wilk test (p > 0.05) and its histograms, Q–Q
plots, and box plots were analyzed for the normality of data distribution for all variables.
Levene’s test was used to test homogeneity of variance.

Independent t-tests were utilized to calculate whether any significant differences
existed between groups at baseline. For categorical variables (long haul and short haul) the
Chi square test was used. Between group analysis of pre-test and post-test were assessed
using paired t-tests and analysis of covariance (ANCOVA) (respectively). To control for
baseline differences between groups, baseline data were included as a covariate in the
ANCOVA [31], in addition to inclusion of age and sex. Effect sizes were calculated using
Cohen’s d to quantify between-group effects from pre-test to post-test. Effect size thresholds
were set at >1.2, >0.6, >0.2, and <0.2, which were classified as large, moderate, small, and
trivial, respectively [32]. The α level was set at a p value of less than 0.05.

3. Results
3.1. Characteristics of the Study Population

Two-hundred twelve airline pilots were considered for eligibility and 148 were re-
cruited to participate (Figure 1). Of them, 84% (n = 125) of recruits provided data for both
timepoints, which comprised a combination of short-haul and long-haul rosters (n = 60
and 65, respectively). The dropout rates from baseline to post-intervention were 12% (time
commitment n = 5; ceased employment n = 3; testing not fully completed n = 1) and 19%
(time commitment n = 8; ceased employment n = 4) for the intervention and wait-list control
groups, respectively. As displayed in Table 1, at baseline both groups demonstrated similar
characteristics for most health parameters, yet the wait-list control group had lower SBP
(t(123) = 1.191, p = 0.03, d = 0.39) and lower MAP (t(123) = 2.113, p = 0.03, d = 0.38). No
significant differences were observed between groups for sex and fleet type.
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Figure 1. Flow diagram of participant recruitment and data collection.
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Table 1. Baseline characteristics of participants.

Parameters All subjects (n = 125) Intervention (n = 67) Control (n = 58)

Sex (female/male) 12/113 6/61 6/52
Age (years) 44.5 ± 10.7 43.7 ± 10.0 45.6 ± 11.4

Short haul (n) 60 34 26
Long haul (n) 65 33 32
Height (cm) 178.4 ± 7.4 179.2 ± 6.9 177.4 ± 7.8

Systolic BP (mmHg) 132.3 ± 5.6 133.3 ± 6.0 131.1 ± 4.9 *
Diastolic BP (mmHg) 85.6 ± 3.8 86.0 ± 3.9 85.0 ± 3.6

MAP (mmHg) 101.1 ± 3.8 101.8 ± 3.8 100.4 ± 3.6 *
Pulse (bpm) 66.9 ± 6.6 67.4 ± 6.1 66.4 ± 7.2

Body mass (kg) 90.5 ± 9.2 91.1 ± 8.0 89.8 ± 10.5
BMI (kg/m2) 28.4 ± 2.0 28.3 ± 1.7 28.5 ± 3.4

Skinfold sum × 8 sites (mm) 136.5 ± 24.1 138.3 ± 17.7 134.4 ± 29.9
Bodyfat (%) 24.3 ± 3.6 24.7 ± 3.2 23.9 ± 4.0

Waist girth (cm) 96.6 ± 7.6 97.8 ± 8.1 95.2 ± 6.8
Waist to hip ratio 0.93 ± 0.07 0.94 ± 0.07 0.93 ± 0.08

VO2max (mL/kg/min) 36.3 ± 5.4 35.6 ± 5.8 37.0 ± 4.8
Push-ups (repetitions) 17.2 ± 7.3 16.4 ± 6.8 18.1 ± 7.7

Plank hold (s) 79.7 ± 24.7 77.2 ± 25.5 82.5 ± 23.7
Walking per week (min) 73.8 ± 42.5 70.5 ± 32.2 77.7 ± 52.0
MVPA per week (min) 141.8 ± 41.1 138.0 ± 41.6 146.2 ± 40.3

Fruit intake (serve/day) 1.3 ± 0.7 1.5 ± 0.8 1.0 ± 0.6
Vegetable intake (serve/day) 2.0 ± 0.7 1.8 ± 0.7 2.4 ± 0.5

F&V intake (serve/day) 3.3 ± 0.7 3.3 ± 0.7 3.4 ± 0.7
Sleep per day (h) 7.0 ± 0.5 7.0 ± 0.4 7.0 ± 0.6

Global PSQI (score) 6.3 ± 2.1 6.4 ± 2.2 6.1 ± 1.9
MCS-12 (score) 48.9 ± 4.6 48.6 ± 5.8 49.3 ± 2.8
PCS-12 (score) 46.7 ± 3.4 46.3 ± 3.8 47.2 ± 2.8

Note: Mean ± SD reported for all subjects, intervention and control. Abbreviations: SD = Standard deviation; BMI
= body mass index; VO2max = maximal oxygen consumption; BP = blood pressure; MAP = mean arterial pressure;
MVPA = moderate-to-vigorous physical activity; F&V = fruit and vegetable intake; MCS-12 = Short Health Form
12v2 mental component summary scale; PCS-12 = Short Health Form 12v2 physical health component summary
scale; PSQI = Pittsburgh Sleep Quality Index. * Indicates statistical significance (p < 0.05).

3.2. Intervention Adherence

For the intervention group, compliance was measured mid-intervention for health
behaviors, including self-report weekly MVPA, daily fruit and vegetable intake and average
sleep duration per night. Sixty-four (97%) were achieving ≥5 serves of fruit and vegetables
per day, 94% reported sleeping ≥7 h sleep per night, and 97% were obtaining ≥150 MVPA
(min) per week. Comparatively, 36% of the wait-list control group were achieving ≥5 serves
of fruit and vegetables per day, 71% were sleeping ≥7 h per night, and 53% were obtaining
≥150 MVPA (min) per week.

3.3. Body Mass, Skinfolds, Waist Girth, Bodyfat Percentage, Blood Pressure and Pulse

Significant group main effects (p < 0.001) in favor of the intervention group were
found for all variables. Small to large effect size differences were observed from baseline
to post-intervention (Table 2). The within-group analysis revealed that the intervention
elicited significant improvements (p < 0.001) in all measures at post-intervention associ-
ated with moderate to large effect sizes (Table 2; Figure 2). The wait-list control group
reported a significantly lower body mass (t(57) = 2.538, p = 0.014, d = 0.33) and reduced
waist girth (t(57) = 2.358, p = 0.022, d = 0.31), yet no significant changes were observed in
other measures.
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Table 2. Changes in objective and self-report health measures from baseline to post-intervention at
4-months.

Intervention Control ANCOVA
(Group Main

Effects)
Between Group ES

(n = 67) (n = 58)

Time
(Months) M SD

Follow Up
Change
(95% CI)

M SD
Follow Up

Change
(95% CI)

p d

Body mass
(kg)

0 91.1 8.0 89.8 10.5 0.14, Trivial
4 85.6 7.7 5.5 (4.8–6.1) 89.4 85.6 0.4 (0.1–0.7) <0.001 −0.41, Small

BMI (kg/m2)
0 28.3 1.7 28.5 3.4 0.08, Trivial
4 26.7 1.6 1.7 (1.5–1.9) 28.4 2.4 0.1 (0.0–0.2) <0.001 −0.86, Moderate

Systolic BP
(mmHg)

0 133.3 6.0 131.1 4.9 0.39, Small
4 125.2 5.8 8.1 (7.3–8.9) 132.5 5.9 1.3 (0.1–2.8) <0.001 −1.25, Large

Diastolic BP
(mmHg)

0 86.0 3.9 85.0 3.6 0.27, Small
4 80.8 5.4 5.2 (4.2–6.2) 84.8 4.7 0.2 (0.9–1.4) <0.001 −0.77, Moderate

MAP
(mmHg)

0 101.8 3.8 100.4 3.6 0.38, Small
4 95.6 5.0 6.2 (5.4–6.9) 100.7 4.7 0.3 (0.8–1.4) <0.001 −1.04, Moderate

Pulse (bpm) 0 67.4 6.1 66.4 7.2 0.15, Trivial
4 61.0 6.5 6.3 (4.8–7.8) 67.0 8.8 0.6 (1.0–2.2) <0.001 −0.78, Moderate

Skinfold sum
(mm)

0 138.3 17.7 134.4 29.9 0.16, Trivial
4 110.1 14.5 28.2 (26–30.5) 133.0 29.8 1.5 (0.5–3.4) <0.001 −1.00, Moderate

Bodyfat (%) 0 24.7 3.2 23.9 4.0 0.21, Small
4 21.0 2.8 3.6 (3.3–4.0) 23.7 4.1 0.2 (0.1–0.4) <0.001 −0.79, Moderate

Waist (cm) 0 97.8 8.1 95.2 6.8 0.35, Small
4 91.8 7.9 6.0 (5.3–6.8) 94.3 6.9 1.0 (0.1–1.8) <0.001 −0.34, Small

Waist to hip
ratio

0 0.94 0.07 0.93 0.08 0.09, Trivial
4 0.90 0.07 0.03 (0.02–0.04) 0.92 0.07 0.1 (0.0–0.2) <0.001 −0.22, Small

VO2max
(mL/kg/min)

0 35.6 5.8 37.0 4.8 −0.26, Small
4 40.2 5.9 4.5 (4.0–5.0) 37.3 5.1 0.2 (0.1–0.6) <0.001 0.52, Small

Push-ups
(repetitions)

0 16.4 6.8 18.1 7.7 −0.22, Small
4 24.3 7.1 7.8 (6.5–9.1) 19.9 8.1 1.9 (1.2–2.6) <0.001 0.57, Small

Plank hold (s) 0 77.2 25.5 82.5 23.7 −0.21, Small

4 120.0 39.6 42.8 (34.4–51.3) 92.1 32.1 9.5
(3.8–15.1) <0.001 0.77, Moderate

Hours slept
(h/day)

0 7.0 0.4 7.0 0.6 −0.17, Trivial
4 7.6 0.5 0.7 (0.6–0.8) 7.1 0.5 0.1 (0.0–0.2) <0.001 1.00, Moderate

PSQI Global
(score)

0 6.4 2.2 6.1 1.9 0.14, Trivial
4 4.0 1.3 2.4 (2.0–2.8) 5.8 1.8 0.3 (0.1–0.5) <0.001 −1.16, Moderate

IPAQ-walk
(min)

0 70.5 32.2 77.7 52.0 −0.17, Trivial

4 97.0 30.0 26.5 (18.1–34.9) 95.4 49.0 17.8
(8.0–27.6) 0.163 0.04, Trivial

IPAQ-MVPA
(min)

0 138.0 41.6 146.2 40.3 −0.20, Small

4 210.3 44.3 72.4 (60.0–84.8) 156.9 46.4 10.8
(5.0–16.5) <0.001 1.18, Moderate

F&V Intake
(serve/day)

0 3.3 0.7 3.4 0.7 −0.17, Trivial
4 6.9 1.3 3.6 (3.3–4.0) 3.8 0.9 0.4 (0.1–0.7) <0.001 2.69, Large

PCS-12
(score)

0 46.3 3.8 47.2 2.8 −0.28, Small
4 51.5 3.4 5.2 (4.4–5.9) 47.9 2.8 0.7 (0.3–1.1) <0.001 1.14, Moderate

MCS-12
(score)

0 48.6 5.8 49.3 2.8 −0.15, Trivial
4 53.3 3.6 4.7 (3.7–5.8) 49.5 2.9 0.2 (0.2–0.7) <0.001 1.15, Moderate

Note: Mean ± SD reported for all participants, intervention and control. Abbreviations: M = mean; SD = standard
deviation; CI = Confidence interval; ES = effect size; BMI = body mass index. BP = blood pressure. MAP = mean
arterial pressure. MVPA = moderate-to-vigorous physical activity. PSQI = Pittsburgh Sleep Quality Index.
IPAQ = International Physical Activity Questionnaire. F&V = fruit and vegetable intake. PCS-12 = Short Health
Form 12v2 physical component summary score. MCS-12 = Short Health Form 12v2 mental component sum-
mary score.
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Figure 2. Mean values for health outcomes across time (baseline and 4-months), showing 95%
confidence intervals ((a), bodyweight; (b), VO2max; (c), Mean Arterial Pressure; (d), Skinfolds; (e), Fruit
and Vegetable Intake; (f), Weekly MVPA Minutes; (g), Sleep Hours; (h), MCS-12). Abbreviations:
VO2max = maximal oxygen consumption; MVPA = moderate-to-vigorous physical activity; MCS-12
= Short Health Form 12v2 mental component summary score. Notes: * indicates moderate within
group effect size from baseline to 4-months. ** indicates large within group effect size from baseline to
4-months.
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3.4. VO2max, Pushups and Plank Hold

Significant group main effects were found for all measures (p < 0.001) in favor of the
intervention group. The within-group analysis reported significantly greater improved
changes from baseline to post-intervention for all physical performance measures in the
intervention group (p < 0.001), associated with large effect sizes (Table 2; Figure 2). In
contrast, the wait-list control group significantly increased push-ups (t(57) = 5.323, p < 0.001,
d = 0.69) and plank hold (t(57) = 3.365, p = 0.001, d = 0.44), yet no significant change was
observed for VO2max.

3.5. Health Behaviors and Self-Rated Health

Significant group main effects in favor of the intervention group were found for all
self-report health measures (p < 0.001) except for weekly walking minutes (p = 0.163). The
within-group analysis reported significantly greater improved health changes from baseline
to post-intervention for all self-report health measures in the intervention group (p < 0.001),
associated with moderate to large effect sizes (see Table 2; Figure 2). Further, the wait-list
control group significantly improved weekly walking, weekly MVPA, global PSQI score,
and Short Health Form 12v2 physical component summary scale score (PCS-12, p < 0.001),
enhanced fruit and vegetable intake (p = 0.008), and increased sleep hours (p = 0.020).
The significant changes observed within the wait-list control group from baseline to post-
intervention were associated with trivial to small effect sizes (see Table 2).

4. Discussion

To our knowledge, this study is the first clinical trial that has explored the effects of a
lifestyle intervention on physical fitness and body composition measures among airline
pilots. This study aimed to promote enhancement in cardiorespiratory and musculoskeletal
fitness, body composition, and health behaviors through a personalized intervention on
healthy eating, sleep hygiene, and PA.

For most outcome measures, in support of our initial hypothesis the controlled trial
revealed significantly higher improvements in the intervention group compared to the wait-
list control group. Our findings suggest that a face-to-face health assessment alone with no
provision of an intervention may promote small short-term effects for improvements in
health behaviors and weight management among airline pilots. Furthermore, the provision
of a personalized multicomponent lifestyle intervention may facilitate moderate to large
short-term effects for promoting healthy changes in physical fitness, body composition,
and health behaviors among airline pilots.

These findings are important for health care professionals and researchers to provide
insight regarding the efficacy of lifestyle interventions for promoting health, and to inform
practices relating to disease prevention, health promotion, and public health policymaking.
Furthermore, in relation to the limited literature base pertaining to three-component sleep,
nutrition, and PA interventions and the insufficient depth of health behavior intervention
research among airline pilots, our findings provide novel contributions to this field.

Excessive adiposity is evidently associated with higher all-cause mortality and ele-
vated risk of cardiometabolic NCDs [33]. Counteractively, clinically significant improve-
ments in NCD risk factors have been reported with as little as 2–3% of weight loss among
those with high BMI [34]. A meta-analysis of 59 lifestyle weight loss interventions reported
a pooled mean weight loss range of 5–8.5 kg (5–9% body mass) within the initial six months,
and among studies exceeding 48 months a mean weight loss range of 3–6 kg (3–6% body
mass) [35]. Comparatively, in our intervention group we observed 6% weight loss and
1.6 reduction in BMI at four months. Weight loss and BMI alone as assessments of body
composition change are inherently limited due to their inability to precisely measure central
adiposity, fat distribution, bone density, and lean mass [36].

In the present study we assessed additional body composition metrics with girth and
skinfold measures. Waist circumference has been reported as being strongly associated with
all-cause and cardiovascular mortality, with or without adjustment for BMI [36]. Further,
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skinfold thickness has been reported as a better predictor of body fatness compared to
BMI [37]. We found the intervention elicited a decrease of 6 cm waist circumference and
28 mm skinfold thickness sum reduction, which were associated with an overall 3.7%
reduction in predicted body fat percentage and a decrease of 8.1 mmHg for systolic blood
pressure (SBP). These findings are consistent, yet of higher magnitude than a previous meta-
analysis which reported exercise training programs were associated with pooled mean
reductions of 5.1 mmHg SBP and 2.2 cm waist girth [38]. This study also reported that
reductions in blood pressure (BP) and waist circumference were associated with reduced
high-density lipoprotein (HDL) cholesterol and metabolic syndrome risk reduction [38].
Thus, interventions which induce these adaptations are of importance for risk reduction of
these well-established NCD risk factors [4].

To our knowledge, our study is the first to report on objective measures of cardiores-
piratory capacity among airline pilots. Prospective cohort research suggests exercise
capacity is an authoritative predictor of mortality among adults, and an increase of 1 MET
(3.5 mL/kg/min) is associated with a 12% CVD risk reduction [30]. A meta-analysis of
aerobic exercise training interventions among adults (aged 41 ± 5 y) reported a pooled
mean increase in VO2max of 3.5 mL/kg/min (1.9–5.2, 95% confidence interval (CI)), asso-
ciated with a moderate effect size of 0.6 [39]. In comparison, we observed an increase of
4.5 mL/kg/min within our intervention group, associated with a large effect size which ex-
ceeds previously suggested thresholds for clinical relevance [26]. However, future research
is required to determine whether these acute adaptations are longitudinally maintained
after the brief 16-week intervention.

The intervention promoted significant positive health outcomes for health behaviors
and self-rated health, associated with moderate to large effect sizes. Sleep duration in-
creased by 0.6 h in the intervention group, which is a lower magnitude compared with a
recent meta-analysis of behavioral interventions to extend sleep length, which reported
a pooled increase of 0.8 h per night (0.28–1.31, 95% CI) [40]. In part, this variance may be
related to the different nature of interventions, where the present intervention targeted
multiple-behavior modification for nutrition, sleep, and PA simultaneously, compared
with the individual component focus in other studies (i.e., targeting sleep modification
alone) [40].

For weekly MVPA we found the intervention elicited an increase of 72 min/week,
which is notably higher than a previous meta-analysis which reported a mean increase of
24 min/week from PA interventions implemented in primary care settings [41]. Similarly, a
meta-analysis of behavior interventions to increase fruit and vegetable intake reported a
pooled mean increase of 1.1 servings per day [42], which was a lower magnitude of change
compared to the increase of 3.6 servings following the present intervention. Notably, a
meta-analysis of effective BCTs for promoting PA and healthy eating in overweight and
obese adults highlighted the use of goal setting and self-monitoring of behavior as strong
predictors of positive short and long-term health behavior change [43]. Congruently, our
intervention implemented these components in addition to five other BCTs, which may
have contributed to the observed effect sizes of change.

Strengths and Limitations

A strength of this study is our findings add valuable contribution to a small global
literature base pertaining to interventions that include components for each healthy eating,
PA, and sleep hygiene. The magnitude of effect sizes for positive health change observed in
the intervention may be at least partly attributable to; (a) the implementation of seven BCTs
including collaborative goal setting, (b) the personalized multiple-component nutrition, PA
and sleep approach, (c) the multimodal intra-intervention communication administered
via face-to-face consultations, a telephone call, and regular educational emails, and (d) the
potential underlying motivation of airline pilots to improve their health to maintain their
aviation medical license.

149



Nutrients 2022, 14, 1988

Potential limitations of this study need to be considered in the interpretation of our
findings. Firstly, pilots voluntarily participated in the study via self-selection. Thus, those
who enrolled may have exhibited higher readiness and motivation for health behavior
change than the general population, which may limit the generalizability of our findings.
Secondly, for feasibility of implementation and to minimize participant burden, self-report
measures for health behaviors were utilized which inherently possess inferior validity to
more invasive objective methods. Accordingly, future research, including measures such as
a food frequency questionnaire or photo meal logging for dietary behaviors and actigraphy
coupled with heart rate monitoring (e.g., smart watches) for PA and sleep monitoring,
would be valuable contributions to increase the validity of findings. Third, although the sex
characteristics of our sample are congruent with the general airline pilot population [8], the
lack of female participants limits the generalizability of our findings to female populations.
Thus, future research should evaluate the effects of the intervention among an ample
sample size of females. Finally, the intervention was delivered by an experienced health
coach, which presents a barrier to intervention adoption at scale. Future research should
evaluate the delivery of interventions using similar procedures via cost-effective and
scalable methods, such as online modes of delivery (i.e., smartphone application).

5. Conclusions

The personalized 16-week healthy eating, sleep hygiene, and PA intervention im-
plemented in this study elicited significant positive changes associated with moderate
to large effects sizes in all main outcome measures at four months follow-up, relative
to the wait-list control group. Our findings suggest that the achievement of these three
guidelines promotes physical and mental health among overweight airline pilots and these
outcomes may be transferrable to other populations. However, there is a need for future
research to examine whether the observed effects are longitudinally maintained following
the intervention.
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Appendix A

TOP TEN TIPS FOR HEALTHY EATING
A system of habits to support a healthier you.

1. Emphasize whole foods

Choose unprocessed natural foods.
As food processing increases, nutrient density decreases. The more ingredients that

are listed on a food, the more processed the food will likely be.

2. Reduce sugar where possible
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Limit foods with added sugar (cookies, cakes, sugar sweetened beverages etc.) where
you can. Read labels to avoid hidden sugars (sauces, cereals, dairy products etc.). Aim for
less than 10% of daily energy from sugar or under 5% for better health.

3. Eat a rainbow of foods

Eat a variety of fruit and vegetables each day. Try those with rich colors of red, blue,
green and orange. The more color in your day the more antioxidant, vitamins and minerals
you will be getting.

4. Reduce white

Try to avoid the energy dense white foods like pasta, rice, bread, and potato. Use
MyFitnessPal to understand other options. For example, 2 cups of broccoli with a curry is a
healthier meal and some would say tastier than 2 cups of rice, and far fewer calories! Also
consider having more vegetables that grow above the ground than those that grow below
the ground.

5. Eat lean protein with each meal

Protein foods such as lean meat, chicken, fish, eggs, low fat dairy foods, bean, nuts,
seeds, legumes and lentils aid in muscle repair and support lean body mass.

6. Caution with your portions

Do not heap food on your plate (except vegetables). Use the hand portion sizing guide
to make good meal size decisions. Think twice before having second helpings.

7. Eat slowly and mindfully

Set aside adequate time for your meal so you’re not rushed and chew your food well.
While eating try to avoid watching TV or eating on the go. Pay attention to your food. Eat
until you feel 80% full.

8. Think about your drinks

Drink 2 L of fluids a day. Choose mainly water. Unsweetened fruit juice contains
natural sugar so limit to one glass a day (200 mL/one third pint). Alcohol is high in calories;
limit to one unit a day for women and two for men.

9. Choose good fats

Choose fats that enhance your recovery and immune system not those that break it
down. Some good sources of are nuts and seeds, nut butters, avocado, fatty fish, olive oil,
and flaxseed oils.

10. Setup your healthy environment

If a food is in your house or possession, either you or someone you love, will eat it.
If you remove the temptation of unhealthy foods from your surroundings and add more
healthy options, you will set yourself up for success.

Appendix B

Sleep Hygiene Strategies for Enhancing Sleep YES Achieving NOT Achieving

1. Sleep at least 7 h
2. Sleep routine or depower hour
3. Regular sleep and wake time

4. Dim lights near bedtime and turn off electronics >30 min before bed
5. Avoid sleep disruptors 4–6 h before bed e.g., caffeine, large meals, alcohol

6. Have a dark, cool, quiet sleep environment
7. Exercise every day, not too close to bedtime

8. Use the bedroom only for sleeping and intimacy
9. Do a brain dump on paper before bed

10. Early morning light exposure
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Abstract: Early childhood interventions have the potential to promote long-term healthy eating and
physical activity habits to prevent obesity. However, research studies including indigenous young
children are lacking. This study examined the effectiveness of the Food Friends®: Fun with New
Foods™ and Get Movin’ with Mighty Moves™ (FFMM) curricula on willingness to try fruits and
vegetables (FV) and gross motor (GM) skills among preschoolers in Guam. A pre-post community-
based study included preschoolers from Head Start (HS), gifted and talented education (Pre-GATE),
and Pre-Kindergarten programs during school years (SY) 2017–2018 and 2018–2019. In SY2017–2018,
the intervention group had a significant increase in imported FV when compared with the other three
groups. No significant differences between groups were found on the other FV scales. Regarding
gross motor skills, no significant differences between groups were found. In SY2018–2019, the
intervention group had a significant increase in all FV scales except imported FV when compared
with the enhanced intervention group. With gross motor skills, no significant differences were found
between groups on its progress. These results warrant FFMM adaptations for the prevention of
obesity among Guam preschoolers.

Keywords: preschool children; motor skills; fruit and vegetable intake; Guam

1. Introduction

Early childhood overweight and obesity (OWOB) increases the risk for adult OWOB
and associated chronic diseases, which are high among indigenous children [1]. The
prevalence of early childhood overweight and obesity (OWOB) in 2011–2012 was 22.8%
among 2–5 years old in the US [2]. In 2013, the OWOB prevalence among children 2–8 years
old in Guam was 27.4% [3]. Early childhood obesity prevalence was also higher in Guam
(13.2%) than the US (8.4%) during the same time and among similar ages [2,3]. Successful
obesity interventions for young indigenous and/or socioeconomically disadvantaged
children (0–5 years), employed a dual focus on obesity prevention and school readiness,
engaged children and parents in educational activities related to nutrition and physical
activity, and physical activity sessions that focused on the development of gross motor
skills [4].

A recent community randomized environmental childhood obesity intervention in
Guam and other jurisdictions in the US Affiliated Pacific region, known as the Children’s
Healthy Living (CHL) project, found a decrease in OWOB and acanthosis nigricans preva-
lence in young children after the intervention [5]. One component of the multi-level CHL
intervention was the implementation of Food Friends®: Fun with New Foods™ and Get
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Movin’ with Mighty Moves™ curricula, referred to as “Food Friends and Mighty Moves”
or FFMM, in childcare centers [6,7]. Although the outcomes of FFMM were not evalu-
ated independently, the feasibility and implementation in Guam expanded the reach into
preschool programs that provide school readiness support and family engagement.

FFMM aims to improve diet quality, such as increasing fruits and vegetables (FV)
and physical activity in early childhood by addressing food neophobia and developing
gross motor skills, respectively [8,9]. There are limited diet data among young children in
Guam, yet one study revealed the mean intake of FV among 2–8-year-olds was 0.88 and
0.61 cups per day, respectively, which does not meet the recommendations [3]. Additionally,
the majority of young children exceeded the recommended, 2 h or less, for screen-time
with a mean duration of 5.29 h per day [3], which consequently decreases the chance to be
physically active.

Early childhood interventions show a great potential to promote the development of
long-term healthful habits, such as regular physical activity and healthy eating to prevent
obesity [10–12]. One study in Guam found children’s willingness to try FV improved after
receiving nutrition education [13]. In addition to knowledge, preference is another personal
factor that determines children’s FV intake. Early food likes and dislikes are influenced
by preferences, yet modifiable through repeated exposures to novel and disliked foods
in a positive, supportive environment [14,15]. Despite the growing body of childhood
obesity research, there is still a lack of research including indigenous young children.
Guam is a US territory located in the northwestern Pacific region of Micronesia and the
southernmost island of the Mariana Islands where 37% of the population are CHamoru,
the indigenous people of Guam; 12% are other Pacific islanders, 26% are Filipino and 7%
are other Asian [16].

The Food Friends®: Fun with New Foods™ and Get Movin’ with Mighty Moves™,
or FFMM, are research-based nutrition and physical activity curricula developed by re-
searchers in Colorado State University. During the CHL program, FFMM was implemented
in childcare centers without adaptation and evaluation. For this study, we will examine the
effectiveness of the FFMM curricula on willingness to try fruits and vegetables (FV) and
gross motor (GM) skills among preschool children in Guam during two school years (i.e.,
SY2017–2018 and SY2018–2019) as part of a research project to determine the best practices
for obesity prevention in Guam.

2. Materials and Methods
2.1. Study Design

This study was a pre-post community-based study design targeting preschool children,
3–5 years old, from three (3) Guam Department of Education (GDOE) preschool programs:
Guam Head Start (HS) Program, gifted and talented education pre-Kindergarten (Pre-
GATE), and Pre-Kindergarten (Pre-K). “Head Start” is a comprehensive program funded
by the U.S. Department of Health & Human Services that promotes school readiness of
preschool children, 3–5 years, from low-income families by enhancing their cognitive,
social, and emotional development. HS supports children’s growth and development in a
positive learning environment through comprehensive services in the areas of education
and child development, health, and family and community engagement. Locally, the
Guam Department of Education is the grantee for Head Start. The GATE pre-K program,
referred to as Pre-GATE, implements a curriculum specifically designed for 4 year old gifted
children that includes acceleration and enrichment activities to ensure their physical, social,
emotional, and intellectual needs are met without pressure and unnecessary structure. The
Pre-Kindergarten (Pre-K) program follows the Guam Early Learning Guidelines for young
children 3–5 years that focuses on five areas—physical development, health and safety;
self-concept and social-emotional development; cognitive development; communication,
language development and literacy, and creative development.

During SY2017–2018, preschool programs that were prepared and willing to imple-
ment the Food Friends®: Fun with New Foods and Get Movin’ with Mighty Moves™
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(FFMM) curricula were pre-K (4 classrooms) and Guam HS (7 classrooms). Other preschool
programs that participated in this study in SY2017–2018, were half-day Guam HS sites
(7 classrooms) and the pre-GATE program (4 classrooms) from the same villages that did
not receive FFMM. For the Guam HS Program a standard curriculum implemented in all
HS classrooms was “I Am Moving, I Am Learning (IMIL)”, which has similar components
to FFMM. IMIL was a curriculum used in previous years for all Guam Head Start Program
classrooms which includes a flexible framework of strategies to promote movement skills,
healthy eating, parent engagement, and a healthy workplace and community [17]. Among
the Guam HS Program: (1) classrooms that were transitioning to full-day schedules and,
therefore, had the need for additional classroom activities implemented FFMM plus IMIL
(classified for this study as “Enhanced Intervention”); (2) classrooms that had a half-day
schedule implemented only IMIL (classified for this study as “Standard”). Pre-K program
classrooms that only implemented FFMM were classified as “Intervention” and Pre-GATE
program classrooms that did not receive either FFMM or IMIL were the “Control”. During
SY2018–2019, all HS classrooms (i.e., half-day and full-day) implemented both FFMM
and IMIL (classified for this study as “Enhanced Intervention”) and Pre-GATE and Pre-K
implemented FFMM only (considered for this study as “Intervention”).

Child participants were recruited from study sites (i.e., preschool classrooms) during
orientation or the first week of school. Research staff conducted study presentations at
orientation or distributed recruitment packets (e.g., recruitment flyer and study forms) to
parents. Parents provided consent for their child (ren) to participate and completed the
About My Child (i.e., age, sex, ethnicity/race) and healthy behavior forms. The data from
the behavior forms were not used in this study. Child assent was obtained for pre- and
post-assessments. Child participants were provided a USD 10 gift card after completing
each assessment. The University of Guam (UOG) Institutional Review Board (CHRS 17-139)
and Guam Department of Education approved the study protocols.

2.2. Study Participants

There were a total of 316 children recruited from all sites during SY2017–2018, where
110 received the enhanced intervention, 63 received the intervention, 92 received the
standard, and 51 were in the control group. All study sites (i.e., enhanced intervention,
intervention, standard, and control) received the FFMM curricula the following year,
SY2018–2019, where 355 children participated in the study activities, specifically the pre-
and post-assessments. Notably, all children received FFMM in intervention sites no matter
if they participated in the study or not in both study years.

2.3. Intervention

The intervention was implemented by trained teachers and teachers’ aides working
within the study sites (i.e., preschool classrooms). FFMM teacher training was conducted
prior to classroom implementation by one of the FFMM developers and/or trained research
staff. A major component of the curricula are the eight (8) Food Friends (stuffed puppets)
characters that are incorporated in lesson activities and featured in lesson materials for
both children and parents [18], which was a component of training. Food service provider
training was also conducted by trained research staff prior to the implementation of the FF
on food preparation and delivery schedule to support taste tests.

The Food Friends®: Fun with New Foods™ (FF) curriculum was implemented in
September until December of each school year. Teachers preferred to implement FF a few
weeks after the start of the school year for preschoolers to acclimate. The FF intervention
program lasted 12 weeks, with two lessons per week, for a total of 24 lessons. Each week
children participated in hands-on food and nutrition activities, story time, and/or taste
tests that lasted about 15–20 min. Children were given repeated exposures to the same
new foods (i.e., Gouda cheese and raw daikon radish) for eight weeks followed by weekly
opportunities to try new foods (foods varied based on seasonality/availability) [8]. During
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these months, lesson foods were most available, which also informed the FF curriculum
implementation timeline.

The Get Movin’ with Mighty Moves™ (MM) curriculum was implemented each school
year from January to May, which was ideal for implementing all 18-weeks of the curriculum.
Teachers had up to four (4) lessons per week to select from and were asked to implement
at least two (2) lessons each week, for a total of 36–72 lessons. Children participated in
activities that focused on one of the gross motor skill categories each week: stability (e.g.,
trunk strength), locomotor (e.g., running, hopping, skipping), or manipulation (e.g., ball
skills) and described in detail elsewhere [9].

2.4. Evaluations

Data collection was conducted at each study site before and after the implementation
of both curricula, FFMM, which was within two weeks after the start and before the end of
the school year, respectively. This aligned with program assessments that are a regular part
of each preschool program. Study assessments did not take away from instructional time
and did not appear to be different from ongoing school day activities.

Children’s willingness to try new foods and FV were assessed using the validated
Adapted WillTry tool for children 3–11 years in Guam [13,19,20]. Only FV data will be
reported in this study, which were captured in one of four FV scales in the Adapted WillTry
tool: local novel (6 items), local common (4 items), imported (3 items), and total FV
(14 items) [19]. Trained research staff conducted one-to-one interviews with children, where
children self-reported their willingness to try new foods and FV. These methods have been
tested in a similar population in Guam and described elsewhere [13].

Gross motor skills were observed and recorded using the Get Movin’ with Mighty
Moves™ Pre- and Post- Program Evaluation Tool and Guidelines (provided with the cur-
riculum) [9], which consists of five (5) items assessing: (1) standing on one foot (dominant
and non-dominant leg), (2) standing on tiptoes, (3) walking line backward, (4) tossing ball
underhand (distance), and (5) tossing ball with or without opposition. Each gross motor
skill was assigned a score to determine proficiency (i.e., 1) or levels (i.e., 1, 2, or 3) based
on the age-appropriate criteria outlined in the Get Movin’ with Mighty Moves™ Pre- and
Post- Program Evaluation Tool and referenced in standard assessment tools used in Guam
preschool programs, such as Brigance® Early Childhood Screen III and Developmental
Indicators for the Assessment of Learning (DIAL-4). Standing on one foot (dominant) and
the other (non-dominant) was given a score of “1” if held for 5 s or more for 3-year-olds
and 10 s or more for 4- and 5-year-olds. Similarly, “1” was scored if a child could stand on
tiptoes for 4 s or more for 3-year-olds or 8 s or more for 4- and 5-year-olds. Durations less
than the criteria for these skills were assigned a score of “0”. All children were scored “1”
for less than 2 steps, “2” for 2–4 steps, and “3” for 5 steps or more when they were observed
walking line backward (toe-to-heel). Any child that tossed the ball underhand more than
10-feet was scored with “1” and less than 10-feet was scored “0”. While observing the
same child toss the ball underhand, research staff also observed whether the child used
opposition “1” or no opposition “0”. The Pre- and Post-Program Evaluation Tool describes
opposition as tossing the ball underhand, rotating upper body, moving arms in opposition
to legs, and beginning toss by moving arms down and back.

2.5. Data Analysis

All data collection forms were created in Qualtrics and used for data entry, then
exported as an Excel file that was imported into SPSS (version 27). Double-data entry
procedures were used. Two-way mixed ANOVAs were used to examine between (group)
and within subjects (pre- and post-assessment) program effects for all Adapted WillTry FV
scores and both study years. For SY2017–2018, groups were defined as enhanced interven-
tion (i.e., FFMM and IMIL), intervention (i.e., FFMM only), standard (i.e., IMIL only), and
control. For SY2018–2019, intervention groups were categorized as enhanced intervention
(i.e., Head Start) and intervention (i.e., pre-GATE and pre-K). Simple main effect analyses
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were conducted when ANOVA revealed significant interactions. The Bonferroni correction
was used to adjust for multiple comparisons. Adapted WillTry FV pre- and post-means
with standard deviations (SDs) were reported for local novel, local common, imported
categories, and total FV scales.

Once proficiency was calculated for each gross motor skill the number of children
that were proficient in each skill was calculated and reported in percent for each study
year, except walking line backward for which means were reported. An exact McNemar’s
test was used to examine the difference in the proportion of children proficient in each
skill pre- and post-intervention. A Wilcoxon test was conducted to determine the effect of
the intervention on walking line backward performance. Multiple logistic regression was
used to examine the differences in post-percentages between groups and adjusted for pre-
percentages, sex, age and ethnicity. p-values < 0.05 were considered statistically significant.

3. Results

Demographic characteristics of the child participants are presented in Table 1. The
majority of children were CHamoru or Filipino and 4–6 years old in both study years.

Table 1. Characteristics of child study participants in Guam preschool programs that received FFMM,
IMIL, both, or none during two school years (i.e., SY2017–2018 and SY2018–2019).

Child Characteristics

SY2017–2018
(n = 316)

SY2018–2019
(n = 355)

Enhanced
Intervention 1 Intervention 2 Standard 3 Control 4 Enhanced

Intervention 1 Intervention 2

Sex a

Female 51 (46.4) 26 (41.3) 44 (47.8) 29 (56.9) 102 (43.8) 63 (51.6)
Male 59 (53.6) 37 (58.7) 48 (52.2) 22 (43.1) 131 (56.2) 59 (48.4)

Age 1 (years)

2–3 11 (11.1) 0 (0.0) 18 (22.5) 0 (0.0) 35 (15.6) 2 (1.7)
4–6 88 (88.9) 60 (100.0) 62 (77.5) 51 (100.0) 189 (84.4) 116 (98.3)

Ethnicity a

CHamoru 44 (40.0) 21 (33.9) 56 (61.5) 15 (29.4) 117 (50.0) 31 (27.2)
Filipino 27 (24.5) 23 (37.1) 14 (15.4) 20 (39.2) 40 (17.1) 38 (33.3)

Other Asian 2 (1.8) 7 (11.3) 2 (2.2) 4 (7.8) 9 (3.8) 10 (8.8)
Other Pacific Islander 22 (20.0) 1 (1.6) 12 (13.2) 1 (2.0) 51 (21.8) 5 (4.4)

2+ race/ethnic groups and other b 15 (13.6) 10 (16.1) 7 (7.7) 11 (21.6) 17 (7.3) 30 (26.3)

1 Preschool children received Food Friends®: Fun with New Foods and Get Movin’ with Mighty Moves™ (FFMM)
and I am Moving, I am Learning (IMIL) lessons. 2 Preschool children received Food Friends®: Fun with New
Foods and Get Movin’ with Mighty Moves™ (FFMM) lessons. 3 Preschool children received I am Moving, I am
Learning (IMIL) lessons. 4 Preschool children with no intervention. a Not all parents reported child participant
characteristics; therefore, n is different for sex, age group, and ethnicity. b Child participants that identified as
Black, White, American Indian or Alaska Native or with two (2) or more race/ethnic groups.

Four (4) individual two-way mixed ANOVAs were performed for each school year
separately. The Adapted WillTry FV scores for local novel, local common, imported, and
total FV were the dependent variables. In SY2017–2018, the interaction between time
and group were not significant for local novel, local common, and total Adapted WillTry
FV scores, but there was a significant interaction between time and groups on the imported
Adapted WillTry FV score. Post-hoc test using the Bonferroni correction revealed that the
intervention group had a significant increase in imported Adapted WillTry FV score when
compared with the other three groups (Table 2).

In SY2018–2019, there was a significant interaction between the group and time on
all Adapted WillTry FV scores except imported Adapted WillTry FV. The intervention group
(i.e., non-HS) had significantly lower total, local novel and local common Adapted WillTry
pre-scores than the enhanced intervention group. After completing FFMM, the intervention
group showed a significant increase for all Adapted WillTry FV scores. The mean Adapted
WillTry FV scores did not change over time in the enhanced intervention group and both
groups had similar post-scores (Table 2).
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Table 2. Means, standard deviations (SD), and mixed ANOVAs interaction effects between time and
group for all Adapted WillTry fruit and vegetable (FV) pre- and post-scores by study group in both
school years a.

SY2017–2018

Adapted
WillTry
FV Scales

Enhanced
Intervention 1 Intervention 2 Standard 3 Control 4 p η2

p

Pre Post Pre Prost Pre Post Pre Post

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Total FV 2.52 ± 0.69 2.40 ± 0.66 2.16 ± 0.74 2.31 ± 0.56 2.46 ± 0.66 2.40 ± 0.64 2.3 ± 0.72 2.20 ± 0.61 0.220 0.023
Local Novel 2.45 ± 0.78 2.25 ± 0.75 2.04 ± 0.83 2.16 ± 0.66 2.36 ± 0.78 2.21 ± 0.79 2.17 ± 0.85 2.06 ± 0.77 0.242 0.020
Local Common 2.47± 0.75 2.42 ± 0.71 2.21 ± 0.77 2.25 ± 0.67 2.34 ± 0.77 2.36 ± 0.74 2.37 ± 0.75 2.19 ± 0.76 0.517 0.011
Imported 2.72 ± 0.52 2.68 ± 0.56 2.41 ± 0.73 2.75 ± 0.5 a 2.74 ± 0.44 2.70 ± 0.5 2.62 ± 0.53 2.50 ± 0.53 0.001 b 0.072

SY2018–2019

Enhanced
Intervention 1 Intervention 2 p η2

p

Pre Post Pre Post

Mean ± SD Mean ± SD

Total FV 2.49 ± 0.63 2.49 ± 0.55 2.22 ± 0.61 2.47 ± 0.54 a 0.012 0.029
Local Novel 2.41 ± 0.72 2.37 ± 0.68 2.03 ± 0.76 2.31 ± 0.72 a 0.011 0.030
Local common 2.49 ± 0.73 2.51 ± 0.63 2.29 ± 0.68 2.52 ± 0.55 a 0.041 0.019
Imported 2.67 ± 0.54 2.72 ± 0.49 2.62 ± 0.47 2.79 ± 0.37 a,b 0.131 0.011

p: p-value of the time x group interaction effect determined by two-way mixed ANOVA. η2
p: partial eta squared.

1 Preschool children received Food Friends®: Fun with New Foods and Get Movin’ with Mighty Moves™ (FFMM)
and I am Moving, I am Learning (IMIL) lessons. 2 Preschool children received Food Friends®: Fun with New
Foods and Get Movin’ with Mighty Moves™ (FFMM) lessons. 3 Preschool children received I am Moving, I am
Learning (IMIL) lessons. 4 Preschool children with no intervention. a p < 0.05 versus pre-score. b The intervention
group had a significant increase on imported FV values when compared with the other 3 groups as determined by
Bonferroni test.

For SY2017–2018, it was hypothesized that the intervention groups (i.e., enhanced
intervention and intervention) would have higher levels of proficiency for all motor skills
than other groups. To examine this hypothesis, multiple logistic regression of the post-
scores for each motor skill were conducted. There were no significant differences (p < 0.05)
between any of the groups for all gross motor skills post-scores, even after adjusting for
sex, age, ethnicity and pre-scores. Within-group comparisons of changes in skills over time
were examined using McNemar’s and Wilcoxon tests. The enhanced intervention group
was the only one that improved all stability gross motor skills (p < 0.05), that is standing on
one leg (either leg) and standing on tiptoes. The intervention group significantly increased
two stability gross motor skills (p < 0.05) and significantly decreased one gross motor skill
(tossing ball underhand—opposition). The standard group only improved one stability
gross motor skill and the control group improved in two stability gross motor skills. None
of the groups improved in tossing a ball (distance) (Table 3).

In SY2018–2019 no significant differences were found in all gross motor skills post-
scores between the two groups even after adjusting for sex, age, ethnicity and pre-scores.
Within-group analyses revealed a significant improvement in all GM skills (p < 0.05), except
tossing ball underhand (opposition) in the enhanced intervention group, and tossing ball
underhand (distance) and tossing a ball underhand (opposition) in the intervention group
(Table 4).
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Table 3. Percent of preschool child participants that met gross motor (GM) skill proficiency and
mean scale score for walking line backgrounds at pre- and post-study period during school year (SY)
2017–2018.

SY2017–2018

Enhanced Intervention 1

(n = 53)
Intervention 2

(n = 48)
Standard 3

(n = 45)
Control
(n = 33)

Gross Motor Skill
Pre Post p-Value Pre Post p-Value Pre Post p-Value Pre Post p-Value

(%) (%) (%) (%)

Standing on 1 foot
(dominant Leg) 34.0 58.5 0.011 a 41.7 66.7 0.017 a 37.8 60.0 0.031 a 39.4 63.6 0.057 a

Standing on 1 foot
(non-dominant leg) 30.2 58.5 0.001 a 35.4 62.5 0.021 a 35.6 51.1 0.143 a 33.3 57.6 0.039 a

Standing on tiptoes 30.2 56.6 0.014 a 45.8 62.5 0.152 a 42.2 60.0 0.115 a 42.2 81.8 <0.001 a

Tossing
ball-underhand
(distance)

37.5 36.8 >0.999 a 48.0 30.0 0.093a 45.5 48.9 >0.999 a 37.5 33.3 >0.999 a

Tossing
ball-underhand
(opposition)

83.8 73.7 0.18 a 96.0 66.0 <0.001 a 88.9 75.6 0.146 a 87.5 72.7 0.180 a

Means Means Means Means

Walking line
backward
(toe-to-heel) b

2.21 1.96 0.062 b 2.18 2.08 0.539 b 2.02 1.8 0.174 b 2.09 2.13 0.875 b

1 Preschool children received Food Friends®: Fun with New Foods and Get Movin’ with Mighty Moves™ (FFMM)
and I am Moving, I am Learning (IMIL) lessons. 2 Preschool children received Food Friends®: Fun with New
Foods and Get Movin’ with Mighty Moves™ (FFMM) lessons. 3 Preschool children received I am Moving, I am
Learning (IMIL) lessons. a Based on McNemar’s test. b Means for the scale is reported. p-values are based on
Wilcoxon test.

Table 4. Percent of preschool child participants that met gross motor (GM) skill proficiency and
mean scale score for walking line backgrounds at pre- and post-intervention during school year (SY)
2018–2019.

SY2018–2019

Enhanced Intervention 1 Intervention 2

(n = 150 to 162) (n = 93 to 104)

Gross Motor Skill
Pre Post

p-Value
Pre Post

p-Value
(%) (%)

Standing on 1 foot
(dominant leg) 37.0 56.0 0.001 a 50.0 66.7 0.006 a

Standing on 1 foot
(non-dominant leg) 24.1 50.0 <0.001 a 34.0 55.9 0.002 a

Standing on tiptoes 34.6 55.0 <0.001 a 35.0 57.0 0.001 a

Tossing
ball-underhand
(distance)

39.3 58.0 0.008 a 37.5 44.7 0.201 a

Tossing
ball-underhand
(opposition)

61.8 65.8 0.457 a 61.5 67.0 0.243 a

Means p-value Means p-value
Walking line
backward
(toe-to-heel) b

1.56 1.78 0.008 b 1.60 1.98 0.018 b

1 Preschool children received Food Friends®: Fun with New Foods and Get Movin’ with Mighty Moves™ (FFMM)
and I am Moving, I am Learning (IMIL) lessons. 2 Preschool children received Food Friends®: Fun with New
Foods and Get Movin’ with Mighty Moves™ (FFMM) lessons. a Based on McNemar’s test. b Means for the scale
reported. p-values are based on Wilcoxon test.
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4. Discussion

In SY2017–2018, there were differences in Adapted WillTry FV scores. The intervention
group had a significant increase in imported Adapted WillTry FV scores when compared with
the other three groups. No significant differences between groups were found on the other
Adapted WillTry FV scores. The post-score of imported Adapted WillTry FV in the intervention
group was significantly higher than the pre-score. Since the enhanced intervention (i.e., HS)
was composed of both the FFMM and the IMIL curricula, it was expected that this group
would demonstrate greater improvements in the Adapted WillTry FV scores compared to
the intervention group; however, this was not the case. The enhanced intervention group
actually demonstrated a decrease, although not significant, on all FV scores. The reason
for this is unknown, but may be due to the enhanced intervention teachers focusing on
implementing their required curriculum, IMIL, and only teaching the FFMM when time
allowed. In addition, the intervention group had significantly lower Adapted WillTry FV
scores (all p ≤ 0.01) at pre-assessment compared to the enhanced intervention group (i.e.,
HS). Therefore, FFMM may be more effective in improving willingness to try FV among
children that initially have a low willingness to try FV (score). The community-based study
design may have also contributed to the lack significant improvements of Adapted WillTry
FV scores among children who received the enhanced intention in SY2017–2018. FFMM was
implemented in the Pre-K program (four classrooms) and only full-day classrooms in the
Guam Head Start Program (seven classrooms), which was also the first year (SY2017–2018)
to pilot a full-day class schedule in the Guam Head Start Program. To fulfill the day’s
activities, full-day classrooms continued to implement the curriculum, “I Am Moving, I Am
Learning” (IMIL) in addition to implementing the FFMM intervention. Similarly, the Guam
Head Start Program half-day classrooms implemented IMIL that has similar components
to the FFMM intervention. The effect of the FFMM intervention on willingness to try FV
may have been attenuated by the implementation of IMIL in both HS groups.

As mentioned previously, the intervention only demonstrated a significant improve-
ments in imported Adapted WillTry FV scores in SY2017–2018. This may be due to several
factors. First, the post- Adapted WillTry tool was administered at the end of the SY, 5 months
after the FF curriculum ended. Therefore, children may have forgotten some of the local
common and local novel foods they had been introduced to earlier in the school year. Sec-
ond, the FFMM curriculum may need to be modified so that it is more culturally relevant
and better promotes local FV. Third, previous studies have shown that there is an abun-
dance of imported and processed foods on Guam [21], and a majority of Guam residents
consume a high volume of processed foods that are imported [3,22]. Thus, imported foods,
including FV, are acceptable and possibly even desirable to Guam residents, including
children. The abundance, acceptability, and easy access to imported foods on Guam may
have contributed to higher imported Adapted WillTry FV scores, especially if the FFML
curriculum promoted mainly imported FV.

In SY2017–2018, there were no significant differences in gross motor skills found be-
tween groups. The group that had a greater increase in gross motor skills was the enhanced
intervention group (i.e., Guam Head Start program), with a significant improvement on
all stability gross motor skills. This was expected as the enhanced intervention group was
exposed to both the FFML and the IMIL curricula. Unfortunately, authors are uncertain
as to the exact number of lessons given to each group as teachers were inconsistent in
their intervention fidelity reports. However, having both IMIL and/or FFMM positively
influenced gross motor skill development.

In SY2018–2019, the intervention group reported significant increases in all Adapted
WillTry FV scores except imported FV when compared with the enhanced intervention
group (i.e., Guam Head Start program). All Adapted WillTry FV scores improved from
pre- to post- in the intervention group. The children in the enhanced intervention group
may have had a higher willingness to try (score) at pre-assessment related to the family
style mealtimes during the school day which supports FV intake [23]. For the enhanced
intervention group, most Adapted WillTry FV scores were in the expected direction, yet the
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increase was not significant. Being that the FFMM curricula was developed in Colorado
and used food and food characters (stuffed puppets) known to this state (e.g., hamburger
puppet), curricula modifications to include local foods and cultural components to be
more relevant to Guam residents, predominantly CHamorus and Filipinos, are warranted.
Regarding gross motor skills, no significant differences were found between groups during
their progression over the school year. Stability gross motor skills improved in both
groups and the enhanced intervention group also improved in tossing the ball–underhand
(distance) and walking the line backwards.

The actual child eating behavior of trying new foods has been related to children who
perceive themselves as more willing to try [24]. In this study children’s self-competence
to try new foods was assessed immediately followed by observations of willingness to
taste novel foods. Although Adapted WillTry FV post-scores were assessed approximately 5
months after the FF curriculum ended, which was at the end of the school year after the MM
curriculum was completed, the mean Adapted WillTry scores for all the FV scales maintained
a trend (from high to low) in willingness to try imported, local common, and local novel
FV observed in previous studies [11,19]. This was observed for pre- and post-assessment
mean scores and for all groups in both study years, demonstrating the robustness of the
Adapted WillTry tool and FV scales; and indicating that preschool children in Guam are
more likely to try (eat) imported FV over local FV, which further justifies the need for a
culturally relevant curriculum to promote local FV.

Although the community-based study design may have influenced the study out-
comes, this study included new and long-standing preschool programs in Guam that,
for the first time, implemented the same curricula in a unified approach to reach young
children during SY2018–2019. This study also demonstrated the sustainability of one of the
components of the multi-level CHL intervention, and further demonstrating the feasibility
and implementation of FFMM in Guam. None of the study activities, including FFMM
implementation and assessments, interrupted the regular school day activities. The food
tasting activities complemented the family style mealtimes in the Head Start program and
were the only food-related activity in the classroom for Pre-GATE and Pre-K. The FFMM
curricula addressed the Pre-Kindergarten Curriculum Standards in the areas of health,
physical education, fine arts, language arts/reading, math, social science, and science.
Overall, this study helps to fill a research gap in the Pacific region as diet and physical
activity is not well documented in indigenous peoples, such as CHamorus and other Pacific
Islanders, especially young children.

This study is not without limitations. Researchers and staff asked teachers to complete
fidelity logs to document the number of lessons completed; however, not all teachers
completed or submitted logs. We were unable to assess lesson dose and compare groups.
Due to the nature of this community-based study, the number of lessons likely varied
related to unplanned events, such as fire drills or seasonal weather disturbances (e.g.,
tropical depressions). Similarly, restricting the type of activities that took place in the
classroom was not possible with regard to lesson plans and/or curriculum. The Guam
Head Start Program is required to address health and wellness in the school-day and
used IMIL when FFMM was not implemented, such as in the standard group during
SY2017–2018. Another limitation was attrition—not all students completed all assessment
periods due to being absent or refusal related to competing activities (e.g., children playing,
class activity).

5. Conclusions

In SY2017–2018, no differences in GM skills were found among groups; however, there
was an improvement in three of six GM skills in enhanced intervention and intervention
groups. There was an increase in the willingness to try imported FV in the intervention
group. In SY2018–2019, four of six GM skills significantly improved for both groups.
Willingness to try FV only improved for children participating in non-HS programs. FFMM
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adaptations/modifications are needed to be more culturally relevant to Guam, especially
in HS programs.
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Abstract: The aim of this study was to perform a 12-month follow-up of health parameters after
a 17-week lifestyle intervention in overweight airline pilots. A parallel-group (intervention and
control) study was conducted amongst 72 overweight airline pilots (body mass index > 25) over a
12-month period following the emergence of COVID-19. The intervention group (n = 35) received
a personalized dietary, sleep, and physical activity program over a 17-week period. The control
group (n = 37) received no intervention. Measurements for subjective health (physical activity, sleep
quality and quantity, fruit and vegetable intake, and self-rated health) via an electronic survey,
and objective measures of body mass and blood pressure were taken at baseline and at 12 months.
Significant interactions for group × time from baseline to 12-months were found for all outcome
measures (p < 0.001). Body mass and mean arterial pressure significantly decreased in the intervention
group when compared to the control group (p < 0.001). Outcome measures for subjective health
(physical activity, sleep quality and quantity, fruit and vegetable intake, and self-rated health)
significantly increased in the intervention group when compared to the control group (p < 0.001).
Results provide preliminary evidence that a brief three-component healthy sleep, diet and physical
activity intervention can elicit and sustain long-term improvements in body mass and blood pressure
management, health behaviors, and perceived subjective health in pilots and may support quality of
life during an unprecedented global pandemic.

Keywords: healthy eating; weight loss; moderate-to-vigorous physical activity; sleep; lifestyle medicine

1. Introduction

The COVID-19 pandemic has impacted operations of numerous industries, including
the aviation industry which has been significantly disrupted by global travel restrictions,
causing a substantial economic decline within the industry [1]. Following the World
Health Organization’s characterization of COVID-19 as a pandemic on 11 March 2020,
the global commercial airline industry experienced an approximate 60–80% decrease in
flight operations during the proceeding months [2]. Accordingly, airline pilots have been
affected by decreased work availability [1], job security, financial concerns, increased time
spent confined to the indoors due to self-isolation requirements during travel [3], and
limited control over food choices during hotel self-isolation after flying internationally. The
consequent psychosocial impacts of these conditions may adversely affect the engagement
in health promoting behaviors [4].
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The COVID-19 pandemic has influenced considerable changes to behavior, and subse-
quent physical and mental health related outcomes [4]. Authorities in countries worldwide
have implemented strict control strategies in attempt to limit the spread of the virus [5].
Consequently, these viral spread mitigation measures in the community pose significant
barriers to engagement with health promoting behaviors [6]. For example, financial insecu-
rity, elevated psychosocial stress, and emotional dysregulation may lower motivation and
limit accessibility to healthful dietary behaviors [7,8]. Further, stay at home isolation and
lockdown measures present an inhibitory effect on engagement in physical activity [4,9].

Negative effects on physical [10] and mental wellbeing, along with elevated levels
of psychosocial stress [11] have been reported in research exploring the effects of COVID-
19 environmental conditions, such as social distancing and lockdown confinement in
adults. Decreases in physical and mental health during COVID-19 have shown associations
with unhealthy lifestyle behaviors; sedentary behavior, physical inactivity, poor sleep
quality, and unhealthy dietary intake [11]. Prospective cohort studies exploring health
behavior status during lockdowns have reported increased sedentary behavior and physical
inactivity [12], decreased fruit and vegetable intake [13], increased alcohol intake [8], and
increased sleep problems [14], yet little evidence has been reported regarding the prolonged
effects after lockdown.

Overweight, obesity and hypertension are independently associated with unhealthy
lifestyle behaviors; insufficient sleep, poor diet, and physical inactivity [15–18]. Widespread
societal and economic implications of COVID-19 present perturbations to these health
behaviors [3,4,8,10]. Unhealthy lifestyle risk factors synonymous with an elevated risk
of non-communicable disease are a risk factor for COVID-19 complications and severity
of health outcomes following infection [6]. Markedly, obesity is associated with chronic
low-grade inflammation, impaired innate immunity and immunologic compromise [19].
Indeed, recent studies report increased morbidity and mortality risk from COVID-19 in
those with obesity [20]. Overweight and obesity are also major risk factors for essential
hypertension, of which emerging evidence denotes as a risk factor strongly associated with
adverse outcomes from COVID-19 [21].

Behavioral countermeasures for individuals are vital determinants to health resilience
amongst exposure to unprecedented environmental events such as the COVID-19 pan-
demic and its widespread implications [7]. Obtaining seven to nine hours of sleep per
night [22], consuming ≥400 g of fruit and vegetables per day fruits and vegetables [23],
and engaging in≥150 min of moderate-to-vigorous physical activity intensity per week are
three protective lifestyle behaviors that significantly reduce all-cause mortality [23–25], and
have a positive effect on physical and mental health [26,27], support healthy bodyweight
and blood pressure management [15], and support immune system function [28]. Given
the evidence for physical activity, healthy nutrition and sleep quality in promoting health
outcomes, it is of public health importance that effective evidence-based interventions
targeting the promotion of these behaviors are established for intervention preventive
measures to mitigate the adverse health effects of future lockdowns [7].

Our previous research investigated the use of a personalized three-component healthy
eating, physical activity and sleep hygiene intervention for promoting health during a
COVID-19 lockdown in New Zealand [29]. The intervention’s effectiveness at four-months
has been reported [29], which revealed significant improvements in health behavior and
subjective health. The aim of the current study is to report on the longer-term outcomes
of the intervention; specifically, to evaluate the effects on weight loss and blood pressure.
Further, to evaluate what health behavioral changes are sustained or decayed over a period
of 12-months and what influence they have on health parameters. It was hypothesized
that the intervention group would have significantly greater improvements in health
behaviors and health parameters compared to the control group at 12-months. It was also
hypothesized that some decay in health behaviors and parameters would be evident in the
intervention group from post intervention (4 months) to 12 months.
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2. Materials and Methods
2.1. Design

A two-arm, parallel, controlled design was utilized to evaluate the effectiveness
of a brief three-component lifestyle intervention for enhancing and maintaining health
behaviors, body mass, and blood pressure management during the COVID-19 pandemic
in New Zealand. The acute (17-week) effects of this lifestyle intervention on subjective
measures for physical activity, sleep duration, and fruit and vegetable intake have been
previously reported [29]. Therefore, the purpose of the present study was to complete a
12-month follow-up to that study [29].

This study was approved by the Human Research Ethics Committee of the University
of Waikato in New Zealand; reference number 2020#07. The trial protocol is registered at
The Australian New Zealand Clinical Trials Registry (ACTRN12621001105831).

2.2. Intervention Timing

After baseline testing, the first five weeks of the intervention period preceded the New
Zealand (NZ) Government’s implementation of a four-tier response system to COVID-19
on 21 March 2020 [30]. Thereafter, five weeks were at highest alert level 4, two and a half
weeks were at alert level 3, and two weeks were at alert level 2. Thereafter, NZ returned
to alert level 1 [31]. Restrictions associated with each alert level is defined elsewhere [29].
Pre-testing occurred between 14 February and 9 March 2020 and follow-up testing was
carried out during February and March 2021.

2.3. Participants

The study population for both groups consisted of commercial pilots from a large
international airline. Inclusion criteria were (a) pilots with a valid commercial flying license,
(b) working on a full-time basis, (c) having a body mass index (BMI) of ≥25 (overweight),
and (d) a resting blood pressure of >120/80 (systolic/diastolic).

Control group participants consisted of airline pilot volunteers recruited at the time of
completing their routine aviation medical examinations located at the airline medical unit
during the time of the pre-test period. The intervention group volunteered to participate
in the lifestyle intervention by responding to an invitation delivered to all pilots within
the company via internal organization communication channels. Participants consisted of
pilot rosters including long haul (international flights), short haul (regional flights), and
mixed-fleet (variable schedule of regional and short international flights).

All participants provided informed consent prior to participation in the study and
were made aware that they could withdraw from the study at any time should they wish
to do so. Participants were provided with a unique identification code on their informed
consent form, which they were instructed to input into their electronic health survey instead
of their name at each data collection timepoint, in order to support anonymity and dataset
blinding during data analysis.

The sample size was based on previous research with congruent outcome mea-
sures [29]. Clinically significant weight loss is defined as at least a 5% reduction in body
mass from the baseline level [32]. Our power calculation suggested that 37 participants
were required in each group to achieve an 80% power and 5% significance criterion to
detect a 4 kg body mass reduction difference between the intervention and the control. To
account for 20% attrition [33], we recruited 89 participants.

2.4. Intervention Group

The intervention group participated in a 17-week health intervention consisting of
individualized goal setting for physical activity, healthy eating, and sleep hygiene. The
intervention commenced with a one-hour individual face-to-face consultation session with
an experienced health coach at the airline medical unit. For the intervention group, all
participants conducted consultations with the same health coach. In this initial consultation
session, the pilots’ barriers and facilitators to health behavior change were assessed with
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methods outlined elsewhere [34], which were factored into the development of an indi-
vidualized health program. Further, personalized collaborative goal setting was carried
out for the pilot with assistance from the health coach, establishing appropriate outcome,
performance, and process goals [35] for (a) sleep hygiene, (b) healthy eating, and (c) phys-
ical activity. A mid-intervention phone call was utilized to support adherence, monitor
progress and measure compliance to health behaviors. The intervention utilized 20 partici-
pant contacts; including 2 face-to-face consultations (baseline and follow-up), 1 telephone
call and 17 intra-intervention emails. For full detail of the procedures associated with the
intervention readers are referred to the study of Wilson and colleagues [29].

2.5. Control Group

The participants in the control group received no intervention or instruction regarding
health behaviors during the study timeframe. Pilots were invited to voluntarily complete
an electronic survey and consent to providing records of their cardiovascular disease risk
factor data from their aviation medical examinations. Pilots who volunteered to participate
during the previously defined baseline testing period were sent an invitation via email
to voluntarily complete the electronic survey again during the post intervention period
and then finally again at the completion of their proceeding annual aviation medical
examination to provide insight into the effects of COVID-19 on their health. The control
group were invited to participate in the intervention after follow-up testing.

2.6. Outcome Measures

Measurements for subjective health (physical activity, sleep quality and quantity, fruit
and vegetable intake, and self-rated health) via an electronic survey, and objective measures
of body mass and blood pressure were taken at baseline and 12-month follow-up (see
Figure 1).

Prior to attending data collection sessions, participants were instructed to avoid any
strenuous exercise, stimulants (for example, caffeine or energy drinks), or large meals 4 h
before testing. Height was recorded with a SECA 206 height measures and body mass
was measured with SECA 813 electronic scales (SECA, Hamburg, Germany). For body
mass measurement, participants were wearing clothes with emptied pockets and footwear
removed. Blood pressure was measured with an OMRON HEM-757 device (Omron
Corporation, Kyoto, Japan), which has been successfully validated independently against
international criteria [36]. Measurements of blood pressure were conducted according
to the standardized aviation medicine protocol [37]. Systolic blood pressure (SBP) and
diastolic blood pressure (DBP) readings were used to calculate mean arterial pressure
(MAP) with the following formula: DP + 1/3(SP−DP) [38]. Resting pulse was measured
using a Rossmax pulse oximeter SB220 (Rossmax Taipei, Taiwan, China) after a 5-min
period of sitting in a chair quietly. All measurement instruments were calibrated prior to
data collection.

Outcome measures for subjective health (physical activity, sleep quality and quan-
tity, fruit and vegetable intake, and self-rated health) have been previously described in
detail [29]. In brief, moderate-to-vigorous physical activity was determined using the Inter-
national Physical Activity Questionnaire Short Form (IPAQ) [39]. To measure subjective
sleep quality and quantity, the Pittsburgh Sleep Quality Index (PSQI) [40] was utilized.
Daily fruit and vegetable intake were measured using dietary recall questions derived from
the New Zealand Health Survey [39], and self-rated health was determined using the Short
Health Form 12v2 (SF-12v2) [41].

170



Nutrients 2021, 13, 4288

Nutrients 2021, 13, x FOR PEER REVIEW 5 of 18 
 

 

survey, and objective measures of body mass and blood pressure were taken 
at baseline and 12-month follow-up (see Figure 1). 

 
Figure 1. Flow diagram of participant recruitment and data collection. Figure 1. Flow diagram of participant recruitment and data collection.

171



Nutrients 2021, 13, 4288

2.7. Statistical Analysis

Raw data was extracted from the Qualtrics online survey software (Qualtrics, Provo,
UT, USA), entered into an Excel spreadsheet (Microsoft, Seattle, WA, USA) and then im-
ported into the Statistical Package for the Social Sciences (SPSS, version 27; IBM, New York,
NY, USA) for all statistical analyses. All variables were assessed using the Shapiro–Wilk’s
test (p > 0.05) and its histograms, Q-Q plots and box plots for inspection for data normality.
Levene’s test was used to test homogeneity of variance. Listwise deletion was applied for
individual datasets with missing values or participants who did not complete post-testing.

t-Tests were utilized to explore baseline differences between groups. A Chi-squared
test was utilized to calculate whether any significant differences exist between fleet types
at baseline. A one-way analysis of variance (ANOVA) was utilized to calculate whether
any significant differences exist between fleet type for flight frequency and flight hours.
Repeated-measures ANOVA using the General Linear Modelling function in SPSS was
utilized test for group x time interactions, group effects, and time effects (baseline to
12-months). Age, sex, and flights were included as covariates in the ANOVA. As an
additional analysis utilizing paired t-test, we examined change in health parameters within
the intervention group from post intervention at 4-months to 12-months follow-up. Effect
sizes were calculated using Cohen’s d to quantify between group effects from pre-testing to
post-testing. Effect sizes thresholds were set at >1.2, >0.6, >0.2, <0.2 were classified as large,
moderate, small, and trivial [42]. The alpha level was set at p < 0.05.

3. Results
3.1. Baseline Characteristics of the Study Population

A total of 143 airline pilots were initially assessed for eligibility and 89 were recruited
to participate (see Figure 1). Moreover, 72/89 (81%) pilots (mean ± SD, age; 46 ± 11 year,
11 females, 61 males) provided outcome measure data at all data collection timepoints,
which consisted of a combination of short haul, long haul, and mixed fleet rosters (n = 28,
35, and 9, respectively). The dropout rates from baseline to 12-months were 17% (ceased
employment n = 4; testing not fully completed n = 3) and 21% (testing not fully completed
n = 7; ceased employment n = 3) for the intervention and control group, respectively.

As displayed in Table 1, at baseline the control and intervention group were of similar
height, body mass, DBP, resting pulse, and flight hours. The control group were of advanced
age (t(70) = 2.342, p = 0.02, d = 0.55), consumed more fruit and vegetables (t(70) = 4.570,
p = <0.001, d = 1.08), performed more walking (t(70) = 5.650, p = <0.001, d = 1.33), higher
PCS-12 and MCS-12 scores (t(70) = 7.751, p = <0.001, d = 1.82, and t(70) = 4.798, p = <0.001,
d = 1.13, respectively), achieved greater sleep duration (t(70) = 3.012, p = 0.004, d = 0.71),
and had a lower MAP (t(70) =−2.598, p = 0.011, d = 0.61). No significant differences were
observed between groups for flights during lockdown and flight hours after lockdown.

Table 1. Baseline characteristics of participants.

Parameters All Participants (n = 72) Intervention (n = 35) Control (n = 37)

Sex (f/m) 11/61 7/28 4/33
Age (year) 45.8 ± 11.1 42.8 ± 10.4 48.7 ± 11.2 *

Height (cm) 178.6 ± 7.2 178.5 ± 8.1 178.6 ± 6.3
Body mass (kg) 90.4 ± 13.9 91.7 ± 13.5 89.2 ± 14.5

BMI (kg·m2) 28.3 ± 3.3 28.7 ± 3.3 27.9 ± 2.8
Systolic BP (mmHg) 134.4 ± 11.8 138.4 ± 10.6 130.6 ± 11.7
Diastolic BP (mmHg) 84.8 ± 8.3 86.7 ± 8.1 83.1 ± 8.2

MAP (mmHg) 101.3 ± 8.5 103.9 ± 8.0 98.9 ± 8.5 *
Pulse (bpm) 68.7 ± 9.5 69.2 ± 7.8 68.1 ± 10.9

Hours slept (h/day) 7.3 ± 0.9 7.0 ± 0.8 7.6 ± 0.8 *
IPAQ-walk (min) 102.4 ± 58.5 69.0 ± 37.9 134.0 ± 57.2 *

IPAQ-MVPA (min) 144.5 ± 89.0 125.9 ± 79.7 162.1 ± 94.7
F&V Intake (serve/day) 3.5 ± 1.4 2.8 ± 1.3 4.1 ± 1.1 *
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Table 1. Cont.

Parameters All Participants (n = 72) Intervention (n = 35) Control (n = 37)

PCS-12 (score) 46.7 ± 6.6 42.1 ± 4.1 51.1 ± 5.5 *
MCS-12 (score) 49.1 ± 7.5 45.3 ± 8.2 52.7 ± 4.5 *

Short Haul (n, %) 28 (39%) 20 (57%) 8 (22%) *
Long Haul (n, %) 35 (49%) 13 (37%) 22 (59%)
Mixed Fleet (n, %) 9 (12%) 2 (6%) 7 (19%)

Flights during lockdown (n) 8.0 ± 7.4 7.9 ± 7.7 8.1 ± 7.2
Flight hours after lockdown (h) 152.1 ± 71.9 153.9 ± 63.8 150.5 ± 79.7

Mean ± SD reported for all participants, intervention and control. Abbreviations: SD = standard deviation. BMI—body mass index.
BP = blood pressure. MAP = mean arterial pressure. IPAQ = International Physical Activity Questionnaire. MVPA = moderate-to-vigorous
physical activity. F&V = fruit and vegetable intake. PCS-12 = physical component summary score. MCS-12 = mental component summary
score. * indicates statistical significance between groups (p < 0.05). Flight hours after lockdown = flight hours during the 6-months prior to
12-months follow-up testing.

3.2. Intervention Adherence

For the intervention group, compliance was measured mid-intervention for health
behaviors, including average sleep hours, weekly MVPA and daily fruit and vegetable
consumption. Thirty-two (91%) were achieving ≥7 h sleep per night and three (9%) were
obtaining ≤6.9 h per night. For fruit and vegetable servings per day, 33 (94%) were
achieving ≥5 serves of fruit and vegetables per day, whereas two (6%) were eating two to
four serves per day. Thirty were achieving ≥150 min MVPA (86%), and five (14%) were
completing ≤149 min MVPA per week.

3.3. Body Mass, BMI, BP, and Pulse

Group changes from baseline to 12-months are presented in Table 2. Significant
interactions for group x time were found for all variables (p = <0.001), associated with small
to large effect size differences between groups from baseline to 12-months (see Table 2).
The within-group analysis revealed that the intervention elicited significant improvements
(p < 0.001) in all physical metrics at 12-months, associated with large effect sizes (see
Table 2). The control group reported a significantly higher body mass and BMI (p < 0.001)
at 12-months, yet no significant changes were observed in other physical metrics.

3.4. Health Behaviors and Self-Rated Health

Significant interactions for group× time were found for all subjective health measures
(p = <0.001). The within-group analysis reported significantly greater improved health
changes from baseline to 12-months for all subjective health measures in the intervention
group (p < 0.001), associated with moderate to large effect sizes (see Table 2; Figure 2). In
contrast, the control group experienced significant decreases in all outcome measures: sleep
duration (t(36) = −2.589, p = 0.014, d = −0.42), PSQI global score (t(36) = 3.853, p = <0.001,
d = 0.63), and MCS-12 scores (t(36) = −2.300, p = 0.027, d = −0.38). No significant group
differences were reported in other health metrics.
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Figure 2. Mean values on objective and subjective health outcomes measured across time (Baseline and 12-months), showing
95% confidence intervals. (a), Bodyweight; (b), Mean Arterial Presurre; (c), Pittsburgh Sleep Quality Indx; (d), Fruit and
Vegetable Intake, (e) Weekly Waliking Minuters; (f), Weekly MVPA Minutes; (g) PCS-12; (h), MCS-12. MVPA = moderate-to-
vigorous physical activity. PCS-12 = physical component summary score. MCS-12 = mental component summary score.
* indicates a significant difference compared to Baseline.

3.5. Additional Analysis: Four-Month Post-Intervention to 12-Month Follow-Up Change

Table 3 presents changes within the intervention group between four-months (post-
intervention) and 12-months follow-up. There were significant within group differences
reported for body mass, BMI, MAP, weekly MVPA (p = < 0.05), and DBP (p = < 0.001),
which were associated with small to moderate effect sizes towards positive health change.
Conversely, a decay of small magnitude was observed for health parameters average sleep
hours (d = −0.23), PCS-12 score (d = −0.22), and MCS-12 score (d = −0.20). No significant
differences were observed for other health parameters.

Table 3. Additional analysis: Changes in objective and subjective health metrics from post intervention at 4-months to
follow-up at 12-months in the intervention group.

Time (Months)
Intervention (n = 35) Effect Size

M SD Post-Follow-Up Change (95% CI) d

Body mass (kg) 4 87.7 12.8 - -
12 86.8 11.3 −0.97 (−1.81–0.1) −0.47, small *

BMI (kg/m2) 4 27.5 3.1 - -
12 27.1 2.7 −0.32 (−0.58–0.07) −0.44, small *

Systolic BP (mmHg) 4 130.9 11.1 - -
12 128.1 10.3 −2.89 (−6.09–0.32) −0.31, small

Diastolic BP (mmHg) 4 83.8 9.7 - -
12 78.9 8.0 −4.86 (−7.56–−2.15) −0.62, moderate **

MAP (mmHg) 4 99.5 9.4 - -
12 95.3 7.6 −4.11 (−6.77–−1.46) −0.53, small *

Pulse (bpm) 4 62.6 7.2 - -
12 63.4 8.5 0.74 (−2.0–3.5) 0.09, trivial

Hours slept (h/day) 4 7.8 1.0 - -
12 7.7 0.7 −0.11 (−0.27–0.05) −0.23, small

PSQI Global (score) 4 4.1 1.8 - -
12 4.1 1.5 −0.09 (−0.31–0.14) −0.13, trivial

IPAQ-walk (min) 4 94.3 96.5 - -
12 102.3 69.2 8.0 (−10.4–26.4) 0.15, trivial
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Table 3. Cont.

Time (Months)
Intervention (n = 35) Effect Size

M SD Post-Follow-Up Change (95% CI) d

IPAQ-MVPA (min) 4 207.6 79.0 - -
12 227.0 82.6 19.7 (5.57–33.74) 0.48, small *

F&V Intake (serve/day) 4 5.6 1.9 - -
12 5.5 1.7 −0.13 (−0.49–0.23) 0.12, trivial

PCS-12 (score) 4 52.3 4.5 - -
12 51.7 4.0 −0.54 (−1.38–0.29) −0.22, small

MCS-12 (score) 4 54.5 5.7 - -
12 51.1 4.9 −0.52 (−1.41–0.36) −0.20, small

Mean ± SD reported for the intervention group. Abbreviations: SD = standard deviation. BMI = body mass index. BP = blood pressure.
MAP = mean arterial pressure. PSQI = Pittsburgh Sleep Quality Index. IPAQ = International Physical Activity Questionnaire. F&V = fruit
and vegetable intake. PCS-12 = physical component summary score. MCS-12 = mental component summary score. * indicates statistical
significance (p < 0.05). ** indicates statistical significance (p < 0.001).

4. Discussion

This is the first 12-month follow-up study after a lifestyle health intervention during
the COVID-19 pandemic. The present intervention aimed to improve health-related behav-
iors and promote healthy changes in bodyweight and blood pressure within overweight
pilots through a personalized intervention on healthy eating, sleep hygiene and physical
activity. The controlled trial showed that at 12-months follow-up, there appeared to be
a significant improvement on health parameters from being provided the 17-week inter-
vention [29], relative to our control group which supports our initial hypothesis. These
results are important for researchers and health care professionals to provide insight into
prolonged health and quality of life perturbations resulting from COVID-19 that may
have potential implications to flight safety. Furthermore, given the dearth of published
data pertaining to health behavior interventions during a pandemic and the limited avail-
ability of preventive lifestyle-based interventions in pilots, these findings provide novel
contributions to this field.

Poor long-term maintenance of weight loss and health behavior change achieved from
lifestyle diet and exercise interventions is frequently reported [43]. In our intervention
group we observed sustained positive change in health behaviors at 12-months follow-
up, relative to baseline characteristics. Further, body mass, blood pressure, and weekly
MVPA continued to improve at 12-months compared to post-intervention, whereas other
health parameter improvements demonstrated non-significant trivial to small magnitudes
of decay from post intervention. These findings support our secondary hypothesis and
are consistent with other health behavior research reporting reduced magnitude of change
in health parameters at longitudinal follow-up, compared to post-intervention [44]. A
contributing factor that has been proposed is the discontinuation of health care professional
support, following intervention completion [45]. Thus, highlighting the importance of
ongoing care to facilitate additional health outcome improvements after a brief intervention.

Prospective cohort studies have reported significant increases in body mass within
four-months after the onset of the initial COVID-19 lockdown [46,47], yet limited studies
have evaluated whether body mass gain is sustained longitudinally after lockdown con-
ditions are lifted. In the present study, participants in the intervention group lost 4.9 kg
(↓5.4%), while the control group gained 1.2 kg (↑1.3%) at 12-months, resulting in a 6.1 kg dif-
ference in body mass change between groups. Existing literature of lifestyle interventions
targeting combined diet, physical activity, and sleep with longitudinal follow-up mea-
sures are scarce, limiting comparison accuracy of the present findings to existing research.
Airline pilot populations are often male dominant [48]; indeed, our participant sample
reflected this demographic. Contrarily, a recent meta-analysis reported the majority of
participants in diet and exercise weight management interventions were women [49]. Thus,
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our study provides important evidence regarding the effectiveness of lifestyle interventions
within males.

The intervention utilized 20 participant contacts; including two face-to-face consulta-
tions, one telephone call, and 17 intra-intervention emails. Comparatively, a recent review
indicated a mean body mass reduction of 2.5 kg at one year follow-up within dietary inter-
ventions consisting of 13–24 intra-intervention participant contacts [50]. Another review
reported a higher mean body mass reduction of 6.7 kg at one year follow-up pertaining to
intensive combined diet and exercise interventions [33]. However, the average length of
treatment of these interventions were 37 weeks [33], which is considerably higher than our
17-week intervention [29].

Another gap in the literature base is whether body mass gain observed during lock-
down conditions is associated with increased blood pressure, which remains largely unex-
plored. The body mass gain evident in our control group was associated with a 3.8 mmHg
increase in SBP at 12-months, compared to a reduction of 10.3 mmHg observed in the inter-
vention group. The SBP reduction observed in the intervention group is comparable with
previous research, which reported a 9.5 mmHg reduction in SBP at 12-months following an
intensive diet and exercise lifestyle intervention [51]. Correspondingly, in our intervention
group we observed a DBP reduction of 2.9 mmHg, and a further 4.9 mmHg at four-months
and 12-months, respectively. Compared with our present findings, a similar longitudinal
relationship between body mass and blood pressure following intentional weight loss has
been reported [52]. Stevens and colleagues reported participants who succeeded at weight
loss maintenance at 36 months post-intervention also maintained blood pressure reduction
obtained after the intervention, whereas participants who gained weight also experienced
increased blood pressure [52].

We discovered a significantly reduced MCS-12 score and increased PSQI global score
(denoting worse sleep) at 12-months follow-up in our control group, with no significant
change in other subjective measures. Indeed, previous studies have demonstrated asso-
ciations between sleep and mental health [53]. Further, negative changes in sleep quality
during the pandemic have been associated with negative affect, worry and elevated psy-
chosocial stress [54,55]. These findings may be contributed to by additional factors acting
on the pilot population during the time of this study, including decreased work availabil-
ity [1], job security, financial concerns, increased time spent confined to the indoors due to
self-isolation requirements during travel [3], and limited control over food choices during
hotel self-isolation after flying internationally.

The magnitude of change observed in the present intervention may be at least partly
attributable to; (a) the three-component diet, exercise, and sleep approach, (b) behavioral
approaches including collaborative goal setting, face-to-face coaching, telephone call and
regular emails, and (c) the potential active interest of the pilot population in enhancing their
health to support their aviation medical license. Weight loss factors such as restrictive diets
and restrictive caloric patterns have been suggested as effective in the short term, but often
have a poor long term success rate, leading to weight regain [56]. Whereas the methods
utilized in the present study supported a physically active lifestyle, managing life stress
with health behaviors, accountability, and facilitation of autonomy via self-determined goal
setting, all of which are associated with successful weight loss maintenance [57]. Airline pi-
lots have been reported to exhibit higher personality scores for maturity, emotional stability,
and intelligence when compared to general population norms [58]. These characteristics
may positively influence intervention engagement and adherence, thus presenting an
important consideration when generalizing our findings to the general population.

Potential limitations of the current study need to be considered in the interpretation
of our findings. Firstly, although the sample size provided adequate power to distinguish
statistically significant effects in the key outcome variables, the differential recruitment
strategies and participant self-selection may have contributed to the differences which
were observed at baseline for age, fruit and vegetable intake, weekly walking minutes,
PCS-12 and MCS-12 scores, sleep duration, and MAP, with healthier characteristics in
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favor of the control group. Further, those who voluntarily participated in the intervention
may have had strong motivation to engage in healthy change, which may have supported
the magnitude of intervention effects observed. Thus, it is advisable that future research
implements a randomization design, assigning conditions to participants. Secondly, for
feasibility purposes the present study utilized self-report measures for health behaviors,
which inherently produce lower accuracy to more invasive objective measures. To enhance
outcome measure validity and reliability, utilization of objective methods would be pref-
erential such as actigraphy to monitor sleep and physical activity, and photo logging of
dietary behaviors to quantify health behavior metrics; however, this would be somewhat
difficult to achieve over a period of 12-months.

5. Conclusions

In conclusion, the individualized 17-week healthy eating, physical activity, and sleep
hygiene intervention implemented in this study elicited sustained positive change in all
outcome measures at 12-months follow-up, relative to baseline characteristics. Further,
body mass, blood pressure, and weekly MVPA continued to improve at 12-months com-
pared to post-intervention, whereas other health parameter improvements demonstrated
non-significant trivial to small magnitudes of decay from post intervention. These findings
suggest that achievement of these three guidelines promote physical and mental health
and improves quality of life among pilots during a global pandemic, yet more regular
monitoring post intervention may further strengthen behavior change maintenance. Our
study provides preliminary evidence that a multi-behavior intervention may be efficacious
during a pandemic and that similar outcomes may be transferrable to other populations.
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Abstract: Accurate measurement requires assessment of measurement equivalence/invariance
(ME/I) to demonstrate that the tests/measurements perform equally well and measure the same
underlying constructs across groups and over time. Using structural equation modeling, the mea-
surement properties (stability and responsiveness) of intervention measures used in a study of
metabolic syndrome (MetS) treatment in primary care offices, were assessed. The primary study
(N = 293; mean age = 59 years) had achieved 19% reversal of MetS overall; yet neither diet quality
nor aerobic capacity were correlated with declines in cardiovascular disease risk. Factor analytic
methods were used to develop measurement models and factorial invariance were tested across three
time points (baseline, 3-month, 12-month), sex (male/female), and diabetes status for the Canadian
Healthy Eating Index (2005 HEI-C) and several fitness measures combined (percentile VO2 max from
submaximal exercise, treadmill speed, curl-ups, push-ups). The model fit for the original HEI-C was
poor and could account for the lack of associations in the primary study. A reduced HEI-C and a
4-item fitness model demonstrated excellent model fit and measurement equivalence across time,
sex, and diabetes status. Increased use of factor analytic methods increases measurement precision,
controls error, and improves ability to link interventions to expected clinical outcomes.

Keywords: physical fitness; diet quality; factor analysis; structural equation modeling; measurement
equivalence/invariance; metabolic syndrome; cardiometabolic health

1. Introduction
1.1. Lifestyle Treatment of Cardio-Metabolic Conditions

Significant progress has been made in demonstrating the overall benefits of personal-
ized lifestyle counselling in prevention of cardiometabolic conditions. Cardiometabolic
risk (CMR) conditions include various combinations of prediabetes and type 2 diabetes,
hypertension, dyslipidemia and higher visceral abdominal fat accumulation, as typically
assessed by waist circumference. Several large clinical trials have demonstrated reduc-
tions in cardiovascular (CVD) mortality and diabetes incidence, namely the PREDIMED
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study [1,2] and the Diabetes Prevention Program [3–5] and subsequent studies [6,7]. CMR
conditions and diseases are a major and growing health burden in many countries, as
obesity continues to increase worldwide [8]. Excess body weight is associated with adverse
metabolic effects in a sizable minority and become more prominent in middle age. These
adverse effects manifest as the already mentioned conditions, as well as the combination
described as metabolic syndrome (MetS). MetS is defined as three or more indicators,
including higher waist circumference, higher blood pressure, dyslipidemia characterized
by low high-density lipoprotein and elevated triglyceride levels, and elevated glucose
levels [9]. The various clinical definitions describe overlapping populations [10], and
different combinations of risk factors likely differentially affect CVD risk [11]. For example,
people with MetS have approximately double the CVD risk as people without MetS [12].

Worldwide prevalence of some of the risk factors like hypertension, obesity and type
2 diabetes are well documented [13], while prediabetes [14] and MetS have less often been
assessed in national surveys [15]. In Canada, 21% of adults 20–79 years old had MetS
in the 2012–2013 survey [16], whereas in the United States (US) 33% of adults aged 20
and older met the criteria for the condition in NHANES 2002–2013 [17]. Among people
60 years and older, 39% of Canadians and 46% of Americans from the same analyses had
MetS [16,17]. Ongoing costs of CMR are substantial, as confirmed in a 2016 US study of the
Medical Expenditure Panel Survey. Among those with three or four risk factors (mostly
MetS) compared to those with none of the CMR conditions, health care utilization was 50%
higher, days missed from work 75% higher and yearly health care costs more than twice as
high [18]. In addition, recent experience with COVID-19 has confirmed increased risk of
severe disease in the presence of these CMR conditions, although estimates of excess risk
vary [19,20].

1.2. Measurement Issues

All relevant practice guidelines for CMR conditions promote lifestyle change in a
general way [21–24]. Effective lifestyle services to treat CMR are not, however, routinely
being offered within health care in Canada [25] and elsewhere, and multiple issues are
involved, including structural issues like lack of resources and expertise in family medicine
practices, and clinician perceptions of poor effectiveness of lifestyle programs in practice
(the efficacy-effectiveness gap) [6]. Focusing on the efficacy-effectiveness gap, key chal-
lenges for researchers include: (1) measurement challenges in assessing diet and exercise in
typical community and healthcare settings, (2) measurement issues in identifying the key
aspects of the intervention processes, and (3) linking process indicators to key changes in
clinical measures at the individual level.

Better measures of diet and exercise (issue 1) that are relatively simple to collect,
reliable and could validly assess the achieved level of diet and fitness status at each time
point and over time are a priority. With a focus on improving measures, it may be possible
to identify key aspects of interventions and better link them to clinical changes.

Assessment of the measurement properties of diet quality and physical fitness mea-
sures is the focus of this secondary analysis of a primary care-based lifestyle study [26]. A
19% reversal of MetS and reduction in CVD risk score, as measured by PROCAM risk score
(analogous to the Framingham risk score but for MetS) [27] was seen in this one-year study
overall, as previously published [26]. Unpublished data showed changes in individual
scores for diet quality and aerobic capacity were not correlated with individual changes
in PROCAM scores as was hoped, given the overall group results. Only changes in waist
circumference were correlated with PROCAM score. Therefore, we asked if measurement
error in the intervention measures could have accounted for the lack of associations, and
secondly whether changes in one behavior could have had effects on the other. This latter
question came from consideration of the potential for a carry -over effect, as discussed in
the multiple behavior change literature [28]. Diet and physical activity interventions are
the most commonly studied multiple risk behavior interventions [29]. To explore these
possibilities, a detailed structural equation modeling (SEM) analysis was undertaken.
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First, the physical activity and diet measures are briefly reviewed, followed by an
introduction to SEM, which represents a melding of factor analysis and path analysis
into one comprehensive statistical methodology. In general, a structural equation model
consists of two parts: (1) the measurement model, which links observed variables to latent
variables via a confirmatory factor analysis, and (2) the structural model linking latent
variables to each other via systems of simultaneous equations [30]. This measurement
analysis uses both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA)
with detailed explanations of the modeling process. The analysis for carry-over effects was
conducted with the resulting latent variables.

1.3. Fitness Assessment

Fitness assessment in community- or primary care-based studies may include mul-
tiple tests to determine measures of some or all of the four main health-related fitness
components: cardio-respiratory fitness or aerobic capacity, muscle fitness or strength, flexi-
bility, and body composition, based on a wide range of standardized procedures [31,32].
A key measure of cardiorespiratory fitness employed in many studies is an estimate of
maximal oxygen consumption (VO2 max), providing an indicator of both cardiac and
pulmonary functioning. VO2 max may be expressed as an absolute rate in litres of oxygen
per minute (L/min) or in terms of percentiles relative to age-and sex-based averages. Ac-
curate VO2 max measurement requires physical effort sufficient in duration and intensity
to put the aerobic energy (i.e., cardiorespiratory) system through its range of capacity. A
treadmill or exercise bike is used to vary exercise intensity progressively while measuring
pulmonary function and the chemical composition of inhalation/exhalation air for the
oxygen/carbon dioxide ratio. Accurate assessment of VO2 max is beyond the capacity of
community studies, so many groups have created various sub-maximal exercise-based
and non-exercise-based estimation equations for clinical practice [32]. Significant error has
been demonstrated using these less accurate methods and research is underway to develop
tools that can be used in clinical practice [33]. In the meantime, a variety of approaches
have been used.

1.4. Diet Quality Assessment

Assessment of diet in community-based intervention studies remains challenging,
given the complexity of diet with many foods eaten daily and the large day-to-day variation
in intake. Personalized diet counselling or therapy for CMR conditions, including MetS,
involves two main approaches [34]; a weight loss focus as exemplified by the Diabetes
Prevention Program [3] versus a focus on diet quality, as exemplified by the PREDIMED
study, which promoted a Mediterranean diet [2]. Therefore, multiple diet assessment
methods were used to take advantage of the complementary strengths and limitations
of different tools, specifically recalls coupled with a food frequency questionnaire (FFQ)
approach. In North America, the use of the Healthy Eating Index (HEI) was originally de-
veloped for epidemiological studies, as it is scored against the benchmark of the US Dietary
Guidelines (the basis of nutrition policy in the US), and has had extensive development,
and population data are available for comparison [35]. More recently, its use has been
reviewed in CMR intervention studies [36]. Other diet quality tools used in intervention
studies include various versions of the Mediterranean Diet Score (MDS) [37], as well as
scores based on different aspects of diet (see Miller et al. for recent review [38]). Interest
in the use of diet quality scores in lifestyle intervention studies has been growing, as they
provide a summary measure that can potentially be linked to clinical outcomes. Therefore,
this analysis is timely.

1.5. Structural Equation Modeling and Measurement Equivalence/Invariance (ME/I)

Accurate measurement and representation of summary indices and measures re-
quires assessment of measurement equivalence/invariance (ME/I) to demonstrate that
the items/tests/measurements perform equally well and measure the same underlying

185



Nutrients 2021, 13, 4258

constructs across groups and/or over time [39–43]. The longitudinal design of the current
study allows for analysis of a combination of cross sectional and change models, as well
as assessment of ME/I [41]. This requires examining simultaneous relationships between
constructs in the SEM framework. Appropriate baseline sampling allowed us to under-
stand the extent (i.e., prevalence) of cardiovascular risk, profiles of dietary behaviors, and
the initial and subsequent levels of physical activity/fitness. The repeated measures data
allows each participant to serve as their own baseline or control, as well as measuring
changes in each of the two areas of concern (i.e., dietary/nutritional behavior, physical
activity/exercise). Information garnered from cross-sectional models and the evaluation
of appropriate measurement models developed through EFA and CFA methods will help
inform models to be used to predict changes within constructs as well as testing structural
relationships between constructs. As noted by Hayduk [39] creation of latent variables
relies on accurate measurement of observed constructs.

With appropriate conceptual models established and ME/I assessed, relationships
between the latent HEI and physical activity/fitness constructs over time were assessed
to see if changes in one lifestyle intervention were associated with changes in the other
over time, in line with the emerging area of multiple risk behavior interventions. The basic
argument is that experiences, skills, knowledge and self-efficacy can be carried-over to
different behaviors and domains [28].

2. Methods
2.1. Data from Original Study

The data come from a non-randomized 12-month feasibility study for lifestyle treat-
ment of MetS conducted from 2012–2015 at three Canadian primary care clinics in three
different provinces (Edmonton, Alberta, Toronto, Ontario, and Quebec City, Quebec) [26].
All participants were recruited by their primary care physicians. Inclusion criteria included:
(1) adults at least 18 years age; (2) a body mass index (BMI) less than 35; and (3) presence
of at least 3 out of 5 criteria for MetS [9]. Exclusion criteria included relevant medical,
safety or logistic reasons, as described in the primary paper [26]. The study plan is shown
in Figure 1. Study data were obtained from the patients’ medical charts and entered
into a secure online data capture system (Research Electronic Data Capture; REDCap:
http://www.projectredcap.org/; accessed on 1 November 2021) by locally designated
clinic staff. The current sample was comprised of 293 adults, aged 18–81 years old (mean
59 years), and 52% female.
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Physician review with participants occurred quarterly. As noted in Figure 1, lifestyle
intervention consists of weekly appointments for 12 weeks, followed by monthly appoint-
ments and interactions for up to one year by locally employed Registered Dietitians (RD)
and kinesiologists. All interventions were personalized, and practitioners were trained
and supported by the research team [44,45]. The patient experience was highly positive,
as documented by focus groups and a questionnaire [46]. This analysis uses the baseline,
3-month and 12-month data.

2.2. Available Measures
2.2.1. Physical Activity/Fitness

Aerobic fitness of participants was assessed by a methodology described by Ebbeling
et al. to estimate maximal oxygen consumption [47], using a submaximal aerobic fitness
test that is considered safe and appropriate for low risk, apparently healthy, non-athletic
adults 20–59 years of age. A steady state heart rate is established after a warm-up by
altering the treadmill speed at a 5% incline for 4 min, as described in detail elsewhere [48].
Both speed (in miles/h) and heart rate (bpm) are required in the calculation of this version
of VO2 max. The measure was further adjusted to create a percentile score relative to
others in the same age-sex category. Other measures of exercise output and fitness assessed
muscular strength, flexibility, and endurance [45,48]. Each of these measures interacts with
and is dependent upon the fitness level of the cardiopulmonary system. These various
measures were not combined into an overall fitness score in the original study [48,49].

2.2.2. Diet Quality—HEI-C

To calculate the Canadian version of the HEI (HEI-C) [50,51], a FFQ was developed
to assess the average number of servings of food groups eaten over the past month and
then scored according to specific age and sex criteria based on Canada’s Food Guide
(CFG) 2007 recommendations and serving sizes [52] (see Supplement Table S1). The scores
for the moderation components, energy (kcal) from saturated fat and other foods (as a
percentage of total energy), and sodium (in milligrams) were calculated from the results
of two 24-h recalls, done about one week apart, at baseline, 3-months and 12-months,
as previously described [50]. The dietary intake data were collected by the RDs at each
centre and analyzed centrally to maintain quality control using a comprehensive nutrient
analysis program (ESHA Food Processor—Canadian Version 10, Salem, OR, USA) and
double data entry.

2.2.3. Other Variables

Many other clinical measures were collected in the dataset, including medical diag-
noses and medication usage [26]. While all participants met the criteria for MetS, prevalence
of specific features vary in different samples [53], and in the primary study, approximately
half of the sample had a formal diagnosis of type 2 diabetes mellitus (DM). As this was a
main clinical issue, we assessed by DM status.

2.3. Analytics Plan

Correlation matrices were examined for all items from the HEI-C, physical activ-
ity/fitness measures, and the PROCAM scores to confirm previous findings. Test-retest
correlations across time points were also examined.

Baseline data were considered the first step to establishing the measurement models
for HEI-C and physical activity/fitness. Upon establishing an acceptable fit for the baseline
models, longitudinal extensions of measurement models were examined. Females were
utilized for model development, with replication/extension to males. For disease status,
models were initially tested on the no-DM group (i.e., MetS but no diagnosis of DM),
then extended to examine those with DM. The fit of all models was assessed using model
chi square (χ2; non-significant result is desirable but often unlikely in larger samples),
Comparative Fit Index, (CFI > 0.90), Non-Normed Fit Index (NNFI, also known as the
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Tucker-Lewis Index NNFI > 0.90), Root Mean Square Error of Approximation (RMSEA
range 0.05–0.08 accepted, smaller values indicate better fit) (see Tables 1 and 2). The general
recommendation is to evaluate model fit through consensus of an array of fit indexes.
These fit indices are consistent with recommendations from Bentler [54], Cheung and
Rensvold [55], Kline [56], Lai and Green [57], McNeish, An and Hancock [58] and others.
Statistically significant χ2 values are not unusual in larger samples or more complex models,
and the model(s) fit may still be acceptable.

Comparisons of the same constructs over time or in different groups assumes the
tests/items demonstrate factorial invariance and this has been described as the most impor-
tant empirical question to address whenever multiple groups or time points are present [59].
Invariance testing involves a series of nested constraints that examine whether the vari-
ance/covariance relationships among variables operate similarly across groups/points of
measurement. Multiple tests of ME/I were conducted following the strategies described
by Hayduk [39], Little [59], Meredith [60], Millsap [61], Vandenberg and Lance [41], and
van de Schoot et al. [42].

Configural invariance, weak metric invariance, strong invariance of measurement
intercepts, and strict invariance of the uniqueness or error terms were all examined, as
indicated in Tables 1 and 2. Configural invariance is also called pattern invariance, meaning
the same variables are loading onto the same factors across groups or over time. A lack of
configural invariance in the physical activity/fitness model would be demonstrated if a
measure like speed was important at baseline but not later in the study (or if it was salient
for men but not for women). Configural invariance says nothing about the magnitude
of the factor loadings, simply that the same variables load onto the same factors across
groups [43]. Weak metric invariance, also called factor loading invariance, is a test of the
equivalence of the magnitude or size of the factor loadings across groups or time (Little [59],
Meredith [60], Vandenberg and Lance [41]). In addition to the same variables loading
onto the same factors across groups (or over time), the relationship or proportionality of
the loadings on the factors is demonstrated to be the same (i.e., the rank order and the
size of the factor loadings are consistent across comparisons). Tests of weak metric or
factor loading invariance are often the highest level of ME/I accomplished and finding this
evidence is a sizable accomplishment in complex models. There is some disagreement about
how difficult weak invariance is to obtain as Horn, McArdle and Mason [62] suggested
that configural invariance is often the best one can hope to obtain in social science data.
Physiological measure or laboratory values often demonstrate more precision than self-
reported data. Little [59] provided a different perspective, suggesting weak invariance
is often attained, whereas invariance of intercepts, is much more important and difficult.
Every observed variable/item in the SEM model has an intercept and tests of invariance of
these intercepts is important if one hopes to examine mean comparisons between groups
or over time (as is implicitly done in analysis of variance models). This is often referred to
as strong invariance (also known as scalar invariance or intercept invariance) [59]. Finally,
the most restrictive form of invariance, and one that is often impossible to attain, is strict
invariance (i.e., demonstrating the equality of the error/residual/uniqueness terms across
groups/time—also known as error variance invariance or residual invariance). Little [59]
suggests this level is overly restrictive and argues even if found, strict invariance does not
ensure a “better” level of invariance. Therefore, testing for strict invariance was undertaken,
but models were not rejected based on a lack of strict invariance. All tests of invariance are
part of a hierarchy, and these nested models are tested from the least restrictive (configural
model) to the more restrictive test (strict invariance).

Model fit was evaluated and the presence or absence of ME/I was determined using
the fit indexes and thresholds previously described. Additionally, the model χ2 is additive
and allows for tests of the differences of chi-square values (∆χ2) between nested models
to determine whether the tested level of invariance is accepted (i.e., is the inclusion of
added restrictions, for example—constraining factor loadings to be equal across groups—
acceptable or does it degrade the fit of the model?). The ∆χ2 should be a non-significant
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difference for the test of invariance to be accepted. This indicates that the change from
a less restrictive model to a more restrictive model is negligible [59]. One concern with
this approach to comparing models is that ∆χ2 values are overly sensitive. Additional
methods for model comparison include computing differences or delta values for the CFI
and RMSEA fit indexes (Tables 1 and 2). The delta values for CFI would be rejected if the
model change exceeds 0.005, or if delta for RMSEA exceeds 0.01 [63]. The process was
similar for both physical activity/fitness and the HEI-C.

Modeling of associations in latent factors was then completed, to assess possible
associations across the interventions.

3. Results
3.1. Physical Activity/Fitness
3.1.1. Exploratory Factor Analysis Model

Pearson correlations were examined among the physical activity/fitness variables
(i.e., treadmill speed, percentile VO2 max, partial curl-ups, push-ups, flexibility). Moderate
to high correlations were observed for all but flexibility (range r = 0.36 between speed
and push-ups to r = 0.85 between speed and VO2 max). Baseline reliability and test-retest
correlations for the rest of the measures was good (α = 0.65; rspeed = 0.74, rVO2max = 0.89,
rcurlup = 0.66, rpushup = 0.81). Flexibility was dropped from further consideration.

Exploratory Factor Analysis of the physical activity/fitness items, using Maximum
Likelihood extraction demonstrated a one-factor model fit the data. The Kaiser–Meyer–
Olkin (KMO) measure of sampling adequacy was only moderate with a value of 0.66. The
KMO ranges from 0–1.00 with values greater than 0.8 providing evidence that the relation-
ships among examined variables are amenable to factor analytic procedures. Individual
items were assessed using the KMO values from the diagonal of the anti-image matrix.
KMO values ranged from 0.61 for speed and VO2 max to 0.83 for partial curl-ups.

There was only one eigenvalue greater than 1.0 and the Scree Plot showed a sharp
break between one and two factors, suggesting a one-factor solution. VO2 max is often
used as a “gold-standard” measure of fitness, and our goal was to evaluate whether adding
measures of strength would contribute to measuring fitness above and beyond cardiores-
piratory measures. Model fit was moderate, with a model χ2 (2) = 24.12, p = 0.001. The
Goodness of Fit Index (GFI) index in EFA should be non-significant, but one also has to
interpret the factor loadings, which ranged from moderate to large (i.e., Λpush-ups = 0.44,
Λcurl-ups = 0.46, Λspeed = 0.88, and ΛVO2 max = 0.97). The communalities (i.e., the
amount of variance accounted for in each item) were 0.19 for push-ups, 0.21 for curl-ups,
0.77 for speed, and 0.93 for VO2 max. The overall sum of squared factor loadings or per-
centage of variance accounted for by the model was 53% utilizing the single-factor solution.

Upon confirmation of this result, we examined CFA utilizing the Analysis of Moments
Structures (AMOS) Structural Equation Modeling (SEM) program (Amos Version 26.0.
Chicago: IBM SPSS). The results from AMOS are presented below. All factor loadings were
statistically significant, and the variance accounted for in the observed indicators varied
between 18% and 97% (see Figure 2). These results map onto the EFA results described
above. One benefit of the SEM/CFA approach is that AMOS provides numerous measures
of model fit not available in EFA statistical packages. Overall model fit was strong and
supported the multiple indicator model of fitness (see Figure 2 and Table 1, Models #2
and #3). The only modification of the factor model was correlating the error term between
push-ups and curl-ups, as both were indicators of strength.
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Table 1. Model Comparison for Physical Activity/Fitness Models.

Model # Model X2

(df)
X2

p-Value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

Desirable Criterion or Range NS desirable >0.9 >0.9 0.05–0.08 acceptable;
lower better

∆X2 = NS
∆CFI ≤ 0.005

∆RMSEA ≤ 0.01

Longitudinal Invariance

1 1-Factor
Model

0.939
(1) 0.333 1.00 1.00 0.000

0.000–0.153

2 Longitudinal
Configural

139.29
(37) 0.001 0.97 0.94 0.097

0.080–0.115

3 Longitudinal
Metric

159.36
(43) 0.001 0.96 0.93 0.096

0.081–0.112

Reject.
Accept
Accept

4 Longitudinal
Intercepts Only

394.09
(45) 0.001 0.89 0.80 0.157

0.148–0.178

Reject
Reject
Reject

5
Longitudinal
Loadings and

Intercepts

415.82
(51) 0.001 0.88 0.82 0.157

0.143–0.171

Reject
Reject
Reject

6 Longitudinal Model
Residuals Not tested as invariant intercepts not found

Sex Models—Female

7 Female Baseline 0.100
(1) 0.752 1.00 1.00 0.000

0.000–0.148

8
Female

Longitudinal
Configural

56.99
(37) 0.019 0.98 0.96 0.060

0.025–0.089

190



Nutrients 2021, 13, 4258

Table 1. Cont.

Model # Model X2

(df)
X2

p-Value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

9
Female

Longitudinal
Metric

66.57
(43) 0.012 0.98 0.96 0.060

0.029–0.088

Accept
Accept
Accept

10 Female
Intercepts Only

171.13
(45) 0.001 0.88 0.80 0.136

0.115–0.158

Reject
Reject
Reject

11 Female Loadings
and Intercepts

180.89
(51) 0.001 0.88 0.82 0.130

0.110–0.151

Accept
Accept
Accept

12 Female
Residuals Not tested as invariant intercepts not found

Sex Models—Male

13 Male Baseline 3.94
(1) 0.047 0.99 0.90 0.145

0.014–0.307

14

Males
Longitudinal

Configural
117.59

(37) 0.001 0.95 0.90 0.125
0.100–0.150

15
Males

Longitudinal
Metric

136.59
(43) 0.001 0.95 0.90 0.125

0.102–0.149

Reject
Accept
Accept

16 Male
Intercepts Only

250.41
(45) 0.001 0.88 0.80 0.181

0.159–0.203

Reject
Reject
Reject

17 Male Loadings
and Intercepts

275.94
(51) 0.001 0.87 0.80 0.177

0.157–0.198

Reject
Reject
Reject

18 Male
Residuals Not tested as invariant intercepts not found

Gender Invariance of Longitudinal Fitness Model

19 Sex Invar.
Configural

174.60
(74) 0.001 0.96 0.93 0.068

0.055–0.082

20 Sex Model
Sex Invariant

180.76
(83) 0.001 0.97 0.94 0.064

0.051–0.076

Accept
Accept
Accept

21 Sex Model
Time Invariant

206.58
(89) 0.001 0.96 0.93 0.067

0.055–0.079

Reject
Accept
Accept

22 Sex Model
Intercepts Not run based on previous intercept models

23 Sex Model
Residuals Not run as intercept models were not accepted

Disease-State Models—No Diabetes

24 NoDM Baseline 1.12
(1) 0.290 1.00 0.96 0.029

0.000–0.228

25 NoDM Longitudinal
Configural

97.42
(37) 0.001 0.96 0.91 0.108

0.082–0.134

26
NoDM

Longitudinal
Metric

106.96
(43) 0.001 0.95 0.91 0.103

0.079–0.128

Accept
Accept
Accept

27
NoDM

Longitudinal
Intercepts Only

218.98
(45) 0.001 0.87 0.78 0.166

0.145–0.189

Reject
Reject
Reject
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Table 1. Cont.

Model # Model X2

(df)
X2

p-Value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

28 NoDM
Residuals Not tested as invariant intercepts not found

Disease-State Models—Diabetes

29 DM Baseline 0.002
(1) 0.968 1.00 1.00 0.000

0.000–0.000

30
DM

Longitudinal
Configural

72.57
(37) 0.001 0.98 0.96 0.080

0.052–0.107

31
DM

Longitudinal
Metric

89.75
(43) 0.001 0.97 0.95 0.085

0.060–0.110

Reject
Accept
Accept

32
DM

Longitudinal
Intercepts Only

215.14
(45) 0.001 0.91 0.84 0.158

0.137–0.180

Reject
Reject
Reject

33 DM
Residuals Not tested as invariant intercepts not found

Disease Invariance of Longitudinal Fitness Model

34 Disease Model
Configural

170.00
(74) 0.001 0.97 0.94 0.067

0.054–0.080

35 Disease Model
Disease Invariant

184.87
(83) 0.001 0.97 0.94 0.065

0.052–0.078

Accept
Accept
Accept

36 Disease Model
Time Invariant

201.93
(89) 0.001 0.96 0.94 0.066

0.054–0.078

Reject
Accept
Accept

37 Disease Model
Intercepts Not run based on previous intercept models

38 Disease Model
Residuals Not run as intercept models were not accepted

X2 = Model chi square; CFI = Comparative Fit Index; NNFI = Non-Normed Fit Index; RMSEA = Root Mean Square Error of Approximation;
∆ = change. Best model(s) in each hierarchal set of models shown in italics.

3.1.2. Longitudinal Extension of Physical Activity/Fitness Model

Given the results above, we extended the measurement model in AMOS to test
a longitudinal (i.e., three time points: baseline, 3-months, 12-months) model [59]. As
we measured the same indicators of fitness on each occasion, the AMOS program and
standard convention in SEM allows for correlations between the same indicators over time
(e.g., speed at baseline is expected to correlate with the subsequent speed measures at 3-
and 12-months). Each of the four indicators were treated in this manner, to allow for the
autocorrelation of measuring the same indicators on the same participants, over time (see
Figure 3). The extended, longitudinal model of fitness (Table 1, Model #2) demonstrated
excellent model fit (χ2 (37) = 139.29, p < 0.001, CFI =.97, NNFI = 0.94, RMSEA= 0.097). All
factor loadings were statistically significant, with squared multiple correlation or variance
accounted for ranging from 8% to 87% (not shown).

The fitness factor created at each measurement point was regressed onto the subse-
quent measure (i.e., baseline fitness predicting 3-month fitness, 3-month fitness predicting
12-month fitness) and the results showed that 73% of the variance in fitness at 3-months was
predicted by baseline fitness, and 84% of variance in fitness at 12-months was explained
by fitness level at 3-months of the intervention (see Figure 3 and Table 1, Model #3). The
model did not meet criteria for invariance of intercepts however, longitudinal invariance of
factor loadings was found (Table 1, Models #4 and #5 compared to Model #3).
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Figure 3. Sex and time invariance. FitnessB1 = baseline; Fitness3 = 3-months; Fitness12 = 12-months Speed = treadmill
speed; VO2 max = age-sex percentile; Curls = Curl-ups; PU = Push-ups; e# and r# = error terms. Squares are measured
variables; circles are latent variables.

3.1.3. Sex Invariance of Physical Activity/Fitness Model

Invariance testing was conducted for females (cross-sectional/baseline fitness model,
longitudinal extension of fitness model (tests of invariance of variable loadings, intercepts,
intercepts and loadings, and residuals if appropriate); males (testing the same sequence
noted above); then examining the issue of sex invariance for the longitudinal fitness model
(i.e., test of invariance of loading across time in a simultaneous model, constraining equality
of the longitudinal loadings across sex, tests of equality of intercepts, and tests of residuals,
if appropriate). Our results showed that, in addition to the model fitting well for both
women (Model #9) and men (Model #15), invariance of the fitness model was demonstrated
across the three time points of the intervention as well as across sex (Table 1, Models #20
and #21).

Testing equivalence of the variable intercepts were mixed at best, and based on overall
decrement of model fit, it was deemed that invariant intercepts were not accepted (Table 1,
Models #10 and #16). Given this result, and that all models are hierarchical regarding their
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restrictiveness (i.e., if one fails to accept equivalence of loadings, you should not continue
with ME/I testing), we concluded that the fitness model demonstrated invariant factor
loadings for sex and across time. The final result is shown in Figure 3. The magnitudes
of the standardized loadings were identical for males and females, however, as we were
unable to accept the constraint of the residual or uniqueness terms, the loadings appear
slightly different in size over time (i.e., unstandardized loadings were identical across the
three time points). Standardized loadings are presented as they are generally easier to
interpret (with values ranging from 0–1, with larger values indicating stronger loadings)
and they are similar to correlations for general interpretation purposes. VO2 max and
speed measures contributed more to the physical activity/fitness factor than the strength
measures (push-ups, curl-ups), yet all four measures are significant components of the
overall factor.

3.1.4. Disease-State Invariance of Physical Activity/Fitness Model

Invariance was tested for participants with noDM (cross-sectional/baseline fitness
model, longitudinal extension of fitness model, tests of invariance of variable loadings,
intercepts, intercepts and loadings, and residuals if appropriate); those with DM (testing
the same sequence noted above); then examining the issue of disease-state invariance
for the longitudinal fitness model (i.e., test of invariance of loadings across time in a
simultaneous model, constraining equality of the longitudinal loadings across disease-state,
tests of equality of intercepts, and tests of residuals, if appropriate). Results showed that,
in addition to the model fitting well for participants with noDM (Table 1, Model #26), and
those with DM (Model #31), invariance of the fitness model was demonstrated across the
three time points of the intervention as well as across disease-states (Table 1, Models #35
and #36). Testing equivalence of the variable intercepts gave mixed results at best, and
based on overall decrement of model fit, it was deemed that invariant intercepts were
not accepted.

We found that the fitness model demonstrated invariant loadings for disease-states
(noDM vs. DM) and across time (baseline, 3-months, 12-months). The results for the
disease-state model are shown in Figure 4. The magnitude of the standardized loadings
are identical for noDM and DM, however, as we were unable to accept the constraint
of the residual or uniqueness terms, the loadings appear slightly different in size over
time (i.e., unstandardized loadings were identical across the three time points and across
disease-states). As noted in the previous results, VO2 max and speed measures contributed
more to the physical activity/fitness factor than the strength measures (push-ups, curl-ups),
yet all four measures are significant components of the overall factor. It was noted that the
amount of explained variance in the physical activity/fitness factor was higher in the DM
group (73% at 3-months, 91% at 12-months, than the noDM group: 73% at 3-months, 75%
at 12-months).

3.2. Healthy Eating Index (HEI-C)
3.2.1. Exploratory Factor Analysis Model

Pearson correlations were examined for the 11 HEI-C items (see Supplement, Table S1).
Low to moderate correlations were observed, with some items showing very small correla-
tions (e.g., milk and alternatives, unsaturated fats, total grains, and meat and alternatives
showed the lowest correlations). We examined EFA of the full complement of 11 HEI-C
items, using Maximum Likelihood extraction, with Promax rotation if the result had more
than one resulting factor (i.e., to allow the resulting factors to correlate). The Kaiser-Meyer-
Olkin (KMO) measure of sampling adequacy was only moderate with a value of 0.604.
Individual items were assessed using the KMO values from the diagonal of the anti-image
matrix. Variables with the lowest KMO values (i.e., below 0.6) were: total grains, meat and
alternatives, milk and alternatives, raising concern about the inclusion of these items.
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There were four eigenvalues exceeding 1.0, however, the Scree Plot showed a gradual
decline without any clear breaks or drop-offs, suggesting a one-factor solution was most
likely. Four factors with only 11 items would not be reasonable (i.e., ideally three or more
items should result per factor), and the one-factor solution, especially if weak items were go-
ing to be removed/deleted, made conceptual sense. We evaluated the four-factor solution
(based on eigenvalues greater than 1.0). Model fit was poor, with a model χ2 (17) = 26.59,
p = 0.064 and factor loadings were not conceptually meaningful.

The total score of the HEI-C is most widely used, therefore a one-factor solution would
provide evidence whether this is a valid and meaningful approach. We examined a one-
factor HEI-C model. The resulting factor loadings for the 11-item HEI-C EFA still reflected
the same items noted earlier as being weak in this solution (i.e., milk and alternatives,
meat and alternatives, total grains, and unsaturated fats). While many of these items make
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conceptual sense or might be seen as useful in dietary models, statistical evidence was not
supporting retention of these items. We also noted that the communalities (i.e., the amount
of variance accounted for in each item) were very low for these four items.

Additional EFA with 7 HEI-C items (i.e., removing the poorly fitting items: milk
and alternatives, meat and alternatives, total grains, and unsaturated fats), Maximum
Likelihood extraction, and no rotation in one factor was examined. The Kaiser–Meyer–
Olkin (KMO) measure of sampling adequacy improved to 0.675 but was still low. Individual
items ranged from 0.621–0.780.

There were two eigenvalues exceeding 1.0 (the second values barely exceeded 1.0
at 1.09), the Scree Plot showed a gradual decline without any clear breaks or drop-offs,
suggesting a one-factor solution. Model fit was improved from the previous model, but it
is still not an ideal model χ2 (14) = 35.97, p = 0.001. Factor loadings ranged from 0.25–0.85.

3.2.2. Testing the Reduced HEI-C in CFA/SEM

The results of testing the reduced HEI-C model in a single factor solution with seven
items in AMOS are presented in Figure 5. All factor loadings were statistically significant
(low of 0.34 for whole Grains to a high of 0.50 for total vegetables/Fruit) and the variance
accounted for ranged between 12% (whole grains) to 25% (vegetables/fruit), with an aver-
age variance of 18%. These results are consistent with the EFA results described above. We
added two correlated error/residual terms to the model. Total vegetables/fruits and whole
fruits, and also between total vegetables/fruits and dark green and orange vegetables.
These variables are conceptually related. Model fit for the 7-item version (Table 2, Model #1)
was exceptional with χ2 (12) = 11.10, p < 0.521, CFI = 1.00, and RMSEA = 0.000. For com-
parison purposes, the 11-item (full) HEI-C resulted in two items with non-significant factor
loadings (i.e., total grains and meat and alternatives), and both milk and alternatives and
unsaturated fats had marginal/borderline values and χ2 (44) = 208.28, p < 0.001, CFI= 0.57,
and RMSEA = 0.11, outside the published cut-off values range (0.05 to 0.08).
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Figure 5. Baseline confirmatory factor analysis model for HEI-C. HEI = total HEI-C; VF = total
vegetables and fruit; WF = whole fruit; DG = dark green and orange vegetables; WG = whole grains;
SF = saturated fats; SOD = sodium; OTH = Other foods; e# = error terms. Squares are measured
variables; circles are latent variables.
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The reduced-item HEI-C model was therefore tested for longitudinal invariance in
the total sample, as well as for each sex and each disease group (i.e., noDM/DM). The
model demonstrated weak metric invariance (i.e., equivalence of the magnitude of the
factor loadings over all three measurement points in the intervention—Table 2, Model #3).
The model also demonstrated weak invariance of all factor loadings when compared across
sex (Model #20) and across disease groups (Model #35).

Table 2. Model Comparison for Reduced (7-Item) HEI-C Models.

Model # Model X2

(df)
X2

p-value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

Desirable Criterion or Range NS desirable >0.9 >0.9 0.05–0.08 acceptable;
lower better

∆X2 = NS
∆CFI ≤ 0.005

∆RMSEA ≤ 0.01

Longitudinal Invariance

1 1-Factor
Model

11.10
(12) 0.521 1.00 1.00 0.000

0.000 -0.056

2 Longitudinal
Configural

205.15
(160) 0.009 0.95 0.93 0.031

0.046–0.063

3 Longitudinal
Metric

219.33
(172) 0.009 0.95 0.94 0.031

0.016–0.042

Accept
Accept
Accept

4 Longitudinal
Intercepts Only

371.10
(174) 0.001 0.80 0.74 0.062

0.054–0.071

Reject
Reject
Reject

5
Longitudinal
Loadings and

Intercepts

388.17
(186) 0.001 0.80 0.75 0.061

0.052–0.070

Accept
Accept
Accept

6 Longitudinal Model
Residuals Not tested as invariant intercepts not found

Sex Models—Female

7 Female Baseline 25.39
(12) 0.019 0.90 0.77 0.086

0.038–0.133

8
Female

Longitudinal
Configural

200.85
(160) 0.016 0.93 0.89 0.041

0.019–0.058

9
Female

Longitudinal
Metric

219.28
(172) 0.009 0.92 0.89 0.043

0.028–0.059

Accept
Accept
Accept

10 Female
Intercepts Only

290.84
(174) 0.001 0.79 0.72 0.067

0.053–0.080

Reject
Reject
Reject

11 Female Loadings
and Intercepts

309.48
(186) 0.001 0.78 0.72 0.066

0.053–0.079

Accept
Accept
Accept

12 Female
Residuals Not tested as invariant intercepts not found

Sex Models—Male

13 Male Baseline 8.11
(12) 0.777 10.00 10.00 0.000

0.000–0.059

14
Males

Longitudinal
Configural

210.31
(160) 0.005 0.90 0.85 0.047

0.027–0.064

15
Males

Longitudinal
Metric

219.33
(172) 0.009 0.95 0.94 0.031

0.016–0.042

Accept
Accept
Accept
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Table 2. Cont.

Model # Model X2

(df)
X2

p-value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

16 Male
Intercept Only

310.29
(174) 0.001 0.72 0.63 0.072

0.061–0.088

Reject
Reject
Reject

17 Male Loadings
and Intercepts

324.04
(186) 0.001 0.72 0.65 0.073

0.059–0.086

Reject
Reject
Reject

18 Male
Residuals Not tested as invariant intercepts not found

Sex Invariance of Longitudinal HEI-C Model

19 Sex Invar.
Configural

415.75
(320) 0.001 0.94 0.91 0.026

0.018–0.033

20 Sex Model
Sex Invariant

420.65
(338) 0.001 0.92 0.88 0.030

0.019–0.038

Accept
Accept
Accept

21 Sex Model
Time Invariant

454.23
(350) 0.001 0.90 0.87 0.032

0.023–0.040

Reject
Accept
Accept

22 Sex Model
Intercepts Not run based on previous intercept models

23 Sex Model
Residuals Not run as intercept models were not accepted

Disease-State Models—No Diabetes

24 NoDM Baseline 16.12
(12) 0.186 0.96 0.91 0.059

0.000–0.106

25
NoDM

Longitudinal
Configural

205.10
(160) 0.009 0.91 0.87 0.045

0.023–0.062

26
NoDM

Longitudinal
Metric

224.15
(172) 0.005 0.89 0.86 0.047

0.027–0.063

Accept
Accept
Accept

27
NoDM

Longitudinal
Intercepts Only

283.75
(174) 0.001 0.77 0.70 0.067

0.053–0.081

Reject
Reject
Reject

28 NoDM
Residuals Not tested as invariant intercepts not found

Disease-State Models—Diabetes

29 DM Baseline 9.50
(12) 0.660 1.00 1.00 0.000

0.000–0.068

30
DM

Longitudinal
Configural

172.59
(160) 0.235 0.98 0.96 0.023

0.000–0.045

31
DM

Longitudinal
Metric

183.88
(172) 0.254 0.98 0.97 0.021

0.000–0.043

Accept
Accept
Accept

32
DM

Longitudinal
Intercepts Only

276.63
(174) 0.001 0.80 0.73 0.063

0.048–0.076

Reject
Reject
Reject

33 DM
Residuals Not tested as invariant intercepts not found

Disease Invariance of Longitudinal HEI-C Model

34 Disease Model
Configural

377.70
(320) 0.015 0.95 0.92 0.025

0.012–0.034
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Table 2. Cont.

Model # Model X2

(df)
X2

p-value CFI NNFI RMSEA
[95% CI]

∆X2

∆CFI
∆RMSEA

35 Disease Model
Disease Invariant

397.95
(338) 0.014 0.94 0.92 0.025

0.012–0.034

Accept
Accept
Accept

36 Disease Model
Time Invariant

410.90
(350) 0.014 0.94 0.92 0.024

0.012–0.034

Accept
Accept
Accept

37 Disease Model
Intercepts Not run based on previous intercept models

38 Disease Model
Residuals Not run as intercept models were not accepted

X2 = Model chi square; CFI = Comparative Fit Index; NNFI = Non-Normed Fit Index; RMSEA = Root Mean Square Error of Approximation;
∆ = change. Best model(s) in each hierarchal set of models shown in italics. This explains why the acceptable model is the longitudinal
metric models (Model #3 and #9) and not the loadings and intercepts models (Model #5 and #11).

3.2.3. Longitudinal Extension of Reduced HEI-C Model

Based on the cross-sectional results above, we extended the reduced (7-item) HEI-C
model to test the fit longitudinally. As with the physical activity/fitness models previously,
we allowed correlations between the same indicators over time (e.g., vegetable/fruit at
baseline are expected to correlate with the subsequent vegetable/fruit measures). We also
maintained the correlation between the vegetable/fruit variable error terms as described
above. The autocorrelation of the same indicators on the same participants over time was
evaluated (see Supplement Figure S1). The extended, longitudinal model demonstrated
excellent model fit (Table 2, Model #3). All measures of model fit improved for the longitu-
dinal HEI-C model compared to the cross-sectional or baseline model. All factor loadings
were statistically significant with the exception of the sodium variable at 3-months, and
squared multiple correlations or variance accounted for in each variable, ranging from just
over 1% (sodium at 3-months) to 72% for vegetables/fruit at baseline.

The HEI-C factor was regressed onto the subsequent measure (i.e., baseline HEI-C
predicting 3-month HEI-C, 3-month HEI-C predicting 12-month HEI-C) and the results
showed that 42% of the variance in HEI-C at 3-months was predicted by baseline HEI,
and 52% of variance in HEI-C at 12-months was explained by HEI-C at 3-months of the
intervention (see Supplement Figure S1).

3.2.4. Sex Invariance of Reduced HEI-C Model

Invariance testing followed the same sequence as for the physical activity/fitness
model. Models were examined for females (cross-sectional/baseline HEI-C model, lon-
gitudinal extension of HEI-C model (tests of invariance of variable loadings, intercepts,
intercepts and loadings, and residuals if appropriate); males (testing the same sequence
noted above); then examining the issue of sex invariance for the longitudinal HEI-C model
(i.e., test of invariance of loading across time in a simultaneous model, constraining equality
of the longitudinal loadings across sex, tests of equality of intercepts, and tests of residuals,
if appropriate). Results showed that, in addition to the model fitting well for both men
(Model #15) and women (Model #9), invariance of the HEI-C model was demonstrated
across the three time points of the intervention as well as across sex (Models #20 and #21).
Testing equivalence of the variable intercepts yielded results that were mixed at best, and
based on overall decrement of model fit, it was deemed that invariant intercepts were not
accepted. The HEI-C model demonstrated invariant loadings for sex and across time. The
final result is shown in Supplement Figure S2.

The magnitudes of the standardized loadings are identical for males and females,
however, as we were unable to accept the constraint of the residual or uniqueness terms,
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the loadings appear slightly different in size over time (i.e., unstandardized loadings were
identical across the three time points).

3.2.5. Disease State Invariance of Reduced HEI-C Model

Invariance testing participants with and without DM (cross-sectional/baseline HEI-C
model, longitudinal extension of HEI-C model, tests of invariance of variable loadings,
intercepts, intercepts and loadings, and residuals if appropriate); then examining the issue
of disease-state invariance for the longitudinal HEI-C model (i.e., test of invariance of
loading across time in a simultaneous model, constraining equality of the longitudinal
loadings across disease-state, tests of equality of intercepts, and tests of residuals, if ap-
propriate). Results showed that, in addition to the model fitting well for participants with
no DM (Model #26), and those with DM (Model #31), invariance of the HEI-C model was
demonstrated across the three time points of the intervention as well as across disease-states
(Models #35 and #36). Testing equivalence of the variable intercepts yielded poor results,
and invariant intercepts were not accepted. We found that the HEI-C model demonstrated
invariant loadings for disease-states (noDM vs DM) and across time (Supplement Figure S3).

3.3. Assessment of Associations between Physical Activity/Fitness and Reduced HEI-C

To test whether diet quality and physical activity/fitness were significantly related
over the course of the year-long intervention, structural regression was conducted. For
males and females overall, regression paths in green showed significant results, structural
regression in red were not statistically significant (Figure 6). The following relationships
were significant: fitness-baseline to HEI-C-3month; HEI-C-3-month to fitness-12-month;
fitness-3-month to HEI-C-12-months.
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paths in green show significant results, structural regression in red were not statistically significant. FitnessB1 = baseline;
Fitness3 = 3-months; Fitness12 = 12-months Speed = treadmill speed; VO2 max = age-sex percentile; Curls = Curl-
ups; PU = Push-ups. HEIBl = total HEI-C baseline; HEI3Mth = total HEI-C at 3-months; HEI12Mth = total HEI-C at
12-months; VF = total vegetables and fruit; WF = whole fruit; DG = dark green and orange vegetables; WG = whole grains;
SF = saturated fats; SOD = sodium; OTH = Other foods; e# and r# = error terms.
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The models were then examined for sex and disease-state comparisons. Previous
results suggested that both models were at least weak-metric invariant (i.e., the factor
loadings for both physical activity/fitness and HEI-C, demonstrated equivalence across the
comparison group and over time). This result was found, with the sex-model demonstrat-
ing weak-metric invariance as the highest level χ2 (935) = 1375.33, CFI = 0.89, NNFI = 0.87,
RMSEA= 0.040. Strong auto-regressive relationships were noted for fitness, wherein fitness-
baseline predicted 53% of the variance of fitness-3-month, and fitness-3-month predicted
64% of the variance in fitness at 12-months in females, whereas these values were 64%
and 84% respectively in males. Regarding HEI-C, baseline to 3-months accounted for 39%
variance and 3-month to 12-months accounted for 57% in females, whereas 51% and 40%
variance were accounted for in males.

We then examined the relationships separately for women and men (Supplement
Figures S4 and S5). For women, the only significant relationship was fitness at baseline was
significantly related to HEI-C at 3-months (Supplement Figure S4), while for men HEI-C at
3-months was significantly related to fitness at 12-months and fitness at 3-months predicted
HEI-C at 12-months (Supplement Figure S5).

The disease-state model showed invariance through the level of structural vari-
ances/covariance (i.e., the only coefficients in the model that were not equivalent were
the residual or error terms). Strong auto-regressive relationships were noted for fitness
whereby fitness-baseline predicted 70% of the variance of fitness-3-month, and fitness-3-
month predicted 91% of the variance in fitness at 12-months in DM, whereas these values
were 74% and 78% respectively in participants with noDM. Regarding HEI-C, baseline to
3-months accounted for 44% variance and 3-month to 12-months accounted for 41% in DM,
whereas 42% and 67% variance were accounted for in noDM. Model fit: χ2 (978) = 1261.94,
CFI = 0.93, NNFI = 0.92, RMSEA= 0.032. Of note among the structural regressions, only
the relationship from HEI-C-3-month to fitness-12-month was statistically significant in
participants with noDM and those with DM (see Supplement Figure S6).

4. Discussion

Health behavior change researchers working in community and primary care contexts
are interested in the potential for using composite summary scales and measures to describe
changes in health behaviors. Scales have typically been developed and validated by
researchers within the nutrition and kinesiology disciplines and it is common to adopt
validated tools in community intervention studies, as was done in this secondary analysis.
To answer our original question, could measurement error have accounted for the lack of
association with the CVD risk score? Certainly, the measurement properties of the original
HEI-C were poor and could have contributed to a lack of association. Lack of association
of changes in percentile VO2 max could also be due to measurement issues with VO2
max, especially given recent documentation of measurement error in similar equations
tested by Peterman et al. [33]. The Ebbeling equation was not specifically tested in their
validation study on multiple equations against measured VO2 max. Further work on the
measurement properties of both diet quality and fitness measures is warranted.

The results of the analysis of the measurement properties of HEI-C were particularly
interesting as the concept of using scales to assess overall diet quality has a relatively long
history in nutritional epidemiology, with the first HEI published in 1995, based on the work
of Kennedy and colleagues [64]. Four measures within the original 11-item HEI-C model
did not contribute to the latent HEI-C factor: milk and alternatives, meat and alternatives,
total grains, and unsaturated fats. While these food groups are important for general health,
if intake did not vary among the participants with low vs. high HEI scores at baseline and
did not change with intervention, they will not contribute to the model. Examination of the
data from the original study provides indirect evidence to support this interpretation [50].
Mean HEI scores for meat and alternates were high at baseline (8/10 possible points) and
remained high throughout the 12-month intervention. Scores for milk and alternates were
average at baseline (4.8 of 10 possible points), increased slightly at 3-months and returned
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to 5.0 at 12-months, reflecting no change attributable to the dietary intervention. Scores for
total grains declined from 3.4 of 5 possible points to 3.1 at 12-months, while carbohydrate
intake was 48% of kcal throughout. Unsaturated fat intake was confirmed to be low and
relatively stable both from the nutrient analysis and HEI-C analysis. The reduced latent
HEI-C factor had better measurement properties and it was possible to detect interesting
interactions between physical activity and diet change.

Going forward, development of new diet quality tools is needed for the intervention
context. Such intervention tools can potentially be adapted from tools already developed
in epidemiology. Interesting work is underway to develop an adapted diet quality tool
for Canada that is associated with lower risk of MetS markers. Lafreniere et al. have used
reduced rank regression to identify food groups associated with MetS markers in a French
Canadian sample [65]. Their retained food groups in their modified C-HEI tool were total
vegetables and fruit, whole fruit, dark green and orange vegetables, whole grains, yogurt,
nuts and legumes, red and processed meat, refined grains, sugar-sweetened beverages,
“other foods”. While there is substantial overlap with our reduced 7-item HEI-C, namely
five of seven items are on both lists (total vegetables and fruit, whole fruit, dark green
and orange vegetables, whole grains “other foods”) with only saturated fat and sodium
retained in our version but not in their version. Interestingly, both our work and Lafreniere
et al. use variance as a key criterion for retention of food groups. There is some danger to
this data-driven approach, in that food groups that are important to health may be missed.
For example, fish may be important; it is a key component of the Mediterranean diet with
desirable nutritional properties, yet Canadians do not eat very much fish and it did not
emerge as a group in the LaFreniere analysis. For future intervention studies, fish might
need to be included as a target food to increase intake. Still, Lafreniere’s results are very
interesting, and along with our work provide a basis for progress in the development of
new diet quality tools for intervention work.

Parallel work in physical activity/fitness is needed but was not reviewed in detail. A
one factor model that included cardiorespiratory fitness, treadmill speed, and measures of
strength was generalizable across comparison groups, providing stable, reliable measure-
ment of true mean differences in the latent fitness factor. The results confirm the relevance
of VO2 max as a prominent contributor and that muscular strength is also relevant. The
flexibility measure did not contribute, yet it may be possible to find other indicators of
flexibility which could contribute to a summary measure. The results contribute to ongo-
ing development and validation of summary physical activity/fitness scales suitable for
community studies.

The results of the analysis showing that diet quality and physical activity/fitness were
associated over time was informative, especially in that the effect was more prominent
in men than women, with change in physical activity/fitness more likely to affect later
changes in HEI-C, rather than diet changes influencing fitness later in the intervention.
No comparable analyses were found in the literature. Recent studies in multiple health
behavior change have developed composite summary scores of health behavior change [66],
used other analysis methods [67] or focused on associations with other measures such as
self-efficacy [68]. These preliminary results do suggest different strategies for programming
with men and women and tend to support longer term interventions.

SEM has been used extensively in psychology, given the need to analyze latent con-
structs and non-independent longitudinal data within and across individuals and use is
gradually increasing in nutrition and kinesiology, with the increasing interest in multi-
dimensional scales for assessing diet quality and physical fitness change. Expertise is
required to do the analysis; hence the process was more thoroughly explained than is typi-
cal Most past validation studies in diet and physical fitness have sought to establish means
and ranges to be similar to some more accurate standard, with comparison to specific
nutrients or physiologic measures, a basic strategy. However, if the other measurement
properties (i.e., variances and covariances, variable intercepts, and residuals) addressed
by SEM are not invariant, then the likelihood of detecting measurable change decreases
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dramatically. Further analyses, including structural regressions between latent constructs
or development of latent change models, may be conducted with confidence that measure-
ment error has been minimized and observed outcomes or differences are true differences
and not driven by inaccurate measurement or imprecise methodology.

SEM is not without limitations [69,70]. There are methodological challenges in dealing
with non-normal and missing data, both common in lifestyle intervention studies. Mod-
elling complex phenomena is inherently challenging and use of SEM does not solve the
inherent problem of model mis-specification and omitted variables. In addition, study
design features such as the number of time points, number of indicators and their relia-
bility will influence the power of SEM analysis. Generally, sample sizes in the range of
~200 are needed. Tomarken and Waller provide a useful introduction to strengths and
limitations [70].

Expertise in both the content area and SEM is required to do the analysis; hence the
analytical process was more thoroughly explained than is typical. Some invariance papers
will not include all tests, however, the sequence should be examined in the appropriate
order (i.e., some studies do not test intercept invariance but will test configural, weak, and
strict invariance or others will include intercept invariance and stop without testing strict
invariance). When the result of an invariance test is rejected or implausible, testing stops
(e.g., if weak metric invariance was accepted/plausible, but invariance of intercepts rejected,
we revert to the weak metric model as the accepted level for that model). Additional tests
of structural (not measurement) invariance exist, when relationships between latent factors
are tested for equality across groups/time (i.e., constraining factor variances/covariances
or structural regression coefficients between factors). There are often questions of interest
in these structural relationships of latent variables, but they are outside the realm of mea-
surement invariance [71,72]. Regardless of the labels applied, demonstration of invariance
is critically important in establishing the validity and application of the resulting factor
models. Collaborators with expertise in SEM should be brought into the validation process
much earlier and could be informing initial development of new diet and physical fitness
measures for community intervention studies.

In conclusion, assessment of the measurement properties of diet quality and physical
fitness measures was the main focus of this analysis, with an example analysis of possible
associations between different lifestyle interventions. The original issue that prompted
exploration of SEM; lack of association of intervention measures with disease risk score
can now be partially explained. Work is underway to address the “mechanisms of action”
for lifestyle programs in CMR conditions and we look forward to meaningful progress to
improve effectiveness of lifestyle programs in health care and community settings.
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Abstract: Whilst there is considerable evidence to support the efficacy of physical activity and
dietary interventions in disease and death prevention, translation of knowledge into practice remains
inadequate. We aimed to examine the uptake, retention, acceptability and effectiveness on physical
activity, physical function, sitting time, diet and health outcomes of a Healthy Eating Activity and
Lifestyle program (HEALTM) delivered under real-world conditions. The program was delivered
to 430 adults living across rural South Australia. Participants of the program attended weekly 2 h
healthy lifestyle education and exercise group-based sessions for 8 weeks. A total of 47 programs were
delivered in over 15 communities. In total, 548 referrals were received, resulting in 430 participants
receiving the intervention (78% uptake). At baseline, 74.6% of participants were female, the mean age
of participants was 53.7 years and 11.1% of participants identified as Aboriginal and/or Torres Strait
Islander. Follow-up assessments were obtained for 265 participants. Significant improvements were
observed for walking, planned physical activity, incidental physical activity, total physical activity, 30 s
chair stand, 30 s arm curl, 6 min walk, fruit consumption and vegetable consumption, sitting time and
diastolic blood pressure. Positive satisfaction and favourable feedback were reported. The healthy
lifestyle program achieved excellent real-world uptake and effectiveness, reasonable intervention
attendance and strong program acceptability amongst rural and vulnerable communities.

Keywords: physical activity; nutrition; health program; lifestyle; weight management; prevention;
service evaluation; health service

1. Introduction

Poor diet and insufficient physical activity are leading modifiable causes of death and
disease [1]. They increase the risk of developing chronic health conditions, such as cardio-
vascular disease (CVD), type 2 diabetes, obesity, cancers, depression and anxiety, leading
to premature death and reduced quality of life, and massive economic and healthcare
burden [2]. In Australia, over ninety percent of adults do not consume the recommended
daily intakes of vegetables and fruit [3], and two-thirds do not meet guidelines for 30 min
of physical activity per day [4].

International evidence consistently shows that physical inactivity and poor dietary
patterns disproportionately affect people residing in rural areas, and those who are socioe-
conomically disadvantaged [5–8]. People living in rural areas experience poorer health
outcomes in comparison to those living in metropolitan areas due to skills shortages and
high turnover of healthcare staff, reduced access to and use of preventative health services,
as well as disparities in employment, income and education [9]. In addition, lifestyle
behaviours and health risks vary based on ethnicity. In particular, Indigenous people
tend to have poorer lifestyles and experience worse health outcomes than non-first nation
counterparts including an increased risk of chronic disease such as diabetes and shortened
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life expectancy [10–12]. Clearly, there is an urgent need for effective programs to better
support people residing in rural areas and high-risk groups to adopt healthier lifestyles.

There is a great deal of evidence supporting the efficacy of physical activity and dietary
interventions among adults in the scientific literature [13–15]. Evidence has supported
improvements in total physical activity, cardiorespiratory fitness, reduced caloric intake
and consumption of saturated fat, and an increased intake of fruit and vegetables [15,16].
This includes the delivery of interventions across a variety of modalities (e.g., individual,
group based, telephone, print, web-based), settings (e.g., communities, workplaces and
healthcare settings) and target groups [16,17]. Yet, such programs are typically evaluated
under tightly controlled conditions, such as through randomised controlled trials (RCTs),
which limits their external validity, and fail to consider the complexities surrounding
delivery and adoption in practice within “real-world” settings [18]. These complexities can
include differences in uptake among the public, competing demands on staff, organisational
processes and priorities, and resourcing considerations [18,19]. Thus, a gap remains in the
translation and implementation of research into practice, and the generalisability of these
programs and results to real-world conditions is unclear [18,20,21].

Real-world trials are needed to help close this gap. Two evidence-based programs
that have been evaluated under real-world conditions and reported in the peer-reviewed
literature are studies based on the US Diabetes Prevention Program and the Australian
Healthy Eating Activity and Lifestyle (HEALTM) program. A systematic review of 28 real-
world studies of lifestyle programs modelled on the Diabetes Prevention Program, on
average, led to 4 percent weight loss [22]. Not surprisingly, the Diabetes Prevention
Program-based programs have been heavily targeted at people with pre-diabetes (25 out
of 28 studies), so the effectiveness for people with other chronic diseases and risk factors
is unclear.

In Australia, the HEALTM program has been developed as an evidence-based group-
delivered healthy lifestyle intervention. A real-world pre–post evaluation among par-
ticipants (n = 2827) across 67 local government areas suggested the program leads to
measurable improvements in physical activity, sitting time, fruit and vegetable consump-
tion, anthropometry, and physical function [23]. However, results were only reported in
brief; an overly simplistic statistical approach was used (t-tests) and did not consider or
account for differences in program effectiveness based on sex, age, ethnicity, and it is also
unclear which settings the program was tested in (e.g., rural or metropolitan).

This study helps to address these gaps in the literature, offering an analysis of the
HEALTM program delivered under real-world conditions in rural and Indigenous settings
such as Aboriginal Controlled Community Health Organisations (ACCHOs). In particular,
we aimed to: (1) describe the program’s uptake, retention and engagement; (2) examine
the effectiveness of the program for improving physical activity, sedentary behaviour,
diet, health outcomes and physical function; and (3) describe participants’ and health
professionals’ views on program acceptability and satisfaction. Understanding how healthy
lifestyle programs work in real-world settings and with rural and vulnerable communities
is essential to address chronic disease risk and management.

2. Materials and Methods
2.1. Design

This study uses a mixed quantitative and qualitative methods, pre–post design com-
prising of the delivery of the HEALTM program—a group-focused lifestyle program im-
plemented in a ‘real world’ primary health care setting. The HEALTM program is an
evidence-based program, developed by South Western Sydney Primary Health Network
and supported by Exercise & Sport Science Australia (ESSA) [23]. Sonder was funded by
the Country South Australia Primary Health Network to implement the HEALTM program
across rural South Australia. A project officer employed by Sonder was responsible for the
implementation of the program. This included undertaking regular promotion and engage-
ment activities with local General Practitioners (GPs) and practice nurses to encourage and
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support referrals into the program. The project officer recruited local allied health profes-
sionals who were subsequently trained and certified to deliver the HEALTM program as
facilitators through ESSA. Local facilitators also engaged with local GPs to support referrals
and local community engagement. Intervention and data collection took place between
1 July 2018 and 30 September 2019. Participants provided written consent to partake in
the program and for their data to be used for program evaluation purposes. This retro-
spective analysis of quality assurance data was deemed to be exempt from ethics approval
by the University of South Australia’s Human Research Ethics Committee (application
no. 204196).

2.2. Participants and Procedure

To be eligible, participants were required to be referred by a GP or Nurse Practitioner
located in one of the following South Australia regions: Gawler, Barossa, Lower North,
Mid North, Yorke Peninsula, Far West, Flinders and Port Augusta, Lower Eyre and Upper
Eyre. Participants were eligible for referral if they met one of the following criteria: CVD
or 2+ CVD risk factors, were diagnosed with Type 2 diabetes, were pre-diabetic, or had
a body mass index (BMI) ≥30. Further eligibility criteria assessed upon receipt of the
referral included aged 18 years or over and completion of pre-exercise screening [24] with
appropriate medical practitioner approval, if required.

Participant referrals were sent from the general practice to Sonder, where they were
processed and allocated to a HEALTM facilitator located in their region of residence. Fa-
cilitators contacted participants via phone to enrol them into the next available program.
Participant anthropometry, blood pressure, and physical function assessments were con-
ducted by facilitators in-person prior to the participants’ commencement in the program
and immediately following program completion (8 weeks). Participants completed a paper
survey assessing their physical activity, sitting time, and diet at baseline and 8 weeks
and were invited to complete an online or paper-based satisfaction survey following the
completion of the program.

Stakeholders, including program facilitators, referrers and practice/service managers,
were invited (n = 30) to complete an online survey to provide feedback about the program
in June 2019.

2.3. Intervention

The HEALTM program is an 8-week, group-based lifestyle program that is targeted
towards adults with or at risk of developing chronic diseases. Allied health professionals
were trained to deliver the HEALTM program as a facilitator through a 1-day training course
run through ESSA. The intervention is guided by the Transtheoretical Model and Stages
of Change theory [4] and includes a focus on self-efficacy to support a self-management
approach to encourage autonomy and goal-setting for sustained behaviour change [5].
The HEALTM program included a weekly 2 h group-based session over an 8-week period.
Programs varied in relation to both time of day and day of delivery. Group sessions
were delivered face-to-face and included 1 h of supervised exercise and 1 h of lifestyle
education focused on promoting physical activity and healthy eating through a modified
Mediterranean diet approach [6]. Supervised exercise sessions varied weekly and involved
low- to moderate-intensity aerobic and resistance activities, which are modified to suit the
needs and interests of the participant group. The most common sessions comprised of gym-
based, circuit-style exercises where participants followed a prescribed workout, modified
according to their fitness level and needs. This commonly included a 10 min warm-up,
followed by the main exercise session (free weights, weight machines and/or cardio) for
30–40 min, with a 10-minute warm down. Facilitators monitored and assessed exercise
intensity using the perceived exertion scale provided in HEALTM program materials
and/or clinical judgement. As part of the program, materials consisting of education slides,
resources and home-based activities including exercises were provided to all participants.
Participants also received one-on-one health consultations to assess current fitness, plan

211



Nutrients 2021, 13, 4040

an appropriate exercise program, and measure and monitor ongoing progress during and
following the program. A comprehensive overview of the intervention has been previously
described [2].

2.4. Measures

Demographic data were collected at the referral stage, which included date of birth,
gender, Aboriginal and Torres Strait Islander status, and postcode. Remoteness was derived
from postcode using the Accessibility and Remoteness Index of Australia (ARIA+) [25]. So-
cioeconomic status categories were derived from postcode using the 2016 Socio-Economic
Indexes for Australia (SEIFA) index of socioeconomic disadvantage national decile rank-
ing [26].

Physical activity questions were based on the Active Australia Survey [27] and in-
cluded weekly minutes spent: walking for more than 10 min; completing other physical
activity (not walking); or gardening or household chores that made participants breathe
hard. The Active Australia Survey has demonstrated acceptable reliability (rs = 0.56–0.64)
and validity (rs = 0.52) [28,29] compared with accelerometer data. In addition to summaris-
ing the modes of physical activity separately, the three physical activity variables were
combined to calculate total weekly physical activity time.

Sitting time was captured by a single item measuring the average number of hours
per day in the previous week spent in sedentary activities [30].

Daily fruit and vegetable consumption was assessed by two questions: one which
asked the number of servings of fruit per day and another which asked the number
of servings of vegetables per day. Each question provided examples and serving size
equivalents. These questions were taken from the valid and reliable Fat and Fibre Barometer
questionnaire [31].

Height (cm), weight (kg), waist circumference (cm), hip circumference (cm), and blood
pressure (mm/Hg) were measured objectively. Stadiometers were used to measure height;
digital scales were used to measure weight; and waist/hip circumference were measured
using tape measures. Blood pressure was measured once with the participant seated using
a clinical grade sphygmomanometer. The brand and model of instruments varied based on
facilitators’ access to equipment; however, participants’ baseline and follow-up assessments
were collected using the same instrument. Physical function measures included the 6 min
walk test, 30 s arm curl, and 30 s chair rise [32,33].

Weekly program attendance was recorded by the facilitator. The participant program
satisfaction survey was delivered in paper form and consisted of 13 items with a mix
of Likert scale and open-ended questions [23]. The stakeholder satisfaction survey was
delivered via SurveyMonkey and consisted of 15 items with a mix of Likert scale and
open-ended questions.

2.5. Statistical Analysis

Baseline participants’ characteristics were analysed descriptively. Differences be-
tween those who accepted and did not accept their referral, and differences between those
who completed and did not complete the 8-week follow-up assessments, were assessed
using one-way analysis of variance and chi-square with post hoc Bonferroni-corrected
z-test pairwise comparisons. Analyses were conducted in SPSS 25 (IBM Corp., Armonk,
NY, USA).

To account for repeated measures and the hierarchical data structure (participants
nested within program sites), linear mixed models with restricted maximum likelihood
(REML) estimation were used to examine the effectiveness of the program. Random effects
were specified to account for the hierarchical structure of the data and time was specified
as a fixed effect. Consistent with the principle of intention-to-treat [34], REML allows all
available data to contribute to model parameters. Analyses were conducted in Stata15.1
(StataCorp., College Station, TX, USA). An alpha of 0.05 was used to denote statistical
significance.
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Descriptive statistics for program satisfaction and stakeholder feedback was reflected
as percentages of participants responding across the Likert scale items. Open-ended
questions were analysed thematically using Microsoft Word.

3. Results
3.1. Uptake and Retention

Forty-seven programs were delivered across more than 15 communities, including the
regions of Lower/Mid North, Lower Eyre, Yorke Peninsula, Gawler/Barossa, ACCHOs
and Remote/Royal Flying Doctor communities.

Figure 1 shows participant flow through the program. A total of 548 referrals were
received with 129 GPs or nurses referring at least one person into the program. A total of
430 people accepted the referral and received the intervention.
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A comparison was undertaken of those who accepted vs. those who declined the
referral (Table S1). A greater proportion of females (81.0%) compared to males (71.1%)
accepted the referral (p = 0.02). Additionally, a greater proportion of those without a
healthcare card (90.9%) compared to those with a healthcare card (81.9%) accepted the
referral (p = 0.01). Acceptance also differed based on remoteness (p = 0.01); rates of
acceptance in major cities (57.9%) was similar to inner regional (81.6%), outer regional
(73.8%), and remote SA (81.0%), but lower than very remote SA (100.0%). There were no
significant differences for age, socioeconomic status, or Aboriginal and/or Torres Strait
Islander status for uptake in referrals.

Four hundred and fourteen participants completed baseline assessments. Table 1
shows participant characteristics at baseline.
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Table 1. Participant characteristics at baseline (n = 414).

n Males
(n = 102)

Females
(n = 300)

All
(n = 414) a

Age (years), M (SD) 383 55.3 (12.55) 53.2 (14.4) 53.7 (13.9)
Aboriginal, n (%) 380 12 (12.2) 30 (10.6) 42 (11.1)

Health care card (yes), n (%) 362 53 (55.8) 113 (49.8) 186 (51.4)
Remoteness, n (%) 399

Major Cities 3 (2.9) 5 (1.7) 8 (2.0)
Inner Regional 30 (29.4) 93 (31.5) 123 (30.8)
Outer Regional 47 (46.1) 99 (33.6) 147 (36.8)

Remote 18 (17.6) 87 (29.5) 106 (26.6)
Very Remote 4 (3.9) 11 (3.7) 15 (3.8)

SES decile, n (%) 399
1–2 36 (35.3) 71 (24.1) 107 (26.8)
3–4 26 (25.5) 119 (40.3) 146 (36.6)
5–6 28 (27.5) 70 (23.7) 98 (24.6)
7–8 5 (4.9) 28 (9.5) 34 (8.5)

9–10 5 (6.9) 7 (2.4) 14 (3.5)
Completed sessions, M (SD) 290 6.2 (2.3) 6.1 (2.0) 6.1 (2.1)

Walking (min/week), M (SD) 394 91.8 (118.9) 71.6 (99.3) 75.7 (103.9)
Planned PA (min/week), M (SD) 397 66.7 (112.2) 56.1 (96.7) 59.1 (100.2)

Incidental PA (min/week), M (SD) 378 119.7 (170.9) 116.6 (170.5) 116.9 (169.0)
Total PA (min/week), M (SD) 358 277.0 (282.6) 230.2 (227.7) 240.7 (241.5)
Sitting time (h/day), M (SD) 400 6.7 (3.8) 5.8 (2.9) 6.03 (3.15)
Fruit (servings/day), M (SD) 409 1.5 (1.1) 1.6 (1.2) 1.6 (1.1)

Vegetables (servings/day), M (SD) 411 2.4 (1.3) 2.6 (1.4) 2.6 (1.4)
Weight (kg), M (SD) 413 109.9 (26.8) 95.6 (22.3) 99.3 (24.2)

Waist circumference (cm), M (SD) 404 120.4 (16.9) 111.5 (16.8) 113.8 (17.2)
BMI, M (SD) 412 35.8 (7.8) 36.6 (8.0) 36.4 (7.9)

Systolic BP (mmHg), M (SD) 384 139.8 (14.8) 133.3 (15.8) 135.1 (15.7)
Diastolic BP (mmHg), M (SD) 377 81.0 (10.0) 79.0 (10.4) 79.5 (10.3)

30 s chair stand (n), M (SD) 396 10.9 (3.8) 10.9 (3.5) 10.9 (3.5)
30 s arm curl (n), M (SD) 403 23.0 (9.5) 22.2 (9.5) 22.3 (9.4)
6 min walk (m), M (SD) 377 380.0 (127.6) 375.0 (127.8) 376.6 (130.2)

a All is more than the sum of Male and Female, due to missing gender data. Note: SES = socioeconomic status, PA = physical activity,
BP = blood pressure.

At baseline, 74.6% of the participants were female, the mean age of participants was
53.7 and average weight was 99.3 kg. Additionally, 11.1% of the sample identified as
Aboriginal and/or Torres Strait Islander. Most participants lived in inner regional (30.8%)
and outer regional (36.8%) areas and were in the lowest two socioeconomic status categories
(63.4%). Participants completed an average of six of eight weekly sessions.

Eight-week follow-up assessments were obtained for 265 participants (64%). A com-
parison was undertaken of those who completed vs. those who did not complete the
follow-up assessment (Table S2). Compared with non-completers, participants who com-
pleted the 8-week assessment were older (M = 55.0 ± 13.6 vs. M = 51.4 ± 14.3, p = 0.02), had
a lower weight (M = 95.6 ± 22.1 vs. M = 105.9 ± 26.3, p < 0.001), smaller waist circumference
(M = 111.5 ± 17.0 vs. M = 117.9 ± 16.8, p < 0.001), more 30 s chair stands (M = 11.2 ± 3.5
vs. M = 10.4 ± 3.6, p = 0.048), and completed more weekly sessions (M = 6.7 ± 1.5 vs.
M = 4.0 ± 2.7, p < 0.001). Completion differed by remoteness (p = 0.003); rates of completion
in major cities (100.0%) were similar to inner regional (57.7%), outer regional (68.0%), and
remote SA (70.8%) but higher than very remote SA (33.3%). Completion also differed by
socioeconomic status (p = 0.02); rates of completion in deciles 5–6 (55.1%) were lower than
in deciles 3–4 (74.0%), while deciles 1–2 (59.8%), 3–4 (74.0%), 7–8 (73.5%), and 9–10 (57.1%)
were similar. There were no differences in completion based on gender, Aboriginal and/or
Torres Strait Islander status, health care card status, systolic blood pressure, diastolic blood
pressure, walking, planned physical activity, incidental physical activity, total physical
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activity, sitting time, servings of fruit, servings of vegetables, 6 min walk test, or 30 s arm
curl.

3.2. Program Effectiveness

At 8 weeks, statistically significant increases were shown in walking, planned physical
activity, incidental physical activity, total physical activity, 30 s chair stand, 30 s arm
curl, 6 min walk, fruit consumption and vegetable consumption. Statistically significant
reductions were seen in sitting time, weight, waist circumference, and diastolic blood
pressure. There were no changes in systolic blood pressure. Table 2 provides an overview
of descriptive statistics and effectiveness results.

Table 2. Descriptive statistics and results from multilevel models examining the effectiveness of the HEALTM program.

Baseline 8 Weeks Estimated Difference

n M (SD) n M (SD) B [95% CI]

Walking (min/week) 394 75.7 (103.9) 250 110.7 (116.7) 31.66 [20.77, 42.56] ***
Planned PA (min/week) 397 59.1 (100.2) 251 115.4 (99.9) 58.09 [45.88, 70.30] ***

Incidental PA (min/week) 378 116.9 (169.0) 239 157.2 (204.4) 46.17 [24.24, 68.11] ***
Total PA (min/week) 358 277.0 (282.6) 292 387.5 (277.3) 140.98 [112.87, 169.09] ***
Sitting time (h/day) 400 6.03 (3.15) 252 5.5 (2.7) −0.36 [−0.59, −0.12] **
Fruit (servings/day) 409 1.6 (1.1) 255 2.0 (1.0) 0.38 [0.27, 0.48] ***

Vegetables (servings/day) 411 2.6 (1.4) 256 3.4 (1.4) 0.81 [0.66, 0.96] ***
Weight (kg) 413 99.27 (24.17) 263 94.45 (22.05) −1.43 [−2.44, −0.41] **

Waist circumference (cm) 404 113.8 (17.2) 257 110.3 (17.8) −1.61 [−2.50, −0.72] ***
Systolic BP (mmHg) 384 135.1 (15.7) 245 133.4 (15.4) −1.63 [−3.42, 0.17]
Diastolic BP (mmHg) 377 79.5 (10.3) 239 78.3 (10.4) −1.10 [−2.15, −0.05] *

30 s chair stand (n) 396 10.9 (3.5) 250 13.1 (4.9) 2.01 [1.61, 2.42] ***
30 s arm curl (n) 403 22.3 (9.4) 255 24.6 (10.0) 2.61 [2.03, 3.19] ***
6 min walk (m) 377 376.6 (130.2) 234 402.0 (146.9) 24.68 [12.70, 36.66] ***

* p < 0.05, ** p < 0.01, *** p < 0.001; Note: PA = physical activity, BP = blood pressure.

3.3. Satisfaction

Overall, 126 program participants (66% female) completed the satisfaction survey
One hundred percent reported that they would recommend the program to family and
friends and that the program was run at a convenient place. Most participants reported
that the program was run at a convenient time (98%), that the quality of presentation was
‘excellent’ (89% vs. ‘good’ 10%, and ‘fair’ 0.8%), and that they were ‘confident’ or ‘very
confident’ that they were able to make changes to their lifestyle as a result of the program
(98%). Participants reported that the program raised their awareness of the health benefits
of healthy eating and physical activity ‘a lot’ (90%), ‘a little’ (7%), or ‘not much’ (3%). Most
participants reported that the program increased their healthy eating and physical activity
skills by ‘a lot’ (71%) or ‘a little’ (26%) and many reported that the program prompted them
to want to change their eating and physical activity habits ‘a lot’ (73%) or ‘a little’ (25%).

A total of 22 of the 30 stakeholders invited (73%) provided feedback; this included
10 program facilitators, 9 referrers and 3 practice/service managers. A minimum of one
stakeholder from each region of delivery responded to the survey. One hundred percent of
stakeholders reported that they were ‘very satisfied’ or ‘satisfied’ with the program and
that they were ‘very likely’ or ‘likely’ to recommend the program to potential participants
and colleagues/other health professionals. All respondents either ‘strongly agreed’ or
‘agreed’ that the program both met the needs of participants and was beneficial for people
with chronic disease. Most (90%) reported the program is effective and appropriate for
chronic disease management. The majority (82%) ‘strongly agreed’ or ‘agreed’ that the
referral process was simple and easy, with the remaining ‘neither agreeing nor disagreeing’
(5%) or ‘disagreeing’ (14%). 95% ‘strongly agreed’ or ‘agreed’ that the program aligned
with existing prevention and management programs within their organisation. A total
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of 60% reported (‘a great deal’ and ‘a lot’) that 2 h weekly group sessions for 8 weeks is
sufficient for promoting positive behaviour change, with 40% reporting (‘a great deal’ and
‘a lot’) that this was sufficient for improving self-management of chronic disease risk factors.
Ratings were lower regarding receiving adequate communication, with 40% of respondents
reporting that they received adequate communication and updates on the progress of
people they had referred. Among facilitators (n = 13), 85% reported they received adequate
training to deliver HEALTM and 77% reported that the resources provided were ‘extremely’
or ‘very effective’, with the remaining reporting that they were ‘somewhat effective’ (23%).

4. Discussion

This study set out to determine the uptake, retention, effectiveness and acceptability
of a group-based healthy lifestyle intervention delivered in rural and disadvantaged
communities under “real-world” conditions. Overall, the results were positive, with strong
referral to the program from a large number of health care providers. The program uptake
rate was high amongst those referred. On average, participants completed six out of
eight program sessions, and around half of participants completed the 8-week follow-up
assessments, showing measurable improvements in most behavioural and physiological
parameters measured. Participants’ feedback was highly favourable. Stakeholder feedback
was also generally favourable, although referring clinicians wanted further communication
regarding progress of the people they had referred into the program.

Results suggested that the HEALTM program led to measurable improvement in par-
ticipants’ lifestyle behaviours. On average, program completers reported consuming two
servings of fruit per day, which meant that by the program’s end, the average participant
was meeting the recommended daily intake of fruit as per the Australian dietary guide-
lines [35]. Vegetable consumption increased substantially (0.8 increase in daily servings),
though the average completer still fell short of healthy eating guidelines [35,36]. Self-
reported physical activity increased by 140 min per week, representing a very large and
clinically meaningful increase. It is important to acknowledge that these are self-reported
changes, which are susceptible to social-desirability bias [37]. Previous research has high-
lighted that significant improvements in self-reported outcomes may not be reflected in
significant changes when they are measured objectively [38].

Improvements seen in a variety of objectively measured health outcomes suggest
that program participants did make meaningful changes to their lifestyle. In particular,
participants, on average, lost approximately 1.4 kg. This degree of weight loss is comparable
to, or perhaps slightly better than, one other study based on real-world delivery of the
HEALTM intervention, in which completers lost, on average, 1.0 kg [23]. In contrast, a meta-
analysis of the effects on 28 interventions modelling on the Diabetes Prevention Program
found they led to 4 percent body weight loss at 12 months (vs. 1.4% loss at 8 weeks in our
study) [22]. The comparability of these results is unclear, given their contrasting length of
follow-up. The improvements in diastolic blood pressure, 6 min walk test and 30 s chair
rise are all in line with improvements previously reported for the HEALTM intervention.

A particularly important finding from the current study was the high level of inter-
vention uptake and acceptability. This is especially important when viewed in the light
that the healthy lifestyle intervention was delivered in high-need communities that are typ-
ically hard to reach. Eleven percent of program participants were indigenous Australians
(compared with 3.3% percent for the entire Australian population) [39] and SEIFA values
indicate that the program was delivered in disadvantaged regions. This contrasts with
many research-based health lifestyle programs, which typically reach white, relatively ad-
vantaged participants [40,41]. Whilst the program had good penetration in disadvantaged
regions, loss to follow up was associated with SEIFA, highlighting the challenges of retain-
ing socioeconomically disadvantaged participants across a prolonged period. Additionally,
the current study continued that trend often seen in researcher-led programs, where they
both attracted a large proportion of female participants [42].
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The key strength of this study was that it evaluated a community-based physical ac-
tivity and healthy eating program delivered under real-world conditions. Not only did the
intervention reach a large number of underserved participants, but it was embedded within
the existing health care system, with participants referred through other local health service
providers. The reporting of the program’s results in the peer-reviewed literature demon-
strates a clinician-instigated collaboration between health service providers and health
researchers. Such collaborations are vital to support the reporting of real-world outcome
data in the peer-reviewed literature [43]. At present, the largest body of peer-reviewed
evidence regarding lifestyle interventions comes from researcher-led interventions, which
often are discontinued at the end of the research project, and are not delivered under
real-world conditions (e.g., participation is incentivised through financial payments, re-
cruitment methods are not embedded in the health system, and participants are provided
extensive support to complete the program and assessments).

Limitations must also be acknowledged. As is common for real-world intervention
evaluations, a pre–post design was used with no control group. In addition, data relating
to reasons for declining participation and attrition and drop-out were not captured Further-
more, physical activity and dietary outcomes were self-reported using simple instruments
suited to a clinical setting, with modest validity relative to gold standard research measures.
However, the changes in objectively measured health outcomes suggest that behaviour
change was achieved. A further limitation was that blood pressure was measured using
clinical-grade sphygmomanometers available at each site, but the brand and model were
not recorded. However, given that the same sphygmomanometer was used for pre and post
measures within participants, this should not have influenced the results, which focused
on changes in blood pressure over time. Whilst these limitations might be considered
major weaknesses for a traditional efficacy study, the health benefits of physical activity
and healthy eating are well established, so the primary contribution of this study relates
to implementation outcomes (e.g., uptake and acceptability). A key limitation was that
the program was delivered and evaluated over a relatively short period due to funding
constraints. Thus, the longer-term impacts are unknown. Ideally, real-world lifestyle
programs should embed long-term follow-up assessment procedures to capture long-term
impacts.

Overall, results suggest the HEALTM program was successfully delivered into these un-
derserved rural communities, with strong uptake, reasonable intervention attendance, and
excellent program acceptability. In the future, longer-term evidence and cost-effectiveness
data would be valuable to support funding for ongoing programming and scale-up. Fur-
ther work is needed to improve referral of, and program uptake, amongst men, who were
under-represented in this study, and are characteristically reticent to partake in preven-
tive health programs. The program may be improved by building in a communication
mechanism by which participants’ progress is reported back to their referring health care
providers.

5. Conclusions

In conclusion, this study evaluated the real-world uptake, retention, effectiveness
and acceptability of a group-based healthy lifestyle intervention delivered in rural and
underserved communities. The program achieved strong referral from clinicians, and
uptake from participants. Around half of participants completed the 8-week program and
follow-up assessments, with measurable improvements in behavioural and physiological
outcomes. Future collaborative research between health service providers and researchers
is warranted to establish the cost-effectiveness of the program and improve participation
amongst men.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13114040/s1, Table S1: Comparison of individuals who accepted and did not accept the
referral to HEALTM, Table S2: Comparison of participants who completed the eight-week follow-up
assessment and non-completers.
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Abstract: Current evidence suggests that 30–50% of cancers are attributable to established lifestyle
risk factors. Cancer-screening has been identified as an opportunity for delivering advice on lifestyle
behaviour change for cancer prevention. This study aimed to evaluate the feasibility and acceptance
of promoting advice on the latest evidence-based lifestyle recommendations for cancer prevention
at the time of colorectal cancer screening at two hospitals in Lyon, France. This feasibility study
included 49 patients (20 men and 29 women) who were invited for colonoscopy. Patients received a
leaflet with lifestyle recommendations for cancer prevention, accompanied with a logbook to plan
and monitor their behavioural changes. Feedback from patients, hospital staff, and researchers was
received via evaluation questionnaires (n = 26) completed after testing the educational material for
at least two weeks and via two focus group discussions (n = 7 and n = 9 respectively) organized at
the end of the study. All interviewed patients were interested in lowering their cancer risk, and the
majority felt ready to change their lifestyle (88%), although most did not know how to decrease their
risk of cancer (61%). All patients found the educational material easy to understand and sufficiently
attractive and 50% of the patients reported having achieved at least one of the healthy behaviours
recommended within the two weeks following the intervention. All hospital staff and almost all
patients (92%) involved found that the screening program and the visits planned for colonoscopy
was an appropriate moment to provide them with the educational material. This feasibility study has
shown that the content, paper-based format, and time of delivery of the intervention were adequate.
Health professionals seem to be willing to provide lifestyle recommendations, and patients appear
interested in receiving advice for lowering their cancer risk during screening visits.

Keywords: feasibility; lifestyle intervention; colorectal cancer screening; hospital setting; France

1. Introduction

Colorectal cancer (CRC) is the fourth most commonly diagnosed malignancy and the
third leading cause of cancer death in the world, accounting for around 1.9 million new
cases and almost 935,000 deaths in 2020 [1]. Given current demographic projections, the
global burden of CRC is anticipated to increase by 60% to over 3 million new cases and
1.6 million cancer deaths annually by 2040 [2]. The incidence of CRC varies widely across
geographic regions with the highest incidence in higher income countries [3]. In France, for
example, CRC is the second most common cancer and the second leading cause of cancer
death, accounting for more than 48,061 new cases and 20,953 deaths in 2020 [1].
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CRC is a complex disease with a number of recognised risk factors. Advancing
age, male sex, family history of CRC, inflammatory bowel disease, smoking, excessive
alcohol drinking, overweight and obesity, low levels of physical activity and sedentary
lifestyle, diabetes and high consumption of red and processed meat are established risk
factors [4–7]. Decades of research have specifically focused on dietary factors: some studies
have suggested a protective effect of diets rich in fruit, vegetables, fish, fibre and whole
grains, calcium and dairy products against colorectal cancer [5]. Overall, it has been
estimated that lifestyle factors could account for up to 40% of CRC cases worldwide [8].
Recent estimates indicate that in France, 56% of CRC cases in men and 74% of CRC cases in
women are attributable to modifiable risk factors. Thus, up to 19,000 CRC cases per year
could be prevented in France by improving unhealthy lifestyle behaviours [9].

The World Cancer Research Fund’s (WCRF) Continuous Update Project (CUP) is the
world’s largest source of scientific research on cancer prevention and survivorship through
diet and physical activity. The CUP analyses global research on how diet and other lifestyle
factors are associated with the risk of developing CRC [10], to provide a basis for lifestyle
recommendations. More recently, in 2018, the WCRF updated its latest lifestyle recommen-
dations for cancer prevention [10], providing the most up-to-date evidence-based lifestyle
recommendations for preventing CRC as well as other cancers. Recent longitudinal studies
have demonstrated that adherence to the WCRF recommendations for cancer prevention
are associated with 5–17% reductions in CRC incidence and 10–13% reductions in CRC
mortality [11–15]. Therefore, developing effective and sustainable interventions promoting
lifestyle changes for CRC prevention is of high public health interest. Cancer-screening
has been identified as an important milestone that could provide an ideal opportunity for
delivering advice on behaviour change for cancer prevention [16]. Berstad and colleagues
recently highlighted the importance of including lifestyle counselling as a part of CRC
screening since individuals with a positive screening result may be inclined to a less healthy
lifestyle compared with those who had a negative screening result [17].

Screening attendance represents a time-window whereby patients may be more recep-
tive to advice on lifestyle change, which has been described as a ‘teachable moment’ [16].
Screening attendance may influence an individual’s perception of their personal risk for
CRC, which in turn may prompt motivation to change behaviour. Indeed, a recent study
showed that adults eligible for cancer screening and who were not adhering to guidelines
were willing to receive lifestyle advice during screening, regardless of its results [18]. While
there is little evidence to support the idea that screening prompts spontaneous behaviour
change [19], interventions delivered at CRC and mammography screening in the U.K
have shown promising results, such as weight loss and increased physical activity [20,21].
However, these interventions were very intensive and there is still a need to test the effect of
brief interventions that promote long-term behaviour change as part of screening programs
to allow widespread implementation. A recent brief habit-based weight loss intervention
promoting a set of everyday healthy eating and physical activity behaviours associated
with cancer prevention in patients with obesity from primary care in the UK has shown
promising results, such as the maintenance of a significant weight loss over 24 months [22].
Since habit formation advice is simple, easily scalable, and a recommended approach to be
used with patients [23], it may be a feasible approach to deliver evidence-based lifestyle
recommendations in the cancer screening context.

The CRC screening program in France may be an ideal setting for delivering advice
on lifestyle behaviours. This is a population-based nationwide cancer screening program
which has been rolling out since 2009. In 2015, the immunochemical test (FIT) replaced
the conventional guaiac faecal occult blood test (gFOBT), improving the participation
rate [24,25]. The programme targets those aged 50 to 74 years old, who often have other
lifestyle related comorbidities, such as obesity, type 2 diabetes mellitus, and cardiovascular
disease. Therefore, promoting healthy lifestyle advice to the screened population has the
potential to reduce the risk of cancer as well as other related comorbidities and improve
prognosis and quality of life. When developing and testing a lifestyle intervention for CRC
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prevention, it would be the most efficient to first target higher risk population groups before
expanding the intervention to the entire screening population. High risk patients include
those with positive FIT, a family history of CRC, or patients who score positive (≥5) for a
validated score consisting of simple clinical factors that successfully estimates the likelihood
of detecting advanced colorectal neoplasia in asymptomatic Caucasian patients [26].

Despite this, there is still little evidence on the impact of promoting the evidence-
based lifestyle recommendations during CRC screening among individuals at higher risk.
There is also a need to extend our efforts to gain understanding of the potential pathways
that can explain how lifestyle factors may prevent CRC development [27]. Therefore, the
LIFE-SCREEN intervention trial aims to investigate the hypothesis that advice on lifestyle
recommendations for cancer prevention at CRC screening among individuals classified
as higher risk will promote greater adherence to cancer prevention recommendations, as
well as improve the quality of life, biomarkers of cancer risk, physical fitness, and body
weight. The current feasibility study presented in this manuscript aimed to evaluate the
feasibility and acceptance of the LIFE-SCREEN intervention. Specific objectives were to
obtain information on (i) participants’ and health professionals’ feedback on the educational
material; (ii) health professionals’ willingness to recruit participants, and (iii) participants’
awareness of the risk factors for CRC and willingness to change their lifestyles. In addition,
we aimed to conduct focus group meetings with patients, health professionals, and experts
in the field in order to explore their feedback on the intervention content, format and
delivery in great detail.

2. Materials and Methods
2.1. Study Design and Setting

This study was a single arm, two-center feasibility study of the LIFE-SCREEN in-
tervention that aims to provide advice on evidence-based lifestyle recommendations for
cancer prevention at CRC screening among individuals at higher risk of CRC. The feasi-
bility study was carried out in 2019 at two hospitals in Lyon, France, L’hôpital Edouard
Herriot (HEH) and Centre Léon Bérard (CLB). The LIFE-SCREEN intervention is registered
with clinicaltrials.gov (Ref ClinicalTrials.gov Record PP201907-26) where more details on
the feasibility study design and methods can be found. The study was conducted according
to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review
Board (or Ethics Committee) of International Agency for Re-search on Cancer (IEC Project
No. 19-26; reviewed and approved on 3 February 2020).

2.2. Participants

Considering the feasibility study objectives we aimed to recruit at least 30 partici-
pants [28]. Eligible patients were adults >18 years without previous cancer diagnosis, who
were capable to provide informed consent, and that were attending for colonoscopy as part
of CRC screening.

2.3. Lifestyle Intervention

The LIFE-SCREEN intervention aimed to deliver lifestyle advice based upon the most
recent recommendations for cancer prevention published by the World Cancer Research
Fund (WCRF) [8]. These recommendations entail the following target behaviours: (1) be a
healthy weight; (2) move more; (3) enjoy more grains, vegetables, fruits, fish, and dairy
products; (4) avoid high-calorie foods rich in fat, salt, and sugar; (5) limit consumption
of red and processed meat; (6) limit alcoholic drinks; (7) limit consumption of sugar-
sweetened drinks; (8) do not rely on supplements. The behavioural approaches were
informed by relevant behaviour change theories and models, such as the Teachable Mo-
ments Heuristic model and the Habit formation theory. The concept of Teachable Moments
(TMs), that is, naturally occurring life or health events that may prompt risk-reducing
health behaviours [16], has been considered a strong foundation for widely-accepted health
behaviour models. In addition, the intervention was based on the habit formation theory, in
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order to promote lasting healthy lifestyle behaviours. Habit-based interventions promote
the repetition of target behaviours in a consistent context in order to make them become
more automatic and habitual [29–31]. They also promote self-regulatory skills (e.g., goal-
setting, planning, self-monitoring, and feedback on performance) in order to translate the
intended behaviour into action and override unwanted automated responses [29,32].

The intervention was delivered as a self-coaching leaflet and booklet materials con-
taining the advice on lifestyle recommendations together with strategies on how to achieve
and maintain these behaviours. The material also contained instructions on how to set up
specific goals (e.g., including what, how, where, and when) to achieve the target behaviours
and repeat them at the same time and in the same place in order to improve the patient’s
likelihood of forming habits and maintaining their behaviour changes. It also provided the
participants with instructions on how to track their progress (e.g., using printed booklets to
monitor their behaviour), and to amend their plans when these seem inefficient in reaching
their target goals.

Health professionals introduced the intervention to eligible patients during pre-
colonoscopy (HEH) or post-colonoscopy visit (CLB), depending on the hospital and pro-
vided the informed consent letter. During the consultation, health professionals briefly
endorsed the importance of the intervention for helping them to achieve and maintain
healthy lifestyles and in turn to reduce their colorectal cancer risk. Interested patients,
who signed the informed consent for this feasibility study, were provided with the educa-
tional material and were instructed to follow the intervention for at least 2 weeks before
completing the feasibility evaluation questionnaire.

2.4. Measurements

At baseline, participants were required to answer questions on socio-demographics,
reason for the colonoscopy and the type of appointment (pre- or post-colonoscopy), their
interest and knowledge on how to reduce colorectal cancer risk, readiness to change
their behaviours and interest in following the intervention. At the end of the two-week
intervention, participants were invited to complete a feasibility evaluation questionnaire
containing closed and open questions to obtain their feedback on the educational material,
format, and delivery as well as questions on compliance to the intervention over 15 days.
Participants were asked to post their completed evaluation questionnaire back using the
pre-paid return envelope or to bring it with them during the focus group meetings. It
should be noted that no objective measures were used to control the patient’s behaviours in
this feasibility study; all measures were self-reported by the patients. Health professionals
were also requested to complete an evaluation questionnaire on the intervention delivery
and content.

In addition, two focus group discussions were conducted at the end of the feasibility
study to discuss in depth the feedback on the intervention content, format, and delivery.
One focus group gathered the researchers and (para-)medical staff involved in the feasibility
study and the second one invited all the patients who took part in the study. These
focus group meetings were logistically organized at one of the hospitals involved in the
intervention and moderated by the researcher coordinating the LIFE-SCREEN intervention.
Each session began with a PowerPoint presentation that provided an overview of the
LIFE-SCREEN study, design, and methods. Next the moderator asked the participants for
feedback on the intervention content, format, and delivery. Both focus groups were audio
recorded and lasted over one hour each. Participants were offered a free lunch meal to
thank them for taking part.

2.5. Data Analysis

Descriptive analysis of the study population was performed. No association analysis
was undertaken given the small sample, which was not powered to detect significant
differences. Two researchers involved in the study independently assessed the audios and
minutes from the focus groups and identified the main suggestions and feedback received.
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They met to discuss aspects such as recruitment and delivery acceptability, barriers for
lifestyle intervention, content of the educational material and any other issue that should
be considered when conducting the full RCT. A consensus list of improvements was then
defined and used to optimize the study protocol further.

3. Results

This feasibility study included 49 patients (20 men and 29 women), aged from 23 to
75 years (Table 1). Most of the patients received the invitation and the educational material
at their post-colonoscopy visit (84%). All patients who participated in the feasibility study
were interested in lowering their CRC risk, although most of them did not know how to
decrease their risk (61%). Eighty-eight percent of the respondents felt ready to change their
lifestyles with the aim to lower their CRC risk.

Table 1. Baseline information (n = 49).

n (%) or Mean (Min-Max)

Sex
Men 20 (41%)
Women 29 (59%)
Age 56.6 (23–75) *

Hospital visit at which the intervention was performed
Pre-colonoscopy 4 (8%)
Post-colonoscopy 41 (84%)
Hospitalization for colonoscopy 4 (8%)

Reason for the colonoscopy
Family history of Colorectal cancer (CRC) 7 (14%)
CRC symptoms 13 (27%)
CRC screening (positive FIT test) 7 (14%)
Medical follow-up (e.g., Lynch) 22 (45%)

Interested in reducing CRC risk
Yes 49 (100)
No 0

Knowledge on how to reduce CRC risk
Yes 19 (39%)
No 30 (61%)

Do healthy lifestyle behaviours help reduce CRC risk?
Yes 41 (84%)
No 2 (4%)
Don’t know 6 (12%)

Ready to change lifestyle behaviours
Yes 43 (88%)
No 1 (2%)
Don’t know 5 (10%)

Interested in taking part in LIFE-SCREEN
Yes 45 (92%)
No 2 (4%)
Do not know 2 (4%)

* Mean and median age were equal (57 years).

At two-week’s follow-up, a total of 26 patients (53%) completed the evaluation ques-
tionnaire. Regarding compliance to the intervention, presented in Table 2, half of the
patients (50%) reported having achieved at least one target behaviour using the monitoring
sheets. Most of them made plans to achieve at least one behaviour (58%) and made amend-
ments to the plans when necessary (58%). Importantly, the majority of patients intended to
continue following the intervention after the end of the study (74%).
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Table 2. Follow-up information on compliance to the intervention over 15 days (n = 26).

Compliance to the Intervention n (%)

Achieved at least one healthy behaviour using the tick sheets
Yes 13 (50%)
No 10 (38%)
Missing 3 (12%)

Made plan(s) to achieve at least one healthy behaviour
Yes 15 (58%)
No 9 (34%)
Missing 2 (8%)

Made adjustment to plan(s) to achieve at least one
healthy behaviour
Yes 14 (58%)
No 9 (34%)
Missing 3 (8%)

Intends to continue following the intervention?
Yes 19 (74%)
No 7 (26%)
Missing -

Table 3 shows patients feedback on the intervention delivery and content collected
through evaluation questionnaires. All patients said they easily understood the informa-
tion included in the educational material and most of them found the material sufficiently
attractive, complete and in line with their expectations (88%). Although most patients
(92%) found the material covered the kind of information they would expect, some re-
ported having suggestions to improve it (27%). Suggestions were made such as providing
more plant-based and vegetarian recipes and practical tips on how to achieve their goals
(e.g., examples of activities adapted to an ageing population to maintain their fitness, etc.).
Interestingly, 54% of the patients preferred to stick to the non-digital (e.g., paper-pencil)
tools to monitor their behaviours rather than using digital tools. Most of them found that
the CRC screening program and the visits planned for colonoscopy were right/appropriate
moments to provide them with the educational material (92%). Similar feedback was
obtained in the patients’ focus group, composed of three patients (two women and one
man) involved in the feasibility study.

Table 3. Follow up information on intervention delivery and content collected via evaluation
questionnaires (n = 26).

Feedback on the Intervention Delivery and Content n (%)

Interested in taking part in this intervention if attending cancer
screening again in the future
Not very interested 6 (23%)
Somewhat interested 11 (42%)
Very interested 5 (20%)
Not applicable or missing 4 (15%)

Interested in taking part in this intervention even if randomied to
intervention or control condition
Not very interested 5 (20%)
Somewhat interested 12 (46%)
Very interested 5 (19%)
Not applicable or missing 4 (15%)

Feedback on the Intervention Delivery and Content n (%)

Interested in receiving text-messages and emails reminding about
the healthy behaviours
Not very interested 9 (35%)
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Table 3. Cont.

Somewhat interested 9 (35%)
Very interested 6 (23%)
Not applicable or missing 2 (7%)

The educational material was easy to understand
Yes 26 (100%)
No 0

The educational material covered the kind of information you would expect
Yes 24 (92%)
No 0
Missing 2 (8%)

The educational materials are attractive and eye-catching
Yes 23 (88%)
No 1 (4%)
Missing 2 (8%)

Is there any other information or tips that you would like to see in the leaflet or logbook?
Yes 7 (27%)
No 18 (69%)
Missing 1 (4%)

Was the timing of the delivery adequate?
Yes 24 (92%)
No 1 (4%)
Missing 1 (4%)

Would it be helpful to have access to a mobile or web-based app to monitor your behaviours?
Yes 11 (42%)
No 14 (54%)
Missing 1 (4%)

Feedback from experts and health professionals involved in the study was obtained
via focus group discussions and evaluation questionnaires. The focus group was conducted
with four health professionals and three experts in the field. They suggested to screen
participants for their current adherence to the recommendations for cancer prevention at
baseline and exclude those with a high score (complying with the recommendations), as
they would not have much room to improve their behaviours. However, they emphasized
that the study protocol must ensure that the extra work for the surgeons and other health
professionals is kept to the minimum (~5 min/patient) to ensure intervention feasibility.
They also underlined the importance of testing participants on knowledge about healthy
lifestyles and ‘knowledge change’, as the knowledge of many patients seemed rather low.
Regarding the time of the delivery, it was concluded that both pre- and post-colonoscopy
are possible. Although it was concluded that both pre- and post-colonoscopy are possible,
it was agreed that the most optimal time to deliver the educational material was during the
pre-colonoscopy visit, followed by a follow-up intervention (referring to the educational
material received at baseline) taking place during the post-colonoscopy visit. Experts and
health professionals found that the material could be improved by providing patients
with fridge magnets containing messages about the recommendations; recipe books with
low-cost vegetarian recipe ideas; and more tips on how to get more active (especially for
older patients). They also suggested that the recommendation for quitting smoking should
be more prominent.

4. Discussion

The importance of promoting lifestyle changes to prevent cancer has been highlighted
in the scientific literature as well as in the lay press [33,34]. Although the time at which an
individual undergoes cancer screening could be considered as a teachable moment [20,21],
so far evidence regarding the effectiveness of evidence-based lifestyle advice administered
during cancer screening is still scarce. Nevertheless, the necessity and importance of
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including lifestyle counselling as a part of CRC screening has been demonstrated in
particular among individuals with a positive screening result, as they may be inclined
to a less favourable lifestyle compared with those who tested negative at screening [17].
Therefore, this feasibility study was set up to evaluate the feasibility of an intervention
study aimed at delivering evidence-based lifestyle advice during CRC screening among
individuals at higher CRC risk, as this may have high public health potential.

In summary, this feasibility study showed that the content, paper-based format, and
time of delivery of the intervention (both pre- and post-colonoscopy) were adequate and
well accepted by the health professionals and patients.

Previous studies already investigated the impact of lifestyle interventions during can-
cer screening, though with mixed results [35–40]. Although the colorectal cancer screening
has already been evaluated as a potential teachable moment for lifestyle interventions [35],
the interventions evaluated so far were rather intensive and personalised lifestyle inter-
ventions that require important time investments of (para)-medical staff. Here, our results
suggest that a simple, well-documented intervention before or after colonoscopy may be
sufficient to impact patient lifestyle. Indeed, following our intervention, half of the patients
reported having achieved at least one of the healthy behaviours recommended within the
two weeks after the first visit. These results should be confirmed in a larger randomised
controlled trial.

Patients and health professionals provided valuable suggestions and feedback for
further improvement of the study protocol and educational material, leading us to include
a “recipe and practical tips book”. The paper-based format of the intervention will be
maintained, but patients will also have the option to get access to the electronic (e.g., pdf)
version of all documents. Patients will also be allowed to choose whether they wish to
receive reminders of the recommendations sent by text-messages and/or emails during
the 12-month follow-up. The delivery of the intervention will take place during the
pre-colonoscopy visit and a follow-up intervention (referring to the educational material
received at baseline) will take place during the post-colonoscopy visit. However, the
inclusion in the study will be conditional to the colonoscopy results, as patients who
receive CRC diagnosis during the post-colonoscopy visit are not considered eligible for the
intervention study that aims at patients at higher risk.

The proposed intervention is expected to promote greater adherence to cancer pre-
vention recommendations and have an effect on quality of life, biomarkers of cancer risk,
physical fitness, and body weight among higher CRC risk population groups. The integra-
tion of these well-established continuous frameworks, namely the CRC screening program
and the WCRF-CUP cancer prevention program that continuously updates the evidence on
lifestyle risk factors and cancer risk, ensures the sustainability of this intervention program
and the potential for further expansion to other cancer screening programs in France and
beyond. If successful, this intervention trial could inspire similar initiatives for other cancer
types that have well established cancer screening programs and can be expanded to the
full screening population.

The fact that the intervention will be implemented in hospitals, alongside the CRC
screening routine procedures, makes the access to blood, faecal, and tissue samples from
participants easier and will allow us to explore the effect of the intervention on nutritional,
inflammation, metabolic health and microbial biomarkers that could provide important
information on the mechanisms of CRC development and prevention targets.

5. Future Perspectives

As stated previously, no standardised protocols or recommendations are available for
individuals at higher risk of CRC. If this evidence-based lifestyle intervention confirms
the hypothesis that adherence to the latest evidence-based lifestyle guidelines improves
following such an intervention, which in turn reduces CRC risk and improves the quality
of life, then the intervention can be implemented nationwide and beyond. The recommen-
dations will be developed as a visual representation that is interpretable by non-literate
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patients to consider and guarantee social equality among the target population. In addition,
the lifestyle advice given in this intervention is aimed to limit the burden for the hospital
staff involved to a minimum so that it can easily replace routine care when upscaling to a
nation-wide intervention.

In the future, this intervention protocol could also be tested in primary care by provid-
ing the healthy lifestyle advice to all participants involved in CRC screening, regardless of
their FIT test result.

In addition to cancer, rates of other non-communicable diseases (NCDs) continue
to rise, affecting the poorest and most vulnerable populations. The intervention targets
a higher CRC risk population aged 35 or over, who often have other lifestyle related
comorbidities, such as obesity, type 2 diabetes mellitus, and cardiovascular disease. These
diseases share common risk factors, as for example, altered lipid levels, inflammation and
abnormal glucose metabolism [41,42]. Hence, promoting healthy lifestyle advice to this
population has the potential to also reduce the risk of other related NCDs.

Lastly, this intervention will also shed light on changes in biomarkers relevant for
cancer prevention, allowing a better understanding of the putative mechanisms involved.

6. Conclusions

This feasibility study has shown that the content, paper-based format, and timing
of delivery of the intervention (pre- and/or post-colonoscopy) were adequate and well-
accepted by both the health professionals and patients. Health professionals seem to be
willing to provide lifestyle recommendations and patients seem interested in receiving
advice for lowering their cancer risk during screening visits. Considering the interesting
finding that more than half of the patients made plans and adjustments to achieve one
of the healthy behaviours recommended in the educational material and that half of the
patients reported having achieved at least one of the healthy behaviours recommended
within two weeks of receiving the intervention, this LIFE-SCREEN intervention is expected
to promote greater adherence to cancer prevention recommendations. Therefore, this LIFE-
SCREEN intervention will now be evaluated within the context of a funded randomised-
controlled trial.
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Abstract: This study aimed to investigate changes in the exercise pattern and dietary habits in
adolescents during the COVID-19 pandemic. The 12–18-year-old population in the Korea Youth Risk
Behavior Web-Based Survey data of 2019 and 2020 was enrolled. The exercise pattern and dietary
habits of 105,600 participants (53,461 in the 2019 group and 52,139 in the 2020 group) were compared.
The odds ratios (ORs) for the dietary habits and exercise pattern of the 2020 group compared to the
2019 group were analyzed using multiple logistic regression analysis with complex sampling. The
odds of eating fruit, drinking soda, drinking sweet drinks, and consuming fast food were lower in
the 2020 group than in the 2019 group (all p < 0.001). The odds of eating breakfast were higher in the
2020 group than in the 2019 group (all p < 0.001). The 2020 group showed lower odds of frequent
vigorous and moderate aerobic exercise and higher odds of frequent anaerobic exercise than the 2019
group (all p < 0.001). During the COVID-19 pandemic, adolescents consumed less fruit, soda, and
sweet drinks, while they had more breakfast. The frequency of aerobic exercise was lower, while the
frequency of anaerobic exercise were higher during the COVID-19 pandemic period.

Keywords: COVID-19; dietary habits; exercise pattern; adolescents; cohort study

1. Introduction

The outbreak of COVID-19 had various impacts on our daily lives [1]. Due to the
high infectivity of SARS-CoV-2, the prevention of contagious infection and the isolation
of COVID-19 patients have been among the most important strategies in response to the
COVID-19 pandemic. The quarantine maneuvers included social distancing, restriction of
social activities, and lockdown. These limitations on social circumferences increased the
time spent indoors and eating home-cooked meals, while they decreased outdoor activities
and eating out [2]. The lockdown of schools and workplaces changed the schedules of
daily life for many people.

A number of researchers have been concerned about the changes in dietary habits
and exercise pattern during the COVID-19 pandemic [3–7]. A cross-sectional survey in
Poland found that approximately 43% and 52% of adults consumed more food and snacks,
respectively, during the COVID-19 lockdown [3]. Approximately 30% of participants
gained weight because of the frequent consumption of fast food (3.0 ± 1.6 kg) during the
COVID-19 lockdown [3]. Another survey in Italy reported that approximately 33.5% of
participants changed their eating habits, and approximately 81% of participants increased
frozen food consumption during the COVID-19 lockdown [5]. This survey estimated that
home confinement during the COVID-19 crisis was negatively associated with physical
activity intensity and positively associated with sedentary time during the COVID-19
lockdown [5].
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Importantly, adolescents are in periods of development and are susceptible to ac-
quiring poor lifestyle patterns, including habits related to diet and exercise pattern [5,8,9].
Indeed, an international online survey reported that adolescents consumed more fast
food and sweet food during home confinement due to the COVID-19 lockdown (44.6%
vs. 64% for fast food; 14% vs. 20.7% for sweet food) [5]. In addition, 70.5% of participants
reduced their exercise pattern during the COVID-19 lockdown [5]. An international online
survey demonstrated reduced physical activity levels (vigorous, moderate, walking, and
overall) during home confinement due to the COVID-19 crisis (5.04 ± 2.51 day/week vs.
3.83 ± 2.82 day/week of physical activities, p < 0.001) [6]. However, the information on
the respondents was very limited, and the analysis did not consider possible confounders,
such as economic status, sleep time, and obesity. As multiple lifestyle factors influence
dietary habits and exercise pattern, these factors should be concurrently considered in
analyses of the impact of the COVID-19 pandemic on diet and exercise pattern.

As changes in dietary habits and exercise pattern during the COVID-19 pandemic
were suggested to increase the risk of metabolic disorders in a previous study [10], we
hypothesized that there may have also been changes in the dietary habits and physical
activity during the COVID-19 pandemic in Korean adolescents. To test this hypothesis,
the dietary habits and exercise pattern were analyzed in adolescents in before and during
the COVID-19 pandemic periods. The first patient with COVID-19 was diagnosed on
19 February 2020. Thus, this study compared the 2019 group as a prepandemic population
(surveyed from 3 June 2019 to 12 July 2019) with the 2020 group as a COVID-19 pandemic
population (surveyed from 3 August 2020 to 13 November 2020 during the social distancing
strategies that had been maintained in Korea without complete lockdowns).

2. Materials and Methods
2.1. Study Population and Data Collection

This cross-sectional study used data from the Korea Youth Risk Behavior Web-based
Survey (KYRBWS) and covered the nation using statistical methods based on the designed
sampling and adjusted weighted values. The KYRBWS obtained data from South Korean
adolescents using stratified, two-stage (schools and classes) clustered sampling based on
data from the Education Ministry. Sampling was weighted by statisticians, who performed
poststratification analyses and considered the nonresponse rates and extreme values. Data
from the 2019 and 2020 KYRBWS were analyzed. The details of the sampling methods
are described on the KYRBWS website [11]. The KCDC collected the data, and Korean
adolescents from 7th through 12th grade voluntarily and anonymously completed the
self-administered questionnaire. The validity and reliability of the KYRBWS have been
documented by other studies [12,13].

Of the 112,251 total participants (57,303 in 2019; 54,948 in 2020), the following were
excluded from this study: participants without information on age (n = 373), height or
weight (n = 2596), and sedentary time (n = 3682). Finally, 105,600 participants (53,461
in 2019; 52,139 in 2020), who were 12 through 18 years old, were included in this study
(Figure 1).

2.2. Survey
2.2.1. Exposure

In each of the 2019 and 2020 surveys, adolescent participants were selected as stated
above to represent the entire adolescent population in Korea. The participants from 2019
were not followed up with. The participants of 2020 were newly selected from the entire
Korean adolescent population.
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2.2.2. Outcomes

Dietary habits were surveyed by asking about the frequency of particular dietary
habits in the last week. The frequencies of breakfast, fresh fruit, soda beverage (except for
pure soda drinks and caffeinated drinks), sweet drinks, and fast food intake were assessed
using questionnares. “How many days did you eat breakfast, fresh fruit, soda beverage
(except for pure soda drinks and caffeinated drinks), sweet drink, and fast food in the
recent 7 days, respectively?”.

Regarding exercise pattern, aerobic exercise involving vigorous physical activity was
assessed with the following question: “How many days did you exercise with high intense
enough to sweat more than 20 min in the recent 7 days?”. Aerobic exercise involving
moderate physical activity was assessed by asking: “How many days did you exercise until
heart rate increase or be short of breath more than 60 min in the recent 7 days?”. Anaerobic
strength exercises were assessed by asking: “How many days did you exercise to increase
muscle power such as sit-up, lift weight, or chin-up bar in the recent 7 days?”.

2.2.3. Covariates

Body mass index (BMI, kg/m2) was calculated using height and weight. Mean
sedentary time (h/day) and leisure time were calculated as 5/7 of the time on weekdays
plus 2/7 of the time on weekends [14,15]. Sleep times were calculated as 5/7 of the time
on weekdays plus 2/7 of the time on weekends [14,15]. The self-reported economic level
was categorized into 3 levels: high, middle, and low. Subjective self-reported health status
was categorized into 4 levels that ranged from very healthy to unhealthy. Subjective body
shape image was categorized into 3 levels, including thin, normal, and obese. Smoking
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in the last 30 days was assessed and categorized into 3 levels: 0, 1–19, and ≥20 days [16].
Drinking alcohol in the last 30 days was categorized into 3 levels: 0, 1–2, and ≥3 days [16].

2.3. Statistical Analysis

The general characteristics of the data from the 2019 and 2020 surveys were compared
using t-tests and chi-square tests.

The odds ratios (ORs) for particular dietary habits (breakfast, fresh fruit consumption,
soda beverage, sweet drinks, and fast food intake) and exercise pattern (vigorous physical
activity, moderate physical activity, and strength exercise) from 2020 compared to 2019
were calculated using multiple logistic regression analysis with complex sampling.

Crude and partially adjusted (age, BMI, sedentary time for study or leisure, sex,
economic level, sleep time, subjective health status, subjective body shape image, and
smoking and alcohol consumption) and fully adjusted (partial model plus dietary habits
and exercise pattern) models were designed. Subgroups determined by sex and school
level (middle school vs. high school) were analyzed.

Two-tailed analyses were conducted, and p-values lower than 0.05 were considered
to indicate significance; 95% confidence intervals (Cis) were also calculated. The weights
recommended by the KYRBWS were applied, and thus complex sampling was applied.
The data were analyzed using SPSS ver. 25.0 (IBM, Armonk, NY, USA).

2.4. Ethics Approval

The ethics committee of Hallym University approved the use of these data. The study
was exempted from the need for written informed consent by the Institutional Review
Board (2019-09-005). All Korea Youth Risk Behavior Web-Based Survey (KYRBWS) data
analyses were conducted in accordance with the guidelines and regulations provided by
the Institutional Review Board of the Centers for Disease Control and Prevention of Korea
(KCDC). The understanding, reliability, and validity of each question were investigated by
the KCDC to verify the applicability of the surveys [11].

3. Results

The average sedentary time reported in the study was 6.6 (±3.7) hours/day in the
2019 group and 5.9 (±3.4) hours/day in the 2020 group (p < 0.001; Table 1). The average
sedentary time for leisure was 3.3 (±2.3) hours/day in the 2019 group and 4.3 (±2.8)
hours/day in the 2020 group (p < 0.001). Reporting subjective body shape image as obese
was lower in the 2019 group than in the 2020 group (37.5% vs. 38.5%, p < 0.001). The
frequencies of smoking and alcohol consumption were higher in the 2019 group than in the
2020 group (p < 0.001). The distributions of BMI, sleep time, and subjective health status
were different between the 2019 group and the 2020 group (all p < 0.001).

In the fully adjusted model, the 2020 group demonstrated lower odds of eating fruit,
fast food, drinking soda, and drinking sweet drinks than the 2019 group (all p < 0.001;
Table 2). On the other hand, the frequency of breakfast was lower in the 2019 group than
in the 2020 group (p < 0.001). In middle school students, the frequencies of eating fruit,
drinking soda, drinking sweet drinks, and eating fast food were lower in the 2020 group
than in the 2019 group (all p < 0.001; Table S1). In high school students, the frequencies
of eating fruit, drinking soda, and drinking sweet drinks were lower in the 2020 group
than in the 2019 group (all p < 0.001, Table S2). When analyzed by sex, men showed lower
frequencies of drinking soda and sweet drinks in the 2020 group than in the 2019 group (all
p < 0.001; Table S3). In women, the frequencies of eating fruit, drinking sweet drinks, and
eating fast food were lower in the 2020 group than in the 2019 group (all p < 0.05, Table S4).
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Table 1. General Characteristics of Participants.

General Characteristics Participated Year

2019 2020 p-Value

Total Number, n (%) 53,461 (100.0) 52,139 (100.0)
Age (years, mean (SD)) 15.0 (1.8) 15.1 (1.8) <0.001 *
BMI (kg/m2, mean (SD)) 21.3 (3.6) 21.5 (3.7) <0.001 *
Sedentary time for study (hour/day, mean (SD)) 6.6 (3.7) 5.9 (3.4) <0.001 *
Sedentary time for leisure (hour/day, mean (SD)) 3.3 (2.3) 4.3 (2.8) <0.001 *
Sex, n (%) 0.726

Male 27,776 (52.0) 27,033 (51.8)
Female 25,685 (48.0) 25,106 (48.2)

Economic level, n (%*) 0.382
High 20,979 (39.2) 20,367 (39.1)
Middle 25,767 (48.2) 25,076 (48.1)
Low 6715 (12.6) 6696 (12.8)

Sleep time, n (%*) <0.001 †
Unknown or
missing 5018 (9.4) 7923 (15.2)

< 6 h 12,370 (23.1) 11,911 (22.8)
6 h to <7 h 12,155 (22.7) 11,440 (21.9)
7 h to <8 h 11,548 (21.6) 10,375 (19.9)
≥8 h 12,370 (23.1) 10,490 (20.1)

Subjective health status, n (%*) 0.007 †
Very healthy 14,451 (27.0) 14,447 (27.7)
Healthy 23,383 (43.7) 22,276 (42.7)
Normal 11,848 (22.2) 11,634 (22.3)
Unhealthy 3779 (7.1) 3782 (7.3)

Subjective body shape image, n (%*) <0.001 †
Thin 13,768 (25.8) 12,820 (24.6)
Normal 19,662 (36.8) 19,220 (36.9)
Obese 20,031 (37.5) 20,099 (38.5)

Smoking in the recent 30 days, n (%*) <0.001 †
0 day 50,205 (93.9) 49,886 (95.7)
1–19 days 1473 (2.8) 871 (1.7)
≥20 days 1783 (3.3) 1382 (2.7)

Drinking alcohol in the recent 30 days, n (%*) <0.001 †
0 day 45,879 (85.8) 46,679 (89.5)
1–2 days 4525 (8.5) 3300 (6.3)
≥3 days 3057 (5.7) 2160 (4.1)

* Independent t-test, Significance at p < 0.05. † Chi-square test, Significance at p < 0.05.

Regarding exercise pattern, the frequencies of vigorous and moderate aerobic exercise
were lower in the 2020 group than in the 2019 group (all p < 0.001; Table 3). The 2020
group showed lower odds regarding the frequency of vigorous and moderate aerobic
exercise than the 2019 group (all p < 0.001). In contrast, the frequency of anaerobic exercise
was higher in the 2020 group than in the 2019 group (p < 0.001). The 2020 group showed
higher odds regarding the frequency of anerobic exercise than the 2019 group (p < 0.001).
Middle school students showed a lower frequency of vigorous aerobic exercise and a higher
frequency of anaerobic exercise in the 2020 group than in the 2019 group (all p < 0.001;
Table S1). High school students showed lower frequencies of vigorous and moderate
aerobic exercise and a higher frequency of anaerobic exercise in the 2020 group than in the
2019 group (all p < 0.001; Table S2). When analyzed by sex, both men and women showed
a lower frequency of vigorous aerobic exercise and a higher frequency of anaerobic exercise
in the 2020 group than in the 2019 group (all p < 0.001; Tables S3 and S4).
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Table 2. Odd ratios of dietary habits in 2020 compared to 2019 in total participants.

Dietary Habit Number (%) OR (95% CI)

2019 2020 Crude p-Value Partial † p-Value Full ‡ p-Value

Breakfast <0.001 * 0.008 * <0.001 *
0–1 time/week 14,455 (27.0) 14,786 (28.4) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
2–4 times/week 12,471 (23.3) 12,862 (24.7) 1.02 (0.98–1.05) 1.05 (1.01–1.09) 1.07 (1.03–1.11)
≥5 times/week 26,535 (49.6) 24,491 (47.0) 0.91 (0.87–0.95) 1.00 (0.96–1.03) 1.01 (0.97–1.05)

Fruit <0.001 * <0.001 * <0.001 *
0–2 times/week 22,064 (41.3) 23,334 (44.8) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
3–4 times/week 14,806 (27.7) 13,922 (26.7) 0.90 (0.87–0.93) 0.93 (0.90–0.97) 0.95 (0.92–0.99)
≥5 times/week 16,591 (31.0) 14,883 (28.5) 0.86 (0.82–0.89) 0.91 (0.88–0.95) 0.93 (0.89–0.96)

Soda drink <0.001 * <0.001 * <0.001 *
0–2 times/week 33,928 (63.5) 33,667 (64.6) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
3–4 times/week 12,533 (23.4) 11,482 (22.0) 0.92 (0.88–0.96) 0.87 (0.84–0.90) 0.92 (0.88–0.95)
≥5 times/week 7000 (13.1) 6990 (13.4) 0.99 (0.94–1.04) 0.89 (0.85–0.93) 0.94 (0.90–0.99)

Sweet drinks <0.001 * <0.001 * <0.001 *
0–2 times/week 26,803 (50.1) 28,229 (54.1) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
3–4 times/week 15,607 (29.2) 13,350 (25.6) 0.80 (0.77–0.82) 0.79 (0.76–0.81) 0.81 (0.78–0.84)
≥5 times/week 11,051 (20.7) 10,560 (20.3) 0.90 (0.86–0.93) 0.85 (0.82–0.89) 0.90 (0.86–0.94)

Fast food 0.191 <0.001 * 0.001 *
0–2 times/week 40,236 (75.3) 39,263 (75.3) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
3–4 times/week 10,487 (19.6) 10,316 (19.8) 1.01 (0.98–1.05) 0.97 (0.93–1.00) 1.02 (0.98–1.05)
≥5 times/week 2738 (5.1) 2560 (4.9) 0.96 (0.90–1.02) 0.84 (0.79–0.89) 0.90 (0.85–0.96)

* Multiple logistic regression analysis with complex sampling, Significance at p < 0.05; † Adjusted for age, BMI, sedentary time for study or
leisure, sex, economic level, sleep time, subjective health status, subjective body shape image, smoking, and drinking alcohol histories. ‡
Adjusted for partial model plus dietary habit and exercise pattern.

Table 3. Odd ratios of exercise pattern in 2020 compared to 2019 in total participants.

Physical Activity (PA) Number (%) OR (95% CI)

2019 2020 Crude p-Value Partial † p-Value Full ‡ p-Value

Vigorous PA <0.001 * <0.001 * <0.001 *
0 time/week 16,819 (31.5) 19,859 (38.1) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

1–2 times/week 19,123 (35.8) 17,411 (33.4) 0.76 (0.73–0.81) 0.78 (0.74–0.81) 0.74 (0.71–0.77)
≥3 times/week 17,519 (32.8) 14,869 (28.5) 0.71 (0.67–0.76) 0.71 (0.68–0.75) 0.60 (0.57–0.63)

Moderate PA <0.001 * <0.001 * 0.719
0 time/week 18,647 (34.9) 20,008 (38.4) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

1–2 times/week 16,210 (30.3) 15,317 (29.4) 0.88 (0.84–0.92) 0.91 (0.87–0.94) 0.99 (0.95–1.02)
≥3 times/week 18,604 (34.8) 16,814 (32.2) 0.84 (0.79–0.89) 0.87 (0.83–0.91) 0.99 (0.96–1.04)

Strength Exercise <0.001 * <0.001 * <0.001 *
0 time/week 27,721 (51.9) 26,074 (50.0) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

1–2 times/week 13,912 (26.0) 13,124 (25.2) 1.00 (0.95–1.05) 1.05 (1.01–1.10) 1.19 (1.14–1.24)
≥3 times/week 11,828 (22.1) 12,941 (24.8) 1.15 (1.07–1.23) 1.23 (1.17–1.28) 1.54 (1.46–1.62)

* Multiple logistic regression analysis with complex sampling, Significance at p < 0.05. † Adjusted for age, BMI, sedentary time for study or
leisure, sex, economic level, sleep time, subjective health status, subjective body shape image, smoking, and drinking alcohol histories. ‡
Adjusted for partial model plus dietary habit and physical activities.

4. Discussion

The consumption of fast food, fruit, and drinks such as soda was lower, while the
consumption of breakfast was higher during the COVID-19 crisis than in the prepandemic
era. The pattern of exercise showed bidirectional changes, with lower aerobic exercise
and higher anaerobic exercise during the COVID-19 pandemic when compared with the
prepandemic period in this cohort of Korean adolescents. This study improved previous
findings on the impact of the COVID-19 pandemic on dietary habits and exercise pattern
by concurrently analyzing both the dietary habits and exercise pattern in an adolescent
population. In addition, age and sex were subgrouped, and the impact of the COVID-19
pandemic on diet and exercise pattern was analyzed in each subgroup.

The COVID-19 pandemic was associated with decreased intakes of fast food, fruit,
soda, and sweet drinks in this cohort of Koreran adolescents. On the other hand, the
frequency of breakfast was increased during the COVID-19 pandemic. The decreased
consumption of soda, sweet drinks, and fast food could be explained by less frequent
eating out due to home confinement. The consumption of fast food and soda intake have
mostly been associated with eating out in Korean adolescents [17]. In addition, health-
seeking behavior could have decreased the consumption of unhealthy food during the
COVID-19 pandemic in this study. The COVID-19 pandemic could have encouraged
adolescents to address health-related issues because they were repeatedly exposed to
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health campaigns and education regarding quarantine maneuvers from school and the
mass media. Moreover, the increased time with family and frequency of home cooking
could have provided an opportunity for adolescents to discuss healthy behavior with their
parents and to alter their unhealthy dietary habits [18,19]. The traditional Korean diet at
home includes cooked rice and a number of banchan, such as kimchi. Thus, Koreans could
consume sufficient nutrients from vegetables, legumes, and fish, with a low intake of red
meat [20]. Frequently cooking dinner was related to a higher Healthy Eating Index-2015
in the US (≥7 times/week: +3.57 points, p < 0.001) [19]. During the COVID-19 crisis, a
cross-sectional survey in Italy demonstrated that approximately 3.3% of respondents quit
smoking and 38.3% of respondents increased physical activities, such as bodyweight train-
ing [4]. The lockdown and other instances of quarantine could have resulted in difficulties
acquiring food, especially fresh food, such as fruit, in some adolescents without caregivers.
Indeed, it was reported that over 18% of adults lost weight during the COVID-19 lockdown
(−2.9 ± 1.5 kg) [3]. In our cohort, although the BMI was slightly higher in the COVID-19
pandemic group than in the prepandemic group, it was not high enough to have a clinical
impact. On the other hand, the increasd time to eat due to the lockdown of schools could
have resulted in increasing breakfast consumption, which was observed in this study.
Because the restriction of outdoor activities can increase the time available to eat, the
increase in breakfast consumption could have been relative to the irregular meal time
during school hours.

Anaerobic exercise was higher in the COVID-19 pandemic group than in the prepan-
demic group in this study. In contrast, vigorous aerobic exercise was lower in the COVID-19
pandemic group than in the prepandemic group. A previous survey estimated 1.3-fold and
1.2-fold higher rates of moderate-to-vigorous physical activity in male and middle-aged
populations during the COVID-19 pandemic [21]. The increase in anaerobic exercise could
have been a compensation for the decrease in aerobic exercise during the COVID-19 pan-
demic that was found in the study. A cross-sectional study reported that children spent less
time in extracurricular sports (23.5%), and 94.5% of children watched screens for 1.5 (0.5–3.0)
hours/day [22]. Quarantine and social distancing maneuvers might have limited outdoor
activities [23]. The restrictions on physical activities during the COVID-19 pandemic may
have been caused by both individual and community aspects [24,25]. Physical restrictions
on outdoor activities may have reduced individuals’ aerobic exercise. In addition, the social
distancing policy included restrictions on group sports activities, such as football leagues,
swimming, and baseball games, all of which are forms of aerobic exercise. On the other
hand, the increased time spent at home may have encouraged people to spend time at home
training. Moreover, awareness of health-related issues via health promotion campaigns
encouraged people to engage in home-based exercises [23,26]. Indeed, a surveillance in
Thailand reported a 1.5-fold higher rate of moderate-to-vigorous physical activity in adults
who were exposed to fit-from-home campaigns [21]. Furthermore, physical activity was
reported to be greatly influenced by personal factors in children, while sedentary behavior
was influenced by environmental factors [27]. Thus, physical activity was less influenced
by the COVID-19 pandemic, but the geographic area of activity decreased.

The present cohort was composed of a large, nationwide, representative population of
Korean adolescents. The validation and regulation of the data were managed by KCDC.
Many surveyed items of sedentary time for study, sedentary time for leisure, economic
level, sleep time, subjective health status, subjective body shape image, smoking, alcohol
consumption, and anthropometric index of BMI were included for analyses. We included
these variables as they might have been able to affect diet and exercise pattern. However,
because this study was based on the survey, recall bias may have existed. In addition, the
amount of food consumption could not be evaluated. The detailed types of physical exercise
could not be identified. Furthermore, the study participants could not be longitudinally
followed up with; instead, new participants were enrolled in each year. Although numerous
factors were surveyed and adjusted for, influential variables may have been unmeasured,
such as comorbidities that restrict dietary consumption or exercise pattern. Lastly, because
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this study included a Korean population, ethnic or regional differences could be present
regarding dietary habits or exercise pattern of other ethnic groups [28].

5. Conclusions

There were changes in both the dietary habits and pattern of exercise between the
pre- and during COVID-19 pandemic periods in this cohort of Korean adolescents. The
consumption of fruit, fast food, soda, and sweet drinks was lower, while the consump-
tion of breakfast was higher during the COVID-19 pandemic than in the prepandemic
period. The frequencies of vigorous and moderate aerobic exercise were lower, while the
frequency of anerobic exercise was higher during the COVID-19 pandemic than in the
prepandemic period.
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Abstract: The human population is increasing due to lengthening life expectancy, but the quality of
life and health of people is moving in the opposite direction. The purpose of this study is to evaluate
how aquatic resistance interval training can influence body composition, body image perception
and adherence to the Mediterranean diet (MD) in older women participants in a nutrition education
program and to study the relation between these variables. Thirty-four participants aged 69 ± 4 years
were randomly assigned into two groups: experimental (aquatic resistance interval training plus nu-
tritional intervention) and control (nutritional intervention). The intervention consisted of resistance
training in an aquatic environment carried out for 14 weeks (three sessions per week; 60 min each).
Body composition, body image perception and adherence to MD diet were evaluated at baseline and
14 weeks. No significant differences were found between groups regarding body image perception
and adherence to the MD. There was a significant increase in muscle mass (kg) (p < 0.001) and a
significant decrease in fat mass (kg) (p < 0.001) in the intervention group when compared to the
control group. The addition of aquatic resistance interval training to a nutritional intervention was
not sufficient to change body image perception and adherence to MD but produced improvement in
body composition (through an increase in muscle mass and decrease on fat mass) in older women.

Keywords: geriatric rehabilitation; aging; nutrition education; aquatic resistance training

1. Introduction

Aging is characterized by a progressive decline in muscle strength, which potentially
impacts mobility and translates into frailty and functional disability, especially in the lower
extremities [1].

Around the age of 50 years, women reach menopause. Menopause is characterized by
hormonal changes that include a decline in estrogen level, which has an important role in
bone remodeling [2], cardiovascular disease and mortality [3] in females. Some researchers
explain that the absence of estrogen may be a relevant triggering factor for obesity [4].
Estrogen deficiency enhances metabolic dysfunction, predisposing the human body to
diabetes mellitus type 2, metabolic syndrome and cardiovascular disease [4].

The perimenopausal phase—the time in which a woman transitions to menopause—
centers around shifts to the hormonal system, which are associated with a weight gain,
an increase in fat mass [5] and a reallocation of body fat from the lower body (i.e., hips)
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to the upper body (i.e., waist and torso) [6]. Given that these shifts are in direct contrast
to Western society’s young, thin, beauty standard, menopause could be an especially
critical window of vulnerability for the development or exacerbation of disordered eating
behaviors and attitudes, highlighting body shape image disorders.

Furthermore, there is a direct relation between loss of bone mass and microarchitec-
tural deterioration of bone tissue, and a decrease in bone strength added to subsequently
increased fracture risk, which eventually leads to conditions clinically known as osteopenia
and osteoporosis [7], which are major health problems. A mechanical stimulus is then
needed in order to maintain bone health.

Many parts of the brain that are related to aging may also be sensitive to shifts in
hormone levels: for example, gonadal changes, which usually occur around mid-life, are
thought to be associated with changes in cognitive function [8], and mood symptoms are
well known to be habitual during the menopause transition period [9,10]. Mood symptoms
such as depression and anxiety, along with hot flushes and night sweats, may be affiliated
with a negative experience of menopause [8]. The experience of menopause is influenced
by the cultural and social context. Women who live with a chronic mental health state can
experience additional or increased symptoms throughout menopause [8].

In addition, it is important to consider the eating habits of this population. Some
research suggests that postmenopausal women present a greater eating disinhibition and
dietary restraint compared to premenopausal women [11]. It has been suggested that higher
adherence to a healthy dietary pattern, such as the Mediterranean diet (MD), is contrarily
associated with being overweight/obese in perimenopausal and postmenopausal women.
High adherence to the Mediterranean dietary pattern and a body mass index (BMI) of
25 kg/m2 or lower might make a women’s quality of life better in the postmenopausal
phase [12].

The traditional Mediterranean dietary pattern is distinguished by abundant consump-
tion olive oil (the major source of fat), plant foods (vegetables, fruits, cereals and nuts),
fresh fruit as a daily dessert, low to moderate intake of dairy products (cheese and yogurt),
low intake of red meat, low to moderate intake of fish and poultry and regular moderate
intake of wine, generally consumed during meals.

Regular physical activity (PA) is considered an important element of lifestyle. Nu-
merous epidemiological studies have proved that it has a positive influence on reducing
the incidence of many diseases and mortality [13–15]. Regular PA also helps to preserve
functional abilities, which play a vital role in motor resourcefulness and self-reliance in
everyday life, contributing to a better quality of life and positive self-esteem [16]. In older
adults, the best prevention for the accelerated decline in muscle strength and mass is
performing resistance training [1], which has been a fundamental part of the American
College of Sports Medicine (ACSM) exercise prescription guidelines for older adults since
1998 [17,18]. Safely applied, resistance training has been shown to improve lower and
upper body muscle strength in the older adult population, including those suffering from
comorbidities such as stroke, postmortem, coronary bypass, hypertension and obesity [1].

Exercise in water, often referred to as water-based exercise, presents a lower risk of
traumatic fracture; moreover, the joints are exposed to less stress and impact (reduced
loading due to buoyancy) compared to land-based exercise such as running, strength
training and resistance training [7]. Furthermore, water-based exercise has been highly
recommended for older people, especially those with disability, due to the reduced pain
and increased security it can provide, as well as the additional benefits for neuromuscu-
lar/functional fitness and cardiometabolic health.

Therefore, menopause marks a period in a woman’s life where it is relevant to in-
troduce preventive strategies to reduce the risk of suffering cardiovascular disease, bone
health and mortality [2,3].

The main objective of the current study was to evaluate the effect of the addition of
aquatic resistance interval training to a nutritional intervention on body composition, body
image perception and adherence to MD in older women.
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2. Materials and Methods
2.1. Study Design

This study was a randomized clinical trial in which the participants were allocated to
an experimental group (aquatic resistance interval training) plus nutritional intervention
and a control group (nutritional intervention) in order to determine the effectiveness of
aquatic resistance interval training on the variables of body composition, body shape and
adherence to the MD. The subjects were assigned electronically in a random way by block
design into two arms (control and experimental) using online computer software as stated
by published recommendations [19]. This procedure was performed by a researcher who
was not involved in the interventions or evaluations of this study.

2.2. Participants

This study included only female older adults. Forty-five women over the age of
65 years from Alicante, Spain, participated. The inclusion criteria were: to be over
65 years old; not to have undergone surgery in the last year; not to present musculoskeletal,
neurological or orthopedic diseases that could affect the ability to perform the tests; to
be able to walk independently without orthopedic assistance; and not to have previously
performed any of the tests included in the study.

Five participants did not meet the inclusion criteria: one declined to participate, and
the other four were not able to participate because of musculoskeletal mobility problems,
leaving 40 participants who were randomly allocated to an aquatic resistance-training
group and a control group. Over the follow-up period, six participants withdrew from the
trial, three from each group. Consequently, just 34 women were involved in the analysis.
Both groups presented no differences in the demographic variables, and all withdrawals
were because of personal reasons (Figure 1).
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2.3. Declarations: Ethical Approval, Consent to Participate and Consent for Publication

The present study was carried out in agreement with the standards of the Helsinki
Declaration. The Human Research Ethics Committee of the Catholic University of Murcia
(Spain) gave approval to run a randomized trial (CE061920) and prior to the experiment all
study participants provided written consent. Furthermore, researchers kept the participants’
personal data confidential by codifying all personal information.

2.4. Study Intervention

Evaluation methods regarding body composition, body image perception and ad-
herence to a Mediterranean diet were administered to both groups at baseline and after
intervention (14 weeks).

2.4.1. Aquatic Resistance Interval Training

The intervention consisted of a training programme in an aquatic environment. Su-
pervised resistance training was performed for 14 weeks. The sessions were conducted in a
heated pool three times a week for 60 min per session. The sessions began with a 15 min
warm-up consisting of aerobic and resistance exercises (10 min) and stretching (5 min) of
all the muscle groups involved, followed by 30 min of comprehensive interval resistance
training involving four 5 min sessions with a 2 min rest between each session.

In each session, the same exercises (pectoral/back, hip flexor/extensor, biceps/triceps,
knee flexor/extensor, shoulder and core) were performed for 1 min consecutively, with
intervals of 30, 20 and 10 s [20] and at low, moderate and high perceived intensity, respec-
tively [21]. According to the perceived exertion scale, when participants needed to increase
the intensity of the upper hemisphere exercises, they put on resistance gloves or resistance
dumbbells, whereas for the lower-hemisphere exercises, they put on resistance anklets.

Finally, in the last 10–15 min, stretching (5 min) and relaxation exercises (10 min) were
performed. In all the intervention sessions, the perception of effort was controlled using
the Borg scale [22].

2.4.2. Nutritional Education

Additionally, all participants received the same nutritional education, based on the
MD divided into four theoretical and practical workshops of 60 min for 14 weeks in order
to provide updated information about the benefits of following an adequate food pattern.
Trained dietitians conducted the sessions. The topics covered in the sessions were: (1) food
and nutrition, MD pyramid and a modern lifestyle—daily, weekly and occasional dietary
guidelines to achieve a healthy and balanced diet; (2) health and gastronomy—preparation
of healthy menus that include components of the MD with an impact on cardiovascular
prevention and cognitive deterioration; (3) MD associated with healthy aging, hydration
and macro- and micronutrients; and (4) a seminar on sugars and sweeteners—presentation
of the effects of sugar consumption on health and the evaluation of different types of
sugars and sweeteners and processed products and risk of diseases associated with the
consumption of foods not included in the MD. All the participants attended all the sessions,
with the aim of standardizing the diet of the sample, to avoid eating habits being a potential
confounding factor of the results obtained as an effect of the training.

2.5. Outcome Measurements
2.5.1. Body Composition

Women were profiled by Level 3 International Society for the Advancement of Kinan-
thropometry (ISAK)-accredited anthropometrists according to ISAK guidelines [23]. The
weights and heights of all participants were measured using high-quality electronic calibrated
scales and a wall-mounted stadiometer, respectively. Both measurements were determined
with participants wearing light clothing and no shoes. With weight in kilograms and height
in centimetres, the body mass index (BMI) was calculated as weight/size2 (kg/m2). Using
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the World Health Organization classification, the BMI was interpreted as follows: <18.5,
underweight; 18.5–24.99, normal weight; 25–29.9, overweight; and >30, obese).

A mobile anthropometer was used to determine height to the nearest millimetre
(Seca 213, SECA Deutschland, Hamburg, Germany), with the participant’s head in the
Frankfort Horizontal Plane position. Body perimeters were measured in triplicate (with
subsequent averaging) with an anthropometric tape. Waist circumference was measured
halfway between the last rib and the iliac crest by using an anthropometric tape. The hip
circumference was taken horizontally in the maximum extension of the gluteus (larger
posterior protrusion). With the result of both measurements, the waist-hip ratio was
calculated. All circumferences included in the full ISAK profile were measured [23].

The objective of the measurements is to be able to calculate body composition based
on the five-component model (fat mass, residual mass, bone mass, muscle mass and skin)
proposed by Kerry Ross [24]. This model is self-evaluated because the sum of all the
elements (structured weight) must be equal to the person’s actual weight. It is important
to note that this model does not calculate percentage fat but percentage adiposity. Put
simply, it could be said that fat is the lipid fraction contained within the adipocyte, whereas
adiposity would be the lipid fraction plus the adipose cells (i.e., the lipid fraction plus water,
minerals, proteins, etc.). Therefore, percentage fat is not interchangeable with percentage
adiposity, the latter being 5–10% higher.

The muscle/bone index was calculated as muscle tissue divided by bone tissue in
kilograms (muscle/bone). Analysis and distribution of somatotype was done through the
method proposed by Heath and Carter [25].

2.5.2. Body Image

The Body Shape Questionnaire, BSQ-34, is a 34-item, self-report measure of body
shape and weight preoccupation initially developed to find out body image disturbance
among women [26]. The questionnaire asks questions such as ‘Have you felt ashamed of
your body’ and ‘Have you been so worried about your shape that you have been feeling
you ought to diet’. Each item is scored from 1 to 6 (‘Never’ = 1 and ’Always’ = 6) and
the total possible score is 204. Crude cut-off points have proposed that <81 correlates
with no body image impairment, 81–110 with mild body image impairment, 111–140 with
moderate impairment and >140 with severe impairment; nevertheless, there is no validated
level between ‘normal’ and ‘abnormal’ [26], and scores were analyzed as both categorical
and continuous data.

2.5.3. Mediterranean Diet

To determine the degree of adherence to the MD, a short questionnaire of 14 items was
used, validated for the Spanish population and used by the MD Prevention group (Pred-
imed) [27]. For scoring, a value of +1 was assigned to each item with a positive connotation
(with regard to mean deviation, MD) and −1 for items with a negative connotation. From
the sum of the values obtained for the 14 items, the degree of adherence is set, establishing
two different levels: if the total score is ≥9, the diet has a satisfactory level of adherence;
and if the total score is <9, the diet has a low level of adherence.

2.6. Statistical Analysis

Statistical analysis of the data was carried out using Jamovi 1.1.3.0. For descriptive
statistics (mean ± standard deviation) and inferential analysis, the Shapiro–Wilk test was
performed to determine the normality distribution. Afterwards, independent sample t-tests
were performed to compare the different values of baseline between groups. Additionally,
Levene’s test was run for equality of variances, and analysis of covariance (ANCOVA)
was applied to analyze the effects of the intervention on outcomes (general linear model;
time × group; BMI as covariate). Partial eta-squared (η2) effect sizes for time × group
interaction effects were calculated. For the variables that presented significant main effects,
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post hoc tests (Bonferroni) were carried out. The level of significance was set at p ≤ 0.05.
The guidelines of Cohen were followed to calculate thee effect size [28].

3. Results

Table 1 shows the baseline descriptive statistics, along with a comparison of baseline
values between groups. The general sample is normally homogeneous. However, statis-
tically significant differences are observed between the experimental and control groups
regarding height and weight. In all cases, the experimental group presents higher values.

Table 1. Baseline characteristics of study participants.

Variables

Intervention
Group (n = 17)

Control Group
(n = 17)

Baseline Baseline Baseline Differences

Mean SD Mean SD t p ES

Age (Years) 69.6 ± 5.0 67.7 ± 3.6 1.257 0.218 0.431
Height (cm) 162.0 ± 7.9 154.0 ± 5.4 3.347 0.002 1.148
Weight (kg) 75.3 ± 12.8 66.9 ± 10.2 2.122 0.042 0.728

BMI (kg/m2) 28.8 ± 4.7 28.2 ± 4.2 0.385 0.703 0.132
BSQ = Body Shape Questionnaire; SD = Standard deviation; t = t value; p = p value; ES = Effect size.

Table 2 gives a summary of the ANCOVA statistics. The study’s main analysis shows
that there was a significant time × group difference in percentage adipose mass (p ≤ 0.001;
η2 = 0.654) and muscle mass (p ≤ 0.001; η2 = 0.618). Post hoc analysis showed a decrease
in percentage adipose mass between pre- and post-intervention in the experimental group
(mean difference (MD): −2.80, p < 0.001, effect Size (ES): 0.471) and an increase in the
control group (MD: 2.31, p < 0.001, ES: 0.471). There were also increases in kilograms of
adipose mass (MD: 2.16, p < 0.001, ES: 0.357) and percentage muscle mass (MD: −2.541,
p < 0.001, ES: 0.457) for the experimental group and decreases for the control group (MD:
−1.729, p < 0.001, ES: 0.357 and MD = 2.035, p < 0.001, ES: 0.457, respectively).

Table 2. Comparison of characteristics at baseline and post-intervention (ANCOVA).

Variables

Intervention Group (n = 17) Control Group (n = 17)
Effect Time Effect Time × Group

Baseline Post Baseline

Mean SD Mean SD Mean SD Mean SD F p η2p F p η2p

Body Composition

Weight (kg) 75.3 ± 12.8 75.3 ± 13.2 66.9 ± 10.2 67.4 ± 10.3 1.065 0.310 0.033 0.329 0.570 0.011
% fat mass 32.3 ± 4.5 * 29.5 ± 3.9 * 34.2 ± 4.1 * 36.5 ± 3.9 * 0.205 0.654 0.007 58.649 <0.001 0.654

% residual mass 11.8 ± 2.5 12.1 ± 2.4 10.6 ± 1.4 10.3 ± 1.2 0.319 0.577 0.010 0.434 0.515 0.014
% muscle mass 40.5 ± 3.4 * 43.0 ± 2.4 * 41.6 ± 2.8 * 39.6 ± 2.7 * 1.160 0.291 0.036 50.09 <0.001 0.618
% bone mass 10.2 ± 1.5 10.2 ± 1.5 8.5 ± 0.9 8.5 ± 0.9 2.164 0.151 0.065 0.194 0.662 0.006

% skin 5.1 ± 0.7 # 5.15 ± 0.8 # 5.0 ± 0.4 # 5.1 ± 0.5 # 4.526 0.041 0.127 3.827 0.060 0.110
kg fat mass 24.5 ± 6.2 * 22.4 ± 5.3 * 22.9 ± 4.3 * 24.7 ± 4.7 * 1.110 0.300 0.035 59.27 <0.001 0.657

kg muscle mass 30.5 ± 5.6 * 32.5 ± 6.1 * 27.8 ± 4.7 26.6 ± 4.5 0.140 0.710 0.005 22.118 <0.001 0.416
kg residual mass 8.9 ± 2.3 9.1 ± 2.1 7.2 ± 1.8 6.9 ± 1.6 1.330 0.258 0.041 2.56 0.120 0.076

kg bone mass 7.6 ± 1.2 7.7 ± 1.2 5.7 ± 0.9 5.7 ± 0.9 3.218 0.083 0.094 0.441 0.511 0.014
kg skin 3.8 ± 0.6 3.8 ± 0.6 3.3 ± 0.3 3.4 ± 0.3 4.120 0.051 0.117 0.202 0.656 0.006
WHR 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.297 0.590 0.009 4.377 0.055 0.124

Endomorph 5.79 ± 1.72 * 5.45 ± 1.67 * 6.57 ± 1.22 6.90 ± 1.50 0.000815 0.977 0.000 15.0 <0.001 0.011
Mesomorph 4.87 ± 1.26 * 5.41 ± 1.41 * 5.28 ± 1.56 * 5.03 ± 1.40 * 5.65 0.023 0.003 43.01 <0.001 0.021
Ectomorph 0.59 ± 0.69 0.56 ± 0.60 0.46 ± 0.47 0.45 ± 0.47 0.580 0.451 0.017 0.183 0.672 0.005

Body Image

BSQ 52.4 ± 17.1 45.9 ± 12.7 57.4 ± 20.4 53.6 ± 20.9 2.050 0.162 0.062 0.482 0.493 0.015

Mediterranean Diet

Predimed 5.7 ± 2.0 5.9 ± 2.36 6.1 ± 2.1 5.5 ± 2.3 0.198 0.659 0.006 3.128 0.087 0.092

BMI = Body Mass Index; kg = kilograms; WHR: waist-hip ratio; SD = Standard deviation; t = t value; p = p value; ES = Effect size; Mean
differences are considered significant when p < 0.05; # differences in time; * differences in time × group.
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In terms of kilograms of muscle mass, there were statistically significant differences
only in the experimental group; there was an increase (MD: −1.97, p = 0.001, ES: 0.473) in
muscle mass in terms of weight. However, there were also differences between the control
and experimental groups at post-intervention (MD: 5.28, p = 0.001, ES: 1.270), with greater
kilograms of muscle mass in the experimental group than the control group. About the
somatotype variables, an increase in mesomorphism (MD: −0.542, p < 0.001, ES: 0.087)
and a decrease in endomorphism (MD: 0.339, p = 0.040, ES: 0.0812) were observed in the
experimental group. In control group, a significant decrease in mesomorphy was observed
(MD: −0.254, p = 0.031, ES: 0.021). Nevertheless, no significant effects were found for any
other variable.

4. Discussion

The objective of this study was to analyze the efficacy of the addition of resistance
interval training in an aquatic environment to a nutritional intervention on body composi-
tion, body image perception and adherence to the MD in older women. The present study
highlights different findings: the addition of resistance training in an aquatic environment
to a nutritional intervention was not enough to change the perception of body image
or adherence to the MD for older women. However, body composition variables were
improved, in terms of loss of fat mass and gain of muscle mass.

In recent years, fat mass has been one of the most studied parameters in terms
of body composition, due to its close relationship with health status. In this sense, it
has been found that a greater fat mass is related to an increase in the probability of
suffering cardiovascular diseases, overweight and obesity, arterial hypertension, diabetes
and metabolic syndrome [29].

Although there are no data on body composition in women doing resistance training,
there are data on body composition in women doing pilates training [29]. Comparing
the results shows that, overall the women in the study of Raquel et al., 2015 [29], had
lower values both before and after the intervention, whereas the level of improvement
in fat percentage seems to be higher after resistance training (2.1 ± 5.75 kg), than pilates
(1.04 ± 3.6 kg). No improvement occurred in the case of women in the control group, as an
increase in this compartment is observed.

For bone mass and residual mass, an increase of 0.03 ± 1.04 kg was observed in
women doing pilates and 0.1 ± 1.2 kg in women doing resistance training. It appears
that resistance training increases bone mineral content. This was expected, as it has
been previously seen [30,31] that resistance training improves bone strength indices and
functional performance in postmenopausal women. The control group in the present study
was unchanged.

Muscle mass is another parameter closely related to the state of health, especially at
aging and menopause stages of life, when the process of sarcopenia and other age-related
muscle dysfunctions start appearing [32]. After 14 weeks of resistance training, an increase
of 2 ± 5.85 kg of muscle mass was observed, while in the control group, there was a
decrease of −1.2 ± 4.6 kg. If we compare with the results of Raquel et al. [29] the increase
is slightly lower; 0.94 ± 4.48 kg.

In addition, coinciding with other research [33,34], it has been observed that the
14 weeks of 10–20–30 s training reduced the percentage fat mass along with an increase
in percentage muscle mass. These arguments confirm the current evidence on interval
training [35,36], which consists of repeated sets of high-intensity exercise interspersed with
passive/active recovery because it has been shown to induce metabolic adaptations and
improve body composition. In general, studies that have used exercise protocols with an
intervention period of 8–24 weeks, a frequency of 2–5 times per week and a low to moderate
level of exercise intensity have reported significant improvements in body composition,
as indicated by significant decreases in fat mass and increases in lean mass [37]. The
subjects in the present study not only lost fat mass but also increased muscle mass, which
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is favorable because age-related muscle mass is an important determinant of strength and
physical function in older adults [38].

Another method proposed to estimate body composition and shape is the somato-
type [39]. However, there are no studies conducted in older women that analyze this
variable; there is just one that evaluated the effectiveness of the pilates method [29]. In the
present study, both women in the intervention (5.79–4.87–0.59) and control (6.57–5.28–0.46)
groups presented an endomorph–mesomorph somatotype in the pretest. After 14 weeks of
intervention, in the intervention group, the “endomorph” component decreased and the
“mesomorph” increased significantly (p < 0.001); (5.45–4.41–0.56). In the control group, no
significant changes were observed (6.90–5.03–0.45).

As well is kown, the gold standard for measuring body composition is the Dual-energy
X-ray absorptiometry (DXA), although the data are not comparable; note that the % of fat
in women aged 69 ± 4 years measured by anthropometry is around 33.27 ± 4.19%, while in
DXA, overweight women aged 63 ± 6 years have a % of fat mass of 38.1 ± 4.9 and women
with normal weight of 31.1 ± 4.2% [40].

The concept of self-image (i.e., how we see ourselves) undergoes changes throughout
the entire life cycle. Body image suffers modifications over the years that require adaptation
and psychological accommodation [41]. The physical changes that aging entails, in a more
or less gradual way, suppose a modification of the subject’s own self-image, and on many
occasions, there is an abyss between the desired and the real image [41]. Studies show
that approximately 50% of young women show great dissatisfaction with their physical
appearance, and this is also evident in older women [42,43].

The relation between diet-related behaviours and body self-perception is a current
theme for healthcare professionals. In a systematic review by Cristina Bouzas [44], it was
noted that, generally, bodyweight satisfaction was related to having less intent to lose
weight or change lifestyles. In contrast, body weight dissatisfaction was associated with
a greater intent to change lifestyle or weight, a higher BMI and, specifically in women,
dietary restraint. In addition, it has been reported that the body image of women can be
improved only by increasing exercise, regardless of any weight change [45].

If the sample is classified according to score, as has been done previously in other
research [46], only one participant in the intervention group was slightly preoccupied
(97 pre- and 86 post-scores). In the control group, although again only one participant was
slightly preoccupied, the scores were slightly higher (121 pre- and 118 post-scores). This
information suggests, as previously noted [46], that the prevalence of older people suffering
from body image concern is between 2.5% and 6% [46,47]. Although the differences were
not significant, it has been observed that there are greater differences in the intervention
group between the pre- and post-scores (52.4 ± 17.1 and 45.9 ± 12.7, respectively) than in
the control group (57.4 ± 20.4 and 53.6 ± 20.9), which suggests that doing physical exercise
helps to improve body image perception.

Resistance training is widely used among older adults because physical function is
closely related to strength and muscle mass, thus improving psychological well-being
and health-related quality of life as well as decreasing anxiety and depression levels [48].
However, this was not observed in the present study because the perception of body
image did not improve after the intervention. One of the reasons could be a lack of
motivation, as it has been seen that team aerobic training or team sports training is more
intrinsically motivating than resistance training, mainly due to the higher degree of social
connectedness [48].

No significant differences were observed in terms of body image dissatisfaction vari-
ables, either in adherence to the MD between groups or between pre- and post-intervention.
As with the Predimed score, no significant differences were observed between groups or
between pre- and post-intervention. Overall, adherence to the MD was moderate in both
the intervention group (5.65 ± 2.03 and 5.94 ± 2.36 pre- and post-intervention, respectively)
and the control group (6.06 ± 2.14 and 5.53 ± 2.35 pre- and post-intervention, respectively).
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Compared to other studies, the recent scores obtained by Luigi Barrea et al. [49] and Naomi
Cano-Ibáñez et al. [50] were higher.

These data suggest that because the participants did not receive an individualized
nutritional program, the nutritional education they received was not sufficient to change
the total Predimed score. For this type of population, individualized and specialized
dietary–nutritional treatment would be recommended, with the aim of achieving greater
adherence to treatment and therefore better results, as it has been noted that greater
adherence to the MD is related to lower percentages of fat mass and higher BMI values in
this population [51].

The present study has some limitations. Firstly, the study included only female pa-
tients. Because of the gender-specific response, our results may not be generalizable to all
elderly populations. The levels of daily PA were not assessed using self-reported question-
naires such as the International Physical Activity Questionnaire or using measurement
devices such as accelerometers or smart watches. In addition, the method of measuring
body composition must be considered, since anthropometry was used and not DXA, which
is considered the gold standard for body composition assessments. Finally, diet control or
nutritional supplementation during the intervention was not analyzed; there could also be
an association with body composition. Food quality was assessed, but it was not feasible
to evaluate the quantity.

Future research should consider the limitations presented above. Researchers in
the field are asked to evaluate more specific information on the amount of food and
supplements ingested by the participants. In addition to assessing total daily PA, the
activity bracelets should consider the training sessions they performed in the intervention.

5. Conclusions

The addition of resistance training in an aquatic environment to a nutritional interven-
tion was not sufficient to change the perception of body image and adherence to the MD in
older women. However, it does produce an improvement in body composition, through
the increase of muscle mass and decrease of fat mass. To improve eating habits and body
image perception, specific intervention and individualized treatment is necessary for this
population.
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Abstract: Cooperative Extension is a community outreach program. Despite its large reach, there
is a need for the evaluation of changes in health-related outcomes for individuals engaged with
Cooperative Extension. A team-based challenge was developed using community-engaged partic-
ipatory research integrated with Cooperative Extension to encourage healthy eating and physical
activity behaviors through Cooperative Extension programming. Thus, the primary purpose of this
secondary analysis was to (1) evaluate changes in anthropometric outcomes and (2) evaluate changes
in health behavior outcomes. Associations of anthropometric changes and health behavior changes
with engagement in the three-month team-based challenge were explored. Anthropometrics were
measured using standard procedures, and intake of fruits and vegetables and physical activity were
self-reported. Of the 145 participants in the community-engaged participatory research portion of
the study, 52.4% (n = 76) had complete anthropometrics before and after the team-based challenge
and were included in this study. At 3 months, there was a significant reduction in body mass index
(−0.3 kg/m2, p = 0.024) and no significant change in waist circumference (p = 0.781). Fruit and
vegetable intake significantly increased (+0.44 servings/day, p = 0.018). Physical activity did not
significantly change based on (1) the number of days 30 or more minutes of physical activity was
conducted (p = 0.765) and (2) Godin Leisure-Time Exercise Questionnaire scores (p = 0.612). Changes
in anthropometrics and health behaviors were not associated with engagement in the team-based
challenge. Using community-engaged participatory research with community outreach programs,
such as Cooperative Extension, can improve health-related outcomes in underserved populations.
However, despite a participatory approach, changes in anthropometrics and health behaviors were
not associated with engagement in the developed team-based challenge.

Keywords: community-based; participatory research; anthropometrics; fruit and vegetable intake;
physical activity; Cooperative Extension

1. Introduction

Poor dietary habits and low levels of physical activity are often associated with poor
health outcomes, including overweight and obesity [1–3]. In the USA, approximately
70% of the adult population is classified as being overweight or obese [4]. Racial/ethnic
and socioeconomic disparities exist in obesity with Hispanic and Black populations often
experiencing a higher prevalence than White and Asian populations, and lower income
populations having higher rates of overweight and obesity than higher income popu-
lations [5]. While several social, biological and environmental determinants influence
overweight and obesity, nutrition and physical activity are considered to be key factors [6].
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In particular, a diet of higher quality has been associated with lower risk of overweight
and obesity in adults [7–9] and consumption of fruits and vegetables contributes to better
diet quality [10]. In addition, regular physical activity is important for maintaining and
achieving a healthy weight [11].

In 1914, Cooperative Extension was established with the purpose of providing educa-
tional outreach services through land-grant institutions dedicated to delivering science-
based programs to people, businesses and communities, with a particular focus on pro-
gramming promoting health [12]. Cooperative Extension has a wide reach across the
USA with extension agents in approximately 3000 counties. Cooperative Extension is
a trusted source of information within communities and can often provide known and
respected connections to local networks and community leaders. Despite its reach, there
has been a continuous call for greater engagement across the Extension system [13,14].
Within Cooperative Extension, participatory research has been suggested as one method
of increasing community engagement that may lead to more impactful outcomes [15].
Community-engaged participatory research is a technique that can be used to plan com-
munity acceptable programs (interventions) as the community engages as an equal partner
in the research.

Improvements in health behaviors (including diet and physical activity) associated
with participatory research have been well documented [16–21]; however, the integration
of community-engaged participatory research with Cooperative Extension has been limited.
Thus, among a sample of adults engaged with Cooperative Extension in Delaware (USA),
the purpose of this secondary analysis was to (1) examine changes in anthropometric
outcomes (body mass index and waist circumference) and (2) examine changes in the
health behaviors (fruit and vegetable intake and physical activity) of participants with
complete anthropometric measures before and after the team-based challenge. Associations
between changes in anthropometrics and changes in health behaviors and engagement in
the team-based challenge developed through a community-engaged participatory research
process were explored.

2. Methods
2.1. Participants’ Eligibility and Recruitment

Participants were recruited through personal contact among the Cooperative Exten-
sion agents, local churches and community groups. Adults (≥18 years-old) living in Kent
or New Castle County, Delaware (USA), were eligible to participate in a community-based
participatory research study to develop a program for increased engagement in healthy
lifestyle behaviors. Of the 145 adults that were involved in the participatory research
portion of the study that created the team-based challenge, 76 had complete anthropo-
metric measures at baseline and end of the team-based challenge (three months) and
were included in this secondary analysis with the primary purpose of examining changes
in anthropometrics. The study was approved by the Institutional Review Board at the
University of Delaware. All participants signed informed consent forms.

2.2. Study Procedures

Using community-engaged participatory research, input from community members
was collected through key informant interviews, focus groups and community advisory
boards. The information collected was used to inform the development of a 3-month
team-based challenge. The team-based challenge was created with the purpose of engaging
the community in healthy lifestyle behaviors. In teams, anyone from the community could
enroll and accrue points each month. Points were awarded based upon participation
in a variety of individual and team-based activities. Points were assigned to various
health behaviors and activities, such as steps walked per day, parking the car further
away, preparing a new recipe, or getting a health screening. Points were allocated based
on complexity or effort required to complete an activity; for example, parking the car
further away would equate to five points, while walking 10,000 steps a day would equate
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to 20 points. Participants could also earn points by attending the Cooperative Extension
educational programming. Points allocated for participation in these Cooperative Extension
programs were based on the number of sessions. For example, participation in Cooperative
Extension education sessions, such as “Dining with Diabetes”, would equate to 100 points
for multiple class sessions (or partial points if individual classes were attended). Single
education session programs, such as “Get Your Snack on Track”, would be worth 50 points.
Participants tracked their total points on a log each day, and at the end of the month, team
members turned in their logs to the Cooperative Extension health educator, who totaled
and averaged the points by number of team members. Participants received incentives,
such as gift cards and prizes, as goals were achieved to promote engagement.

2.3. Measures

Anthropometrics were measured and a comprehensive questionnaire, which was
available in English and Spanish, that included questions regarding demographics and
health conditions, servings of fruit and vegetables and physical activity, was completed by
participants at baseline and after the three-month time period of the team-based challenge.

Anthropometrics. The weight and height of each participant were measured by
research personnel using standard procedures [22]. Weight and height were used to
calculate body mass index (BMI) by dividing weight in kilograms by the square of height
in meters. BMI was used to classify weight status (normal weight: <25 kg/m2; overweight:
25–29.9 kg/m2; obesity: ≥30 kg/m2). The mean of three consecutive waist measurements
was taken at the smallest point of the waist [23] in inches and recorded when the tape
measure was snug around the waist, but not constricting. Mean waist measurements were
converted to centimeter for reporting.

Demographics and Health Conditions. Basic demographic information related to age,
education level, marital status and income was collected. Participants self-report (yes or
no) of having diabetes, hypertension and/or high cholesterol was collected at baseline.

Servings of Fruits and Vegetables. Fruit and vegetable intake, defined as fresh, frozen,
canned, dried, and 100% juice, were assessed based on servings (with one serving equal to
a half cup equivalent) with the question “How many fruits and vegetables do you usually
eat each day?” Response options ranged from none to five or more servings per day.

Physical Activity. Physical activity was assessed based on the response of 0–7 days
to the question “How many days was 30 or more minutes of purposeful physical activity
accumulated in a typical week?” and the Godin Leisure-Time Exercise Questionnaire [24].
The Godin Leisure-Time Exercise Questionnaire asks participants “During a typical 7-day
period, how many times on average do you do the following kinds of exercise for more
than 15 min during your free time?” with response options of ”strenuous exercise” (e.g.,
running, jogging, hockey, football and soccer), ”moderate exercise” (e.g., fast walking,
basketball, tennis, easy bicycling and volleyball), or ”mild exercise” (e.g., yoga, archery,
fishing, bowling and golfing). The number of times per option was multiplied by 9, 5 and
3, respectively, then summed to generate a Godin Leisure-Time Exercise score. Scores were
categorized into three levels of physical activity: active (≥24 or more), moderately active
(14–23), or insufficiently active/sedentary (<14) [25].

Engagement. Engagement was measured through the total number of points accumu-
lated by teams each month in this team-based challenge. Participants earning one or more
points over the course of the three-month team-based challenge were considered engaged,
but if an individual did not participate or earned zero points, they were considered to have
not engaged.

2.4. Statistical Analysis

Analyses were conducted using SPSS (IBM, Chicago, IL, USA, version 26). Means and
frequencies were used to analyze continuous and categorical data, respectively, for demo-
graphics, engagement, anthropometrics, fruit and vegetable intake and physical activity.
Paired t-tests examined changes from baseline to three months for anthropometrics, fruit
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and vegetable intake and physical activity, as measured by the number of days participants
accumulated at least 30 min of physical activity and the Godin Leisure-Time Exercise
score. The marginal homogeneity test was used to examine the change in the proportion
of individuals in each Godin Leisure-Time physical activity category (active, moderately
active and insufficiently active/sedentary) from baseline to three months. Chi-square tests
were conducted to determine the association between change in anthropometrics, change in
servings of fruit and vegetable and change in the level of physical activity outcomes based
on the Godin Leisure-Time Exercise score and engagement (yes vs. no). An alpha < 0.05
was considered significant a priori.

3. Results

Of the 145 individuals who participated in the participatory research portion of
the study, 52.4% (n = 76) participated in the team-based challenge and had complete
anthropometrics measures at baseline and three months. Participants were on average
51.3 ± 17.4 years old, 77.0% female, with 59.2% identifying as non-Hispanic, African Amer-
ican, and 34.2% identifying as Hispanic, White. Of those who reported household income,
45.4% reported an annual household income < USD 20,000 per year. The median reported
income in the USA in 2017 (when the study was conducted) was USD 61,372 [26]. Among
participants, 23.6% reported having diabetes, 39.2% reported having hypertension and
41.3% reported having high cholesterol (Table 1).

Table 1. Baseline demographics and health condition characteristics of adults participating in the
Cooperative Extension team-based challenge with complete anthropometrics.

Characteristics
N = 76 1

M ± SD or n (%)

Age, years 51.3 ± 17.4
Sex [n = 74]

Male 17 (23.0%)
Female 57 (77.0%)

Race/Ethnicity
Non-Hispanic, Black or African American 45 (59.2%)

Hispanic, White 26 (34.2%)
Other 5 (6.6%)

Education [n = 73]
No high school degree 13 (17.8%)

High School or GED degree 22 (30.1%)
Some college 15 (20.5%)

College degree 17 (23.3%)
Postgraduate/professional degree 6 (8.2%)

Marital Status
Married 37 (48.7%)

Widowed 4 (5.3%)
Divorced 10 (13.2%)
Separated 4 (5.3%)

Never married 21 (27.6%)

Household Income [n = 66]
<USD 20,000 30 (45.5%)

USD 20,000 to <USD 50,000 27 (40.9%)
>USD 50,000 9 (13.6%)

Diabetes [n = 72]
Yes 17 (23.6%)
No 55 (76.4%)

258



Nutrients 2021, 13, 2353

Table 1. Cont.

Characteristics
N = 76 1

M ± SD or n (%)

Hypertension [n = 74]
Yes 29 (39.2%)
No 45 (60.8%)

High Cholesterol [n = 75]
Yes 31 (41.3%)
No 44 (58.7%)

1 Sample sizes vary due to missing data for the following variables: sex (n = 74), education (n = 73), household
income (n = 66), diabetes (n = 72), hypertension (n = 74), and high cholesterol (n = 75).

As shown in Table 2, on average, participant weight significantly decreased over the
three-month time period (t (75) = −2.405; p = 0.019). BMI also significantly decreased over
the three-month program (t (75) = −2.298; p = 0.024). Waist circumference measurements
of participants did not significantly change with participation in a three-month program.
Participant (n = 74) consumption of daily servings of fruits and vegetables significantly
increased over time (t (73) = 2.414, p = 0.018). There was no statistically significant change
reported by participants for the number of days participants accumulated at least 30 min
of physical activity or the Godin Leisure-Time Exercise score over the three months. The
proportion of individuals within each level of physical activity based on the Godin Leisure-
Time Exercise score did not significantly change over time. Changes in weight, BMI,
waist circumference, daily servings of fruit and vegetable intake, and Godin Leisure-Time
Exercise score for physical activity were not significantly different between individuals
who actively engaged versus those who did not.

Table 2. Participant (n = 76) 1 anthropometrics, fruit and vegetable intake and physical activity measures at baseline and
after the 3-month team-based challenge.

Baseline 3-Months
p-Value

M ± SD or n (%) M ± SD or n (%)

Height 2, m 1.6 ± 0.1 N/A -
Weight, kg 82.9 ± 19.1 82.0 ± 18.3 0.019 *

Waist Circumference, cm 98.6 ± 16.1 98.5 ± 15.8 0.781
Body Mass Index, kg/m2 30.7 ± 7.4 30.4 ± 7.1 0.024 *

Fruit and Vegetable Intake, servings/day 2.7 ± 1.4 3.2 ± 1.4 0.018 *
Physical Activity, days/week of 30+ minute 3.0 ± 2.1 3.0 ± 2.1 0.765

Godin Leisure-Time Exercise Score 28.8 ± 30.8 30.9 ± 28.4 0.612
Godin Leisure-Time Exercise Categories

0.376
Insufficiently active/Inactive 20 (34.5%) 18 (31.0%)

Moderately active 11 (19.0%) 9 (15.5%)
Active 27 (46.6%) 31 (53.4%)

1 Sample sizes vary due to missing data for the following variables: fruit and vegetable intake (n = 74), Godin Leisure-Time Exercise Score
and exercise categories (n = 58). 2 Given an adult population, height was only measured at the pre-assessment. * p < 0.05.

4. Discussion

Impacts of community-based participatory research on health-related outcomes are
less established in the literature [27]. This secondary analysis is one of few reporting on
anthropometrics and health behaviors [17,19]. The utilization of community-based partici-
patory research to develop a team-based challenge integrated with Cooperative Extension
programming found an improvement in anthropometric outcomes based upon BMI and
an increase in fruit and vegetable intake (a health behavior). Despite the decrease in BMI
being statistically significant, it may have limited the clinical impact on health outcomes.
Recommendations suggest 5–10% weight loss for an improvement in health outcomes;
however, these recommendations are heavily based upon intensive lifestyle interventions
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delivered in clinical or research settings [28]. It is known that the dissemination of lifestyle
interventions through community-based programs produce smaller weight losses [29]
since the goals of community-level interventions are more often focused on increasing
reach or increasing access to interventions [30]. Similarly, while there was a significant
increase in fruit and vegetable intake over the three-month program, the change was small,
equivalent to about a half serving or a one-quarter cup equivalent. Despite the increase,
these data demonstrate that the participants still consumed less than the amounts recom-
mended by the US Dietary Guidelines for Americans [31]. Waist circumference did not
significantly change, and longer-term evaluation data are needed to better understand a
possible maintenance effect. The physical activity level did not significantly change. The
majority of participants were engaging in some type of physical activity upon starting
the team-based challenge. While non-significant, there was an increase in the number of
participants classified as “active” according to the Godin Leisure-Time Exercise categories.
While findings suggest that the team-based challenge, developed through community-
based participatory research and integrated with Cooperative Extension programming,
can have a positive impact on health-related outcomes, changes in health-related outcomes
were not associated with engagement.

It was unexpected that engagement in the team-based challenge was not correlated
with outcomes; however, few studies report on engagement in the literature [32], par-
ticularly in community-based programs, limiting the ability to understand this finding
in a broader context. Furthermore, the concept or definition of community engagement
is inconsistent [33] and has more often focused on engaging the community during the
development of interventions and programs, such as the community-engaged research
paradigm used to develop the team-based challenge as opposed to engagement in the
intervention or program developed [34]. Despite variable definitions, interventions that
use community engagement, particularly for vulnerable populations, have been shown
to be effective in improving health behaviors [35]. Relying on input to develop programs
and interventions from individuals already engaged with established community-based
outreach programs, such as Cooperative Extension, may further promote engagement in
nutrition and physical activity interventions due to the community’s familiarity with the
established program. Zoellner and colleagues [20] found that the process of developing
and implementing a walking program through community engaged participatory research
and partnership with the Mississippi State Cooperative Extension was successful.

Due to the high prevalence of overweight and obesity in the USA, many community-
based programs, such as Cooperative Extension, aim to encourage healthy behaviors
related to eating and physical activity to promote a healthier weight. Fruits and vegetables
are a large focus due to under-consumption, particularly among lower socioeconomic
groups [6,36] who are served by Cooperative Extension outreach programs. There was a
significant increase in fruit and vegetable intake over the three-month program, but the
change was small, equivalent to about a half serving or a one-quarter cup equivalent. This
small change may diminish any potential clinically meaningful impact on health. Although
the increase was similar to many other findings investigating fruit and vegetable intake,
these data demonstrate that participants consumed less than that recommended by the
Dietary Guidelines for Americans [37].

This study is the result of a team-based challenge developed through community-
based participatory research and implemented in the community utilizing an existing
community resource, Cooperative Extension. Reporting health outcomes as a result of
community-based participatory research is a strength of this study that is often cited as
a limitation of this type of work. Study personnel measured height, weight and waist
circumference of participants, providing a more accurate measurement than self-reporting.
Additional study limitations include the cross-sectional nature of the data not allowing
for comparison to a control condition and the use of self-reporting for fruit and vegetable
intake and physical activity. These measures of fruit and vegetable intake and physical
activity may not accurately reflect actual consumption or engagement in activity. Missing
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data are an additional limitation of this secondary analysis as of the 76 participants with
anthropometric data at both time points, two were missing fruit and vegetable data, and 18
were missing the Godin Leisure-Time Exercise Score. The generalizability of the findings is
limited given the results are representative of lower-income adults in the state of Delaware
(USA) engaging with Cooperative Extension.

5. Conclusions

The integration of programming developed through community-engaged partici-
patory research with established community outreach programs, such as Cooperative
Extension, may be a novel way to create programs to improve health outcomes in under-
served populations. While changes were small, improvements in weight, BMI and fruit
and vegetable intake did occur, indicating the potential beneficial impact of programs
developed by the community for the community on healthy lifestyle behaviors. How-
ever, despite the use of a community-engaged participatory research process, changes to
health-related outcomes were not associated with engagement in the team-based challenge.
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Abstract: The American Heart Association criteria for cardiovascular health include overall diet
quality (DQ). The present study evaluated the effect of a workplace health promotion program
targeting DQ and physical activity on features of cardiometabolic risk (CMR). Before and after
the 3-month intervention, 2260 employees (1462 men and 798 women) completed a health and
fitness evaluation including assessment of DQ using a validated food-based questionnaire. After the
3-month lifestyle modification program, DQ increased significantly in both sexes (p < 0.0001) as well
as physical activity level (p < 0.0001). A reduction in waist circumference (p < 0.0001) and improved
lipid levels were also observed. Significant associations were found between changes in DQ index and
changes in CMR variables in both men (standardized regression coefficients ranged from −0.19 (95%
confidence interval: −0.26 to −0.12) to −0.29 (95% confidence interval: −0.34 to −0.25)) and women
(standardized regression coefficients ranged from −0.18 (95% confidence interval: −0.25 to −0.11)
to −0.27 (95% confidence interval: −0.41 to −0.13)). Multiple linear regression analyses showed
a significant contribution of changes in the DQ index to the variation in some CMR variables,
independent from changes in physical activity level and cardiorespiratory fitness. This study provides
evidence that targeting DQ at the workplace is relevant to improve cardiometabolic health.

Keywords: abdominal obesity; cardiorespiratory fitness; hypertriglyceridemic waist phenotype;
lifestyle intervention; diet quality index

1. Introduction

According to the World Health Organization, 41 million deaths annually are attributed
to noncommunicable diseases, representing 71% of worldwide mortality [1]. Cardiovascu-
lar diseases (CVD) are the first cause of deaths accounting for 31% of global deaths [2]. This
proportion increases to 37% in people under the age of 70. Thus, the prevalence of chronic
diseases remains high despite advances in medical treatments and procedures as well as
in efforts invested in primary prevention. As a consequence, the societal and economic
burden linked to these diseases represents a major public health issue which may be not
sustainable by health systems in the future. Such a situation emphasizes the relevance
of developing upstream prevention strategies to slow the CVD tide and its associated
socioeconomic consequences.
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In order to address this issue, the American Heart Association (AHA) proposed in 2010
to move the focus from fighting CVD to promoting cardiovascular health and introduced
the concept of ideal cardiovascular health as an approach to reduce the burden of CVD [3].
The AHA recommended to target seven heart-healthy metrics (Life’s Simple 7), four of
which are lifestyle-based (not smoking, increasing physical activity, having a normal body
mass index (BMI), eating a healthy diet), while the three others are based on achieving
ideal clinical and laboratory measures (having normal blood cholesterol and glucose levels
and normal blood pressure). Maintaining these metrics as close as possible to ideal levels
has been shown to be associated with markedly low CVD incidence and mortality as well
as with a low incidence of cancer [4–6]. Among the seven metrics of cardiovascular health,
studies have reported that the least prevalent healthy behavior was a high diet quality
(DQ), a criterion which was found to be met by less than 1% of individuals, making DQ
the most deteriorated parameter among ideal cardiovascular health metrics [7,8].

Therefore, considering that only a very small proportion of the population adopts a
high DQ, modifying this factor could have a major beneficial impact on cardiovascular
health [9]. Although there is no consensus definition on how to assess DQ, several indices
have been developed for assessing a population’s adherence to dietary patterns associated
with cardiovascular health [10]. In this regard, DQ indices based on food items or food
groups consumed rather than nutrients have been shown to provide good discrimination
of CMR [11,12].

Among opportunities available, the workplace has been proposed as a relevant setting
for implementing health promotion strategies [13,14]. According to 2019 statistics, the
labor force participation rate in Canada was 65.8% [15], workers spending 6 to 9 h a day on
average at their workplace. Thus, the environment provided by public/private employers
has the potential to play a key role in the adoption of behaviors compatible with either
maintenance of health or development of chronic diseases. In 2014, the World Health
Organization proposed the workplace as a priority setting for health promotion [16]. To our
knowledge, there is a paucity of published intervention studies conducted at the workplace
that have targeted the adoption of healthy lifestyle habits including food-based overall
DQ. The present study was therefore conducted to evaluate the relevance of assessing and
targeting food-based overall DQ in the context of a workplace health promotion program
and its effects on various indices of cardiometabolic health.

2. Materials and Methods
2.1. Participants

Our cohort is a convenience sample of employees involved in the “Grand Défi En-
treprise” (GDE) project, a workplace health and wellness program which provided com-
prehensive cardiometabolic and cardiorespiratory health evaluations using a mobile risk
assessment unit. Once the baseline evaluation is completed, the GDE also involves a
3-month lifestyle intervention where participating employees are asked to increase their
physical activity level (PAL), improve their eating habits (DQ), and stop smoking [17,18].

All participants were volunteers. The intervention program took place between
2011 and 2019 and involved 28 participating organizations of the Province of Québec.
No inclusion or exclusion criteria were used. This paper compares the CMR data at
baseline and after the 3-month lifestyle intervention program obtained on a sample of
2260 workers (1462 men and 798 women) derived from an initial cohort of 5122 workers.
Therefore, participants who did not participate to the intervention were excluded as well
as participants with missing DQ data either at baseline or at the 3-month evaluation (see
Figure 1 for Flowchart).
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All measurements were performed in a single visit at baseline and at 3 months by
trained healthcare professionals. All participants completed standardized questionnaires
on medical history, current medication, and lifestyle behaviors (DQ, PAL, and smoking
status). Data included anthropometric variables, body composition, waist circumference,
lipid profile, and cardiorespiratory fitness (CRF). The local Institutional Review Board
approved the study (20636), and participants provided their informed consent.

2.2. Assessment of Overall Diet Quality

The dietary screening tool (DST) [19] was selected to assess DQ. This questionnaire
has been found helpful to provide personalized food-based nutritional recommendations
to workers. Further details on this tool have already been published [20]. Compared to
other DQ indices, this tool does not evaluate adherence to nutrition guidelines or dietary
patterns [21,22]. The DST is based on the frequency of consumption of several food items or
food groups (vegetables and fruits, grain products, dairy products, meat, and substitutes)
as well as on the assessment of certain dietary habits such as the addition of sugar and
fat, the consumption of alcohol, or the use of nutritional supplements. This questionnaire
consists of 25 food- and behavior-specific questions associated with dietary habits and
generates a DQ score, which varies from 0 (low DQ) to 100 (high DQ) [19]. The DST is
therefore useful to identify, in 10 min, individuals at high nutritional risk which is one of
its strengths.

2.3. Physical Activity Level

Reported PAL was measured at baseline using a self-administered, validated ques-
tionnaire that assesses leisure-time aerobic physical activity (cycling, walking, running,
swimming, etc.) for each season during the year preceding the intervention [23]. During the
3-month intervention, using an electronic journal, workers compiled each aerobic period
of 15 min of physical activity in their leisure time for the assessment of the cumulative
physical activity time during a week. An average number of total minutes per week was
subsequently calculated.

2.4. Anthropometric Measurements and Body Composition

Height and weight were obtained both at baseline and post-intervention according
to standardized procedures, and BMI was calculated [24]. Waist circumference was as-
sessed using standardized procedures [25]. Body composition (fat mass and body fat)
was estimated with the Tanita body composition analyzer TBF-300A (Tanita Corporation,
Arlington Heights, IL, USA) for the employees from organizations evaluated between 2011
and 2017. From 2018, the InBody 570 body composition analyzer was used (InBody Co.,
Seoul, Korea).
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2.5. Lipid Profile

Nonfasting blood samples obtained from the forearm vein were collected into lithium
heparin tubes and analyzed with an Abaxis Piccolo Xpress Chemistry Analyzer (Union City,
CA, USA) to assess cholesterol fractions and triglyceride (TG) concentrations.

2.6. Cardiorespiratory Fitness

As already published, a submaximal treadmill exercise test was performed to assess
CRF [17,26]. Maximal oxygen consumption (VO2max) was estimated by linear extrapo-
lation [27] to age estimated maximal heart rate (220-age) [28] using ACSM’s Metabolic
Equations and the least square method [29]. Two parameters were used as CRF endpoints:
the heart rate at the standardized submaximal exercise workload (3.5 mph, 2% slope) and
the estimated VO2max.

2.7. Hypertriglyceridemic Waist Phenotype

The hypertriglyceridemic waist (hyperTG waist) phenotype was used to identify
individuals with visceral obesity and at risk for cardiometabolic abnormalities [30,31].
Criteria used were waist circumference ≥90.0 cm and TG ≥ 2.0 mmol/L for men or waist
circumference ≥85.0 cm and TG ≥ 1.5 mmol/L for women [30,31].

2.8. Lifestyle Intervention

Details on the intervention have been published elsewhere [17]. After the baseline
evaluation, workers were invited to form teams of five individuals to participate in an
in-house competition. Throughout the 3-month intervention, physical activity and nutri-
tional objectives were compiled on a web platform. Such ongoing collection of participants’
key behaviors made it possible to establish the team’s ranking in real time. The plat-
form served as a lifestyle journal as well as a means to share and communicate progress
within the team and at the workplace. Workers also received tips and recommendations.
This friendly competition favored peer support helping individual changes in lifestyle
habits. At the end of the intervention, prize incentives were offered by the management of
participating organizations.

2.9. Statistical Analyses

Sex differences in baseline characteristics were tested by an unpaired t-test. A repeated
measures analysis of variance was used to examine changes in variables between baseline
and the 3-month follow-up. The normality assumption was verified with the Shapiro–Wilk
test on residuals from the statistical model. The Brown and Forsythe’s variation of Levene’s
test statistic was used to verify the homogeneity of variances. For most of the variables,
these assumptions were not fulfilled. A repeated measures analysis of variance on ranks was
therefore performed using the approach proposed by Brunner et al. [32]. As a significant
sex*time interaction term was found for many cardiometabolic variables, analyses have been
performed by sex. The McNemar’s test for paired data was performed to analyze changes in
the proportion of hyperTG waist carriers. Pearson’s correlations were computed to measure
the association between changes in the DQ index or PAL and changes in CMR variables.
To investigate the relationship between changes in DQ or changes in PAL with changes
in CMR risk variables, multiple linear regression models were performed. All statistical
regression models were adjusted for medication use for lipids, hypertension, and diabetes as
well as menopausal status in women. A second model including waist circumference was
also performed, and the effect of potential confounding variables such as medication use
for lipids, hypertension, and diabetes as well as menopausal status (in women) was further
examined. Lastly, the potential contribution of interaction terms among studied variables was
also assessed in regression analyses. Models with the lowest Akaike information criterion
(AIC) were chosen. Finally, a one-way analysis of variance adjusted for baseline DQ index
was performed to compare changes in CMR variables between quartiles of changes in the DQ
index with Tukey–Kramer’s post hoc corrections for multiple comparisons. A p value ≤ 0.05
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was considered as statistically significant. All statistical analyses were performed using SAS
statistical package version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

The mean age of the 2260 participants was 44.3 ± 10.1 years in men and 42.4 ± 10.6
years in women (range: 19 to 76 years of age), and 64.7% of participants were men. Almost
half of participants were blue-collar workers (46.8%). Additional sociodemographic char-
acteristics are presented in Table 1. At baseline, 40.5% of employees were overweight and
25.6% met the criteria for obesity (BMI ≥ 30 kg/m2). The prevalence of pre-existing treated
diabetes and hypertension was 2.7% and 11.1%, respectively, and 10.2% of participants
self-reported a history of dyslipidemia. Moreover, 13.7% of workers were active smokers
or former smokers <12 months, and 56.9% of participants had never smoked.

Table 1. Employees’ sociodemographic characteristics.

Variables %
Sex

Male 64.7
Female 35.3

Ethnicity
Caucasian 94.3
Afro-Canadian 1.3
Latino-Canadian 0.9
Asian 0.4
First Nations 0.3
Others 2.9

Marital status
Married/cohabiting 74.8
Unmarried 18.1
Separated/divorced 6.6
Widow/widower 0.5

Employee categories
White collar 39.7
Blue collar 46.8
Unknown 13.5

Household income
Low (<CAN 50,000) 26.6
Medium (CAN 50,000–80,000) 14.1
High (>CAN 80,000) 54.2
Unknown 5.2

Education
<High school 3.9
High school 36.9
College 29.3
University 19.9
Post-graduate 10.0

Table 2 presents anthropometric, body composition, and lifestyle variables as well as
CRF before and after the 3-month lifestyle modification program. A significant improve-
ment of 7 units in the DQ index was observed in both sexes (p < 0.0001). At the end of
the intervention, participants became significantly more active as revealed by the increase
in PAL (p < 0.0001). Accordingly, the estimated VO2max also improved significantly in
men (p < 0.0001), whereas the increase was of borderline significance in women (p = 0.055).
As an additional CRF indicator, heart rate at a standardized exercise workload decreased
significantly in both sexes (p < 0.0001 and p < 0.05 in men and women, respectively). These
changes were accompanied by significant reductions in BMI, waist circumference, fat mass,
and percent body fat in both sexes (p < 0.0001).
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Table 2. Employees’ characteristics as well as markers of lifestyle habits before and after the 3-month
lifestyle modification program.

Baseline 3 Months ∆

Men
Anthropometric measurements
and body composition (n) 1430–1462 1459–1462 1429–1462

Body mass index (kg/m2) 27.4 (24.9, 30.4) 26.8 (24.3, 29.4) −0.5 (−1.1, 0.0) *
Waist circumference (cm) 97.0 (89.3, 104.9) 92.9 (85.9, 100.6) −3.4 (−5.8, −1.2) *
Fat mass (kg) 20.4 (15.3, 26.8) 18.6 (14.1, 24.5) −1.3 (−3.1, −0.1) *
Body fat (%) 24.4 (20.1, 28.7) 22.8 (18.9, 26.8) −1.2 (−2.8, 0.0) *

Lifestyle habits (n) 1462 1452–1462 1452–1462
Diet quality index 61 (52, 70) 69 (60, 76) 7 (1, 14) *
Physical activity level (min/week) 210 (84, 378) 222 (131, 339) 18 (−108, 121) *

Cardiorespiratory profile (n) 1384–1441 684–708 669–702
Exercise heart rate (bpm) 112 (103, 121) 108 (100, 115) −4 (−10, 2) *
Estimated VO2max (mL/min/kg) 41.5 (35.5, 48.3) 43.2 (36.7, 51.5) 1.9 (−3.0, 7.2) *

Women
Anthropometric measurements
and body composition (n) 793–798 798 793–798

Body mass index (kg/m2) 25.0 (22.1, 28.9) 24.5 (21.7, 28.4) −0.4 (−0.9, 0.1) *
Waist circumference (cm) 85.3 (77.1, 96.8) 82.8 (75.2, 93.4) −2.5 (−5.1, −0.1) *
Fat mass (kg) 21.7 (15.9, 30.0) 20.8 (14.6, 28.3) −1.1 (−2.5, 0.1) *
Body fat (%) 33.0 (27.2, 39.5) 31.7 (25.7, 38.1) −1.2 (−2.5, 0.1) *

Lifestyle habits (n) 798 798 798
Diet quality index 65 (57, 72) 72 (65, 79) 7 (1, 13) *
Physical activity level (min/week) 168 (84, 294) 211 (132, 314) 37 (−61, 126) *

Cardiorespiratory profile (n) 725–776 170–176 164–173
Exercise heart rate (bpm) 125 (114, 135) 120 (109, 131) −3 (−9, 5) ‡

Estimated VO2max (mL/min/kg) 33.0 (27.7, 39.8) 34.1 (28.9, 40.5) 1.0 (−2.7, 5.1) §

Data represent median and interquartile range (25th and 75th percentile). n: range of participants. ‡ p < 0.05;
* p < 0.0001; § p = 0.055.

The plasma lipid profile also improved significantly after the 3-month lifestyle modifica-
tion program (Table 3). For instance, total cholesterol, TG, and non-high-density lipoprotein
(non-HDL) cholesterol concentrations declined significantly in both men (p < 0.0001) and
women (p < 0.05). Significant decreases in low-density lipoprotein (LDL) cholesterol levels
and the cholesterol/HDL cholesterol ratio were also observed in men (p < 0.0001). HDL
cholesterol increased in men (p < 0.0001), whereas it decreased in women (p < 0.001) (Table 3).

Table 3. Plasma lipid profile before and after the 3-month lifestyle modification program.

Baseline 3 Months ∆

Men
Lipid variables (n) 1418–1462 721–728 712–728

Total cholesterol (mmol/L) 4.70 (4.10, 5.30) 4.40 (3.90, 5.00) −0.20 (−0.50, 0.10) *
LDL cholesterol (mmol/L) 2.50 (2.00, 3.00) 2.40 (2.00, 2.80) −0.10 (−0.40, 0.20) *
HDL cholesterol (mmol/L) 1.25 (1.07, 1.47) 1.25 (1.07, 1.45) 0.03 (−0.07, 0.13) *
Non-HDL cholesterol (mmol/L) 3.40 (2.85, 3.95) 3.16 (2.64, 3.65) −0.20 (−0.50, 0.09) *
Cholesterol/HDL cholesterol 3.70 (3.10, 4.30) 3.50 (3.00, 4.20) −0.20 (−0.56, 0.10) *
Triglycerides (mmol/L) 1.81 (1.23, 2.72) 1.44 (1.00, 2.26) −0.26 (−0.85, 0.22) *

Women
Lipid variables (n) 780–794 180–182 179–182

Total cholesterol (mmol/L) 4.60 (4.10, 5.10) 4.40 (4.00, 5.10) −0.10 (−0.40, 0.20) †

LDL cholesterol (mmol/L) 2.40 (2.00, 2.80) 2.40 (2.00, 2.80) 0.00 (−0.30, 0.20) ‡

HDL cholesterol (mmol/L) 1.60 (1.34, 1.80) 1.44 (1.28, 1.68) −0.02 (−0.15, 0.10) †

Non-HDL cholesterol (mmol/L) 2.97 (2.48, 3.51) 2.94 (2.48, 3.41) −0.12 (−0.34, 0.13) ‡

Cholesterol/HDL cholesterol 2.90 (2.50, 3.40) 3.10 (2.60, 3.50) −0.10 (−0.30, 0.10)
Triglycerides (mmol/L) 1.18 (0.87, 1.69) 1.05 (0.79, 1.55) −0.10 (−0.40, 0.14) *

Data represent median and interquartile range (25th and 75th percentile). HDL: high-density lipoprotein; LDL:
low-density lipoprotein; n: range of participants. ‡ p < 0.05; † p < 0.001; * p < 0.0001.

Figure 2 presents changes in the proportion of hyperTG waist [30,31] in response to the
workplace intervention program. Although the proportion of the hyperTG waist phenotype
decreased in both sexes, the reduction only reached significance in men (p < 0.0001). In
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addition, relative changes in TG levels were significantly correlated with relative changes
in waist circumference (r = 0.29, p < 0.0001, for both men and women).
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program. * The statistical difference has been quantified according to the McNemar’s test.

Several significant negative relationships were observed between changes in the DQ
index or PAL and changes in CMR markers (Figure 3). For instance, increases in the
DQ index and PAL were associated with decreases in BMI, waist circumference, total
cholesterol, non-HDL cholesterol, and TG. To examine the relationship between changes
in the DQ index and changes in the CMR profile further, quartiles of changes in the DQ
index were compared (Figure 4). This analysis revealed that men in the top quartile of
change in the DQ index were also those who showed the most substantial reduction in
waist circumference (p < 0.0001). They were also characterized by greater reductions in TG
and non-HDL cholesterol levels compared to men in the first two quartiles (p < 0.05). In
women, only changes in TG were significantly different across quartiles of changes in the
DQ index (p < 0.05).

To quantify the independent associations of changes in the DQ index, PAL, and
submaximal exercise heart rate to the 3-month variation in CMR markers, multiple linear
regression analyses were performed (Table 4). In men, changes in anthropometric measures
and body composition variables were mainly associated with the change in the DQ index
(p < 0.0001) with smaller but significant associations of changes in PAL and exercise heart
rate. On the other hand, in women, changes in PAL significantly contributed to explain
changes in body composition indices, while changes in waist circumference and BMI were
more associated with changes in the DQ index. Moreover, in men, changes in the lipid
profile were explained by changes in the DQ index, PAL, and exercise heart rate. However,
in women, changes in PAL contributed the most to overall changes in blood lipids (p < 0.05)
except for changes in TG levels which were only associated with changes in the DQ index
(p < 0.001). Finally, in order to examine to what extent the beneficial effect of DQ and
PAL on CMR factors could be confounded by concurrent changes in waist circumference,
this variable was added to the linear regression analysis (Table 5). In men, adjusting
for waist circumference largely attenuated the association between changes in DQ and
lipid variables. In women, changes in DQ and in PAL remained significantly associated
with changes in several lipid variables even after adjustment for concurrent changes in
waist circumference.
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Figure 3. Standardized regression coefficients (with 95% confidence intervals) for the association between changes in
diet quality index or physical activity level and changes in cardiometabolic risk markers in men and women. Models are
adjusted for medication use (lipids, hypertension, and diabetes) and menopausal status in women. HDL: high-density
lipoprotein.

Table 4. Multiple linear regression models showing the independent associations of changes in diet
quality index, physical activity level, and exercise heart rate on changes in cardiometabolic markers.

Total
R2 × 100

Partial
R2 × 100

∆ DQ Index

Partial
R2 × 100

∆ PAL

Partial
R2 × 100

∆ Exercise HR
Men
Anthropometric measurements
and body composition (n = 669–697)

∆ Body mass index 15.7 10.5 * 1.5 † 3.6 *
∆ Waist circumference 13.8 10.7 * 1.8 † 1.3 ‡

∆ Fat mass 13.7 11.0 * 1.2 ‡ 1.5 †

∆ Body fat 9.6 8.3 * 0.9 ‡ 0.5
Lipid profile (n = 678–694)

∆ Total cholesterol 5.8 4.1 * 1.7 † –
∆ LDL cholesterol 0.4 0.4 – –
∆ HDL cholesterol 1.8 0.4 – 1.5 ‡

∆ Non-HDL cholesterol 5.8 3.8 * 2.0 † –
∆ Cholesterol/HDL cholesterol 4.4 0.9 ‡ 2.4 * 1.1 ‡

∆ Triglycerides 5.9 3.2 * 1.3 ‡ 1.5 ‡

Women
Anthropometric measurements
and body composition (n = 168–173)

∆ Body mass index 9.7 6.4 † 3.3 ‡ –
∆ Waist circumference 9.5 5.9 ‡ 3.5 ‡ –
∆ Fat mass 14.5 3.0 ‡ 11.5 * –
∆ Body fat 11.5 – 11.5 * –

Lipid profile (n = 170–173)
∆ Total cholesterol 14.0 4.6 ‡ 9.4 * –
∆ LDL cholesterol 2.4 – 2.4 ‡ –
∆ HDL cholesterol 4.3 – 4.3 ‡ –
∆ Non-HDL cholesterol 12.9 4.6 ‡ 8.3 † –
∆ Cholesterol/HDL cholesterol – – – –
∆ Triglycerides 9.2 7.9 † 1.3 –

DQ: diet quality; HDL: high-density lipoprotein; HR: heart rate; LDL: low-density lipoprotein; PAL: physical
activity level; n: range of participants; – not included in the model due to lack of significance; ‡ p < 0.05; † p < 0.001;
* p < 0.0001.
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Table 5. Multiple linear regression models showing the independent associations of changes in diet
quality index, physical activity level, exercise heart rate, and waist circumference on changes in lipid
variables.

Total
R2 × 100

Partial
R2 × 100

∆ DQ Index

Partial
R2 × 100

∆ PAL

Partial
R2 × 100

∆ Exercise HR

Partial
R2 × 100
∆ Waist

Men
Lipid profile (n = 678–694)

∆ Total cholesterol 9.8 1.4 ‡ 1.0 ‡ – 7.3 *
∆ LDL cholesterol 0.8 – – 0.3 0.5
∆ HDL cholesterol 1.8 0.4 – 1.5 ‡ –
∆ Non-HDL cholesterol 12.4 0.6 ‡ 1.3 ‡ – 10.5 *
∆ Cholesterol/HDL cholesterol 9.9 – 1.0 ‡ 0.5 8.4 *
∆ Triglycerides 11.4 0.5 0.8 ‡ 0.8 ‡ 9.4 *

Women
Lipid profile (n = 170–173)

∆ Total cholesterol 17.1 3.1 ‡ 9.4 * – 4.6 ‡

∆ LDL cholesterol 2.4 – 2.4 ‡ – –
∆ HDL cholesterol 4.3 – 4.3 ‡ – –
∆ Non-HDL cholesterol 16.1 3.0 ‡ 8.3 † – 4.8 ‡

∆ Cholesterol/HDL cholesterol – – – – –
∆ Triglycerides 13.4 4.6 ‡ – – 8.9 *

DQ: diet quality; HDL: high-density lipoprotein; HR: heart rate; LDL: low-density lipoprotein; PAL: physical
activity level; n: range of participants; – not included in the model due to lack of significance; ‡ p < 0.05; † p < 0.001;
* p < 0.0001.

Additional statistical analyses were performed in order to control for menopausal
status and medication use (lipids, hypertension, diabetes). After taking into account these
potential confounding variables, similar findings were observed (Supplementary Table S1).
Lastly, the potential contribution of interaction terms among studied variables was assessed.
In women, results did not change following the addition of interaction terms into multiple
linear regression analyses. In men, interaction terms only significantly contributed to
changes in the cholesterol/HDL cholesterol ratio and changes in TG levels. The interaction
between changes in PAL and changes in waist circumference (R2: 1.7%, p < 0.001) as well as
changes in waist circumference (R2: 8.4%, p < 0.0001) and changes in exercise heart rate (R2:
0.5%, p ≤ 0.05) contributed to explain changes in the cholesterol/HDL cholesterol ratio.
In addition, the interaction between changes in exercise heart rate and changes in waist
circumference (R2: 1.2%, p < 0.05) contributed to explain changes in TG levels along with
changes in waist circumference (R2: 9.4%, p < 0.0001), changes in PAL (R2: 0.8%, p < 0.05),
and changes in DQ (R2: 0.5%, p ≤ 0.05).

4. Discussion

In the present study, our objectives were to evaluate whether: 1—DQ could be im-
proved by our workplace lifestyle modification program; and 2—changes in DQ would
have a favorable influence on features of cardiometabolic health. Results of the present
study provide evidence that food markers of overall DQ can be assessed and targeted at
the workplace in order to improve cardiometabolic health substantially. For instance, a
large proportion of participants (76%) improved their DQ index (by at least 1 unit) after
the 3-month intervention program. Among these participants, the median increase in
DQ index was 10 (interquartile range: 5, 16) in men and was 9 (interquartile range: 5, 16)
units in women. In a previous cross-sectional analysis conducted on our cohort of male
and female workers that used the same DQ assessment tool, we had previously reported
marked differences in features of CMR when employees were classified on the basis of
their DQ index [20].

Results of this intervention show that DQ can be assessed and targeted at the work-
place. Indeed, in our study, changes in a simple food-based index were accompanied by
significant reductions in waist circumference and by improved lipid levels. To our knowl-
edge, there are only a few published intervention studies targeting lifestyle changes at the
workplace that included a large number of employees which assessed a comprehensive
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CMR profile (e.g., body fat distribution, lipid levels, submaximal treadmill exercise test). In
a workplace-based lifestyle intervention program conducted in a sample of employees at
high risk of CVD and involving a team of health professionals (nurse practitioner, registered
dietician, exercise physiologist, certified diabetic educator, and registered nurse), Rouseff
et al. [33] reported significant improvements in several CMR markers such as percent body
fat, blood pressure, lipid parameters, as well as CRF. One novel aspect of our study is our
finding that it appears possible to target overall DQ with a food-based approach instead of
using traditional nutritional interventions focused on dietary fat reduction and/or caloric
restriction in order to have beneficial impacts on cardiometabolic health. Such an approach
is in line with recent recommendations of nutrition experts [9,11,34,35]. As previously
reported [20], we found significant differences in DQ, men having a poorer DQ index
than women at baseline (mean ± SD: 60.5 ± 12.3 and 64.2 ± 11.6, for men and women,
respectively, p < 0.0001). However, both sexes significantly improved their DQ in response
to the program (by 7 units). Additionally, men of the present study were characterized
by a more deteriorated baseline CMR profile than women (data not shown), although
significant changes were observed in both sexes. In this regard, greater improvements in
CMR markers are expected in men since lifestyle interventions have a greater effect on
CVD risk factors in higher-risk populations [17,33,36–38]. In addition, in both men and
women, changes in DQ were found to be associated with changes in adiposity and lipid
levels (Figure 3). These findings show that the food-based index of DQ could discriminate
CMR. In addition, our findings indicate that being successful in implementing meaningful
changes in DQ as measured by this index predicted significant changes in CMR variables.
Targeting DQ with a brief and food-based strategy has been effectively shown to improve
DQ and reported to be as effective as other lifestyle interventions in improving CMR
markers [39–44].

One unique feature of this workplace intervention aiming at improving DQ is that
we also simultaneously considered PAL and CRF as important potential confounders
of cardiometabolic health in our statistical analyses. Of course, one cannot exclude the
possibility that employees who showed the most substantial improvements in their DQ
were also those who became the most physically active. In this regard, it has been reported
that the most active individuals are also those characterized by a better DQ [45]. In line
with this possibility, we found a weak but significant association between changes in
the DQ index and changes in PAL (r = 0.22, p < 0.0001 and r = 0.27, p < 0.0001 in men
and women, respectively). In the present study, we found that whereas CRF assessed by
estimated VO2max was significantly increased in men, the change in VO2max was only of
borderline significance in women. However, submaximal HR was decreased in both men
and women, a finding clearly showing that the change in PAL induced an improvement in
submaximal working capacity in both sexes, while not being enough to improve maximal
oxygen consumption in women. These results suggest that women may have responded
to the lifestyle intervention by improving further their DQ and by doing more physical
activity of moderate intensity, whereas men may have performed more vigorous physical
activity. Although we did not assess physical activity intensity in the present study, it has
been reported that VO2max is more likely to be improved with higher-intensity endurance
exercise [46,47], while low-intensity exercise may not always be sufficient to improve
CRF [48,49]. This sex difference in how workers adopted different strategies to improve
their lifestyle habits will require further investigation.

Therefore, changes in PAL observed at the end of the 3-month intervention program
may have also contributed to explain the beneficial changes found in CMR markers. This
notion is supported by findings showing that across quartiles of DQ index changes, a
reduction in waist circumference was observed (Figure 4). Moreover, in both sexes, changes
in PAL were also associated with changes in features of cardiometabolic health (Figure 3).
Thus, one novel aspect of our workplace intervention was to quantify the respective
contributions of changes in the DQ index vs. changes in PAL to the improvement of
cardiometabolic health. To examine this issue, we performed multiple linear regression
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analyses which revealed that in men, changes in the DQ index were related to changes in
most features of CMR, with a modest but significant additional contribution of changes in
PAL and CRF (Table 4). In women, whereas changes in the DQ index were independently
associated with changes in CMR variables, changes in PAL had a major influence on the
variation in adiposity variables, with no independent influence of CRF. While we propose
that such potential sex differences should deserve further attention, we put forward the
hypothesis that since women had a better DQ and were less physically active than men at
baseline, their increase in physical activity, despite not being performed at the intensity
required to improve maximal oxygen consumption (estimated by the VO2max), it could
have nevertheless played a role in inducing weight loss and loss of abdominal fat (waist
circumference). In men, we propose that since their DQ was lower than women at baseline,
improving their DQ and performing more vigorous physical activity which translated into
improved CRF could be key contributing factors to explain the beneficial effects of the
program on their cardiometabolic health.

Finally, as both men and women reduced their waist circumference in response to the
program, a key remaining question was to test whether improving DQ had an influence on
CMR after controlling for concomitant changes in waist circumference. Our findings are
concordant with the notion that changes in waist circumference in men largely explained the
influence of changes in DQ on lipid variables, whereas in women changes in DQ and PAL
remained associated with changes in several lipid variables after controlling for changes in
waist circumference (Table 5). These results suggest that while targeting food-based DQ is
relevant to improve cardiometabolic health, the concomitant effect of such an intervention
(diet and physical activity) on waist circumference is an important contributor to the
association between DQ and cardiometabolic health. As already highlighted in a consensus
paper [50], the reduction in waist circumference through lifestyle changes is likely to
generate a decrease in morbidity and mortality risk by improving intermediate CMR
markers. One of the reasons explaining this beneficial association would be the mobilization
of the high-risk visceral fat generated by the lifestyle modification program [51]. Although
not measured, we can speculate that employees of the present study for whom a reduction
in waist circumference was observed were also characterized by a reduction in visceral fat
as suggested by the decrease in carriers of the hyperTG waist phenotype, a clinical marker
of visceral obesity [30,31].

A strength of our workplace lifestyle intervention program is the collection of a compre-
hensive CMR profile including the evaluation of CRF by a submaximal exercise treadmill test.
In addition, our study sample was heterogeneous in terms of education level, socio-economic
status, health profile, and job characteristics and demands. In order to make sure that we
could evaluate the effects of our program on a population as heterogeneous as possible in
terms of baseline characteristics, we had no criteria for employees’ inclusion or exclusion.
Furthermore, this study is a unique “real world intervention”, as it took place in different
and uncontrolled work environments. The DST allows us to assess overall DQ without any
intermediate method (24 h recall, quantitative food frequency questionnaire, etc.).

However, our study has some limitations. Firstly, despite the fact that we did not have
inclusion/exclusion criteria, it is obvious that our sample of workers is not representative
of the entire workforce as all participants were volunteers, an obvious selection bias.
These participants are most likely to be more health-conscious and consequently may
had responded to the program to a greater extent compared to the general population.
Moreover, although we used a validated questionnaire, PAL is notoriously over-reported
when compared to direct measurements [52] at baseline. Thereby, the change in PAL may be
underestimated by an overestimation of baseline PAL. Thus, its independent contribution
to variations in the CMR profile may have been underestimated in the regression model.
Secondly, as our intervention is short term (3 months), there is clearly a need to document
the long-term impact of that type of program. As a consequence, we cannot speculate
about the long-term effect and adherence to our intervention.
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5. Conclusions

In summary, this pragmatic 3-month lifestyle intervention provides evidence that a
key behavior influencing cardiometabolic health such as DQ can be assessed and targeted
at the workplace using a simple food-based questionnaire. Furthermore, the contribution
of changes in DQ to the improvement in CMR remained significant after controlling for
changes in PAL. Improving DQ through lifestyle interventions in the workplace may have
direct effects on CMR, particularly in women, as well as indirect effects on both men and
women through effects on abdominal adiposity. Finally, findings of the present study
support the proposal from a recent consensus group that waist circumference is a simple
and useful marker of the influence of healthy/unhealthy behaviors [50].
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Abstract: The intersections between hunger and health are beginning to gain traction. New inter-
ventions emphasize collaboration between the health and social service sectors. This study aimed to
understand the nutrition and physical activity (PA) needs as perceived by food pantry stakeholders
to inform a health intervention approach. The study used formative research incorporating mixed
methods through surveying and semi-structured interviews with three food pantry stakeholder
groups: Clients (n = 30), staff (n = 7), and volunteers (n = 10). Pantry client participants reported;
high rates of both individual (60%, n = 18) and household (43%, n = 13) disease diagnosis; low
consumption (0–1 servings) of fruits (67%, n = 20) and vegetables (47%, n = 14) per day; and low
levels (0–120 min) of PA (67%, n = 20) per week. Interviews identified five final convergent major
themes across all three stakeholder groups including food and PA barriers, nutrition and PA literacy,
health status and lifestyle, current pantry operations and adjustments, and suggestions for health
intervention programming. High rates of chronic disease combined with low health literacy among
pantry clients demonstrate the need to address health behaviors. Further research piloting the design
and implementation of a comprehensive health behavior intervention program in the food pantry
setting is needed.

Keywords: food insecurity; hunger and health; nutrition; physical activity; health intervention;
formative research

1. Introduction

Food pantries offer important resources in the federal aid system. Food insecurity is
defined by the USDA as “limited or uncertain availability of nutritionally adequate and
safe foods,” and 14 million U.S. households were food insecure in 2018 [1]. Despite the
availability of federal nutrition assistance programs (e.g., SNAP, WIC, TANF), there is a gap
in services, leaving organizations like Feeding America, a network of 60,000 food pantries
and meal programs, still serving roughly 4.3 million meals to hungry people [2]. These
emergency food services are reaching the most vulnerable populations needing both food
and health services. The number of chronic diseases for adults in households with low
food security, is on average, 18 percent higher than those with high food-security [2], and
one out of three chronically ill food insecure adults are unable to afford medicine, food, or
both [3].

Significant financial constraints leave food insecure individuals frequently limited
to food pantry availability and low-cost food items. This translates into coping strategies
promoting low nutrient diets high in processed foods [4]. In general, poor dietary intake
(e.g., excess saturated or trans-fat intake, a diet low in fruits and vegetables) has been linked
to a number of chronic diseases, including cardiovascular disease, Type 2 diabetes, some
types of cancer and osteoporosis [5,6]. Overall, those living in food insecure households
often have disrupted eating patterns and diets that are inadequate in nutrient-dense
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foods, contributing to malnourishment and an increased risk for poor health and chronic
disease [7]. Beyond the quality of food, the existence of medical conditions associated with
a poor diet can interfere with medication adherence [8]. Clients accessing a mobile food
pantry reported that food insecurity impacts medication adherence due to the requirement
that some medication be taken with food [9]. Therefore, gaps in the pantry schedule, lack
of transportation or conflicting commitments may prevent individuals from accessing the
food they need to meet medication recommendations.

Pantry clients have reported similar barriers, such as lack of transportation, inade-
quate kitchen equipment, lack of nutrition knowledge and skills, and few social support
networks impacting their ability to eat healthy [10]. Other than adherence to medication for
existing conditions, pantry clients are lacking in access, knowledge, and the to eat healthy
diets to prevent disease onset. Begley et al. (2019) postulates that poor food and nutri-
tion literacy behaviors contribute to food insecurity. Behaviors related to food planning
and management, shopping, preparation, and cooking all show an association between
food literacy behaviors and food security status [11]. In other words, the higher level
of food literacy, the more food and nutritional behaviors individuals engage in that are
associated with greater food security (e.g., food storage and preparation). Health literacy
and self-efficacy have also been found to be predictors of food label use, which positively
predict individuals diet quality [12]. As health professionals work to address hunger and
health among food insecure populations, issues of food and health literacy are important
interventional considerations.

The Department of Health and Human services (DHSS) recommends that American
adults engage in a minimum of 150-minutes of moderately intense physical activity (PA)
per week to experience health benefits [13]. PA rates among adults are low across the U.S.
with nearly 80% of adults not meeting PA-recommended guidelines [13]. Common barriers
associated with PA include a lack of confidence performing exercises, lack of time, lack
of financial resources, and having diseases that create exercise limitations [13–15]. Food
insecurity has demonstrated a significant association with adherence to PA guidelines
among both adults and children [16]. Outside of the traditional barriers that prevent
adults from engaging in PA, food insecure adults experience higher levels of stress and
have poorer health, with a greater number of chronic diseases, creating larger obstacles to
engaging in PA [16]. Additionally, food insecurity is associated perceptions, and readiness
to engage in PA [17,18]. Within the context of disease, food insecure individuals report
physical limitations that may prevent them from activities of daily life, including PA [19].
Connections between food insecurity and PA, particularly among adults, are the areas of
hunger and health literature, which merit further research development.

According to the World Health Organization, non-communicable diseases (e.g., di-
abetes and cardiovascular disease) account for two-thirds of premature deaths world-
wide [20]. Food insecure individuals are reporting broader disease prevalence and co-
morbidities, such as obesity, disability and mental health disorders that warrant the need
for a broader approach and multi-sector collaboration among medical providers, public
health practitioners, social workers and food banks [21]. Within the space of chronic
disease management, health coaching interventions have shown promise in the medical
setting [22,23]. Health coaching often makes use of motivational interviewing techniques
that promote collaboration, client evocation and autonomy, leading to successful behavior
change across a variety of contexts, populations and health behaviors [24]. Health coaching
uses a relationship building strategy in health behavior change through activities, such as
health education sessions and individual practical support [25]. Health coaching shows
positive results when targeting a range of diseases and populations, including diabetes,
heart disease, hyperlipidemia and low-income patients [26]. If food pantries can implement
a broader intervention design (e.g., health coaching), incorporating more holistic behavioral
components (e.g., both nutrition and PA), can be developed that captures a broader range
of food insecure individuals with comorbidities, and address lifestyle health behaviors
leading to those disease.
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The Academy of Nutrition and Dietetics released a position paper stressing the im-
portance for nutrition practitioners to build partnerships with food pantries [27]. Health
professionals are beginning to recognize the importance of targeted interventions among
food insecure populations [28]. Recent intervention research relating to diabetes, nutrition
education, and dietary and food purchasing behaviors within the food pantry setting
resulted in positive health outcomes for food insecure pantry clients [29–31]. Among the
literature, a recent systematic review of food pantry interventions revealed nutrition liter-
acy and diabetic management interventions have been dominant in the field [32]. The cited
studies indicate innovation and promise, yet present gaps in assisting individuals outside
of the diabetic and nutrition scope. Only one study in the review of the literature utilized
a more holistic health coaching approach within the food pantry setting [23]. Although,
the study yielded positive pantry client health outcomes, it was still focused predomi-
nantly on nutritional behaviors, disregarding PA as an important disease prevention and
management strategy.

As scientists and practitioners develop and implement interventions aimed at food
pantry clients, little is known about the design and implementation of health intervention
that combine both nutrition and PA health behaviors within a holistic health interven-
tion model. This study uses formative research to understand nutrition and PA needs as
perceived by food pantry stakeholders (pantry clients, volunteers, and staff) to inform
a health intervention approach at a county-wide Midwest food pantry. This formative
approach makes use of a community participatory model [33] to gain buy-in and consul-
tation from the community of interest. The study aims to fill a gap in the literature by;
(1) understanding more about PA behaviors and needs among food insecure adult pantry
users; and (2) explore the program components of a comprehensive health intervention
that incorporates both PA and nutrition as perceived by pantry stakeholders. This study
will act as phase one to a multiphase intervention design research project.

2. Materials and Methods

The Institutional Review Board at a large Midwest research institution approved this
study. Formative research using mixed methods incorporated surveys, individual inter-
views, and one focus group with three stakeholder groups (food pantry staff, volunteers,
and clients). All data were collected on site at a local county-wide Midwest food pantry.

2.1. Pantry Context

The food pantry in the current study is the largest food pantry within the county it’s
located serving roughly 13,000 residents in 2017 [34]. The county has a food insecurity rate
of nearly 17% and overall poverty rate of 19% [34]. The pantry saw a 15% increase in overall
client visits between 2017 and 2018 [35], with 51% of clients surveyed reporting having
to skip meals between one and three times, on average, per week [31]. Demographically,
over half of their clients (65%) identify as white and fall between the 18–64 age group
(62%) [35]. Due to chronic disease concerns, with 62% of pantry clients surveyed reporting
a household member with type 2 diabetes, the pantry has begun to offer health screenings
on-site [35]. Additionally, the pantry offers a variety of nutrition programs including
cooking and gardening classes, and an intensive culinary training program to encourage
self-sufficiency among pantry clients [35]. The pantry utilizes seven full-time staff members
and a fleet of volunteers.

2.2. Sample

Convenience sampling occurred focusing on three stakeholder groups (n = 47) (1) pantry
staff (n = 7); (2) pantry volunteers (n = 10); and (3) pantry clients (n = 30). All staff
currently employed by the pantry were included in the study, volunteers and pantry client
participants were recruited until data saturation occurred. All participants were recruited
in-person via direct communication with study staff during regularly scheduled pantry
hours (M-F, 9 a.m.–5 p.m.). Inclusion criteria included individuals starting at age 18 to
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capture those of adult status and ending at age 75. This age range is representative of the
majority age range of clients served (18–65) plus an extended age range (65–75) to capture
the retired volunteer population. Additionally, stakeholder group classification (pantry
staff, volunteer, or client), and ability to speak, read and write English were inclusion
requirements. Participants incentives consisted of a “healthy eating goodie bag” containing
a reusable grocery tote, cooking oil, one cooking utensil (wooden spoon, fork, or spatula),
recipe cards, and informational brochures on various healthy eating topics. Only pantry
clients were encouraged and received a “healthy eating goodie bag” upon completion of
the study.

Demographic Characteristics

Table 1 displays pantry client (n = 30) demographics, and individual and household
health status information. Majority of clients were Caucasian (80%, n = 24) and female (73%,
n = 22). Disease prevalence was high with 60% (n = 18) reporting at least one chronic disease
and 37% (n = 11) reporting more than one. Additional health status and demographic
information is displayed in Tabe 1 below. Staff (n = 7) participant age ranged from 23 to
39, with majority of the participants (71%, n = 5) identifying as Caucasian/white, and two
identified as mixed race. All staff work full-time, with years of experience ranging between
one to six years. Lastly, Volunteer (n = 10) participants included individuals ages 18 to 79,
primarily identifying as Caucasian (90%, n = 9), with one identifying as African American.
Volunteer employment status ranged from full-time to retired.

Table 1. Pantry client demographic Characteristics and health status.

Demographic
Category

Food Pantry Client Characteristics
(n = 30) n %

Gender
Male 8 26.7

Female 22 73.3

Age, years

20–30 4 13.3
31–40 2 6.7
41–50 9 30.0
51–60 9 30.0
61–73 6 20.0

Race
Caucasian/White 24 80.0

African American/Black 5 16.7
Hispanic/Latino 1 3.3

Annual Household
Income

<$10,000 13 43.3
$10,000–$24,999 15 50.0
$25,000–$49,999 2 6.7

Occupational Status

Working full-time 5 16.7
Working part-time 4 13.3

Unemployed, currently seeking 8 26.7
Unemployed, not currently seeking 7 23.3

Retired 6 20.0

Education Level

Some high school 1 3.3
High school graduate or GED 5 16.7

Some college 14 46.7
Associate degree 6 20.0
Bachelor’s degree 3 10.0
Master’s degree 1 3.3

Number of health
conditions

(individual)

Zero chronic disease listed 1 3.3
One chronic disease listed 18 60.0

More than one chronic disease listed 11 36.7
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Table 1. Cont.

Demographic
Category

Food Pantry Client Characteristics
(n = 30) n %

Specification of health
condition (individual)

Diabetes 4 13.3
High Blood Pressure 11 36.7

High Cholesterol 7 23.3
Heart Disease 3 10.0

Metabolic Syndrome 5 16.7

Overall Health

Excellent 1 3.3
Very Good 9 30.0

Good 11 36.7
Fair 9 30.0

Last Doctor Visit
1–3 months 21 70.0
4–6 months 5 16.7

>1 yr. 4 13.3

Health Insurance
Status

Insured 22 73.3
Uninsured 8 26.7

Number of health
conditions

(household)

Zero chronic disease listed 12 40.0
One chronic disease listed 13 43.3

More than one chronic disease listed 5 16.7

Specification of health
condition (household)

Diabetes 5 16.7
High Blood Pressure 7 23.3

High Cholesterol 5 16.7
Heart Disease 4 13.3

Metabolic Syndrome 4 13.3

2.3. Measures

Primary data collection involved three investigator-designed surveys and correspond-
ing interview guides using a combination of newly developed questions based on the
current study’s aims, and questions modified based on validated measures previously
found in the literature. All survey measures were collected via hard copy, in-person, direct
participant response. A researcher was present to answer participant questions.

2.3.1. Client Survey Measures

The client survey included validated measures through questions on self-reported
health [36] and the Behavioral Risk Factor Surveillance Survey nutrition and PA module
measures [37]. Investigator-designed measures included categorical questions (yes or no)
on individual and household chronic disease diagnosis (e.g., diabetes), and barriers to
healthy eating (e.g., healthy foods are too expensive) and PA (e.g., I don’t know enough
about physical activity). Last, the survey asked participants to report individual demo-
graphic characteristics (race/ethnicity, gender, annual household income, employment
status, and level of education). The survey consisted of 28 questions and the full details
can be reviewed under Supplementary File S1.

2.3.2. Client Semi-Structured Interviews

An investigator-designed moderator’s guide, which corresponded with survey ques-
tions, guided semi-structured interviews. Sample questions included, “What are some of
the challenges and barriers to choosing and cooking healthy options?” and “What current
health issues are you and/or members of your household facing? Last, questions pertaining
to intervention components included “What do you think are some critical characteristics
of this program? (Probe: How often meetings are, time of day, days of the week, how
long, educator characteristics, location, electronic vs. in-person)?” The moderator’s guide
consisted of 14 questions and the full details can be reviewed under Supplementary File S2.
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2.3.3. Volunteer/Staff Survey Measures

Volunteer and staff measures included an investigator-designed survey informed by
the study aims and topics represented in the client survey. Example questions include
categorical questions (often, sometimes, never) related to client engagement within the
topics of health, nutrition and PA (e.g., “How often do you engage with clients about
the cost of food?). Last, the survey asked participants to report individual demographic
characteristics (race/ethnicity, gender, annual household income, employment status, level
of education and number of years of service at the current food pantry). The survey
consisted of 16 questions and the full details can be reviewed under Supplementary File S3.

2.3.4. Volunteer/Staff Semi-Structured Interviews

Interviews consisted of an investigator-designed moderator’s guide correspond-
ing to the survey. Sample questions included, “What questions do clients most com-
monly ask about (a) Food/food products, (b) Nutrition, (c) Physical Activity, (d) Health
(e) Programs/resources offered by the pantry” and “What important topics within nutri-
tion, physical activity, and health should be covered in an intervention program?” The
moderator’s guide consisted of 8 questions and the full details can be reviewed under
Supplementary File S4.

2.4. Data Collection

Participants completed a written informed consent prior to data collection. Collection
occurred through in-person hard copy surveys completed by participants, individual
semi-structured interviews with pantry clients and volunteers, and one focus group with
pantry staff.

2.4.1. Participant Surveys

Survey responses were collected from all three-stakeholder groups (staff, volunteers,
and clients) immediately before conducting interview questions. Surveys were adminis-
tered in hard copy using paper and pencil, and were completed independently by study
participants. Study staff were available for participant support.

2.4.2. Participant Interviews and Focus Group

Volunteer and client groups participated in follow-up individual semi-structured
interviews, while staff participated in a single focus group during a routine staff meeting.
All interviews and focus groups were semi-structured, immediately followed survey
completion, and were located in a secure private room on-site at the food pantry. All
correspondence was audio recorded with sessions lasting between roughly 30 to 60 min in
length. A single investigator (the PI) with training and experience in qualitative methods
and the interview protocol conducted interviews and took field notes. Member checks and
debriefings occurred during interviews to ensure accuracy of participant statements and to
increase trustworthiness [38].

2.5. Data Analysis

All data were reviewed and analyzed separately, then brought back together to find
convergent themes across all sources and stakeholder groups. All survey responses were
input into IBM SPSS Statistics 26 software for descriptive data analysis.

Interview/Focus group Analysis

All interviews were audio recorded and transcribed verbatim by the PI of the study.
Once transcribed, a priori categories, based on categories within the semi-structured in-
terview guide, directed the initial coding process and were combined with exploratory
findings to generate final themes [39]. Last, data triangulation occured between the exist-
ing literature, stakeholder surveys and stakeholder interviews/focus group to informed
research findings [39,40]. This process included two co-investigators of the research team.

286



Nutrients 2021, 13, 1584

3. Results

This section will provide a detailed description of each stakeholder group’s results
separately, followed by a joining of the data generating final convergent themes. Final
convergent major themes include food and PA barriers, nutrition and PA literacy, health
status and lifestyle, current pantry operations and adjustments and suggestions for health
intervention programming.

3.1. Client Results

Client survey responses revealed low consumption of fruits and vegetables with over
half (67%, n = 20) reporting zero to one servings of fruits per day, and 47% (n = 14) reporting
zero to one servings of vegetables per day. Commonly reported healthy eating barriers
include: healthy food being too expensive (40%, n = 12), not knowing enough about healthy
cooking (37%, n = 11), not knowing enough about general nutrition to make healthy meals
(30%, n = 9), and not knowing how to choose and store fresh produce (27%, n = 8). A
high rate of participants (67%, n = 20) reported low PA between zero to 120 min per week.
Common barriers preventing participants from engaging in regular PA, included having
health conditions that restrict activity (30, n = 9), lack of enjoyment for PA (27%, n = 8),
lack of access to a facility to engage in PA (23%, n = 7), and having a job that is physically
demanding (20%, n = 6).

During client interviews, four themes emerged, including Food and PA barriers, Nu-
trition and PA literacy, Health Status and Lifestyle, and Suggestions for Health Intervention
Programming. In the first major theme, participants reported things such as cost, and food
preparation restrictions as leading roadblocks to improving nutrition. One participant
reported, “Right now, I live in a camper out in the park, and I don’t have electricity in it, so
mostly it’s the food banks, or going to get something that’s cooked in the store. Unless I
can get a fire going, so that limits me and what I can do.” Barriers to PA, included mental
and physical limitations and occupational restrictions. Occupational restrictions include
sedentary jobs and lack of time due to multiple jobs.

The second major theme, Nutrition and PA Literacy is associated with general nutrition
and PA education. Within nutrition, categories, such as cooking, specialty diets, and
produce storage and preparation were noted. Within PA most feedback was focused
on general strength exercises, and exercises for physical limitations. Participants also
mentioned a desire for weight management education with statements like, “Losing weight.
What I would need to do to really lose some weight. And not just do strange starving
eating type of things. The healthy way to do it.”

Third, the Health Status and Lifestyle theme corresponded with the depth of physical
and mental illness across participants with one participant sharing “I have anxiety, depres-
sion, migraines, frontal lobe seizures, turrets, treated for blood clots, get treated for low
vitamin B, Arthritis.” Additionally, there were reports on impacts to lifestyle due to disease.
These related to both positive impacts, such as disease translating to improvements in
health behaviors, and negative impacts with connections to disease affecting quality of
life in examples like “She took me off work for two months to see if we could get it under
control [high blood pressure], so hopefully.”

In the fourth major theme, Suggestions for Health Intervention Programming, per-
tained to programmatic and structural recommendations from pantry clients. Structurally,
participants were interested in both electronic services and face-to-face services, as well
as group and individual formats. They reflected on the idea of social support from both
the health educator or coach, and other pantry client intervention participants in a group
setting. Recommendations for intervention content included statements such as “It should
be the holistic approach. Teaching people to eat better sooner, instead of waiting until
the point of diabetes or the health issues.” Last, participants demonstrated support and
excitement for a health intervention program by stating comments, such as “I think this is
a fabulous idea I think it is doable with a lot of your hard work and I look forward to you
moving forward and changes ahead.”
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3.2. Staff Results

Staff survey responses demonstrated that within the category of health, staff reported
often engaging with clients about health insurance (29%, n = 2) and local health services
(29%, n = 2). Within nutrition, staff reported often engaging with clients about cost of food
(86%, n = 6), quick meal options (57%, n = 4), and food restrictions (57%, n = 4). Within PA,
staff indicated often engaging with clients about physical limitations (57%, n = 4).

Staff participated in a follow-up focus group instead of interviews to capture collab-
orative staff ideas as a part of a monthly staff meeting. Three themes emerged. Themes
included Specialty Diet Questions, Pantry Operations, and Client Education. Specialty
Diet questions included clients coming in with specific recommendations from medical
providers with one staff member reporting, “I am finding more hyper specificity. [clients
reporting] This is my diet, I have talked to my doctor, and they say I need to be eating these
specific items, do you have any of those?”

Within the theme of Pantry Operations, staff proposed a variety of pantry operational
changes that may assist clients with questions and food choice. This theme included
creating general handouts, nutritional nudges, and increased meal kit options. Last, the
Client Education theme, informed by direct client experience and observations, led to
recommending general nutrition and PA education. For example, one staff member said
the following: “Helping people understand how to be more realistic [portion size], my
immediate thought goes to My Healthy Plate campaign.”

3.3. Volunteer Results

Volunteer survey responses demonstrated that within the category of health, volun-
teers reported often communicating with clients about high blood pressure (30%, n = 3) and
local health services (30%, n = 3). Volunteers reported sometimes engaging about unusual
food items (50%, n = 5), building healthy meals (n = 4), and food storage (n = 4). Volunteers
indicated never engaging with clients about PA in nearly all categories.

During semi-structured interviews, four themes emerged including Pantry Questions,
Pantry Shopping Adjustments, Client Education, and Volunteer Training. Within the theme
of Pantry Questions, volunteers highlighted frequent client questions related to either food
products or preparation. One volunteer indicated: “Sometimes people will ask about what
would be a good way to prepare this vegetable or meat,” or pantry logistics “not too many
questions other than how many points is this [food item]”.

Volunteers offered recommendations for Pantry Shopping Adjustments addressing
the topics of food products/preparation and pantry logistics. Recommendations included
adding information for use and preparation of unusual produce and including simple
recipes directly with these items. Major topics highlighted within the Client Education
theme included general nutrition and PA guidelines with comments like, “Most people
don’t have a general understanding of nutrition,” and shopping strategies, “Educating
on how to effectively use their points. Some people only have 10 points and they get
4 sandwiches and that is going to last you a max of 2 days.”

The Volunteer Training theme emphasized conflicting opinions. Regarding volunteer
training, some volunteers indicated interest in receiving training related to “Food stamp
options. How or where; opportunities to talk about options for food,” with other volunteers
indicated a lack of interest in further training with rationales like, “A lot of us are retired
and not wanting to fill that role [health specific volunteer role].”

3.4. Final Convergent Major Themes

There were five identified final convergent major themes including Food and PA
Barriers, Nutrition and PA Literacy, Health Status and lifestyle, Current Pantry Operations
and Adjustments, and Suggestions for Health Intervention Programming.

Food and PA Barriers, include identification of life circumstance that make healthy
eating and PA difficult among pantry clients. Barriers that were reported included cost of
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food, produce storage and self-life, physical limitations to exercise, and the perception that
PA is a privilege based on social status.

Nutrition and PA Literacy, the second theme, pertains to gaps in knowledge about
healthy eating, selection and preparation of foods, PA recommendations based on limita-
tions both identified by the clients through personal experience, and volunteers and staff
based on client interactions and questions.

Similarly, clients’ personal reports, and volunteer and staff interactions with clients
demonstrate how food insecurity and limitations due to disease influence clients lives
under the Health Status and Lifestyle major theme. This included reporting on how much
disease clients were experiencing daily and coping strategies such as seeking out dietary
recommendations from staff at the pantry.

The fourth major theme, Current Pantry Operations and Adjustments, relates to
volunteer and staff experience with the current climate within the pantry associated with
nutrition and PA among clients, and ideas for adjustments to create a more informed and
positive experience. This included ideas for inclusion of nutrient information in meal kits
and throughout the pantry, as well as guidance on how to use their pantry points and
potential training opportunities for volunteers.

Suggestions for Health Intervention Programming highlights the perspectives from
all three stakeholder groups related to intervention program components consisting of
nonjudgmental, supportive, coaching, with the inclusion of PA and nutrition education,
and support for hosting such a health intervention program in the pantry setting. A
summary of these final convergent themes and corresponding client, volunteer, and staff
quotes can be found in Table 2.

Table 2. Final convergent Major Themes and Quotes.

Major Theme Participant Quotes

Nutrition and
physical
activity barriers

“Mostly the prices [referring to barriers]. The cheaper it is, the less healthy it is. I have walked through a few organic isles, but it
is just off the charts, even for food stamps.” (C.1)
“I am a single person and I can’t buy a whole chicken, I just want one or two pieces, if I buy a roast, I want to buy a small one. I
don’t want to have a whole bunch of spoiled stuff.” (C.9)
“The short life of the produce, some of the stuff from the farmers market here will last a week, but some of the stuff from the
supermarkets is old.” (C.21)
“The hip, back pain or issues [barrier to PA]. I found out I have first stage emphysema so breathing issues.” (C.14)
“Honestly, when my depression gets bad I have issues with that [motivation for physical activity] (C.15)
“I don’t think people quite understand the importance of nutrition and physical activity because they are just trying to survive.”
(V.8)
“Sometimes I see the specific recipes and I think there is no way they are going to have those ingredients.” (V.5)
“There is a high proportion of individuals who also have physical limitations or physical barriers to physical activity” (S.5)
“I have experience direct interactions with clients that view physical activity as perhaps a luxury that they can’t afford yet.” (S.3)
“I would say in my experience I get very little interaction with clients who are on a preventative track [related to disease, diet,
exercise].” (S.3)

Nutrition and
Physical
Activity
Literacy

Sometimes the knowledge of what to do with certain food. Not knowing how to cook it or what to do with it. Knowing how to
use different ingredients or spices.” (C. 26)
“A lot of health issues, when you have diabetes or that other stuff, how to incorporate that into your daily life or eating. Foods
that you’re able to make to help you with your health challenges like diabetes and other things.” (C.10)
“I think I would be interested in learning what type of activities I could do, due to the fact of arthritis in the knees.” (C.20)
“It would always be nice to know types of exercises you could do. I was in wrestling in high school, and all we did was like
weights and stretch. So that is all I know.” (C.1)
“Even stuff like the plate [referencing MyPlate]. It is basic, but it is useful for people to know” (V.5)
“Maybe explaining you can walk and it’s still exercise. The little things that are PA and the benefits so like losing weight and the
actual health benefits to your heart” (V.3)
“I get a lot of recipe questions, or what does this go with, or does this go together, what can I do with these three things.” (S.2)
“I think partially, it is a lack of knowledge about preparation, but also there is an assumption that I can’t prepare something a
certain way because I don’t have the specialized machinery for it.” (S.3)
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Table 2. Cont.

Major Theme Participant Quotes

Health Status
and Lifestyle

“I have PTSD and Depression, high blood pressure, the knee injury, the hand injury, my boyfriend he has high cholesterol. He
also has PTSD from Afghanistan and Iraq.” (C.6)
“Hip problems and osteoporosis in the hip, stage one emphysema, I have problems that I feel are manageable as far as, yeah, I
have been diagnosed with depression and I have been for years.” (C.14)
“I have a 13-year-old now that has prediabetes and I am scared to death. We all have ADHD, we control it with medication. I
also have schizoaffective disorder. I am living in recovery from drugs and alcohol. My sons are high anxiety. I just began taking
antianxiety meds. Because of the stress I was being put under, I am a survivor of child sex abuse, so I am still very affected. It’s
more like coming back to the surface. It took just 10 pounds more to make me just start getting really sensitive again.” (C.19)
I have had gastric sleeve surgery, so pretty much 80% of everything I eat needs to be protein. Since the surgery, my stomach is
real finicky so even stuff I am supposed to eat I can’t. I am limited by what surgery did to me.” (C.2)
“I have a thyroid condition that I am supposed to be working on. And I supposed to be on a diet for it. But it’s hard to get the
meal planning to get it situated.” (C.4)
“People asking about health related things. I am finding more and more hyper specificity for [clients requesting] this is my diet, I
have talked to my doctor and they say I need to be eating these specific items, can you help me find those, or do you have any of
those?” (S.3)
“I keep going back to mental and emotional health. So we know that majority of our clients live in really high stress situations for
a number of reasons, so I think food can be, I have seen clients in the past that had food addiction, and this place can be
incredibly triggering.” (S.1)

Current Pantry
operations and
adjustments

“Identification of vegetables that are a bit different. We have had them here before, but they are incredibly passive, so that is
people to sign up for SNAP.” (V.9)
“Maybe you could be [pantry name] certified to help with that kind of thing [specialty diet recommendations]. Then if somebody
has that issue then put it on their profile and you know what volunteers are certified to help with that. So specific volunteers can
be certified in certain things and not everything.” (V.3)
“If you train more in blood pressure and things like that, it would be nice, but I don’t know if I have time for something like
that.” (V.9)
“From a programmatic standpoint, I am asked about every type of chronic disease and nutrition for those specific diseases.” (S.5)
“It would be kind of cool to have point guides [referencing how to get the most out of your allowable pantry points].” (S.6)
“Nutrition facts placed around the place. Like what is the average suggested caloric intake for a day, and sodium intake.” (S.1)
“I would love to know more nutritional information [reference to additional training]. Honestly, I don’t know much of any.
Maybe, I know my ways of stretching meals, but that doesn’t mean it will work for everybody, like how can I help support.” (S.1)

Health
Intervention
Program
logistics

“I don’t do technology, so I would want face-to-face. I think maybe a lot of people don’t have the money, if they are coming here,
they maybe can’t afford internet” (C.3)
“You might get more people there if you reward them somehow. Like food or gift certificates to some place. Preferably some
place healthy.” (C.3)
“Individual [intervention delivery] because everyone has individual difference. Because you have your physical limits, but you
also have your health. Some are disabilities. everybody is different.” (C.8)
“If you can make it available online face-to-face like through zoom, wouldn’t that be great. Just the touching base.” (C.19)
“If you go at them, I guess too forcefully or judgmental, you push them away. Approaching something with a positive outline.”
(C.12)
“Accountability, you need to be able to hold people accountable. If you don’t do that you aren’t going to get a good result.” (C. 27)
“Ideally how to eat healthier. Healthy eating. Do that, but not do it in a patronizing way. It is too often it’s blamed on the
individual.” (V.9)
“I think that is one of the biggest one. Educating on how to effectively use their points. Some people only have 10 points and
they get 4 sandwiches and that is going to last you max of 2 days.” (V.2)
“Like the meal kits stuff they come up with [referencing premade meal kits available to clients]. Like super simple stuff that
doesn’t require a lot of time or something I can maybe order a lot that [food items] we could use every week.” (S.4)
“Budget stuff, I think talking to them about process of food acquisition, do you come here first or do you go to the grocery store
first, you should come here first see what you can get with your points, and then build recipes off what you can make with what
you get kind of thing.” (S.6)
“We have had a lot of people recently asking specifically for items. So they want to do it, but sometimes they can’t. So maybe it
would help to get together with the coach and say hey this week we are going to have this, or I can order this, then we can really
encourage people to go down this route.” (S.4)

Note: C = Client quote, S = Staff quote, V = Volunteer quote.

4. Discussion

Consistent with previous research, pantry clients reported high levels of individual
and household chronic diseases [40,41], which are compounded by client reported gaps
in doctors’ visits and health insurance coverage [41]. As more research connects the dots
between food insecurity and insufficient medical care, organizations work to provide
solutions in both pantry and clinical settings. Within clinical settings, screenings, refer-
rals, and connecting patients with emergency food services is becoming a more common
practice [19]. Additionally, interventions in the form of food pharmacy programs are con-
necting patients with food and nutrition resources within medical facilities [42,43]. Medical
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interventions are surfacing and have shown promise in food pantry settings [44]. Within
the pantry setting, disease specific interventions (e.g., diabetes management interventions)
have shown success among pantry clients [22,45]. However, disease specific interventions
leave an unmet gap in serving pantry clinics with co-morbidities outside of the scope of
that intervention. Additionally, little is known about targeting nutrition and PA behaviors
in a holistic health intervention framework to address chronic disease among food pantry
users. Health coaching frameworks with the use of motivational interviewing techniques
have demonstrated effectiveness in chronic illness management [46]. Only one study was
found with the employment of health coaching as a component of a more comprehensive
intervention model within the food pantry [28]. By providing interventions around a
health coaching framework, using a combination of health education and motivational
interviewing, health coaches can address a broader range of clients providing clients with
both nutrition and physical activity education, and social support, thereby increasing
self-efficacy [47].

All three-stakeholder groups identified poor nutrition and PA literacy as a contrib-
utor to poor health outcomes. Research has shown low food and nutrition literacy may
contribute to food insecurity in developing countries [15], while health literacy and self-
efficacy have been found to predict food label use, which is positively related with diet
quality [16]. As health education contributes to relationship building between health
coaches and patients [30], further education through health intervention programming
using these program components within the pantry setting could lead to improvements
in food security status and diet quality [15,16]. The lack of skills in preparing fresh pro-
duce and irregularity of food supply have been noted in the literature as pantry client
barriers to utilizing fresh produce [48]. The current study found consistencies with all
three-stakeholder groups reporting barriers in using and preparing unusual produce. In-
terventions targeting weekly cooking classes within a six-week format have been shown to
improve diet quality and decrease food cost within the pantry setting [21] by teaching food
preparation skills. Little is known about using a similar program structure targeting PA,
and further a holistic program targeting both, PA and nutrition as a comprehensive chronic
disease health intervention program.

Staff report more “hyper specificity” in the types of foods clients are requesting due to
doctor recommendations through food prescriptions, yet neither staff nor volunteers have
the expertise to address these client needs. Thus, trained health educators and/or health
coaches could help fill this void [49]. Health professionals could provide services such as
pantry shopping assistance, food item identification, recipes, and food skills training that
match specific client needs [50]. Due to this gap in expertise among current volunteers
and staff, health intervention programming within the food pantry setting would require,
either a hired staff member, additional recruitment and training of volunteers, and/or a
partnership with local health organizations.

Nutrition and PA knowledge gaps across a diverse range of categories were recognized
between all three stakeholder groups. This ranged from healthy cooking on a budget to
exercising with limitations, giving direction to health content as an educational component
to health intervention programming. Clients advocated for a positive, non-judgmental
climate, entailing goal setting and accountability components. This is consistent with
elements used within health coaching models that are linked to improvements in health
lifestyle behaviors [49]. Health coaching can combine traditional health education strate-
gies with motivational interviewing techniques to increase knowledge, skills, individual
motivation, autonomy, and self-efficacy, promoting changes in health behaviors [29]. Last,
support for health intervention programing was generated by all three stakeholder groups,
particularly among the priority population. By using a formative community participatory
approach [33] to gain support and develop intervention components, there will be a greater
chance for intervention success and adoption by pantry clients during implementation.
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Study Limitations

The current study only included one county-wide Midwest food pantry with a small
sample of the key stakeholders creating generalization limitations. Additionally, the tools
included in the study were designed by an investigator and were not first tested for
reliability or validity.

5. Conclusions

High rates of chronic disease combined with low nutrition and PA literacy among
pantry clients demonstrates the need to address health behaviors. In this study, each
stakeholder group provided program component recommendations and indicated support
for a health intervention program within the food pantry setting. Further research piloting
the design and implementation of such a program in the pantry setting is needed. More
specifically, design and implementation of a more holistic approach incorporating both
nutrition and PA aimed at individual needs and disease prevention. The results will be
used to prepare phase two, design and implement a health intervention program within a
county-wide Midwest food pantry. Furthermore, key highlights from this research work
that could be transferable into the field include:

• High rates of disease combined with low nutrition and PA literacy highlight the
importance of holistic health intervention programming targeting health behaviors
and chronic disease among food pantry clients. This includes considering interven-
tion designs that go beyond addressing a single disease (e.g., diabetes) and work
within a broader framework to address disease prevention and management (e.g.,
health coaching).

• A lack of expertise among volunteers and staff suggests program implementation
will require hired staff members, specialized volunteers, and/or partnerships with
local health organizations. This warrants the need to build community partnerships
and create opportunities for additional training within pantry staff and volunteers to
include an ecological approach to intervention design and implementation.

• Key characteristics of health intervention programming included accountability, incen-
tives and individual attention. Mixed results regarding the program delivery platform
lend to hybrid format options (in-person, virtual, group, and individual). Health
coaching incorporates elements such as individual attention, social support, motiva-
tional interviewing, and accountability that match these intervention characteristics.
This approach has been minimally tested in the food pantry setting.

• All three stakeholder groups recognized individual-level client needs and gaps in
programming, aimed at prevention, prior to disease onset. Intervention programming
that is focused on individual level need, such as health coaching, can lend to an
intervention, which meets both disease management and disease prevention needs of
food insecure pantry clients.
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Abstract: The purpose of this study was to examine the combined effects of milk intake and physical
activity on bone mineral density in adolescents. This study was conducted using data from the
2009–2011 Korea National Health and Nutrition Examination Survey (KNHANES), which provided
measurements of bone mineral density (BMD) in addition to basic health-related data. This study
included 1061 adolescents aged 13 to 18 years (557 males and 504 females) whose data on milk
intake and participation time in moderate to vigorous physical activity were available. BMD was
measured by dual-energy X-ray absorptiometry (DXA). Milk intake was assessed using the 24-h
recall method, and the levels of physical activity were examined using a questionnaire. The physical
activity questions of 2009–2011 KNHANES were based on the Korean version of the International
Physical Activity Questionnaire (IPAQ) short form. The subjects were classified into four groups
according to milk intake and physical activity level: no milk intake + low-level physical activity group
(MnoPlow), no milk intake + high-level physical activity group (MnoPhigh), milk intake + low-level
physical activity group (MyesPlow), and milk intake + high-level physical activity group (MyesPhigh).
The results of partial correlation controlling for age, body mass index (BMI), and energy intake
showed that the BMD variables were associated significantly with physical activity in both males
and females. Among males, the MnoPlow group had the lowest BMD in all BMD variables, showing a
significant difference from the high-level physical activity groups (MnoPhigh, MyesPhigh) by multiple
logistic regression analysis. Among females, the MyesPhigh group showed a significantly higher
lumbar BMD value than the other groups. The MnoPlow group had approximately 0.3 to 0.5 times
lower odds ratio for median or higher BMD values, compared to MyesPhigh group. These results
show that milk intake and physical activity have a combined effect on BMD, and suggest that to
achieve healthy bone growth, it is important to encourage both moderate to vigorous physical activity
and milk intake during adolescence.

Keywords: bone mineral density; milk intake; physical activity; adolescence

1. Introduction

Bones are major organs that determine the body’s physique and perform various
functions, such as protection of internal organs, mineral storage, and blood cell formation.
Bone ossification begins in the prenatal period and almost reaches the total peak bone
mass by the end of teenage growth [1,2]. During puberty, the bone mineral accrual rate
reaches a peak, and approximately one quarter of the total bone minerals of adults are
accumulated within two years at this time [3]. In Koreans, the peak bone mass of the
femoral neck and total hip is achieved around the age of 20, and the greatest increase in
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lumbar bone mineral density (BMD) occurs between 11–13 years of age in females and
12–14 years of age in males [4,5]. Hence, adolescence is a very important period of life
for the formation of healthy bones. People who fail to achieve optimal peak bone mass
and strength during childhood and adolescence have been reported to be more likely to
develop osteoporosis later in life [6,7], and low BMD is associated with a higher risk of
fractures even in healthy children and adolescents, just as it is a risk factor for fracture in
adults with osteoporosis [8,9]. Therefore, to obtain the benefits of healthy bones for life,
appropriate interventions are required to help children and adolescents build healthy and
strong bones during the growth period.

Peak bone mass, which means the maximum accumulation of bone mineral content, is
determined by genetic and environmental factors. Environmental factors include physical
activity, sedentary lifestyle, and dietary factors such as milk intake [10–14]. The consump-
tion of milk and dairy products helps maximize the bone mineral content during puberty,
which is the second period of the growth spurt [15,16]. Milk has a high calcium content,
and calcium in milk has high digestibility and bioavailability [17]. This is because milk
contains lactose, vitamin D, and peptides promoting calcium absorption, which help the
body to absorb calcium, and contains calcium and phosphorus in an appropriate ratio
that increases the rate of calcium absorption [18]. The consumption of milk and dairy
products during the growth period can be a good source of calcium as well as energy,
macronutrients, and micronutrients important for the growth and development of children
and adolescents [13,14,17–20]. A four-year follow-up study of 19,991 children in eight
European countries reported that the consumption of milk and dairy products (yogurt and
cheese) as snacks was associated with better diet quality [21]. Therefore, the daily con-
sumption of milk and dairy products for children and adolescents can be a good strategy
for maintaining a balanced diet during the growth period.

Mechanical stimulation is an important determinant of bone growth and formation.
Exercises that provide physical and physiological stimulation improve muscular strength,
cartilage preservation, and bone remodeling [22,23], and they have a positive effect on
increasing BMD [24,25]. Most studies on the effects of weight-bearing exercises on the
accumulation of bone mineral content during childhood and adolescence reported that
such exercises have positive effects, and this phenomenon is particularly pronounced
in early puberty [26]. The performance of the activities of high intensity or impact and
participation in sports activities have also found to have a positive effect on the BMD or
cortical bone size [25,27,28].

As described above, various studies have been conducted on the effects of milk intake
or physical activity alone on BMD during the growth period. Limited studies suggested
an important interaction between physical activity and the intake of dietary calcium, not
milk intake, to increase bone mass. When physical activity and calcium intake were
combined, bone density formation was greater than either physical activity or calcium
intake alone [29–31]. In addition, those studies have been conducted in preschool or school
children. Therefore, this study aims to evaluate the combined effects of milk intake and
physical activity on BMD during adolescence. We hypothesized that adolescents who had
a high level of physical activity and consumed milk would have higher BMD than those
who had a low level of physical activity and did not consume milk.

2. Methods
2.1. Data Collection

This study examined the relationship of BMD with milk intake and physical activity
using 2009 to 2011 data from the fourth (2007–2009) and fifth (2010–2012) Korea National
Health and Nutrition Examination Survey (KNHANES). The KNHANES survey began
in 1998 and has been conducted annually, with BMD measurements conducted from July
2008 to May 2011. Data of 1731 people aged 13–18 (1198 males and 812 females) who
underwent BMD measurements using dual energy X-ray absorptiometry (DXA) were
collected. Subjects with missing data regarding milk intake or physical activity and those
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whose data showing extreme outliers were excluded. Ultimately, the data of 1061 people
(557 males and 504 females) were included in the final analysis.

This study used the data from the KNHANES approved by the Institutional Review
Board of the Korea Centers for Disease Control and Prevention (2009-01CON-03-2C, 2010-
02CON-21-C, 2011-02CON-06-C), which was conducted after receiving an exempt determina-
tion from the Institutional Review Board of Kongju National University (KNU_IRB_2020-65).

2.2. Milk Intake

The analysis of milk intake was conducted using data from a dietary intake survey
by the 24-h recall method among the raw data sets of the KNHANES. According to the
food-group classification standard codes presented in the guidelines on the use of the
KNHANES data, the food name of ‘milk’ among the secondary food names was first
classified. The type of milk consumed was then examined using the primary food names,
and the participant was classified as a person consuming milk when the type of milk
consumed was white milk.

2.3. Physical Activity

The level of physical activity was calculated by the time of moderate or vigorous phys-
ical activity performed per week (number of days per week (days/week) × activity time
(minutes/day)). The questions on moderate and vigorous physical activity in KNHANES
were as follows:

• Questions on moderate physical activity:

# On how many days in the past week did you perform moderate physical
activity that made you feel slightly more tired than usual, or during which you
felt a little short of breath for at least 10 min?

# On the days when you performed moderate physical activities, how many
minutes per day did you usually perform them?

Examples of moderate physical activities: vocational and physical activities, such as
slow swimming, doubles tennis, volleyball, badminton, table tennis, moving, or carrying
light items.

• Questions on vigorous physical activity:

# On how many days in the past week did you perform vigorous physical activity
that made you feel much more exhausted than usual, or during which you felt
very short of breath?

# On the days when you performed vigorous physical activities, how many
minutes per day did you usually perform them?

Examples of vigorous activities: vocational and physical activities, such as jogging or
running, mountain climbing, fast cycling, fast swimming, soccer, basketball, jumping rope,
squash, singles tennis, moving or carrying heavy objects.

In this study, based on the guidelines on physical activity presented by the Ministry
of Health and Welfare for calculating weekly physical activity time, it was assumed that
one minute of vigorous physical activity is equal to two minutes of moderate physical
activity [32]. Using this guideline, the total physical activity time was calculated by
converting vigorous physical activity time to moderate physical activity time. The physical
activity questions of the 2009–2011 KNHANES were based on the Korean version of the
International Physical Activity Questionnaire (IPAQ) short form.

2.4. Subject Grouping

The subjects were divided into the milk intake group (Myes group: milk intake
>0 g/day) and the no milk intake group (Mno group: milk intake = 0 g/day). For physical
activity grouping, the median of the weekly participation time of moderate-to-vigorous
physical activity was calculated by converting vigorous physical activity times to moderate
physical activity time. Subjects with a value below the median were classified as the
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low-level physical activity (Plow) group. Those with a value equivalent or higher than
median were classified as the high-level physical activity (Phigh) group. Groups can also
be classified according to the satisfaction of the physical activity guidelines of 60 min
of moderate-to-vigorous activities every day. However, only 5.1% of men and 1.9% of
women actually meet these criteria (420 min per week), making it impossible to compare
the groups using statistical analysis. Therefore, in this study, groups were classified using
the median of converted physical activity time per week. The physical activity questions of
the 2009–2011 KNHANES were based on the Korean version of the International Physical
Activity Questionnaire (IPAQ) short form.

By combining these two classifications, the subjects were finally classified into four
groups according to milk intake and physical activity level: no milk intake + low-level phys-
ical activity group (MnoPlow), no milk intake + high-level physical activity group (MnoPhigh),
milk intake + low-level physical activity group (MyesPlow), and milk intake + high-level
physical activity group (MyesPhigh).

2.5. Bone Mineral Density

BMD was measured using dual-energy X-ray absorptiometry (DXA; DISCOVERY-W
fan-beam densitometer Hologic Inc., Bedford, MA, USA) and each subject’s whole body,
lumbar spine, and femur were scanned. When measuring the lumbar spine, a lumbar
positioner was used to reduce spinal lordosis, and the lumbar spine was positioned straight
so as to be in line with the vertical central axis of the image. The image included the mid-
section of T12 and L5, and to determine whether the lumbar spine was correctly positioned,
it was checked whether the 12th rib and iliac crest were visible in the image, and whether
the intervertebral disc of L4–L5 passed in line with the iliac crest. When measuring the
femur, the angle of the leg was adjusted so that the femoral shaft was positioned straight
in line with the vertical central axis of the image. When measuring DXA, it was checked
if there were any artifacts such as coins or keys, buttons, wires, jewelry, or metal objects
in the pocket. Among the various DXA measurement indices, total body, femur, femur
neck, and lumbar spine (L1–4) BMD were analyzed statistically, and total body BMD was
calculated using the BMD values of the whole body except for head BMD.

2.6. Statistical Analysis

The data of the KNHANES were collected not by simple random sampling but by strat-
ified multistage probability sampling. Hence, the weight, strata (KSTRATA), and cluster
(primary sampling unit, PSU) were included in the analysis. The sociodemographic char-
acteristics of the subjects were expressed as frequency and percentage, and differences in
distribution between the groups were compared using PROC SURVEYFREQ (chi-squared
test). For the continuous variables, descriptive statistical analysis was performed to calcu-
late the mean and standard error. Partial correlation analysis was performed to identify the
relationship of BMD with physical activity and milk intake while controlling for age, body
mass index (BMI), and energy intake. The differences in explanatory variables between the
four groups (MnoPlow, MnoPhigh, MyesPlow, and MyesPhigh groups) were analyzed by PROC
SURVEYREG analysis after adjusting for age, BMI, and energy intake. For a post-hoc test
of the differences among the groups, the p-values were assessed using a Bonferroni test
considering the design effect of complex sampling design. The PROC SURVEYLOGISTIC
analysis was performed (after adjusting for age, BMI, and energy intake) to calculate the
risk ratio of each BMD index of the three groups compared to the reference group (the
MyesPhigh group). The analysis results were expressed as an odds ratio (OR) and 95%
confidence interval (CI).

All statistical analyses were conducted using SAS version 9.4 (Statistical Analysis
System, SAS Institute, Cary, NC, USA), and p values <0.05 were considered significant.
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3. Results

Table 1 lists the sociodemographic characteristics of the subjects. Significant differences
in school year and gender were observed among the four groups. Of the 1061 subjects,
high-school students (57.0%) comprised a larger proportion than middle-school students
(43.0%), and the difference in the percentage between middle school and high school
was the largest in the MnoPlow group. The subjects consisted of 557 males (52.5%) and
504 females (47.5%), and the difference in the percentage between males and females was
the largest in the MyesPhigh group (68.0% in males vs. 32.0% in females). Therefore, the
analysis was conducted separately for males and females, and data analysis was conducted
by controlling for age. There were no significant differences in the distribution of income
levels or residential areas.

Table 1. Sociodemographic characteristics of the subjects.

Variables MnoPlow
1 MnoPhigh MyesPlow MyesPhigh Total p-Value 2

School
year

Middle school
(7th–9th year) 146(34.6) 3 100(49.5) 108(41.2) 102(58.3) 456(43.0)

<0.001
High school

(10th–12th year) 276(65.4) 102(50.5) 154(58.8) 73(41.7) 605(57.0)

Gender
Male 203(48.1) 105(52.0) 130(49.6) 119(68.0) 557(52.5)

0.044Female 219(51.9) 97(48.0) 132(50.4) 56(32.0) 504(47.5)

Income

Low 125(30.0) 49(24.7) 65(25.0) 35(20.2) 274(26.1)

0.086
Middle–low 108(25.9) 47(23.7) 60(23.1) 43(24.9) 258(24.6)
Middle–high 96(23.0) 51(25.8) 61(23.4) 42(24.3) 250(23.9)

High 88(21.1) 51(25.8) 74(28.5) 53(30.6) 266(25.4)

Region
(Living area)

Large city 172(40.8) 76(37.6) 105(40.1) 80(45.7) 433(40.8)
0.719Medium or

small city 183(43.3) 98(48.5) 113(43.1) 77(44.0) 471(44.4)

Rural area 67(15.9) 28(13.9) 44(16.8) 18(10.3) 157(14.8)
1 MnoPlow: no milk intake + low physical activity; MnoPhigh: no milk intake + high physical activity; MyesPlow: milk intake + low physical
activity; MyesPhigh: milk intake + high physical activity (Plow: physical activity less than 50th percentile; Phigh: physical activity of 50th
percentile or more); 2 p-value by chi-square test. 3 n (%).

Regarding the distribution of daily milk intake among subjects, the milk intake ranged
from 0 to 1484 mL/day among males and from 0 to 848 mL/day among females. Approx-
imately 55.4% of males and 62.6% of females did not consume milk, and in both males
and females, the proportion of people drinking 200–400 mL/day was highest, accounting
for 24.2% and 20.9%, respectively. According to the dietary reference intakes for Koreans
(KDRIs), it is recommended that adolescents drink two glasses (400 mL) of milk a day [33],
and the percentage of adolescents consuming the recommended amount or more of milk
was 14.7% in males and 8.1% in females; females tended to drink less milk than males
(Figure 1).

Figure 1. Distribution of daily milk intake.
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The converted time of physical activity ranged from 0 to 780 min/week among males
and 0 to 600 min/week among females. The weekly participation time of moderate to
vigorous physical activity except for walking was 0 min in 31.2% of males and 49.7% of
females. For both males and females, the proportion of adolescents showing a converted
physical activity time of 60–120 min per week was highest, accounting for 14.6% and 16.3%,
respectively. The proportion of those participating in physical activity for 300 min or more
per week was 12.9% in males and 4.9% in females. Hence, the level of participation in
physical activity was significantly lower among females than among males (Figure 2).

Figure 2. Distribution of physical activity.

Table 2 lists the milk intake and physical activity time of each group. Because the sub-
jects were classified according to whether they consumed milk or not, the daily milk intake
of the no milk intake groups (MnoPlow, MnoPhigh) was 0 mL. In the milk intake groups,
the milk intake levels for males in the MyesPlow and MyesPhigh groups were 360.1 mL and
349.0 mL, respectively. For females, the milk intake levels in the MyesPlow and MyesPhigh
were 280.8 mL and 278.8 mL, respectively. There was a large difference in the physical
activity time between the high-level physical activity groups (MnoPhigh, MyesPhigh) and
low-level physical activity groups (MnoPlow, MyesPlow). For groups with high physical ac-
tivity, weekly physical activity time among males was 227.3 min for MnoPhigh and 230 min
for MyesPlow. Among females, the physical activity time in the MnoPhigh and MyesPhigh
groups was 130.7 min and 175.9 min per week, respectively. The weekly physical activity
time among males was 11.8 ± 1.9 min for MnoPlow and 26.3 ± 3.7 min for MyesPlow.

Table 2. Milk intake and physical activity according to the group.

Gender Variables MnoPlow
1 MnoPhigh MyesPlow MyesPhigh p-Value 2 Total

Male

N 203 105 130 119 557
Milk intake
(mL/day) 0.0 ± 0.0 3 a 4 0.0 ± 0.0 a 360.1 ± 30.3 b 349.0 ± 28.1 b <0.001 146.2 ± 12.2

Physical activity
(min/week) 11.8 ± 1.9 a 227.3 ± 12.2 b 26.3 ± 3.7 c 230.0 ± 14.3 b <0.001 120.7 ± 7.9

Female

N 219 97 132 56 504
Milk intake
(mL/day) 0.0 ± 0.0 a 0.0 ± 0.0 a 280.8 ± 19.6 b 278.8 ± 18.6 b <0.001 100.1 ± 9.1

Physical activity
(min/week) 0.0 ± 0.0 a 130.7 ± 11.1 b 0.0 ± 0.0 a 175.9 ± 22.7 c <0.001 70.4 ± 7.9

1 MnoPlow: no milk intake + low physical activity; MnoPhigh: no milk intake + high physical activity; MyesPlow: milk intake + low physical
activity; MyesPhigh: milk intake + high physical activity (Plow: physical activity less than 50th percentile; Phigh: physical activity of 50th
percentile or more); 2 p-value by PROC SURVEYREG adjusted for age, body mass index, and energy intake; 3 Mean ± SE; 4 abc: values with
different alphabets in the same row are significantly different at p = 0.05 by a Bonferroni test.

300



Nutrients 2021, 13, 731

Table 3 lists the general characteristics of each of the four groups classified according
to milk intake and the level of physical activity. In both males and females, the mean
age was highest in the MnoPlow group and lowest in the MyesPhigh. For BMI, there was
a significant difference only in females, showing that the MnoPlow and MyesPlow groups
with low levels of physical activity had a significantly lower mean BMI than the groups
with high levels of physical activity. However, the mean BMI of these four groups were not
largely different from 20.9 kg/m 2, the median BMI (50th percentile) of 15.4-year-old boys
in the 2017 Korean National Growth Charts for Children and Adolescents published by the
Ministry of Health and Welfare [34]. For reference, the BMI corresponding to overweight
(from the 85th percentile to less than the 95th percentile) for a 15.4-year-old Korean girl
is 23.7~25.5 kg/m 2, and the BMI corresponding to obesity (95th percentile or more) is 25.
5 kg/m 2 or more [34].

Table 3. Physical characteristics of subjects.

Gender Variables MnoPlow
1 MnoPhigh MyesPlow MyesPhigh p-Value 2 Total

Male

Age (year) 15.9 ± 0.2 3 a 4 15.6 ± 0.2 ab 15.3 ± 0.2 b 15.1 ± 0.2 b 0.005 15.5 ± 0.1
Height (cm) 171.0 ± 0.9 172.0 ± 0.8 169.9 ± 0.9 170.4 ± 0.7 NS 5 0.416 171.2 ± 0.4
Weight (kg) 61.3 ± 1.2 64.1 ± 1.3 62.5 ± 1.7 62.3 ± 1.4 NS 0.745 62.5 ± 0.6

BMI (kg/m2) 6 20.9 ± 0.4 21.8 ± 0.4 21.1 ± 0.5 21.4 ± 0.4 NS 0.307 21.2 ± 0.2
%Fat (%) 20.2 ± 0.7 21.3 ± 0.7 20.0 ± 0.8 22.2 ± 0.9 NS 0.425 20.8 ± 0.4

Female

Age (year) 15.9 ± 0.2 a 15.3 ± 0.2 bc 15.3 ± 0.2 bc 14.8 ± 0.2 b <0.001 15.4 ± 0.1
Height (cm) 159.7 ± 0.6 160.4 ± 0.5 160.4 ± 0.7 160.0 ± 0.6 NS 0.551 160.2 ± 0.3
Weight (kg) 53.0 ± 0.8 56.2 ± 1.1 52.5 ± 1.1 55.3 ± 1.7 NS 0.890 54.1 ± 0.6

BMI (kg/m2) 20.8 ± 0.3 a 21.8 ± 0.3 b 20.3 ± 0.3 a 21.6 ± 0.6 b 0.036 21.0 ± 0.2
%Fat (%) 31.9 ± 0.5 33.6 ± 0.6 31.8 ± 0.6 33.0 ± 1.0 NS 0.195 32.7 ± 0.4

1 MnoPlow: no milk intake + low physical activity; MnoPhigh: no milk intake + high physical activity; MyesPlow: milk intake + low physical
activity; MyesPhigh: milk intake + high physical activity (Plow: physical activity less than 50th percentile; Phigh: physical activity of
50th percentile or more); 2 p-value by PROC SURVEYREG adjusted for age, body mass index (BMI) and energy intake; 3 Mean ± SE;
4 abc: values with different alphabets in the same row are significantly different at p = 0.05 by Bonferroni test; 5 NS: not significant;
6 BMI = weight(kg)/height(m2).

There was no difference in body fat (%) between groups in both male and females.
Regarding the percentage of body fat in each group, the lowest and highest mean values
were 20.0% and 22.2% among males and 31.8% and 33.6% among females. For reference,
the mean body fat percentages of the male groups correspond to the 50–75th percentile of
the percent body fat of Korean male adolescents, and the mean body fat percentages of
female groups correspond to the 25–75th percentile of Korean female adolescents [35].

In order to identify the association of physical activity and milk intake with BMD, a
partial correlation analysis for each gender group was conducted while controlling for age,
BMI, and energy intake (Table 4). The results of this analysis showed that milk intake had
no significant correlation with BMD. On the other hand, physical activity was found to have
a weak but significant correlation with total body, femur, femur neck, and lumbar BMD.

Table 5 lists the results of comparative analysis of BMD among the four groups.
Among males, there was a significant difference among the groups in all BMD variables,
and the MnoPlow group, the group of adolescents who did not consume milk and had a low
level of physical activity, had a significantly lower BMD than the MnoPhigh and MyesPhigh
groups, which had a high level of physical activity. The BMD values of the MnoPlow group
were lower than the median BMD value among 15-year-old Korean boys and higher than
the 10th percentile [4]. In the case of females, there was a significant difference among the
groups only in lumbar BMD. The MyesPhigh group, the group of females who consumed
milk and had a high level of physical activity, showed a significantly higher lumbar BMD
value of 0.931 (g/cm 2) than the other groups (MnoPlow: 0.902, MnoPhigh: 0.900, MyesPlow:
0.898). For reference, the median lumbar BMD value among 15-year-old Korean girls was
0.875 g/cm 2 [4].
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Table 4. Relationships of bone mineral density with milk intake and physical activity.

Milk Intake and Physical Activity Variables of BMD 1
Male (n = 557) Female (n = 504)

r p-Value 2 r p-Value

Milk intake

Total BMD
(g/cm2) 0.025 0.574 0.038 0.426

Femur BMD
(g/cm2) 0.017 0.707 0.017 0.718

Femur neck BMD
(g/cm2) −0.001 0.991 0.029 0.545

Lumbar BMD (g/cm2) 0.049 0.274 0.075 0.112

Physical activity time

Total BMD
(g/cm2) 0.212 <0.001 0.120 0.019

Femur BMD
(g/cm2) 0.257 <0.001 0.142 0.005

Femur neck BMD
(g/cm2) 0.250 <0.001 0.135 0.008

Lumbar BMD (g/cm2) 0.120 0.020 0.180 <0.001
1 BMD: bone mineral density; 2 p-value by partial correlation controlled by age, body mass index, and energy intake.

Table 5. Bone mineral density among the groups of the combination of milk intake and physical activity.

Gender Variables MnoPlow
2 MnoPhigh MyesPlow MyesPhigh p-Value 3 Total

Male

Total BMD 1

(g/cm2) 0.916 ± 0.012 4 a 5 0.952 ± 0.010 b 0.917 ± 0.014 ac 0.947 ± 0.012 bc 0.003 0.939 ± 0.005

Femur BMD
(g/cm2) 0.896 ± 0.015 a 0.952 ± 0.016 b 0.917 ± 0.017 ab 0.952 ± 0.013 b 0.003 0.934 ± 0.006

Femur neck BMD
(g/cm2) 0.813 ± 0.014 a 0.866 ± 0.014 b 0.817 ± 0.018 ac 0.863 ± 0.014 c 0.002 0.847 ± 0.006

Lumbar BMD
(g/cm2) 0.839 ± 0.015 a 0.881 ± 0.016 b 0.850 ± 0.020 ab 0.866 ± 0.015 b 0.019 0.865 ± 0.007

Female

Total BMD
(g/cm2) 0.868 ± 0.010 0.866 ± 0.009 0.860 ± 0.010 0.866 ± 0.011 NS 6 0.094 0.866 ± 0.005

Femur BMD
(g/cm2) 0.868 ± 0.014 0.876 ± 0.012 0.859 ± 0.015 0.885 ± 0.011 NS 0.416 0.873 ± 0.006

Femur neck BMD
(g/cm2) 0.760 ± 0.013 0.769 ± 0.014 0.755 ± 0.015 0.770 ± 0.011 NS 0.700 0.765 ± 0.006

Lumbar BMD
(g/cm2) 0.902 ± 0.011 a 0.900 ± 0.013 a 0.898 ± 0.014 a 0.931 ± 0.015 b 0.030 0.904 ± 0.007

1 BMD: bone mineral density; 2 MnoPlow: no milk intake + low physical activity; MnoPhigh: no milk intake + high physical activity; MyesPlow:
milk intake + low physical activity; MyesPhigh: milk intake + high physical activity (Plow: physical activity less than 50th percentile, Phigh:
physical activity of 50th percentile or more); 3 p-value by PROC SURVEYREG adjusted for age, body mass index, and energy intake; 4

Mean ± SE; 5 abc: Values with different alphabets in the same row are significantly different at p = 0.05 by Bonferroni test; 6 NS: not significant.

Table 6 lists the odds ratio and confidence interval (CI) for the 50th or higher percentile
of the BMD value in each BMD variable for each group compared to the MyesPhigh group.
Among males, the MnoPlow group had significantly lower odds ratio for the 50th percentile
or higher of the BMD value than the MyesPhigh group in all BMD variables. More specifically,
the MnoPlow group was 0.317 times less likely to have the 50th or higher percentile of total
body BMD value than the MyesPhigh group. For femur, femur neck, and lumbar BMD, the
MnoPlow group had 0.289, 0.512, and 0.493 times lower odds ratio for the 50th or higher
percentile of the BMD compared to the MyesPhigh group. In other words, the ratio of
individuals with a median or higher BMD was significantly lower among the males who
did not drink milk and had a low level of physical activity than the males who consumed
milk and had a high level of physical activity. Among the females, the MnoPlow group and
MyesPlow group were 0.433 and 0.434 times less likely, respectively, to have the 50th or
higher percentile of lumbar BMD than the MyesPhigh group.
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Table 6. Odds ratios on the bone mineral density according to the combination of milk intake and physical activity.

Variables Group
Male Female

Odds Ratio CI 1 Odds Ratio CI

Total BMD 2

≥50th percentile,
0.896 (Reference)

MnoPlow
3 vs. MyesPhigh 0.317 (0.151, 0.663) * 4 0.635 (0.301, 1.342)

MnoPhigh vs. MyesPhigh 1.539 (0.729, 3.249) 0.654 (0.332, 1.289)
MyesPlow vs. MyesPhigh 0.582 (0.248, 1.363) 0.652 (0.307, 1.384)

Femur BMD
≥50th percentile,
0.897 (Reference)

MnoPlow vs. MyesPhigh 0.289 (0.154, 0.539) * 0.684 (0.339, 1.380)
MnoPhigh vs. MyesPhigh 0.773 (0.394, 1.517) 0.752 (0.388, 1.461)
MyesPlow vs. MyesPhigh 0.485 (0.234, 1.007) 0.545 (0.261, 1.141)

Femur neck BMD
≥50th percentile,
0.801 (Reference)

MnoPlow vs. MyesPhigh 0.512 (0.274, 0.958) * 0.843 (0.405, 1.754)
MnoPhigh vs. MyesPhigh 1.551 (0.798, 3.012) 0.918 (0.454, 1.857)
MyesPlow vs. MyesPhigh 0.636 (0.30, 1.35) 0.894 (0.409, 1.951)

Lumbar BMD
≥50th percentile,
0.875 (Reference)

MnoPlow vs. MyesPhigh 0.493 (0.245, 0.992) * 0.433 (0.21, 0.895) *

MnoPhigh vs. MyesPhigh 1.140 (0.58, 2.24) 0.485 (0.233, 1.009)
MyesPlow vs. MyesPhigh 1.149 (0.568, 2.322) 0.434 (0.203, 0.928) *

MyesPhigh 1.000 (ref) 1.000 (ref)
1 CI: confidence interval; 2 BMD: bone mineral density; 3 MnoPlow: no milk intake + low physical activity; MnoPhigh: no milk intake + high
physical activity; MyesPlow: milk intake + low physical activity; MyesPhigh: milk intake + high physical activity (Plow: physical activity less
than the 50th percentile; Phigh: physical activity of the 50th percentile or more); 4 *: p<0.05 by PROC SURVEYLOGISTIC.

4. Discussion

Adolescence is a very important period for lifelong bone health. Several studies have
reported that the factors that positively affect the increase in bone mineral content and
density have greater effects during this period than in adulthood, and that the effects of
such factors continue into adulthood [2,3,15,16,36,37].

The two methods for building strong bones or improving bone strength are ingesting
sufficient nutrients related to the bone matrix or bone metabolism and applying appropriate
mechanical stimulation to the bones. Typically, when the former method is used, people
consume milk, which has a high calcium content and high digestibility and bioavailability
of calcium. Weight-bearing physical activities are performed when the latter method is
used. Consequently, the study was designed to examine the combined effects of milk intake
and physical activity on BMD.

In a partial correlation analysis controlling for age, BMI, and energy intake, physical
activity had a significant positive correlation with total, femur, femur neck, and lumbar
BMD in both males and females. Physical activity has beneficial effects on bone health in
all age groups, including adolescents. In particular, bone mineral content is higher among
children and adolescents participating in activities involving the exertion of high impact
force than among those who participate in non-weight bearing exercises, such as swimming,
or in low-impact activities, such as walking [38,39]. Therefore, activities involving high
ground-reaction forces, such as jumping, skipping, and running, are recommended as
exercises for strengthening the bones during the growth period [40,41]. A cross-sectional
analysis of the relationship between physical activity and hip BMD in 724 adolescents
found that high impact (>4.2 g) activities, such as jumping and running (speeds>10 km/h),
were associated with hip BMD, but moderate impact activity, such as jogging, had little
effect [25]. However, the physical activity variable analyzed in this study was the time
of participation in moderate to vigorous physical activities. The physical activities with
moderate intensity examined in this study included sports, such as slow swimming,
doubles tennis, badminton, and table tennis. Walking was excluded from the analysis
because it was examined separately with a different format. Given these facts, it seems that
the low correlation between physical activity and BMD might be related to the type and
intensity of physical activity analyzed in this study. Nevertheless, physical activity was
consistently related to the BMD variable in both males and females.
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On the other hand, milk intake and BMD had no significant correlation, which is
inconsistent with previous studies reporting a quantitative relationship between the intake
of milk and dairy products and bone mineralization. Several studies on the relationship
between the intake of calcium, vitamin D, and dairy products and bone frailty during
growth have reported conflicting or inconsistent results [42]. In this study, calcium and
vitamin D intakes were not included as control variables. The reason is that it was confirmed
that the calcium intake of Korean adolescents was very low, and milk was the major source
of calcium. Besides, when the bone mineral density variable was analyzed using calcium
as a parameter, the same result was obtained as from using milk intake. Also, vitamin
D intake was excluded from the control variable as there was no significant difference
between groups. There might be a threshold in the expression of the effect of calcium
intake. Eating above a certain level of calcium does not affect the bone mass significantly
but eating less than this can lead to an inadequate balance [1]. In addition, the effect of
nutritional intake may vary depending on the nutritional status of the subjects. In cases
where the intake of minerals or high-quality protein may be insufficient, the subjects may
show a distinct increase in bone growth after the supply of dairy products [1,43]. On the
other hand, Ren et al. reported that children with a good nutritional status did not show
a clear positive correlation between major bone nutrients and bone outcomes compared
to children with nutritional deficiencies [44]. In considering the results of this study that
concern the relationship between milk intake and BMD, it is also necessary to consider that
the overall milk intake level of the subjects was low, with an average daily milk intake of
less than one glass (200 mL), and that 58.8% of subjects did not drink any milk. Therefore,
additional studies will be needed to investigate the relationship between milk intake and
BMD considering the distribution of milk intake and the basic nutritional status of subjects.

No linear relationship was observed between milk intake and BMD, but physical
activity and milk intake had a statistically significant combined effect on BMD. Among
males, the MnoPlow group had the lowest BMD in all BMD variables, showing the statistical
difference from the groups with a high level of physical activity, the MnoPhigh group and the
MyesPhigh group. Among females, the MyesPhigh group had a significantly higher lumbar
BMD than the other groups.

In particular, an analysis of the odds ratios of male subjects showed that those who did
not consume milk and had a low level of physical activity (MnoPlow) were significantly less
likely to have a high BMD than those who consumed milk and had a high level of physical
activity (MyesPhigh). Specifically, the MnoPlow group was approximately 0.5 times less likely
to have a high femur neck BMD and lumbar BMD and was approximately 0.3 times less
likely to have high BMD for the total body and the femur than the MyesPhigh group.

These results suggest that milk intake and physical activity have combined effects
in strengthening bones. Branca et al. (2001) reported that bone anabolism could be
increased by weight-bearing exercise during adolescence, and adequate calcium intake
is necessary for exercises to have a bone stimulating effect [36]. In a review study on the
interactions between physical activity and nutrients in children and adolescents, Julián-
Almárcegui (2015) reported that the combined effects of exercise and calcium intake were
greater than the effects of exercise or calcium intake alone, and physical activity required
calcium intake to have a positive effect on bones [45]. According to a clinical report of
the American Academy of Pediatrics, routine calcium supplementation is not required
for healthy children and adolescents for bone health, and it is necessary to increase the
supply of calcium through dietary intake to meet daily recommended levels [46]. Therefore,
drinking milk, a major source of calcium, combined with moderate to vigorous physical
activity that provides mechanical stimulation to the bones during growth, is considered an
effective strategy to maximize bone growth potential.

In females, the effect of milk intake and physical activity was found only in lumbar
BMD. The positive effect of physical activity or physical activity combined with nutrients on
BMD was relatively insignificant in females, because the overall physical activity of females
was low. The converted weekly moderate physical activity time was only 70.4 ± 47.9 min for
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females, compared to 120.7 ± 7.9 min for males. Probably due to the fact that a mechanical
load has an impact on the bones in a region-specific and tissue-specific manner [44,47,48],
there was no difference in the BMD of the femur and femur neck among groups, which are
the areas where the mechanical impact is applied more directly during physical activity. In
addition, the increase in the total body BMD and leg BMD slows down in females after the
age of 13 years, whereas the lumbar BMD shows a relatively continuous increase during
adolescence [4]. Therefore, the lumbar BMD of females seemed to reflect the effects of
lifestyle more sensitively during adolescence.

The results of this study showed that a combination of moderate to vigorous physical
activity with milk intake during adolescence, which is a very important period for laying
the foundation for lifelong bone health, is an effective strategy for maximizing the growth
potential of BMD. Nevertheless, there is a need to consider the following limitations when
interpreting and applying the findings of this study. First, this study was a cross-sectional
survey study. A longitudinal study will be needed to elucidate and verify the causal
relationships among physical activity, milk intake, and BMD with respect to the combined
effects of the two factors on BMD. Second, the level of physical activity was assessed
based on the participation time of moderate to vigorous physical activity, but the time
spent walking was not included. The intensity of walking can vary from low to moderate.
Although there was a separate questionnaire item on walking, it was excluded from the
analysis because it did not quantify the intensity of walking. Third, the KNHANES used
in this study does not investigate type of physical activity. Therefore, non-weight bearing
physical activity participation time, such as slow swimming, included as an example of
moderate intensity activity, could not be considered separately to be analyzed, possibly
reducing the correlation between physical activity and BMD. Fourth, in this study, the level
of physical activity was examined through a questionnaire survey. Hence, this study has
inherent limitations regarding the objectivity and reliability of the self-report measures of
physical activity, compared to objective, direct measures of physical activity. Fifth, when
carrying out subject grouping, in terms of physical activity, the subjects were divided into
high- and low-level physical activity groups. In the case of milk intake, however, because a
considerable proportion of people did not consume milk, the subjects were classified into
two milk groups: those who did not drink milk at all or those who did. In interpreting the
results, it will be necessary to consider these differences in the criteria for evaluating impact
of milk intake and physical activity. Sixth, due to dietary variation within the individual,
there is a limit to grasp accurately the usual intake status with a single-day survey through
the 24-h recall method.

In conclusion, adolescents who did not drink milk and had a low level of physical
activity were less likely to have a high BMD than those who drank milk and had a high
level of physical activity. These results show that there is a synergistic effect of physical
activity and milk intake on BMD, suggesting that practicing both moderate to vigorous
physical activity and milk consumption in adolescence is an effective way to build healthy
bones. The findings of the present study are expected to be useful as empirical data for
establishing strategies for promoting healthy bone growth during adolescence.
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