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ARTICLE INFO ABSTRACT

Article History: Objectives: To assess the relationship of diet with health-related quality of life (HRQoL) in vulnerable children
Received 6 November 2023 and adolescents.

Rece“’e‘; in revised form 10 January 2024 Methods: Data included 6583 children and adolescents (aged 3—18 years old) from the Greek Food-Aid DIA-
Accepted 21 January 2024 TROFI Program in the 2015 to 2016 and 2017 to 2018 school years. HRQoL was measured with the Pediatric
P - Quality of Life Inventory questionnaire and diet with food frequency questionnaires. The healthy plant-based
C?'/l \;vor s A adol diet index (hPDI), animal score, and dietary patterns were investigated.

Nu]triiieonnan adolescents Results: The hPDI and animal score were associated with good HRQoL (odds ratio [OR] [95% confidence inter-
Diet val], 10-unit increase: ORypp; = 1.28 [1.05, 1.57], ORanima = 1.51 [1.14, 2.00]) and physical (ORapimal = 1.62

[1.23, 2.13]), emotional (ORypp; = 1.30 [1.07, 1.58], ORanimar = 1.41 [1.08, 1.85]) and school function
(ORpppr = 1.32 [1.09, 1.59], ORyanimar = 1.46 [1.12, 1.89]). Dietary patterns of fruits, raw vegetables, and cheese
were associated with good HRQoL (OR of 1-unit increase: 1.22 [1.13, 1.32]), and physical OR = 1.18 [1.09,
1.27]) and emotional function (OR = 1.09 [1.02, 1.18]). Starchy foods and sweetened beverages were associ-
ated with poor HRQoL (OR = 0.75 [0.63, 0.90]), and emotional (OR = 0.80 [0.68, 0.95]) and school function
(OR=0.72[0.61, 0.85]).

Conclusion: Healthy diets and dietary patterns were positively associated with the HRQoL of vulnerable chil-
dren and adolescents, which may offer opportunities for prevention.

Quality of life

© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)

Introduction

Childhood and adolescence are important life stages during
which it is crucial to investigate the relations of health-related
determinants with short- and long-term health. Health-related
quality of life (HRQoL) provides a measure of overall physical and
psychosocial well-being, and thus can be an indicator for disease
[1,2]. Poor physical function is a risk factor for chronic diseases [3],
and poor emotional, social and school function are risk factors for
poor mental and physical health, and social development [4,5].
Additionally, children and adolescents who struggle with mental
well-being are at higher risks of having mental disorders and

*Corresponding author.
E-mail address: s.brushett@prolepsis.gr (S. Brushett).
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comorbidities in adulthood [6]. Thus, monitoring HRQoL and
designing interventions to improve HRQoL during childhood and
adolescence could be essential to promoting positive health out-
comes throughout the life course.

Several factors are associated with the HRQoL of children and
adolescents. Low socio-economic status (SES), child mental
health problems and lack of social support have been associated
with poor child and adolescent HRQoL [7,8]. In contrast, higher
parental education, parental work status and family wealth have
been positively associated with HRQoL [9]. Healthy diets and
dietary behaviors have also been positively associated with
HRQoL in children and adolescents of the general population
[10]. Additionally, healthy diets have generally been associated
with improved mental health and academic performance in chil-
dren and adolescents [11,12]. Healthy, balanced diets supply

0899-9007/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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children and adolescents with the necessary energy and
nutrients needed to promote physical and psychosocial health,
and growth and development [10,13]. While it may be challeng-
ing to improve the social and demographic factors that con-
tribute to poor HRQoL and health outcomes in children and
adolescents, dietary interventions may provide a more accessi-
ble means by which their HRQoL could be improved.

While these relations have been investigated in children and
adolescents with chronic diseases and those from the general
population, few studies have investigated the associations of
diet with the HRQoL of vulnerable children and adolescents,
such as those from low SES and immigrant backgrounds. This
is vital since children and adolescents from these communities
are exposed to additional HRQoL risk factors, including limited
access to healthcare and recreational activities, financial diffi-
culties, family stress, language barriers and discrimination
[8,14,15]. Children and adolescents from low SES or immigrant
backgrounds are at higher risk of poor physical and mental
health, poor cognitive development, and school performance,
and social exclusion [15,16]. In addition, nutritional education
and consumption of nutrient-dense foods, due to food insecu-
rity, are poorer in these communities [17,18].

To address these issues, school-based food aid and nutritional
education programs, such as the DIATROFI program in Greece,
have been established to improve the health outcomes of children
and adolescents from vulnerable communities [8,19,20]. Recent
studies by the DIATROFI program have shown that improvement
in adherence to a Mediterranean diet (as defined by the KIDMED
score [21]) was associated with improved health-related quality of
life (HRQoL), and emotional and social function [20]. Given these
relations and the fact that KIDMED scores provide only a prede-
fined proxy of diet quality, we aimed to assess the relationship of
diet quality and dietary patterns (derived from food frequency
questionnaires) with HRQoL in 6583 children and adolescents of
the DIATROFI program.

Methods

Participants and procedures

This study used baseline data on 6583 students (aged 3—18 years old) partici-
pating in the Greek DIATROFI program for the first time during the 2015 to 2016
(n=5058) and 2017 to 2018 (n = 1525) study years (http://diatrofi.prolepsis.gr/en/
). These study years were selected based on the criteria that they were the most
recent study years with the largest sample sizes prior to the COVID-19 pandemic
(as factors related to COVID-19 could not be adjusted for and can contribute to
HRQoL). The DIATROFI program was implemented in 2012 with the support of the
Greek Ministry of Education and Religious Affairs to provide food aid for children
and adolescents attending schools in areas of low SES in Greece. Details of the DIA-
TROFI program have been previously described [8,19]. Briefly, along with provid-
ing food aid, and nutrition education activities, a detailed questionnaire, including
questions on socio-demographics, nutrition, well-being, and others, was com-
pleted by parents/guardians. Questionnaires were returned to school principals,
and thereafter provided to the research team to ensure anonymity. Prior to partici-
pating in the program, all parents and school personnel were presented with a
comprehensive information letter outlining the program’s objectives, implemen-
tation, and methodology. Informed consent was obtained from parents prior to
their participation. The DIATROFI Program received ethical approval from the
National and Kapodistrian University of Athens’ Bioethics Committee and the Ethi-
cal Committee of Prolepsis Institute (13416-10/2021). The program is conducted
in compliance with the Declaration of Helsinki and adheres to all relevant institu-
tional regulations concerning the ethical use of human subjects and volunteers.

Measures

HRQoL

The dependent variables of this study included several HRQoL measurements
in children and adolescents. These measurements were evaluated using the Pedi-
atric Quality of Life Inventory questionnaire (PedsQL), which has been validated
for the Greek population [22], according to the authors’ scoring instructions

(https://www.pedsql.org/score.html; see Supplementary Methods for more
details). The PedsQL includes physical, emotional, social and school function
domains, and a total HRQoL score, comprising all domains. Due to the lack of
national thresholds and the left skewness of the domains and total scores, these
scores were dichotomized as “poor-to-average scores” and “good scores,” based
on the 15th percentile, and were additionally investigated as continuous variables
by transforming the scores to percentiles.

Dietary features

Two dietary indexes and five dietary patterns were the independent variables of
this study. These dietary features were derived from a modified semi-quantitative food
frequency questionnaire (FFQ; [23], where 75 FFQ items were assessed on a scale start-
ing from "never/less than once a month" to "more than twice a day." Food item frequen-
cies were converted to (weighted) calculation values, with the assumption that 1 month
included 28 d, and specific criteria were applied to remove biased reporting of the FFQ
(Supplementary Methods). The diet quality indexes included the previously described
healthy plant-based diet index (hPDI; [24] and an animal score [25] Table S1). The five
dietary patterns representing students’ eating habits were derived by factor analysis
(FA; see Factor Analysis below the heading "Data handling").

Socio-demographic and anthropometric characteristics

Socio-demographic and anthropometric characteristics were acquired from
the questionnaire and included age, students’ sex, parents and students’ coun-
try of birth, students’ immigration status, students’ screen time duration, fam-
ily SES, school region, and students’ BMI. Students’ immigration status was
defined as "non-immigrant," "first-generation immigrant,” and "second-gener-
ation immigrant” according to the reported parents’ and student’s country of
birth, as previously described [8]. Non-immigrants included students who
were born in Greece and whose parents (both) were also born in Greece. First-
generation immigrants included students born abroad, with at least one parent
born abroad, and second-generation immigrants included students who were
born in Greece with at least one parent born abroad. Family SES was defined
using the Family Affluence Scale (FAS; [26], which considers the number of
cars and computers a family owns, how often they travel, and if the student
has their own room. By summing the values of these variables, a composite
FAS score was derived, which was further categorized into a three-point ordi-
nal scale of low- (0-2), moderate- (3-5), and (6—9) high-affluence corre-
sponding to low, moderate and high family SES. BMI standard deviation scores
(SDS) were generated with the Growth Analyzer Research Calculation Tool
(version 4.1) using the 0 to 19-year-old World Health Organization (WHO)
World 2007 (Brazil, Ghana, Indian, Oman, Norway, and United States of Amer-
ica) reference [27,28]. BMI SDS were categorized based on WHO standards as
"severe thinness" (-3 standard deviations [SDs]), "thinness" (-2 SDs), "normal"
(0-5y: -2>+2 SDs, 6-18 y: -2>+1 SDs), "overweight" (0—5 y: +2 SDs, 6-18 y:
+1 SDs) and "obese" (0—5 y: -+3 SDs, 6-18 y: +2 SDs; [29].

Data handling and analysis

Factor analysis (FA) for data handling

To investigate students’ dietary habits, dietary patterns were first derived by FA
using the extraction method of principal components on all weighted FFQ items,
using the regression method. Suitability for conducting FA was confirmed by Bar-
tlett’s test of sphericity and the Kaiser-Mayer-Olkin (KMO) test, where KMO values
for all items were >0.8. To determine the number of dietary patterns to retain,
eigenvalues > 2.0 were considered relevant and the "elbow" of the scree plot was
investigated. This was followed by orthogonally rotating (Varimax rotation
method) the components. For each component, food items with loadings |>0.4|
were considered to contribute significantly to the pattern (Table S2). Component
scores were calculated with the regression method [30] 2009. Bartlett’s test of sphe-
ricity and the KMO test were conducted using the psych package, version 2.2.9, in R,
and FA was implemented using the factanal function of the stats package, version
42.1,inR.

Statistical analysis

Continuous variables were presented as mean values (standard deviation) for
normally distributed variables and median values (interquartile range) for non-
normally distributed variables. Descriptive statistics were investigated by the Wil-
coxon and Kruskal-Wallis rank-sum tests for groups of 2, or 3 or more levels,
respectively, due to the non-normal distribution of HRQoL scores (tested through
histogram, Q-Q plot, and Kolmogorov-Smirnoff test). To investigate the relation-
ship between students’ dietary indexes and dietary patterns with students’ HRQoL
measurements, we used multiadjusted logistic regression (for dichotomized
HRQoL measurements) and linear regression (for HRQoL measurements trans-
formed into percentiles). For the logistic models, dietary indexes were reduced
10 times to investigate the relationship between a 10-unit increase of the dietary
indexes on the HRQoL outcomes. Models were first adjusted for determinants (e.
g., age, sex, family SES, and immigrant status) based on literature, and then further
adjusted for determinants identified as having a higher predictive value for HRQoL
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than the dietary features (see Data-Driven Determinants of HRQoL in Supplemen-
tary Methods and Fig. S1). Results were reported as odds ratios (OR) and their cor-
responding 95% confidence intervals (95%Cl) for logistic regression, and as
coefficients and standard errors (SE) for linear regression. For linear regressions,
Benjamini-Hochberg correction was used to adjust for multiple testing and a false
discovery rate (FDR) below 5% was considered statistically significant, while P-val-
ues <0.05 were considered nominally significant. For the data analysis, base R (v
4.3.2) was used, along with the foreach (v 1.5.2) and basecamp (v 1.1.2) packages.
All corresponding scripts are available at: https://github.com/snbrushett/dietary_
patterns_HRQoL_DIATROFI_study.

Results
Background characteristics

First, the baseline measurements of 6583 DIATROFI program
students from the 2015 to 2016 (n = 5058) and 2017 to 2018
(n =1525) were assessed (Table 1). Students from the 2015 to 2016
school year, female students, students of normal weight, non-
immigrant students, and students from families with middle and
high SES had significantly higher HRQoL scores (P < 0.001).

Relationships of students’ HRQoL with dietary features

Next, to investigate the relations of students’ HRQoL with diet
we first generated dietary patterns, which were representative of
students’ habitual diets. Using FA, we identified five dietary pat-
terns, which explained 33.9% of the total variation in dietary intake
(Fig. S2, Table S2). The dietary patterns were, 1) meat, seafood, and
prepared meals, 2) cooked vegetables, grains, and legumes, 3)

Table 1

Students’ school and sociodemographic characteristics according to students’
health-related quality of life (HRQoL) scores in the 2015 to 2016 and 2017 t02018
baseline measurement of the DIATROFI Program in Greece.

Total sample HRQoL, score P-value
(Range [0, 100])
Total Sample n=6583 88.04 (17.39) -
School characteristics
School year, n (%)
2015-2016 5058 (76.8)  89.1(16.3) <0.001
2017-2018 1525(23.2) 85.9(21.7)
School region, n (%)
Attica and Central Greece 4152 (64.6) 88.0(18.2) 0.041
Central Macedonia 1887 (29.4) 88.6(17.4)
Eastern Macedonia and Thrace 159 (6.0) 89.1(15.2)
Student characteristics
Age, years (SD) 9(4) - -
Sex, n (%)
boys 3377(52.8) 87.5(18.1) <0.001
girls 3022 (47.2)  89.1(16.3)
BMI, n (%)
severe thinness 51(1.0) 84.8 (22.8) <0.001
thinness 131 (2.6) 88.0(16.1)
normal 2934 (58.0) 89.8(15.2)
overweight 1205 (23.8) 88.6(17.4)
obese 735 (14.5) 87.0(19.6)
Immigrant status, n (%)
non-immigrant 4137 (66.1) 89.1(16.3) <0.001
first-generation 312 (5.0) 88.0(21.7)
second-generation 1805 (28.9) 86.3(18.5)
Screen time, hours per week (IQR) 5(5) - -
Family characteristics
Family socio-economic level, n (%)
low 2005(31.7) 86.4(19.6) <0.001
middle 3326(52.6) 89.1(17.4)
high 989 (15.6) 89.1(15.2)

Missing data (n): HRQoL (102), sex (184), BMI (1527), immigrant status (329),
screen time (313) and family socio-economic level (263).
HRQoL, Health-Related Quality of Life score; BMI, Body Mass Index.

fruits, raw vegetables, and cheese, 4) confectioneries and pizza,
and 5) starchy foods and sweetened beverages.

We then investigated the relationship of students’ dietary
indexes and dietary patterns with HRQoL measurements using
multivariable logistic regression analysis (Tables 2 and 3). We first
used a conventional approach to adjust for covariates identified by
literature (Models 2), and thereafter, used a data-driven approach
to adjust for covariates that had a higher predictive value for
HRQoL than the dietary features (Model 3, Fig. S1).

In the unadjusted and adjusted models, a 10-unit increase in
the hPDI was significantly and positively associated with total
HRQoL, and emotional and school function. Similarly, a 10-unit
increase in the animal score was positively associated with total
HRQoL and all domain scores, except for social function. For the
hPDI, the odds of having good HRQoL, and emotional and school
function increased by 1.28 (odds ratio [95% confidence interval]):
OR =1.28[1.05, 1.57]), 1.30 (OR = 1.30, [1.07, 1.58]) and 1.32 times
(OR = 1.32, [1.09, 1.59]), respectively. For the animal score, the
odds of having good HRQoL, and physical, emotional, and school
function increased by 1.51 (OR = 1.51 [1.14, 2.00]), 1.62 (OR = 1.62
[1.23, 2.13]), 1.41 (OR = 1.41 [1.08, 1.85]) and 1.46 times (1.46
[1.12, 1.89]), respectively.

With regards to dietary patterns, after adjustment, students
who had more frequent intakes of fruits, raw vegetables and
cheese (dietary pattern 3) were 1.22 times (OR = 1.22 [1.13, 1.32]),
1.18 times (OR = 1.18, [1.09, 1.27]) and 1.09 times (OR = 1.09, [1.02,
1.18]) more likely to have good HRQoL, and physical and emotional
function, respectively. In contrast, the odds of having a good
HRQoL, emotional function, and school function decreased by 25%,
(OR = 0.75 [0.63, 0.90]), 20% (OR = 0.80 [0.68, 0.95]) and 28%
(OR =0.72 [0.61, 0.85]), respectively, if students consumed starchy
foods and sweetened beverages (dietary pattern 5) more fre-
quently. Similar findings were also observed when investigating
students’ HRQoL transformed to continuous percentiles (Table S2).

Discussion

In this study, we aimed to investigate the relationship of diet
with HRQoL in vulnerable children and adolescents of the DIA-
TROFI program in Greece. We showed that after adjustment of all
determinants with higher predictive value for HRQoL than the die-
tary features, healthy plant (hPDI) and animal-based (animal score)
diets were still positively associated with HRQoL, and emotional
and school function. A healthy animal-based diet was also posi-
tively associated with physical function. To the best of our knowl-
edge, associations of the hPDI and animal score on HRQoL have not
been previously performed [31].

With regards to the dietary patterns derived from FFQ items,
we observed that frequent intakes of fruits, raw vegetables and
cheese (dietary pattern 3) were positively associated with HRQoL,
physical function and emotional function, whereas frequent
intakes of starchy foods and sweetened beverages (dietary pattern
5) were negatively associated with HRQoL, physical function, and
school function. Previous studies assessing the relationship of die-
tary patterns with HRQoL and its domains, across age and disease
groups (and including healthy participants), demonstrated that an
increase in healthier food patterns, such as the intake of fruits and
vegetables, and the reduced intake of "Western" type dietary pat-
terns (defined as "increased intake of saturated fat and refined
foods along with low intake of vegetable and fruits") were posi-
tively associated with HRQoL and one or more of its domains [32].
Few studies of this kind have been performed in children and ado-
lescents. To our knowledge, only one study on Iranian adolescents
of the general population showed that adolescents belonging to
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Table 2

The relationship of a 10-unit increase in students’ dietary indexes with students’ health-related quality of life (HRQoL) measurements (dichotomized based on the 15th per-
centile) in the 2015 to 2016 and 2017 to 2018 Greek DIATROFI Program baseline assessments.

Poor-to-average vs.
good HRQoL

Poor-to-average vs.
good physical function

Poor-to-average vs.
good emotional function

Poor-to-average vs.
good social function

Poor-to-average vs.
good school function

Crude model 1 OR (95%CI)
hPDI 1.23 (1.05, 1.44)"*
Animal score 2.00(1.62,2.48)"*

OR (95%CI)
1.15 (0.98, 1.34)
1.92 (1.55, 2.38)"**

Adjusted model 2
hPDI 1.25(1.06, 1.48)** 1.14(0.96, 1.34)
Animal score 1.61(1.27,2.03)"** 1.62(1.28,2.04)**
Adjusted model 3
hPDI 1.28(1.05, 1.57)" 1.16 (0.95, 1.42)

Animal score 1.51(1.14, 2.00)** 1.62(1.23,2.13)"

OR (95%Cl)
1.22 (1.05, 1.43)*
159 (1.29, 1.97)"*

OR (95%CI)
1.12 (0.96, 1.31)
1.47(1.19, 1.82)"**

OR (95%CI)
1.36(1.18, 1.58)"
1.64 (1.34, 2.00)"**

1.30(1.10, 1.54)**
1.41(1.12,1.78)"

1.13 (0.96, 1.33)
1.21(0.96, 1.53)

1.4 (1.23, 1.69)**
1.32(1.06, 1.65)"

1.30(1.07, 1.58)"*
1.41 (1.08, 1.85)"

1.13 (0.92, 1.39)
1.07 (0.81, 1.42)

1.32(1.09, 1.59)**
1.46 (1.12, 1.89)"

OR, odds ratio; 95%CI, 95% confidence interval; hPDI, healthy plant-based diet index; SES, socio-economic status; BMI-SDS, Body Mass Index standard deviation score. All
models were additionally adjusted for margarine intake (see Dietary quality indexes in Supplementary Methods for more details).
Logistic regression was applied. Adjusted model 2: model 1 adjusted for age, sex, family socio-economic status and immigrant status. Adjusted model 3: model 2 adjusted for

school region, screen time (hrs), school year and BMI-SDS.
P < 0.001.

**P < 0.01.

*P < 0.05.

the top tertile of a Mediterranean dietary pattern (defined as "high
intakes of vegetables, fruits, olives, potatoes, eggs, nuts and
legumes, pickles, low-fat dairy, fish, poultry, and vegetable oils")
were less likely to have impaired HRQoL than adolescents of the
bottom tertile [33]. Overall, our findings are consistent with previ-
ous studies on the general and chronic diseases child and adoles-
cent populations [31] and coincide with the current 2020 to 2025
Dietary Guidelines for Americans [13], though studies on vulnera-
ble children and adolescents are limited. Irrespective, the available
literature combined with our findings demonstrate the possible
generalizability of these relations across different children and
adolescent populations (general, diseases and vulnerable) and
countries [10,13].

Table 3

Healthy diets and the increased consumption of nutrient-dense
foods, such as fruits and vegetables, supply children and adoles-
cents with the energy levels and nutrients required for optimal
physiological functions and physical activity, and to meet cognitive
demands, which are all factors that contribute to HRQoL [10,13]. It
is interesting to note that to maintain these processes, around 20%
of the body’s total energy is utilized by the brain, where most of
this energy is derived from the metabolism of glucose in the diet
[34]. A recent DIATROFI study showed that one year after a food-
aid intervention, an increase in children and adolescents’ adher-
ence to a Mediterranean diet (which was measured using KIDMED
scores) was associated with increased odds of having improved
HRQoL, and emotional and social function [20]. Notably, while the

The relationship of students’ dietary patterns with students’ health-related quality of life (HRQoL) measurements (dichotomized based on the 15th percentile) in the 2015 to

2016 and 2017 to 2018 Greek DIATROFI Program baseline assessments.

Poor-to-average vs. Poor-to-average vs.
good physical function good emotional function good social function good school function

good HRQoL

Poor-to-average vs. Poor-to-average vs. Poor-to-average vs.

Crude Model 1 OR (95%CI)

OR (95%CI)

OR (95%CI) OR (95%Cl) OR (95%CI)

Component 1: meat, seafood and prepared meals 0.92 (0.79, 1.06)
Component 2: cooked vegetables, grains and legumes 0.98 (0.88, 1.08)
Component 3: fruits, raw vegetables and cheese 1.22(1.16,1.29)’
( )
( )

Component 4: confectioneries and pizza 1.16(0.97, 1.39

1.00(0.87, 1.16) ( ) ( ) ( )
0.95(0.85, 1.05) ( ) ( ) ( )
o 1.18(1.12, 1.25) 1.10(1.04, 1.16)*" 1.12(1.07,1.18)** 1.16(1.10, 1.21)"**
0.97(0.81,1.17) ( ) « ) ( )
Component 5: starchy foods and sweetened beverages 0.74 (0.65, 0.84)"* 0.83(0.73,0.95)"" ( ) ( ) ( e

1.04(0.90, 1.19
1.02(0.92,1.13

0.94 (0.81, 1.09
0.99 (0.89, 1.10

0.95 (0.83, 1.08
1.01(0.91,1.11

0.96 (0.81,1.15
0.78 (0.68, 0.89

1.17 (097, 1.41

1.27(1.07,1.52
o 0.79 (0.69,0.91)"

*  0.65(0.57,0.73

Adjusted Model 2

Component 1: meat, seafood and prepared meals 1.00 (0.85,1.18)
Component 2: cooked vegetables, grains and legumes 0.98 (0.87, 1.10)
Component 3: fruits, raw vegetables and cheese 1.18(1.11,1.26)***
Component 4: confectioneries and pizza 1.08 (0.88,1.31)

( )

1.06 (0.90, 1.26) ( ) ( ) ( )
0.96 (0.85, 1.08) ( ) ( ) ( )
* 1.15(1.09, 1.23)* 1.07 (1.01, 1.13)* 1.08 (1.02, 1.15)* 1.10(1.04, 1.17)*
0.92 (0.76,1.12) ( ) ( ) ( )
Component 5: starchy foods and sweetened beverages 0.74 (0.64, 0.86)*** 0.84 (0.73, 0.98)" ( ) ( ) ( )

1.09(0.92,1.28
1.06 (0.94,1.19

1.03(0.87,1.22
0.99 (0.88, 1.12

0.99 (0.85, 1.16
1.05(0.94, 1.18
0.92 (0.76, 1.12

1.07 (0.87,1.32 1.17 (0.97, 1.42

" 0.68 (0.59, 0.78

0.78 (0.67,0.91 0.82(0.70, 0.96
Adjusted Model 3
Component 1: meat, seafood and prepared meals 1.06 (0.87, 1.29) 1.14 (0.93, 1.40) 1.19(0.98, 1.45) 1.19(0.96, 1.48) 0.95(0.80, 1.14)
Component 2: cooked vegetables, grains and legumes 0.93 (0.80, 1.07) 0.90(0.78, 1.04) 1.00(0.87,1.15) 0.93(0.80, 1.08) 1.05(0.92, 1.20)
Component 3: fruits, raw vegetables and cheese 1.22(1.13,1.32)"* 1.18(1.09, 1.27)"** 1.09(1.02, 1.18)* 1.09(1.01, 1.18)* 1.08 (1.01, 1.16)*
Component 4: confectioneries and pizza 1.02 (0.80, 1.28) 0.86 (0.68, 1.09) 0.81(0.65, 1.02) 0.95(0.73,1.23) 1.22(0.97,1.53)
Component 5: starchy foods and sweetened beverages 0.75 (0.63, 0.90)**  0.86 (0.73, 1.03) 0.80(0.68, 0.95)" 0.83(0.69, 1.01) 0.72(0.61,0.85)"*

OR, odds ratio; 95%Cl, 95% confidence interval; hPDI, healthy plant-based diet index; SES, socio-economic status; BMI-SDS, Body Mass Index standard deviation score.
Logistic regression was applied. Adjusted model 2: model 1 adjusted for age, sex, family socio-economic status and immigrant status. Adjusted model 3: model 2 adjusted for

school region, screen time (hrs), school year, and BMI-SDS.
***P < 0.001.

**P <0.01.

*P < 0.05.
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KIDMED scores provided an indication of adherence to a Mediter-
ranean diet [21], FFQs and the dietary patterns derived from the
FFQs provide a better representation of the dietary habits and
intakes of children and adolescents [13]. Thus, these results,
together with the findings of our current study, suggest that an
overall improvement in the quality of the diet, with increased
intakes of fruits, vegetables and cheese, and a reduction in starchy
foods and sweetened beverages, is associated with an improved
total HRQoL and its domains.

Overall, our findings suggest that an increase in nutrient-
dense foods, such as fruits and vegetables, and a decrease in
energy-dense foods, such as starchy foods and sweetened bever-
ages, might not only be associated with improvement in the
quality of vulnerable children and adolescent diets, but may also
be associated with improving their HRQoL. Given that HRQoL
can act as an indicator for several early and later life disease
risks, these findings suggest that dietary interventions which
improve HRQoL outcomes could also ultimately promote overall
positive health outcomes along the life course. Importantly,
these findings propose that these relations hold true for children
and adolescents from vulnerable communities, which have been
understudied. Given that children and adolescents from these
communities are most at risk for poor health outcomes through-
out the life course, these findings suggest an accessible means,
that is, diet, by which their health outcomes could be improved.
Notably, in addition to improving HRQoL, a healthy and bal-
anced diet also promotes healthy body weight and reduces
chronic disease risks (for example, obesity and diabetes) [13].
Studies have shown that school-based food-aid programs, such
as the DIATROFI program in Greece and those implemented by
the Healthy, Hunger-Free Kids Act of the US, improved the qual-
ity of students’ diets and reduced the odds of obesity, especially
in children and adolescents in poverty [17,35].

Strength, limitations, and future directions

A strength of this study was the large sample size (n = 6583)
that was used to investigate the relationship of diet and HRQoL in
children and adolescents from low SES regions of Greece. This
enabled us to conduct a data-driven approach to identify and
adjust for determinants that could potentially explain the HRQoL
in children and adolescents more effectively than diet. Of the
determinants that were adjusted for, family SES and immigrant
status were among them, which is often not the case. In this study,
diet quality and dietary patterns were derived from FFQ items,
which provided a representation of the dietary habits of the chil-
dren and adolescents in our study. It should be noted, however,
that a limitation of using FFQ items in this study was that only
weighted frequencies of food items were available, and thus we
could not account for total caloric intake (kcal/d). Since there are
no established national thresholds, another limitation of this study
was the categorization of HRQoL measurements into binary
groups, which may not precisely capture the experiences of stu-
dents with poor-to-average HRQoL. However, it served as a proxy
that allowed us to explore the HRQoL in children and adolescents,
and we were able to show similar findings when dichotomizing
HRQoL measurements or transforming them as percentiles. Addi-
tionally, physical activity was not adjusted for in our analyses. This
could have somewhat confounded our findings given its associa-
tions with diet and HRQoL, and should be accounted for in future
studies. It is also important to note that this is a cross-sectional
study and thus causality cannot be inferred. Lastly, this study only
investigated the baseline (before the dietary intervention) relation-
ships of diet with HRQoL in children and adolescents. Future

research investigating the long-term impact of dietary interven-
tions on the HRQoL of children and adolescents will provide fur-
ther evidence whether diet improves their overall HRQoL and
health outcomes, irrespective of SES or immigrant background.

Conclusions and public health implications

In this study, we showed that healthy diets and dietary patterns
in children and adolescents from vulnerable groups were associ-
ated with good HRQoL outcomes. Given that limited studies of
these relations exist, these results suggest that in addition to
reducing chronic disease risks, healthy diets and dietary patterns
may also contribute to the HRQoL of all children and adolescents,
independently of SES or immigrant status. This might imply that
for vulnerable children and adolescents at high risk of poor HRQoL
and health outcomes, dietary interventions could be a relatively
accessible approach to improve their HRQoL and health outcomes,
which could also potentially increase their odds for positive health
outcomes into adulthood.
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