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Abstract

Objective The association between diet quality, dietary behavior and health-related quality of life has been mostly examined
in children and adolescents with specific chronic diseases. No systematic review has synthesized the influence of diet qual-
ity and dietary behavior on health-related quality of life in the general population of children and adolescents. The purpose
of this study was to systematically review the primary studies that evaluated the association between diet quality, dietary
behavior and health-related quality of life in the general population of children and adolescents and to synthesize the find-
ings for the association.

Methods A computer search in the databases of MEDLINE, EMBASE and PSYCINFO was performed to retrieve English
language studies that were published from 1946 up to April 8, 2018. We also screened the PubMed-related articles and the
reference lists of the existing relevant literature to identify other eligible studies. We synthesized the association between diet
quality, dietary behavior and health-related quality of life using both a qualitative method and meta-analysis. We reported
the review following up the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guideline.
Results Seventeen studies were included in the synthesis including twelve cross-sectional studies and five longitudinal
studies. We found that diet quality and dietary behavior were associated with health-related quality of life in children and
adolescents. The positive effect of healthy diets on health-related quality of life was observed for multiple domains of health-
related quality of life, including physical, school and emotional functioning, and psychosocial quality of life. We observed a
dose-response relationship between the diet exposure and health-related quality of life, where an unhealthy dietary behavior
or lower diet quality was associated with decreased health-related quality of life among children and adolescents.
Conclusion The findings of the systematic review suggest the importance of promoting healthy diets and nutrition for good
health-related quality of life among children and adolescents. Future research is needed to strengthen the evidence for pro-
spective relationships and for the dose—response effect between diet quality, dietary behavior and health-related quality of
life among children and adolescents.
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the overall quality of diet, as well as the quality of the under-
lying components [6, 7]. An unhealthy dietary behavior is
characterized as a behavior or an eating habit (e.g., eating
fast food, skipping breakfast or meal) that leads to a higher
intake of foods with saturated fat, sugar and processed food
products, and inadequate intakes of healthy food groups [3,
5]. Previous studies have also demonstrated that low diet
quality and unhealthy dietary behaviors are associated with
a number of mental health concerns in children and ado-
lescents, including internalizing disorders (e.g., depression,
anxiety) [5, 8-11], and externalizing disorders (e.g., atten-
tion deficit and hyperactivity disorder) [12—-15]. Prospective
studies that examined the longitudinal association between
diet quality, dietary or nutrient patterns and mental health
reported that lower diet quality, unhealthy dietary patterns
were related to poor mental health later in childhood and
adolescence [8-10, 15]. Moreover, children and adoles-
cents with poor diets encountered more problems in cogni-
tive development and academic performance of their school
work [16, 17]. Food insecurity has been found to be associ-
ated with low nutrient intake and poor diet quality and had
adverse effects for the physical and mental health outcomes
among children and adolescents [18, 19]. Household food
insecurity is defined as a lack of access to adequate and
safe food due to household financial constraint [19] and is
commonly measured by national household food security
scales [20].

Health-related quality of life (HRQoL) is a multidimen-
sional construct that encompasses physical and psychologi-
cal health and social well-being [21]. Health-related qual-
ity of life is a subjective evaluation of an individual’s total
health as well as the health of underlying sub-dimensions:
physical, psychological and social functioning and well-
being. Assessment of HRQoL among children and adoles-
cents is important in identifying subgroups with poor health
in order to develop and implement effective intervention
strategies to enhance the health status of young people. In
the last two decades, we have witnessed cumulative studies
on the influence of health behaviors of physical activity and
sedentary behavior on HRQoL among children and youth
[22]. Research evidence of systematic reviews suggests
that physical activity is positively, and sedentary behavior
is negatively associated with HRQoL among children and
adolescents [22]. Regarding the effect of diet quality and
diet behavior on HRQoL in children and adolescents, previ-
ous studies have predominantly investigated the relationship
among children and adolescents with specific disease con-
ditions (e.g., obesity, cancers) [23, 24]. These studies have
well documented that better diet quality and healthy dietary
behaviors are associated with significant improvements in
HRQoL including physical, mental and psychological health
among children and adolescents. In recent years, studies are
emerging to examine the relationship between diets and
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HRQoL in the general population of children and adoles-
cents [25-28]. To the best of our knowledge, no systematic
review to date has synthesized the influence of diet quality
and dietary behavior on HRQoL among the healthy popula-
tion of children and adolescents. Particularly, how the diet
influences the total and a sub-dimension of HRQoL in chil-
dren and adolescents, and whether there is a dose-response
effect between different components (total diet quality, food
group or dietary behavior) of the diet exposures and HRQoL
remains to be thoroughly investigated and systematically
synthesized.

The present study aimed to (1) systematically review and
synthesize the studies that evaluated associations between
diet quality, dietary behavior or pattern and health-related
quality of life in the general population of children and ado-
lescents; (2) determine whether a dose—response relationship
exists between diet quality or dietary behavior and health-
related quality of life; (3) provide evidence-based informa-
tion for school health and community intervention programs
promoting healthy eating and nutrition to enhance the health
status among children and adolescents.

Methods
Literature search

We searched the electronic databases of MEDLINE (1946
to March, 2018), EMBASE (1966 to April, 2018) and PSY-
CINFO (1806 to March, 2018) for English language litera-
ture. The MeSH headings and keywords included ‘diet or
diets’, ‘diet quality’, ‘Mediterranean diet’, ‘food intake’, ‘die-
tary or health behavior’, ‘nutrition’, ‘food insecurity’, ‘qual-
ity of life’, ‘health status’, ‘children’, ‘adolescents’, ‘teen’,
‘youth’. We also searched PubMed with ‘related articles’
feature and manually examined references of the extracted
full-text articles to retrieve additional eligible studies. The
literature search strategy for electronic databases was pro-
vided in Supplementary Table S1 in the supplementary file.

Inclusion and exclusion criteria

We specified the inclusion criteria in accordance with the
systematic review’s PI(E)CO approach: Population (P),
Intervention (I) or Exposure (E), Comparison (C), and Out-
comes (O). Selection of the eligible studies was based on
the following inclusion criteria: (1) Participants in the pri-
mary study were from the general population of children
and adolescents aged between 3 years and 18 years (P). The
general population of children and adolescents was defined
as those children and adolescents in communities or schools
in a geographic region or a country. The population-based
samples of children and adolescents are relatively healthier
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than those peers in clinical settings (e.g., patients with spe-
cific diseases). For longitudinal studies with a follow-up
age greater than 18 years, the age of children and adoles-
cents was restricted to 3—18 years at baseline when the diet
exposure information was measured. (2) Measures of the
exposure (E): diet quality, dietary behavior (e.g., frequency
of breakfast or fast food), dietary pattern (e.g., Mediter-
ranean diet), food intakes and household food insecurity.
The Mediterranean diet is deemed as a healthy diet pattern,
characterized by high consumption of olive oil, fruits, veg-
etables, whole grains, fish, moderate consumption of dairy
foods (e.g., milk, yogurt), and low consumption of meat
foods [28]. (3) Study design included cross-sectional, cohort
and case—control studies aimed to examine the association
between the exposure of interest and the outcome (C). (4)
Studies used one or more multidimensional health-related
quality of life measures, and the primary outcome has to be
health-related quality of life or health status measured by a
multidimensional HRQoL instrument (O).

The exclusion criteria were: (1) Studies that examined
associations between the exposure of interests and health-
related quality of life among children and adolescents with
specific chronic disease conditions, or among adults. (2)
Studies that assessed the association between the diet expo-
sure and the outcome of interest using a single item of self-
rated or self-perceived health as an indicator of HRQoL. (3)
Studies that examined individual nutrients or supplements
(e.g., Vitamin D), or eating disorders (e.g., binge eating,
bulimia nervosa). (4) Reviews, meta-analyses, study proto-
cols, comments, letters, case reports and guidelines.

Study selection and data extraction

Two reviewers (XYW, LHZH) screened the title and the
abstract to identify eligible studies from the database search-
ing according to the predefined inclusion and exclusion
criteria. For those studies that the reviewer was uncertain
whether a study should be included for the synthesis through
the abstract review, we obtained the full text articles for a
detail examination for eligibility. Subsequently, the refer-
ence lists of the extracted studies were intensively examined
for additional eligible studies by the two reviewers sepa-
rately. Disagreements on the eligibility of the selected stud-
ies were resolved by discussion between the two reviewers,
and among all the researchers if the two reviewers did not
reach a consensus on the eligibility of the studies. Data for
synthesis were abstracted from the included studies by the
first reviewer (XYW) and then checked for accuracy and
completion by the second reviewer (LHZH).

Data synthesis

We used a standardized data synthesis form and described
the following characteristics of the included studies: first
author, year of publication, country, samples, assessment of
the diet exposure and the HRQoL, key analytical methods
and covariates in the regression analysis. The key findings
were summarized for each study for the associations between
diet quality, dietary behavior, food insecurity and HRQoL.
We performed a meta-analysis for the association between
diet quality or dietary behaviors and health-related qual-
ity of life using data from the studies that adopted similar
measures of HRQoL. To account for potential heterogeneity
across the studies in the meta-analysis, we used the random
effects model. For continuous outcomes of HRQoL, we esti-
mated the mean difference in the HRQoL scores between
healthy diets (e.g., high diet quality) and unhealthy diets
(e.g., low diet quality) groups. For categorical outcomes of
HRQoL, we estimated the difference in the odds of poor
HRQol comparing unhealthy eating and healthy eating hab-
its among children. The pooled estimates were reported for
the mean difference score and the odds ratio for HRQoL
with their 95% confidence intervals across the studies. The
Cochran Q statistic (follows a Chi-square distribution with
a k-1 degree of freedom, k=number of studies) and I2 sta-
tistic were used to test the degree of heterogeneity, with a
P value less than 0.1 in the Q test, and an I value greater
than 50% indicating significant and substantial heterogeneity
[29]. Publication bias was detected using funnel plots. An
asymmetrical funnel plot suggests a presence of publication
bias [30]. The funnel plot asymmetry was tested by Egger
test, in which the standardized effect is regressed against its
standard error (precision) [31], with a P value <0.1 for the
intercept (a) indicating a statistically significant asymme-
try. The meta-analysis was conducted using statistical soft-
ware of Review Manager 5.2 (The Cochrane Collaboration,
Copenhagen Denmark).

We followed up the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) guideline in
this systematic review [32].

Assessment of the risk of bias

The Newcastle—Ottawa Scale was used to assess the risk
of bias of the included studies [33]. The Newcastle-Ottawa
Scale is an eight-item checklist with three quality compo-
nents: selection, comparability and outcome. Each item can
be scored as one or two points and summed up to a total
score, ranging from 0 to 9. A higher score indicates low risk
of bias or better quality [33]. Previous research categorized
the risk of bias score of individual studies into high, mod-
erate and low risk of bias [34]. We classified the summed
scores into high (0-4), moderate (5-6) and low (7-9) risk
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of bias. Two reviewers (XYW and LHZH) independently
assessed the study quality and assigned a score for each
study. Any disagreement was solved by discussion.

Results
Characteristics of the included studies

We identified 9176 relevant citations by searching the
electronic databases: EMBASE (n=4437), MEDLINE
(n=4079) and PSYCINFO (n=660). After removing the
duplicate records (n =860) between the different databases,
8316 unique citations were screened for eligibility. We iden-
tified an additional five studies through searching PubMed
for related articles and manually screening the references
from the retrieved included studies. After the title and the
abstract screening, 42 full text articles were retrieved for
detailed examination using the predefined inclusion and
exclusion criteria. Of these studies, 25 studies were excluded
due to inappropriate outcomes (e.g., single-item self-rated
health), ineligible exposures (e.g., parental encouragement
for healthy eating), inappropriate objectives (e.g., HRQoL as
a mediation factor for self-esteem outcome), or other reasons
(e.g., patient or adult participants) [35-59]. As a result, a
total of 17 studies fulfilled the predefined criteria and were
included in the final synthesis [25-28, 60—72]. The selection

Fig.1 PRISMA flow diagram

process of the studies was presented in the PRISMA flow
diagram (Fig. 1).

Table 1 presents the characteristics of the included stud-
ies, the assessment of the diet exposure and the measurement
of HRQoL. Four studies were conducted in Australia, and
three studies were conducted in Japan. One study analyzed
the merged data from 12 countries. The remaining nine stud-
ies were conducted in the following countries: The USA
(n=2), Canada (n=2), Greece (n=2), Spain (n=1), the UK
(n=1) and Switzerland (n=1).

In total, 47,932 participants were available in the statisti-
cal analysis of all the primary studies with a sample size
varying between 152 [67] and 7,887 [70] in the individual
studies (Table 2, Table 3). The total number of the partici-
pants in the longitudinal studies (n=16,974) accounted for
35.4% of the total participants. The included studies were
mostly cross-sectional investigations (n=12), and five were
longitudinal studies.

Assessment of the diet exposure and health-related
quality of life

Most of the included studies used self-report or parent-report
food frequency questionnaires to collect food intake data
(Table 1) [26, 28, 60-63, 65, 66]. Three of these studies
assessed the level of adherence to the Mediterranean diet
using the Mediterranean Diet Quality Index [28, 60, 66].

for selection and inclusion of
the eligible studies

Records identified through
database searching
(n=9,176)

Additional records identified
through other sources
(n=5)

A

A\ 4

Records screened after duplicates removed

Records excluded

(n=8,321) (n=8,279)

A 4

Full-text articles assessed for
eligibility
(n=42)

Studies excluded for the following
reasons (n=25)

Inappropriate outcomes: n1=19
Inappropriate exposures: n2=4
Adult or patient participants: n3=2

\ 4

A 4

Studies included in the synthesis (n=17)
Cross-sectional studies: n1=12
Longitudinal studies: n2=5

A 4

[ Inclusion ] [ Eligibility ] [Screening] [Identiﬁcation]

Studies included in the meta-analysis (n=10)
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A Canadian study calculated the overall diet quality using
the Diet Quality Index—International (DQI-I) composite
measure that was based on responses to the Harvard Food
Frequency Questionnaire for Youth and Adolescents (YAQ)
[26]. Three Japanese studies measured frequency of break-
fast eating and snack eating [68—70]. Two studies derived
diet-related variables for analysis with a combination of
health behaviors including soft drink and high snack intake,
fruit and vegetable intake, physical activity and sedentary
behavior [61, 65]. Two other studies in the USA and Canada,
respectively, measured the experience of household food
insecurity [71, 72].

With respect to the health-related quality of life meas-
ures, six studies used the Paediatric Quality of Life Inven-
tory 4.0 (PedsQL 4.0) [27, 62, 63, 65, 67, 72], which was the
most frequently used HRQoL measure among the included
studies (Table 1). The KIDSCREEN-27 was used in three
studies [28, 60, 66], and the KIDSCREEN-10 was used in
one study [61]. Three studies utilized the EQ-5D-Y [26, 27,
71]. Other HRQoL measures included the Japanese COOP
charts (n=3), the Child Health Utility 9D (CHU9D) (n=1),
the EQ-5D index (n=2) and the Assessment of Quality of
Life-6D (n=1).

Both parent- and child self-report

HRQoL measure
The PedsQL 4.0

Risk of bias assessment

Household Food Security Scale (18-items).
The food security status was classified into 3
categories: (1) Food secure: households show
no or minimal evidence of food insecurity;
(2) Food insecure without hunger; (3) Food
insecure with hunger

The risk of bias score ranged between 4 and 7 for the indi-
vidual studies with an average score of 5.76 and a standard
deviation of 0.97. Eleven studies were rated as moderate
risk of bias (score: 5-6), and two studies was scored as high
risk of bias (score=4). Only four studies were rated as low
risk of bias (Table 2). The main reasons for the low quality
(moderate or high risk of bias) included small sample size,
inadequate report of descriptive data or a lack of control for
important confounders in statistical analyses.

Assessment of diet quality and dietary behavior
Food security status was assessed using the US

Adult-reported household food security

Associations between diet quality, dietary behavior
and health-related quality of life

399 in the analysis, 51.8% girls

Age range 3-17

Table 2 shows the findings of the individual studies for the
association between diet quality, dietary behavior or pat-
tern, food insecurity and HRQoL among children and ado-
lescents. Table 3 displays a summary for the main findings
across all studies.

Study design, samples

Cross-sectional
Children

n

USA

Findings from the cross-sectional studies

Of the 12 total cross-sectional studies, six studies explored
the relationship between dietary patterns, food items or eat-
ing habits and HRQoL [25, 27, 61, 64, 67, 70], four studies
examined the relationship between the overall diet quality
index level (e.g., the DQI-I, the Mediterranean diet qual-
ity index) and HRQoL [26, 28, 60, 66], and two studies

(AQoL)-6D, CHUYD Child Health Utility 9D, FFQ Food Frequency Questionnaire, SD standard deviation, MD Mediterranean diet, FI food insecurity, DQI-I Diet Quality Index.—International,

HRQoL health-related quality of life, PedsQL Pediatric Quality of Life Inventory, EQ-5D-Y European Quality of Life 5 Dimension measure for youth, AQoL-6D Assessment of Quality of Life
UK United Kingdom

Author, publication year ~ Country

Table 1 (continued)
Casey et al., 2005 [72]

@ Springer
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2005

explored the influence of food insecurity on HRQoL [71,
72] (Table 2). Of those studies that explored the relationship
between the dietary pattern or behavior, the majority exam-
ined the importance of food intakes of fruits, vegetables, fat,
fast foods and dairy food for HRQoL.

All of the cross-sectional studies revealed a significant
relationship between diet quality, diet behavior, nutrient
patterns or food insecurity and HRQoL. Only one study by
Dalton et al. observed a marginal statistically significant
association between fruit and vegetable consumption and
social functioning of the PedsQL (Beta coefficient=0.17,
P=0.046) [67]. This study used a small sample of school
children (n=152), which may compromise the statistical
power for identifying the true association. Muros et al., Zer-
vaki et al. and Costarelli et al. reported in their studies that
adolescents who had better adherence to the Mediterranean
diet experienced higher HRQoL than the adolescents who
had low adherence to the Mediterranean diet [28, 60, 66].
Wau et al. (2012) observed in a large representative sample
of grade five students (n=3,421) in Canada that higher diet
quality was associated with higher HRQoL [26]. The Japa-
nese study by Chen et al. (2005b) found that skipping break-
fast and frequent snack eating in childhood were associated
with poor HRQoL [70]. The two studies that examined the
effect of household food insecurity on HRQoL consistently
reported that household food insecurity was related to lower
HRQoL among children [71, 72].

Lower diet quality or poor dietary behaviors were linked
to decreased HRQoL in multiple domains among children
and adolescents. Wu et al. observed that children with better
diet quality relative to children with lowest diet quality were
less likely to report adverse health problems (OR=0.81,
P=0.026) in the pain or discomfort dimension of the EQ-
5D-Y [26]. Boyle et al. reported that excessive consump-
tion of fat was associated with worse emotional function-
ing of the PedsQL [27]. Casey et al. found that household
food insecurity was significantly associated with lower
total HRQoL, lower physical and psychosocial functioning
among children [72].

Several cross-sectional studies found a dose—response
relationship between diet quality or diet behaviors and
HRQoL [26, 28, 62, 70, 71]. Muros et al. (2017) observed
that health-related quality of life scores as assessed by the
KIDSCREEN-27 among adolescents increased with the
elevated level of adherence to the Mediterranean diet [28].
Gopinath et al. [62] reported that higher consumption of
yogurt was associated with higher total PedsQL scores (mea
n=280.5, 83.3, 85.2 for the first, second and third tertiles
of yogurt intake, P=0.03), better psychosocial health sum-
mary scores (mea n="74.3, 77.3, 80.2 for the first, second
and third tertiles, P=0.02), and higher school functioning
scores (mea n=>59.1, 61.4, 68.2 for the first, second and
third tertiles, P=0.01) among 17-18 year old boys [62]. A

Canadian study found that the overall diet quality index was
associated with the Visual Analogue Scale (VAS) score in
a dose-response manner (mean difference of VAS =1.47,
2.76 points for second and third tertiles versus first tertile
of the DQI-I score) among grade five students [26]. Chen
et al. reported that children who ate breakfast seldom or
almost never had a higher odds of experiencing poor HRQoL
than children who ate breakfast every day or often [70], sug-
gesting a dose—response relationship between frequency of
breakfast skipping and HRQoL in Japanese children. Addi-
tionally, the association between household food insecurity
and health-related quality of life of children tended to be in a
dose-response trend as reported in a Canadian study (mean
difference in the EQ-5D index =0.03 between severe food
insecurity group and food security group) [71].

Findings from the longitudinal studies

All five longitudinal studies that examined longitudinal or
temporal associations between the diet intake exposures and
HRQoL found a significant effect of the diets on health-
related quality of life among children and adolescents
(Table 2) [62, 63, 65, 68, 69]. These studies were conducted
in Australia (n=2), Japan (n=2) and Switzerland (n=1).
Gopinath et al. [62] observed that boys in Sydney of Aus-
tralia who were in the highest tertile of yogurt intake relative
to the lowest tertile over the 5-year follow-up had 7.4 points
(P trend =0.04), 12.4 points (P trend =0.02) higher psycho-
social health summary and school functioning scores at the
follow-up, respectively [62]. Wang et al. documented that
children who ate breakfast ‘sometimes’ or ‘almost never’ at
3 years of age had an increased risk of having poor HRQoL
at the 10-year follow-up in first-year junior high school study
(OR=1.16 and 1.59, P=0.012 and 0.002, respectively) than
those children who ate breakfast ‘everyday’ [68]. Children
who had irregular meals or snacks at 3 years of age experi-
enced a higher risk of developing poor HRQoL later in first-
year junior high school study than those of having meals or
snacks at regular times [68].

A dose-response relationship between level of unhealthy
dietary behaviors and poor HRQoL can also be seen in
the few longitudinal studies in children and adolescents.
Gopinath et al. [65] reported in a cohort study that expo-
sure to unhealthy diet behaviors (e.g., high consumption of
soft drink and salty snack foods, low fruit and vegetable
intake) had a dose—response relationship with the PedsQL
scores of adolescents [65]. Adolescents who engaged in an
unhealthy diet behavior at baseline had decreased HRQoL
scores in both total and physical health summary scales of
the PedsQL at the 5-year follow-up [65]. Chen et al. exam-
ined temporal relations between changes of diet habits over
3 years and HRQoL in Japanese children and found that rela-
tive to those who maintained their breakfast eating ‘often’

@ Springer
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Unhealthy diets Healthy diets Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95% CI IV, Random, 95% Cl
2.1.1Diets and the psychosocial health summary scores
Bayle etal, 2010 83 165 624 851 159 185 467% -210[4.73 043 —
Caseyetal, 2005 767 162 102 808 121 297 27A% -4.10[7.43,-067) —
Gopinath etal, 2014 746 183 103 78 156 31 76% -4.40(1093 213 I
Gopinathetal, 201601 743 234 124 802 207 119 104% -5.90[11.45,-0.35) —
Gopinathetal, 201602 705 296 153 713 292 162 77% -0.80[7.30,5.70) I
Subtotal (95% Cl) 1106 794 100.0% -3.12[-4.92,-1.32] L
Heterogeneity: Tau?=0.00; Chi*=2.49, df=4 (P = 0.65); F=0%
Testfor overall effect 2= 3.40 (F = 0.0007)
2.1.2 Diets and the physical health summary scores
Baoyle etal, 2010 895 146 624 §11 132 185 444% 160382 062 &
Caseyetal, 2005 86.8 151 102 808 103 207 246% -4.00[7.16,-0.84) —
Gopinath etal, 2014 802 152 103 975 134 31 B6% -7.30[12.86,-1.74) R
Gopinath etal,, 201601 83 178 124 595 164 119 140% -200[6.30,2.30] T
Gopinathetal, 201602 872 259 153 882 254 162 83% -200[7.67 3.67) T
Subtotal (95% Cl) 1106 794 100.0% -2.77[-4.44,-1.10] &
Heterogeneity. Tau®=0.35; Chi*=4.39, df=4 (P = 0.36); F= 9%
Testfor overall effect 2= 3.26 (P=0.001)

a0 -0 0 10 20
Favours [Unhealthy diets] Favours [Healthy dists]

The diet exposure and the levels in the study:

Boyle et al., 2010: Fat intake too high (>35% of calorie intake) vs. Optimal fat intake (<35% of calorie intake);
Gopinath et al., 2014: Having one or more diet risk factors (unhealthy diets) vs. no diet risk factors (healthy diets);
Gopinath et al., 2016g1-g2: Yogurt consumption First tertile (unhealthy diets) vs. Third tertile (healthy diets);

Casey et al., 2005: Food insecure vs. Food secure.

Gopinath et al., 2016 has two groups: Gopinath et al., 2016g1 for boys; Gopinath et al., 2016g2 for girls.

The HRQoL measure: The PedsQL 4.0.

Fig.2 Meta-analyses of the mean difference in the psychosocial health summary and the physical health summary scores of the PedsQL 4.0

between healthy diet and unhealthy diet groups

during the follow-up, children who changed breakfast eating
from ‘often’ to ‘seldom’, or maintained as ‘seldom’, had a
higher risk of poor HRQoL at follow-up (OR=1.61, 95%
CI 1.24, 2.07; OR=2.05, 95% CI 1.03, 4.09, respectively)
after adjusting for the effect of sex, age and BMI at base-
line in the regression model [69], suggesting a presence of
dose-response relationship between breakfast skipping and
HRQoL of children.

Results of the meta-analysis

The data for meta-analysis were extracted from ten studies.
Forest plots were generated for five studies that used similar
generic HRQoL measures, four studies that analyzed util-
ity values of preference-based HRQoL measures (e.g., the
ED-5D index, the CHU9D), and for three studies that used

@ Springer

the Japanese COOP charts [26, 27, 62, 64, 65, 68—72]. Fig-
ures 2 and 3 present the difference in the HRQoL total score,
the physical health and psychosocial health summary scores
between healthy and unhealthy diet groups among children
and adolescents. The data were based on five cross-sectional
studies and one prospective study [65]. Children and ado-
lescents with healthy diet had significantly a higher total
HRQoL score measured by the PedsQL and the EQ-5D-Y
VAS (pooled mean difference =3.45, 95% CI 2.40, 4.50,
P <0.0001) than children and adolescents with unhealthy
diet. The EQ-5D-Y VAS and the PedsQL 4.0 total scores
ranged between zero (worst health) to 100 (best health).
Likewise, there was a significant difference in the physical
health summary and psychosocial health summary scores
of the PedsQL measure between the two diet groups (total
mean difference of healthy diet group versus unhealthy diet
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Unhealthy diets Healthy diets Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95% Cl IV, Random, 95% CI
Boyle etal, 2010 B46 151 624 866 143 185 194% -200[4.38,0.39] —
Caseyetal, 2005 803 141 102 844 103 297 124% -4A0[7.08,-1.12) —_—
Gopinath etal, 2014 798 152 103 852 128 31 38% -540[10.78,-0.02) — ]
Gopinathetal, 201601 805 189 124 852 164 118  56% -4.70[9.14,-0.26] —
Gopinath etal, 201602 76 247 153 772 B4 162 36%  -1.20[6.73 4.33) T
Wuetal, 2012 785 172 1140 822 172 1141 BA2%  -370[6M1,-2.29) . 3
Total (95% CI) 2246 1935 100.0% -3.45[-4.50,-2.40] ¢

Heterogeneity Tau?=0.00; Chi*= 318, df=5 (P = 067), F= 0%

Testfor overall effect 2= 6.45 (P < 0.00001)

A5 0§ 0
Favours [Unhealthy diets] Favours [Healthy diets]

The diet exposure and the levels in the study:

Boyle et al., 2010: Fat intake too high (>35% of calorie intake) vs. Optimal fat intake (<35% of calorie intake);
Gopinath et al., 2014: Having one or more diet risk factors (unhealthy diets) vs. no diet risk factors (healthy diets);
Gopinath et al., 2016g1-g2: Yogurt consumption First tertile (unhealthy diets) vs. Third tertile (healthy diets); 2016g1
for boys; Gopinath et al., 2016g2 for girls; Casey et al., 2005: Food insecure vs. Food secure; Wu et al., 2012: The
DQI-I Lowest tertile (unhealthy diets) vs. Highest tertile (healthy diets).

The HRQoL measure: The EQ-5D-Y VAS in Wu et al., 2012; The PedsQL 4.0 for other studies.

Fig.3 Meta-analysis of the mean difference in total HRQoL scores between healthy diet and unhealthy diet groups

Unhealthy diets Healthy diets Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV,Random,95% Cl IV, Random, 95% Cl
Boyle etal, 2010 09 017 646 091 015 186 183% -0.01[0.04,002) —
Chenetal, 2014h 078 013 108 082 013 656 17.0% -0.04 007 -0.01] —
Chenetal, 2014p 083 014 244 087 012 2347 299% -0.04[0.06,-0.02) —+—
Kirketal, 2014 086 016 401 089 014 4356 349% -0.03[-0.05,-0.01) —+
Total (95% Cl) 1399 7545 100.0% -0.03]-0.04,-0.02) ¢
Heterogeneity: Tau®= 0.00; Chi*= 4.05, df= 3 (P = 0.26); F= 26% i ?

Testfor overall effect 7= .06 (P < 0.00001)

01 005 0 005 0
Favours [Unhealthy diets] Favours [Healthy diets]

The diet exposure and the levels in the study:

Boyle et al., 2010: Fat intake too high (>35% of calorie intake) vs. Optimal fat intake (<35% of calorie intake);

Chen et al., 2014h: Eat fast food or takeaway ‘Often or a lot’ vs. ‘Never or sometimes’; Chen et al., 2014h represents
high school sample, and Chen et al., 2014p represents primary school sample; Kirk et al., 2014: Severe food insecurity

vs. Food security.
The HRQoL measure:

The ED-5D index: Boyle et al., 2010; Kirk et al., 2014; The CHU9D utility: Chen et al., 2014h; Chen et al., 2014p.

Fig.4 Meta-analysis of the mean difference in the utility scores of preference-based HRQoL measures between healthy diet and unhealthy diet

groups
group3.12, 95% CI 1.32, 4.92, P<0.001 for psychosocial Figure 4 presents the pooled estimate for the mean differ-
health; total mean difference =2.77, 95% CI 1.10, 4.44,  ence in the utility score comparing healthy diets to unhealthy
P <0.01 for physical health). There was not a significant het-  diets groups of four cross-sectional studies. A significant

erogeneity between these studies (I>=0% and 9%, P=0.36 difference in the mean utility value was observed between

and 0.67, respectively).

children and adolescents with healthy diets and those with
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Unhealthy eating habits Healthy eating habits Odds Ratio (dds Ratio
Study or Subgroup Events Total  Events Total Weight M-H,Random, 95% CI M-H, Random, 95% Cl
5.1.1 Eating breakfast sometimes vs. eating everyday
Chenetal, 20053 1] 499 4216 7046 A% 1201.01,1.46) =
Chenetal, 2005 442 632 078 6699 32.3% 169(142,202) -+
Wang etal, 2008 1M 1617 e B2 36.2% 116[1.03,1.30) Ll
Subtotal (95% C) 2148 19407 100.0%  1.33[1.05,1.68] L 2
Total events 1766 10
Heterogeneity: Tau*= 0.04; Chi*= 1293, df=2 (P = 0.002); F= 5%
Testfor overall effect 2= 241 (P=002)
5.1.2 Never eating breakfast vs. eating everyday
Chenetal, 20053 n 3 4216 7296 14.4% 093(045,1.76) — T
Chenetal, 2005 pl mn 3076 6699 46.0% 180(1.41,2.30) —
Wang etal, 2008 183 pyll e LYY 150(118,212) ——
Subtotal (95% C) 582 19407 100.0%  156[1.19,2.0] <
Total events 404 10
Heterogeneity: Tau*= 0.02 Chi*= 364, df= 2 (F = 0.16); F= 45%
Testfor overall effect 2=3.25 (P=0.001)

o 02 08 ) 5ol

Favours [Heatthy eating habits] Favours [Unheatthy eating habits]

The HRQoL measure used in the study: The Japanese COOP charts.
5.1.1 compared HRQoL between the breakfast eating ‘sometimes’ with the breakfast eating ‘everyday’; 5.1.2 compared HRQoL
between the breakfast eating ‘never’ with the breakfast eating ‘everyday’.

Fig.5 Meta-analyses of the odds ratio for poor HRQoL by the frequency of breakfast eating

unhealthy diets (pooled mean difference =0.03, 95% CI
0.02, 0.04, P<0.0001), with a low and nonsignificant het-
erogeneity (I*=26%, P=0.26) across the studies.

Figure 5 shows the forest plot for the difference in the
odds of poor HRQoL between unhealthy and healthy eating
groups across two cohort studies [68, 69] and one cross-
sectional study (70). Children who ate breakfast ‘sometimes’
or ‘never’ had a higher odds of having poor HRQoL than
the children who ate breakfast ‘everyday’ (OR=1.33, 95%
CI 1.05, 1.68, P<0.05 for ‘sometimes’ group; OR=1.56,
95% CI 1.19, 2.04, P <0.01 for ‘never’ group), indicating
a dose-response effect of the frequency of breakfast eat-
ing on HRQoL. The studies showed a high heterogeneity
(I*=85%, P=0.002) between breakfast eating ‘sometimes’
and ‘everyday’. The high heterogeneity may be explained by
the differences in characteristics of the samples and in the
design across the studies.

The funnel plot for the studies included in Figs. 2 and
3 is presented in Fig. 6. The funnel plot of the mean dif-
ference (MD) in total HRQoL score plotted against the
standard error (SE) of the MD across six studies appeared
symmetrical (Fig. 6a), suggesting no presence of publica-
tion bias (intercept a=—0.03, t=—0.05, P=0.966 in Egger
test). The funnel plot for physical and psychosocial HRQoL,
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respectively, appeared slightly asymmetrical (Fig. 6b), and
the Egger test showed no significant risk of publication
bias (a=—-1.46, t=—1.15, P=0.334 for physical QoL,
a=-0.70, t=—-0.66, P=0.554 for psychosocial QoL).

Discussion

The present systematic review is the first to synthesize how
diet quality and dietary behavior influence health-related
quality of life in the healthy population of children and ado-
lescents. We have found evidence that higher diet quality and
healthy dietary patterns or behaviors are associated with bet-
ter health-related quality of life in children and adolescents.
Diet quality and dietary behaviors have significant effects on
multiple domains of HRQoL including physical function-
ing, school functioning, emotional functioning, physical and
psychosocial quality of life. We have found a dose-response
relationship with respect to the effect of diet quality and die-
tary behaviors on HRQoL among children and adolescents.

We observed the evidence for consistent cross-sec-
tional and temporal associations between the diet expo-
sures and health-related quality of life. The association
was demonstrated for HRQoL outcomes measured by both
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Fig.6 Funnel plots of com-
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multidimensional generic pediatric HRQoL profiles (e.g.,
PedsQL) and utility measures (e.g., the CHU9D, the AQoL-
6D). The associations between diets and HRQoL were
reported to be independent of weight status, age, gender and
socioeconomic characteristics of children and adolescents.
These findings add to the existing literature that has inves-
tigated the relationship between diet quality and HRQoL in
children and adolescents with a variety of chronic diseases
[23, 24] and are consistent with the previous research that
has addressed the relationship between diet quality, nutrient
patterns and HRQoL in adult populations [48, 73-76].

The relationship between diet quality or dietary behav-
ior and multidimensional health-related quality of life in
children and adolescents has not been extensively exam-
ined in the published literature as previous studies in this
field often evaluated health status using a single item health
indicator variable such as self-rated health [36, 40, 42—-44,
55]. Relative to multidimensional HRQoL measures, use
of single-item self-perceived health is limited in evalua-
tions of the impact of diets on individual components or
domains of HRQoL. The present review filled the gap by
revealing positive influence of diet quality predictors on
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different aspects of the health status assessed with multidi-
mensional of HRQoL instruments among children and youth
through a systematic synthesis of the primary research in
this field. For example, Boyle’s and Michels’s studies found
that children and adolescents who ate more fat in their diets
reported a significantly lower emotional functioning than
the peers who ate healthy foods [27, 63]. Several studies
observed that children and adolescents who consumed more
fruits and vegetables (versus low consumption of fruits and
vegetables) experienced higher HRQoL in social function-
ing, physical functioning and psychosocial health summary
scores in the PedsQL [63, 65, 67]. The present finding is
consistent with the previous studies showing that poor diet
quality and unhealthy dietary patterns are related to poor
physical health, mental health and low psychosocial health
in children and adolescents [4, 5, 8-11, 77].

The present systematic review contributes to the literature
on the relationship between diets and HRQoL for reveal-
ing a dose-response effect between poor diet quality or
an unhealthy dietary behavior and impaired health-related
quality of life in children and adolescents. The associa-
tion appears to be in a linear trend between the dose of the
diet exposure and the level of HRQoL, and this result was
reported for a variety of the diet-related predictors includ-
ing total diet quality scores [26, 28], yogurt consumption
[62], dietary pattern [65], frequency of breakfast eating
[68, 69] and food insecurity [71]. However, the finding is
mainly based on cross-sectional studies, and prospective
studies are sparse. In the future research, more longitudinal
studies are needed to confirm the dose-response effect to
strengthen the inference for a causal relationship between
diet quality, dietary behavior and HRQoL during childhood
and adolescence.

In terms of the effect of different food groups or compo-
nents of diets on health-related quality of life, some studies
observed that unhealthy diets of fatty foods, sweet intake and
salty snack food consumption were related to poor HRQoL
[27, 63, 64, 68-70], while higher intakes of fruits and veg-
etables, yogurt and fish were related to better HRQoL child-
hood and adolescence [62, 63, 67]. While the observation
by Gopinath et al. that yogurt was associated with better
HRQoL of adolescent boys added evidence that yogurt can
be beneficial to adolescents’ health [62], the effect of yogurt
on children and adolescents’ health is debatable. Studies
have shown that yogurts with high sugar content may had
an adverse effect on health status among children and youth
[78]. Research that expands cohort studies and randomized
controlled trials and that evaluates different nutrient contents
of yogurts is needed to confirm the relationship and direction
between yogurt consumption and health status among chil-
dren and adolescents The observation that a good adherence
to Mediterranean dietary pattern among children and adoles-
cents is associated with better HRQoL is in accordance with
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previous studies in adults showing that adherence to healthy
diets is related to significant improvements in multiple sub-
scales of quality of life [73—75]. These findings suggest that
either the overall dietary pattern or some food groups are
sensitive predictors for HRQoL with healthier diets associ-
ated with elevated HRQoL.

The mechanism for the associations between diet quality,
some food groups and HRQoL has yet to be studied. Several
studies in the present review provided possible explanations
for the biological mechanism [25, 63, 65]. Healthy foods
like fruits and vegetables, whole grains and fish are rich in
essential nutrients such as folate, B-group vitamins, zinc,
magnesium and fiber. These nutrients could help modulate
immune system functioning, improve metabolic processes
and positively influence neurotransmitters and cortisol activ-
ity among children and youth [25, 63, 65]. Previous stud-
ies have also documented possible pathways through which
the diet quality may influence mental health disorders in
children and adolescents such as depression and anxiety
[5]. Future investigations in this regard should confirm the
mechanism for the protective effect of healthy dietary factors
on HRQoL among children and adolescents.

When interpreting the difference in HRQoL values
between comparison groups by diet quality or a diet behav-
ior, it is also necessary to consider whether the magnitude
of the difference in HRQoL is clinically important or signifi-
cant, that is to say to identify the minimum clinically impor-
tant difference (MCID), or the minimally important differ-
ence (MID) of HRQoL values [79]. The MID represents a
meaningful difference in the HRQoL value that has clinical
or practical importance for public health and health interven-
tions. The MID criterion varies with HRQoL instruments as
their scaling methods and the range of scores are different.
For example, a 4.5-point difference in HRQoL across groups
was considered as the MID value for the PedsQL instrument
[80]. In the present review, several primary studies discussed
the use of MID [26, 27, 64]. We observed that the difference
in HRQoL scores was greater than the MID value for some
group comparisons. For example, Gopinath et al. [62] indi-
cated that adolescent boys who were in the highest tertile
of yogurt intake relative to the lowest tertile over the 5-year
follow-up had 7.4-units higher psychosocial health summary
scores, 12.4-units higher school functioning scores, which
exceeded the MID value of 4.5 unit for the PedsQL 4.0 [62].

Due to a large heterogeneity in the measurement of the
diet exposures and the health-related quality of life, we per-
formed meta-analyses for a small number of studies com-
paring the HRQoL in children and adolescents with healthy
diets to those child and adolescent peers with poor diets.
We applied random effect model to account for the het-
erogeneity across studies in the meta-analysis. The meta-
analysis showed a significant positive effect of diet quality
and healthy dietary behaviors for HRQoL assessed by both
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HRQoL profile measures and utility measures. Several other
studies [25, 63, 67] used similar HRQoL measures (e.g., the
PedsQL, the AQoL-6D) to the studies in the meta-analysis.
Since these studies did not report the mean HRQoL score
with the standard deviation by the diet exposure groups,
they were not included in the meta-analysis. In addition,
we were not able to perform subgroup analysis by differ-
ent study designs in the meta-analysis due to sparse data
from prospective studies. Future research is recommended
to extend studies that utilize similar measures for HRQoL,
diet quality and dietary behavior, and increase prospective
studies to facilitate comparisons across studies by differ-
ent types of HRQoL outcomes and design methods using
meta-analysis. The Egger test for funnel plots showed no
significant indication of publication bias across the studies in
the meta-analysis. However, the number of studies assessed
in the funnel plot was relatively small, the power of funnel
plots for detection of publication bias may be limited as pre-
vious studies suggest that funnel plot asymmetry tends to be
greater in meta-analysis with smaller number of studies [30].
Future research is needed to add more studies to facilitate
assessment of publication bias using funnel plots.

HRQOoL in children and adolescents is a multidimen-
sional construct that includes physical, emotional, social and
school functioning [80] and is considered to be a sub-set of
overall quality of life [81]. The HRQoL measures in the pre-
sent review are heterogeneous with respect to the underly-
ing construct coverage. Some instruments (e.g., the EQ-5D)
include questions that measure the multidimensional con-
struct of physical and mental health pertaining only to dis-
ease and disorder impact. Other HRQoL instruments (e.g.,
the PedsQL, the CHU9D) contain a number of questions
that cover broader constructs of health and health impacts,
including some dimensions measuring other aspects of QoL
that are less or not health related, such as school work and
coping. Given the heterogeneity in the subscales between
the HRQoL measures, we mainly focused on qualitative data
synthesis of the results from the primary studies (Tables 2,
3). The comparison of scores between different HRQoL
measures in the meta-analysis may be influenced by the
heterogeneity in the dimension coverage. Future research
needs to expand studies that use more homogeneous HRQoL
measures to facilitate subgroup synthesis by the HRQoL
instrument and by the underlying dimension.

There are several strengths of the present review. We
performed a comprehensive literature search with a rigor-
ous selection process for the identification of eligible stud-
ies using predefined inclusion and exclusion criteria. The
health-related quality of life was measured by a variety of
generic multidimensional HRQoL measures and preference-
based measures, allowing for analysis of the effect of the
diet exposure on both total HRQoL and a specific domain
of HRQoL, and on both generic HRQoL profiles and utility

measures. We included a range of diet exposures (e.g., diet
quality, dietary behavior pattern, food insecurity), which
granted an opportunity to assess the effect of diverse diet
exposures on HRQoL among children and adolescents.
Since the majority of the included studies used large popu-
lation-based samples of children and adolescents, the influ-
ence of important confounders such as socio-demographic
characteristics, body weight status, physical activity of
children and adolescents can be simultaneously accounted
for in multivariable regression analyses. Hence, the effect
of diets on HRQoL observed in the present review can be
considered being independent of socio-demographic charac-
teristics, body weight status and physical activity of children
and adolescents.

Limitations in the present study should also be clarified
when interpreting the results. Most of the included studies
were cross-sectional studies and very few prospective studies
were available for the evaluation. The results of this review
should be interpreted with caution with respect to a causal
relationship between the diet exposure and HRQoL in chil-
dren and adolescents. Despite most primary studies used val-
idated and reliable food frequency questionnaires or dietary
intake questions, the assessment of dietary intake was based
on self- or parent-report, which was prone to measurement
error and thus may have influenced the results. Studies have
reported that self-reported food frequency questionnaires
tend to underestimate energy and fat intake due to social
desirability bias [82, 83]. Finally, although most included
studies have taken account of the effect of important con-
founding predictors in the analysis, results in some studies
may have been affected by residual confounding due to a
presence of unmeasured potential confounding variables.

Conclusion

We have shown in the present study that high diet quality
and healthy dietary behaviors are associated with increased
health-related quality of life in children and adolescents.
More prospective studies are needed to ascertain the positive
impact of the diet quality on future health-related quality of
life among healthy populations of children and adolescents.
The findings of this review may help justify the primary pre-
vention and public health policy for broader investments in
school or community health programs targeting at promoting
healthy eating and nutrition among children and adolescents
to enhance their health-related quality of life.
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