Clinical Nutrition Xxx (XXXX) XXX

Contents lists available at ScienceDirect CLINICAL
NUTRITION

Clinical Nutrition

journal homepage: http://www.elsevier.com/locate/clnu

Original article

Diet quality in early and mid-childhood in relation to trajectories of
growth and body composition

Anh N. Nguyen * b Vincent Jen ¢, Vincent W.V. Jaddoe * b.¢ Fernando Rivadeneira ¢,

Pauline W. Jansen © f M. Arfan Ikram ?, Trudy Voortman "

2@ Department of Epidemiology, Erasmus University Medical Center, PO Box 2040, 3000 CA, Rotterdam, the Netherlands

b The Generation R Study Group, Erasmus University Medical Center, PO Box 2040, 3000 CA, Rotterdam, the Netherlands

€ Department of Pediatrics, Erasmus University Medical Center, PO Box 2060, 3000 CB, Rotterdam, the Netherlands

d Department of Internal Medicine, Erasmus University Medical Center, PO Box 2040, 3000 CA, Rotterdam, the Netherlands

€ Department of Child and Adolescent Psychiatry/Psychology, Erasmus University Medical Center, PO Box 2060, 3000 CB, Rotterdam, the Netherlands
f Department of Psychology, Education and Child Studies, Erasmus University Rotterdam, PO Box 1738, 3000 DR, Rotterdam, the Netherlands

ARTICLE INFO SUMMARY
Article history: Background: A balanced diet in childhood is important for growth and development. We aimed to
Received 25 October 2018 examine associations of overall diet quality in both early and mid-childhood with trajectories of growth

Accepted 14 March 2019 and body composition until age 10 years.

Methods: We included 3991 children from the Generation R Study, a population-based, prospective
K‘?J/W"Tdsf cohort in Rotterdam, the Netherlands. At child's ages of 1 and 8 years, dietary intake was assessed using
gii;,qt‘;ahty food-frequency questionnaires to calculate diet quality scores (0—10), which measure adherence to age-
Body composition specific dietary guidelines. Height and weight were measured repeatedly between ages 1 and 10 years.
Children Body composition was assessed using dual-energy X-ray absorptiometry at ages 6 and 10 years. We
Cohort calculated sex- and age-specific SD-scores for body mass index (BMI), fat mass index (FMI), fat-free mass
index (FFMI), and body fat percentage (BF%).
Results: After adjustment for socioeconomic and lifestyle factors, results from linear mixed models
showed that higher diet quality at 1 year was associated with higher height, weight, and BMI up to age 10
years. Using linear regression analyses, similar associations were observed for diet quality at 8 years. For
diet quality at both time points, positive associations with BMI were fully driven by a higher FFMI
(B = 0.07 SDS, 95%CI: 0.05, 0.10 for diet quality at 8 years), and not FMI or BF%. Most of the observed
associations were independent of diet quality at the other time point.
Conclusion: We observed that better diet quality in both early and mid-childhood was associated with
higher height, weight, and FFMI, but not with body fatness up to age 10 years. This was independent of
diet quality at an earlier or later time point. Our findings suggest that dietary intake according to dietary
guidelines may have a beneficial impact on growth and body composition throughout childhood.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction reported that dietary intake of certain nutrients or foods, such as
protein, dietary fat, or sugar-sweetened beverages, are associated
Nutrition in childhood is important for growth and develop- with children's obesity risk and body composition [2—6]. Childhood

ment of the child, and for health later in life [1]. Previous studies obesity may cause serious health complications, and may increase
the risk of obesity in adulthood [7] and thereby the risk of coronary

heart diseases, diabetes, and premature death [8].
- Children consume a variety of foods rather than single nutrients
Abbreviations: BMI, Body mass index; CI, Confidence interval; DXA, Dual-energy and foods, and these different nutrients and foods interact [9]

X-ray absorptiometry; FFQ, Food-frequency questionnaire; FMI, Fat mass index; . . . . .
FFMI, Fat-free mass index; IQR, Interquartile range; SDS, Standard deviation score. Studying overall dietary patterns takes these interactions into ac
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of dietary intake data within a study population) or predefined
(e.g., based on specific dietary guidelines or recommendations) [9].
A review including seven studies among children showed positive
associations of data-driven dietary patterns characterized by in-
takes of energy-dense, high-fat, and low-fiber foods with later
obesity risk [10]. However, most studies only examined body mass
index (BMI) as a measure of obesity, and only one of the cohorts
included in this review used dual-energy X-ray absorptiometry
(DXA) to assess body fat mass, but not fat-free mass [11]. In addi-
tion, a Canadian study observed that children aged 8—10 years with
a higher score on a predefined diet quality index gained less body
fat over a 2-year period [12]. In contrast to these studies in school-
age children, we previously observed in the Generation R Study
that a higher predefined diet quality score at age 1 year was not
associated with fat mass at age 6 years, but rather with a higher fat-
free mass [13]. However, whether these associations track into later
childhood and whether diet in early and mid-childhood differently
affects body composition remains unclear.

Therefore, we aimed to first extend our previous analyses on
diet quality at age 1 year in relation to body composition at age 6
years [13] with data on growth and detailed measures of body
composition up to age 10 years, taking into account diet quality in
mid-childhood. As a second aim, we explored associations of
overall diet quality at age 8 years with anthropometrics and body
composition at age 10 years. For both aims, we examined whether
associations are independent of diet quality at the other time point.

2. Methods
2.1. Study design and population

This study was embedded within the Generation R Study, an
ongoing population-based prospective cohort from fetal life on-
ward in the Netherlands [14]. Pregnant women were enrolled be-
tween April 2002 and January 2006 and a total of 9749 live-born
children were available for follow-up. Parents of all participating
children provided written informed consent and approval was
obtained from the medical ethical committee of Erasmus University
Medical Center, Rotterdam [14].

At the child's age of 1 year, a food-frequency questionnaire (FFQ)
to assess diet in early childhood was sent to parents of 5088 chil-
dren. Dietary data was available for 3629 of the children [15]. Of
these children, 3573 had data on anthropometrics and 3122 on
body composition available at one or more time points up to age 10
years. At the age of 8 years, an FFQ was sent to parents of 7662
children to assess mid-childhood diet. Data on dietary intake was
available for 4733 of these children [16]. Around the age of 10 years,
we had data available on anthropometrics for 3991 children and on
body composition for 3950 children (Fig. 1).

2.2. Measures

2.2.1. Diet quality in early childhood

As previously described in detail [15,17], dietary intake in
early childhood was assessed at a median age of 12.9 months
(interquartile range (IQR) 12.7—14.0) with a semi-quantitative
FFQ covering the past month. Energy and nutrient intakes were
calculated using the Dutch Food Composition Table. The FFQ was
validated against three 24-h recalls in 32 Dutch children, which
showed reasonable to good intraclass correlation coefficients for
nutrient intake ranging from 0.4 to 0.7 [15]. We applied a pre-
viously defined diet quality score for preschool children, which
was constructed based on age-specific dietary guidelines [15].
The ten following components were included: intake of vegeta-
bles (>100 g/d); fruit (>150 g/d); bread and cereals (>70 g/d);

rice, pasta, potatoes, and legumes (>70 g/d); dairy (>350 g/d);
meat, poultry, eggs, and meat substitutes (>35 g/d); fish (>15 g/
d); oils and fats (>25 g/d); candy and snacks (<20 g/d); and
sugar-sweetened beverages (<100 g/d) [15]. For each component,
ratios of reported intakes and recommended intakes were
calculated, capped at 1. For example; a vegetable intake of 60 g/
d resulted in a score of 0.6 (60 divided by 100) for the vegetable
component. The scores were reversely coded for the ‘candy and
snacks’ and ‘sugar-sweetened beverages’ components, meaning
that higher scores reflected lower intakes. Scores for the indi-
vidual components (ranging from 0 to 1) were summed, resulting
in an overall score between 0 and 10, with higher scores repre-
senting a healthier diet [15]. Previous evaluation of this diet score
in the Generation R cohort showed adequate construct validity; it
was positively associated with intakes of nutrients considered
healthy and inversely associated with intakes of unhealthy nu-
trients [15].

2.2.2. Diet quality in mid-childhood

Dietary intake in mid-childhood was assessed at a median age of
8.1 years (IQR 8.0—8.2) with a semi-quantitative FFQ covering the
past month, as described in detail elsewhere [16,18]. Energy and
nutrient intakes were calculated using the Dutch Food Composition
Table. The FFQ was validated for energy intake against energy
expenditure measured with the doubly labeled water method. This
validation showed good correlation (Pearson's r = 0.6) and Bland-
Altman mean-difference plots showed no relevant systematic bias
[18]. We applied a previously defined diet quality score for school-
age children reflecting adherence to age-specific dietary guidelines
[16]. This score included the following ten components: intake of
fruit (>150 g/d); vegetables (>150 g/d); whole grains (>90 g/d);
fish (>60 g/w); legumes (>84 g/w); nuts (>15 g/d); dairy (>300 g/
d); oils and fats (>30 g/d); sugar-containing beverages (<150 g/d);
and meat (<250 g/w). Similar to the approach used for the diet
score for preschool children, ratios of reported intakes and rec-
ommended intakes were calculated for each component, with
reverse coding for the ‘sugar-containing beverages’ and ‘meat’
components. The component scores were summed into an overall
diet quality score (0—10). Further details on the diet score and its
construct validity are reported elsewhere [16].

2.2.3. Anthropometrics and body composition

Children's anthropometrics were measured at eight different
time points between ages 1 year and 10 years. All measurements
were performed without shoes and heavy clothing. Up to age 4
years, measurements were taken during routine visits at the Child
Health Centers at median ages of 14.3 (IQR 14.1-14.6), 18.3 (IQR
18.1-18.9), 24.7 (IQR 24.2—25.6), 30.5 (IQR 30.1-31.3), 36.6 (IQR
36.2—37.4), and 45.8 (IQR 45.3—46.6) months. At the ages of 6.0
(IQR 5.8—6.2) and 9.7 (IQR 9.6—9.8) years, measurements were
performed during visits to our research center at Erasmus Medical
Center. Weight was measured with a mechanical personal scale
(SECA, Almere, the Netherlands), and height was measured with a
Harpenden stadiometer (Holtain Limited, DYFED, U.K.). During
these visits, we also measured body composition (fat and lean
mass) with a DXA scanner (iDXA, Ge-Lunar, 2008, Madison, WI,
USA) using enCORE software version 13.6. We calculated BMI
(weight (kg)/height(m)?), fat mass index (FMI) (fat mass (kg)/
height(m)?), fat-free mass index (FFMI) (fat-free mass (kg)/
height(m)?), and body fat percentage (BF%) (fat mass as percentage
of total body weight). Overweight status was defined based ac-
cording to Cole's criteria [ 19]. Subsequently, we calculated age- and
sex-specific standard deviation scores (SDS) for all outcomes based
on available data from participants in the Generation R Study [14].
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Fig. 1. Flowchart of population for analysis.

2.2.4. Covariates

We assessed several socioeconomic and lifestyle factors at study
enrollment, in infancy, or in childhood. Information on maternal
age, maternal educational level (low; high), parity (nulliparous;
multiparous), folic acid supplement use in early pregnancy (no;
started in first ten weeks; started periconceptional), and household
income (<2200; >2200 Euros/month) was obtained using ques-
tionnaires at enrollment in the study. During each trimester,
questionnaires were used to assess whether mothers drank alcohol

(never; until pregnancy was known; continued drinking occa-
sionally; continued drinking frequently) and smoked (never; until
pregnancy was known; continued smoking during pregnancy).
Maternal height and weight were measured at our research center
at enrollment, and BMI was calculated.

Information on child's date of birth and sex was obtained from
medical records. Child's ethnicity (Dutch; non-Dutch) was defined
based on the country of birth of the parents, on which information
was obtained with questionnaires. Information on breastfeeding
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was obtained for the first 4 months of life (never; partially; exclu-
sively) via questionnaires.

Around age 10 years, we used questionnaires to obtain infor-
mation on child's participation in sport activities (<2; >2 h/week)
and screen time, defined as time watching television and/or using
computers (<2; >2 h/day). Questionnaires were also used to update
information on maternal smoking status (never; former; current)
and household income (<2800; >2800 Euros/month). In addition,
mother's height and weight were measured to update their BMI.

2.3. Statistical analyses

For our first aim, linear mixed models were used to examine
associations of diet quality at age 1 year with trajectories of growth
between ages 1 and 10 years and body composition between ages 6
and 10 years. This method incorporates all available repeated
measurements of the outcomes simultaneously and takes into ac-
count that these measurements are correlated within participants.
We used likelihood ratio tests to determine a suitable fixed-effect
structure and a random effect structure, which we used in each
of the longitudinal models. The fixed effect structure was specified
using three multivariable models and the random effects structure
included a random intercept for the body composition outcomes
and a random intercept and slope for time of repeated outcome
measures for the growth outcomes. Covariates were selected based
on previous literature or a change of >10% in effect estimates when
they were entered stepwise in model 1. Model 1 included child's
sex, ethnicity, age at dietary assessment, and total energy intake.
The second model was additionally adjusted for several socioeco-
nomic and lifestyle factors: maternal age, maternal educational
level, parity, folic acid supplement use, household income, alcohol
intake during pregnancy, smoking during pregnancy, breastfeed-
ing, sports, and screen time. To examine whether associations of
diet quality in early childhood with trajectories of growth and body
composition were independent of diet in mid-childhood, model 3
was additionally adjusted for diet quality at the age of 8 years. To
examine whether diet quality modified trajectories of growth and
body composition, we included interactions between diet quality
and age of outcome measures in the fixed effects structure. To
examine whether associations of diet quality with growth and body
composition differed by child's sex, an interaction term was
included in the models.

For our second aim, we used linear regression models to analyze
associations of diet quality at age 8 years with child's anthropo-
metrics and body composition at age 10 years. These associations
were analyzed using the previously mentioned models 1, 2, and 3,
with some adaptations in models 2 and 3. In model 2, the early-life
factors were replaced by factors that were more relevant in later
childhood (e.g., smoking during pregnancy was replaced by
maternal smoking status at the 10-year visit). To examine whether
associations were independent of early-childhood dietary factors,
model 3 was additionally adjusted for diet quality in early child-
hood and breastfeeding.

Because the FFQs were originally developed for Dutch pop-
ulations, we performed sensitivity analyses restricted to partici-
pants with a Dutch ethnic background. To verify that associations of
the diet scores were not driven by one specific component of the
score, we repeated the analyses excluding each component at a
time (i.e., diet score including nine components instead of ten). To
reduce the possibility of reverse causation, analyses were repeated
excluding children with overweight or obesity at baseline. For the
linear mixed models, we also performed sensitivity analyses in
which we excluded outcome measurements that were taken during
the first year following dietary assessment to examine whether
these measures drive or attenuate the associations. To reduce

potential bias due to missing values on covariates (ranging from 0%
to 28.1%), these variables were multiple imputed (n = 10 imputa-
tions) [20]. Exposures and outcomes were not imputed. When the
diet quality score was included as a confounder in the analyses, the
multiple-imputed variable was used; when it was used as the main
exposure, the unimputed values were used. We present pooled
regression coefficients of the 10 imputed datasets. Results were
considered statistically significant at P < 0.05, two-sided alpha er-
ror. The statistical analyses were carried out using SPSS statistics
version 21.0 (IBM Inc., Armonk, NY, USA) and R version 3.4.1 (The R
Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Population characteristics

Because we observed significant interactions of diet quality with
sex in some of the analyses, Table 1 presents characteristics of the
total study population and stratified by sex. The majority of the
children had a Dutch ethnic background (67.4%), came from
households with a higher income (69.5%), or played sports for more
than two hours/week (66.4%). Mean (+SD) diet quality of the
children was 4.3 (+1.3) out of a maximum score of 10 at age 1 year
and 4.6 (+1.2) at age 8 years, indicating that adherence to dietary
guidelines at both time points was suboptimal [15,16]. Although
boys had a slightly higher diet quality score than girls at both ages
(Table 1), there was no difference after adjustment for total energy
intake [15,16]. Diet quality at the two time points was positively but
weakly correlated (r = 0.2, p < 0.01) [16].

3.2. Diet quality in early childhood

One point higher diet quality score at the age of 1 year was
associated with a 0.05 SDS greater height (95%CI: 0.02, 0.08) and a
0.06 SDS higher weight (95%CI: 0.04, 0.09) up to the age of 10 years
(model 2, Table 2). Additional adjustment for diet quality in mid-
childhood hardly affected these associations (model 3, Table 2).
Also, we observed a positive association between diet quality at age
1 year and BMI up to age 10 years (8 = 0.05 SDS, 95%CI: 0.02, 0.08),
which was completely driven by a higher FFMI (f = 0.04, 95%CI:
0.004, 0.07), and not FMI or BF% (model 2, Table 2). The direction of
the associations remained similar after additional adjustment for
diet quality at age 8 years, but the association with FFMI was no
longer statistically significant (8 = 0.03, 95%Cl: -0.01, 0.06) (model
3, Table 2). These associations did not differ between boys and girls
(p-for-interaction >0.05 for all outcomes).

3.3. Diet quality in mid-childhood

For our analyses on diet in mid-childhood, we observed that also
higher diet quality score at the age of 8 years was associated with
greater height (3 = 0.06 SDS per one point higher diet score, 95%Cl:
0.03, 0.08) and higher weight (B = 0.04, 95%CI: 0.02, 0.07) at the age
of 10 years (model 2, Table 3). These associations attenuated
slightly, but remained statistically significant after additional
adjustment for early-childhood diet (model 3, Table 3). We also
observed a positive association with BMI at age 10 years (f = 0.03,
95%CI: 0.003, 0.05) (model 2, Table 3), but this association was no
longer statistically significant after additional adjustment for diet in
early childhood (B = 0.02, 95%CI: -0.003, 0.04) (model 3, Table 3).
When we further examined fat mass and fat-free mass, we
observed an association between a higher diet quality at 8 years
and a higher FFMI (B = 0.07, 95%CI: 0.05, 0.10), but not FMI or BF%
(model 2, Table 3). This association with FFMI remained similar
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Table 1
Characteristics of the population for analysis.

Mean + SD, median (IQR), or %

Total population (n = 3991)

Girls (n = 2022)

Boys (n = 1969)

Child characteristics
Sex
Girls
Ethnicity
Dutch
Child dietary assessments at 1 year
Age at dietary intake (y)
Total energy intake (kcal/d)
Diet quality at 1 year (score range 0—10)
Breastfeeding in the first 4 months
Never
Partially
Exclusively
Child dietary assessments at 8 years
Age at dietary intake (y)
Total energy intake (kcal/d)
Diet quality at 8 years (score range 0—10)
Child growth measurements at 10 years
Age (y)
Height (cm)
Weight (kg)
Body mass index (kg/m?)
Fat mass index (kg/m?)
Fat-free mass index (kg/m?)
Body fat percentage (%)
Overweight or obese®
Screen time
>2 h/day
Sports
>2 h/week

Parental characteristics during 10-year visit

Maternal age (y)
Maternal BMI (kg/m?)

50.7%
67.4%

1.1(1.1-1.2)
1261 (1060—1491)
43+13

9.3%
63.9%
26.7%

8.1 (8.0-8.2)
1461 (1239—1703)
46+12

9.7 (9.6-9.8)
141.4(137.2-1458)
33.6 (30.2—38.0)
16.8 (15.6—18.3)

41 (33-5.5)

12,5 (11.8-13.2)
252 (21.1-30.6)
14.5%

51.3%
66.4%

42.1 (39.1-44.7)
244 (22.2-27.6)

67.5%

1.1(1.1-1.2)
1210 (1031-1438)
42413

8.9%
64.1%
27.0%

8.1 (8.0-8.2)
1398 (1191-1613)
45+12

9.7 (9.6-9.8)

141.2 (136.8—145.8)
33.6 (30.0—38.2)
16.8 (15.5—18.5)
45 (3.7-5.9)

12.1 (11.6-12.8)
27.4 (23.7-32.5)
16.0%

46.2%
59.2%

42.0 (39.0—44.4)
243 (22.2-27.8)

67.3%

1.1(1.1-1.2)
1320 (1095—1547)
44413

9.8%
63.9%
26.4%

8.1 (8.0-8.2)
1537 (1301-1770)
46+12

9.7 (9.6-9.8)

141.5 (137.4-145.8)
33.6 (30.4—37.8)
16.7 (15.7-18.2)
3.7 (3.0-4.9)

12.8 (12.2—-13.5)
22.6 (19.0-27.7)
12.9%

56.5%
73.9%

42.1 (39.2—44.8)
245 (22.2-27.6)

Maternal education

Higher 63.1% 63.4% 62.9%
Maternal smoking

Never 53.8% 53.7% 54.0%

Former 32.9% 32.7% 33.0%

Current 13.3% 13.6% 13.0%
Household income

>2800 Euros/month 69.5% 70.5% 68.4%

Values are means + SD for continuous variables with a normal distribution, medians (interquartile range) for continuous variables with a skewed distribution, and valid
percentages for categorical variables. Missing data of covariates (ranging from 0% to 28.1%) were imputed with multiple imputation (n = 10 imputations).
2 According to international age- and sex-specific cut-offs for BMI [19].

Table 2
Associations of diet quality at age 1 year with child's trajectories of growth and body composition up to the age of 10 years.

Height Weight
(SDS) n = 3573 (SDS) n = 3573

Body mass index Fat mass index Fat-free mass
(SDS) n = 3573 (SDS) n = 3112

Percentage body fat
index (SDS) n = 3112 (SDS) n = 3112

Diet quality score 1 year

Model 1 (basic) 0.05 (0.02, 0.08) 0.05 (0.02, 0.08) 0.04 (0.01, 0.06) ~0.01 (~0.04, 0.02) 0.03 (0.002, 0.06) ~0.02 (~0.05, 0.01)
Model 2 (confounder) 0.05 (0.02, 0.08) 0.06 (0.04, 0.09) 0.05 (0.02, 0.08) 0.02 (~0.01, 0.05) 0.04 (0.004, 0.07) 0.01 (~0.02, 0.04)
Model 3 (DQ 8 y) 0.04 (0.01, 0.07) 0.06 (0.03, 0.09) 0.05 (0.02, 0.07) 0.02 (~0.01, 0.05) 0.03 (—0.01, 0.06) 0.01 (~0.02, 0.04)

Values are regression coefficients and 95% confidence intervals based on linear mixed models and reflect differences in growth or body composition per 1 point higher diet
quality score. Bold values indicate statistically significant effect estimates.

Model 1 (basic): adjusted for gender, ethnicity, age dietary assessment, and total energy intake.

Model 2 (confounder): additionally adjusted for maternal age, maternal educational level, parity, folic acid supplement use, household income, alcohol intake during preg-
nancy, smoking during pregnancy, breastfeeding, playing sports, and screen time.

Model 3 (diet quality 8 y): additionally adjusted for diet quality at the age of 8 years.

after additional adjustment for infant diet quality (f = 0.06, 95%CI: was larger in girls than in boys (B = 0.09 SDS, 95%CI: 0.05, 0.12 in

0.04, 0.09) (model 3, Table 3). girls versus f = 0.04, 95%CI: 0.000, 0.07 in boys) (model 3, Table 4).
After stratification by sex (p-for-interaction <0.05 for height,

weight, and BMI), associations for diet quality at 8 years with an- 3.4. Sensitivity analyses

thropometrics only remained in girls, but not in boys (Table 4). The

positive association of diet quality at age 8 years with FFMI at age 10 Interactions of diet quality with age at outcome measurements

years was observed for both boys and girls, but the effect estimate were not statistically significant. This suggests that diet quality
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Table 3

Associations of diet quality at age 8 years with child's growth and body composition at the age of 10 years.

Height (SDS)
n = 3991

Weight
(SDS) n = 3991

Body mass index
(SDS) n = 3991

Fat-free mass index
(SDS) n = 3950

Fat mass index
(SDS) n = 3950

Percentage body fat
(SDS) n = 3950

Diet quality score 8 years
Model 1 (basic)

Model 2 (confounder)
Model 3 (DQ 1y)

0.06 (0.04, 0.09)
0.06 (0.03, 0.08)
0.05 (0.02, 0.08)

0.01 (~0.01, 0.03)
0.04 (0.02, 0.07)
0.04 (0.01, 0.06)

—0.02 (~0.04, 0.004)
0.03 (0.003, 0.05)
0.02 (~0.003, 0.04)

—0.05 (—0.07, -0.03)
0.001 (—0.02, 0.02)
~0.001 (—0.03, 0.02)

0.06 (0.03, 0.08)
0.07 (0.05, 0.10)
0.06 (0.04, 0.09)

—0.07 (—0.09, -0.04)
~0.01 (~0.04, 0.01)
~0.02 (~0.04, 0.01)

Values are regression coefficients and 95% confidence intervals (Cls) from linear regression analyses and reflect differences in growth or body composition per 1 point higher

diet quality score. Bold values indicate statistically significant effect estimates.

Model 1 (basic): adjusted for gender, ethnicity, age dietary assessment, and total energy intake.
Model 2 (confounder): additionally adjusted for maternal educational level, playing sports, screen time, maternal smoking, household income, and maternal BMIL.
Model 3 (diet quality 1 y): additionally adjusted for diet quality at age 1 year and breastfeeding.

Table 4

Associations of diet quality score at 8 years with child's growth and body composition at the age of 10 years stratified for sex.

Height (SDS) Weight (SDS)

Body mass index (SDS) Fat mass index (SDS) Fat-free mass index (SDS)

Percentage body fat (SDS)

Girls n = 2022 n = 2022 n = 2022

n = 2004 n = 2004 n = 2004

Diet quality score 8 years

Model 1 (basic) 0.09 (0.06, 0.13)
Model 2 (confounder) 0.09 (0.05, 0.12)
Model 3 (DQ 1y) 0.07 (0.03, 0.11)

0.04 (0.01, 0.08)
0.07 (0.04, 0.10)
0.06 (0.02, 0.09)

0.05 (0.01, 0.08)

0.01 (~0.03, 0.04)

0.04 (0.004, 0.07)

—0.03 (~0.06, 0.001)
0.01 (—0.02, 0.04)
0.004 (~0.03, 0.04)

0.08 (0.04, 0.11)
0.10 (0.06, 0.13)
0.09 (0.05, 0.12)

—0.06 (—0.09, —0.02)
~0.01 (—0.05, 0.02)
~0.02 (~0.05, 0.02)

Boys n = 1969 n = 1969 n = 1969

n = 1946 n = 1946 n = 1946

Diet quality score 8 years
Model 1 (basic)
Model 2 (confounder) 0.03 (-0.01, 0.07)
Model 3 (DQ 1y) 0.03 (—0.01, 0.06)

0.02 (~0.02, 0.05)
0.01 (~0.02, 0.05)

0.03 (—0.003, 0.07) —0.02 (~0.06,0.01) —0.04 (—0.08, —0.01)
0.01 (—0.03, 0.04)
0.002 (—0.03, 0.04)

—0.07 (—0.10, -0.03) 0.03 (—0.003, 0.07)
~0.01(-0.04,0.03) 0.04 (0.01, 0.08)
~0.01(-0.04,0.03)  0.04 (0.000, 0.07)

—0.08 (—0.11, —0.04)
~0.01 (~0.05, 0.02)
~0.01 (~0.05, 0.02)

Values are regression coefficients and 95% confidence intervals (CIs) from linear regression analyses and reflect differences in growth or body composition (age- and sex-
specific SD scores) per 1 point higher diet quality score. Bold values indicate statistically significant effect estimates. P-for-interaction gender x diet quality score ranged

from 0.01 to 0.04 for growth and from 0.14 to 0.58 for body composition.

Model 1 (basic): adjusted for ethnicity, age dietary assessment, and total energy intake.

Model 2 (confounder): additionally adjusted for maternal educational level, playing sports, screen time, maternal smoking, household income, and maternal BMI.
Model 3 (diet quality 1 y): additionally adjusted for diet quality at age 1 year and breastfeeding.

does not affect the velocity of growth or body composition. Ana-
lyses restricted to children with a Dutch ethnic background (n be-
tween 2145 and 2691) yielded similar effect estimates as compared
to the whole group (Supplemental Tables 1 and 2). In this subgroup,
associations of diet quality at age 1 year with FFMI up to age 10
years remained statistically significant also in model 3. Analyses in
which we excluded outcome measurements that were taken during
the first year following dietary assessment showed similar associ-
ations as in the main models, suggesting that body size around the
time of food intake assessment does not seem to drive our findings
(Supplemental Table 3). Sensitivity analyses with diet quality scores
excluding one component stepwise at a time and analyses
excluding children with overweight or obesity at baseline also
showed similar effect estimates (data not shown).

4. Discussion

In this population-based cohort study, we observed that better
diet quality, both in early and mid-childhood, was associated with
higher height and weight up to the age of 10 years, independent of
diet quality at the other time point. The association of diet quality
with higher weight was explained by a higher fat-free mass, and
not fat mass or BF%. For diet quality in mid-childhood, effect esti-
mates were generally higher in girls compared to boys.

4.1. Interpretation and comparison with previous studies

In line with our previous findings that higher diet quality in
early childhood is associated with higher height, weight, BMI, and
FFMI at age 6 years in the Generation R Study [13], our current
findings show that these associations remain up to age 10 years. In
addition, we observed that most of these associations were

independent of diet quality in later childhood, which emphasizes
the importance of early-childhood diet on growth and body
composition. Also for mid-childhood diet, these associations were
independent of diet in early childhood, suggesting that not only
early-childhood diet is of high importance, but that dietary intake
in later childhood is important as well. Overall diet quality in our
population was suboptimal and not conform age-specific dietary
guidelines [15,16], but in line with other studies on diet quality of
children in Western countries [21,22]. Although previous studies
suggested that diet quality may track throughout childhood [23],
diet quality at the young age of 1 year and at age 8 years in our
study population was only weakly correlated [16]. Although the
two diet quality scores that we used were not exactly the same (e.g.,
a few differences in food groups and different cut off values), these
differences reflect differences in age-specific dietary guidelines.
Both scores thus reflect level of adherence to dietary guidelines for
that age. Our findings that both diet quality in early and mid-
childhood are important emphasize that children should have a
healthy diet in early childhood, but should also maintain this
healthy diet throughout childhood for optimal growth and to pre-
vent the development of obesity.

For diet quality at age 8 years, associations were stronger in girls
than boys. Diet quality did not differ between boys and girls at
either time point [15,16]. Given the age of our study population of
10 years at the final body composition assessment, children may be
at different peri-pubertal stages. As puberty starts at an earlier age
in girls than boys, developmental changes associated with puberty,
such as the growth spurt and hormonal changes, may explain the
stronger associations of diet quality with growth and body
composition among girls. The analyses of diet quality in mid-
childhood may support this as only body composition measure-
ments at age 10 years were included in these analyses. As suggested
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by Wells et al., height should be taken into account in measure-
ments of body composition, especially during this stage of child's
development in which rapid growth occurs [24]. The importance of
height in associations of diet with body composition in children is
also supported by findings from a Canadian study, which showed
that better diet quality was associated with lower BF% in children
aged 8—10 years, but not with BMI or FMI, in which height is taken
into account [12]. Unfortunately, sex differences in these associa-
tions were not examined. In addition to the difference in timing of
growth spurt between boys and girls, hormonal changes that occur
during puberty can also influence body composition differently;
from onset of puberty onwards, the percentage of body fat is
generally higher in girls than boys [25]. Indeed, also in our study
population, girls had a higher FMI and a lower FFMI than boys.
Further study is needed to examine sex differences in the associa-
tions of diet in childhood with growth and body composition at
different ages and to study whether these differences track into
adolescence and adulthood.

Previously, researchers from the ALSPAC Study in the UK used
reduced rank regression to identify a data-driven energy-dense,
high-fat, low-fiber dietary pattern at children's ages of 7, 10, and 13
years. This pattern was associated with a higher FMI at the ages of
11, 13, and 15 years [11]. Other studies reported a lower weight,
BMI, or BF% among children with a healthier dietary pattern
[12,13,22]. Given this previous evidence, we had expected that
children with a higher diet quality would have a lower weight and
FMI, but instead we observed associations with a higher weight and
FFMI. These partly contrasting findings could be explained by the
use of different dietary patterns. One of the previously described
studies in British children used a diet quality index [22]. This diet
quality index included intakes of both food groups and nutrients
(including fruit, vegetables, bread and cereals, but also total fat,
saturated fat, cholesterol, protein, sodium, and calcium). Contrary,
our diet quality score included only intakes of food groups, which
may make associations difficult to compare. Also, in our diet quality
score, healthier and less healthy choices were taken into account
within the components. For example, we included healthy fats (i.e.,
vegetable oils and soft margarine) rather than total fat, and we
included whole-grain products rather than total grains. Indeed, for
both the early and mid-childhood diet scores in our study, good
construct validity for nutrient intakes was observed [15,16]. In
addition, the diet quality index used a categorical scoring system;
for each component of the diet quality index, participants could
score 0, 1, or 2 points, whereas our scoring system was continuous,
thereby providing better discrimination [26]. Since their diet
quality index and our diet quality score were constructed differ-
ently, these scores could represent different dietary patterns, which
may explain why the British study observed a lower weight and
BMI in children with a higher diet quality, whereas we observed a
higher weight and BMI among those with a healthier diet. However,
the overall health effect may be similar, as our associations with
higher BMI were fully driven by a higher FFMI, and not FMI.
Therefore, evidence from both this previous study and our current
study suggests that a healthy dietary pattern may prevent the
development of adiposity in children, through a lower fat mass and/
or a higher fat-free mass.

4.2. Strengths and limitations

Strengths of this study include its large sample size, the
population-based, longitudinal design, and the availability of data
on several potential confounders. Another important strength is
that measures of body composition were assessed with DXA-scans,
allowing us to distinguish between fat mass and fat-free mass, since
BMI only is not an adequate measure of adiposity [27,28]. A few

previous studies used skinfold thickness to estimate adiposity, but
this method has been shown to underestimate body fat in children
[29]. Therefore, especially among growing children, it is important
to study the role of diet in obesity using accurate and detailed
measures of body composition, assessed with for example DXA-
scans. Furthermore, we evaluated overall dietary intake rather
than single nutrients or food products. Following this approach, we
were able to take into account the high interactions between nu-
trients and foods within a diet [9]. In addition, we had data on
dietary intake available at two different moments during child-
hood, one as a measure for early-childhood diet and one for mid-
childhood diet, and both diet quality scores have been shown to
have good construct validity [15,16]. This allowed us to study
whether associations of diet with anthropometrics and body
composition were independent of diet at an earlier or later time
point in childhood, However, dietary intake data at more time
points throughout childhood would have been better to perform
longitudinal analyses.

Several limitations should be taken into account as well. Dietary
intake was assessed with FFQs, which may be subject to mea-
surement errors [30]. However, FFQs have shown to be able to
accurately rank participants according to their dietary intake [30].
In addition, results from validation studies using the doubly labeled
water method [18] or against repeated 24 h recalls [15] showed
moderate to good validity of the FFQs used in our study. Although
both FFQs were originally developed for and validated in Dutch
children and our study population has a multi-ethnic background,
sensitivity analyses restricted to children with a Dutch ethnic
background showed similar results, suggesting no large bias due to
ethnicity. Although we were able to control for several socioeco-
nomic and lifestyle factors, some of these factors may not have been
measured perfectly and we could have missed some important
factors. For example, we did not have information on pubertal
status and no detailed information on physical activity. For the
latter, we used amount of time playing sports as a proxy, which
could have led to residual confounding. Finally, most of the par-
ticipants included in our study had a Dutch ethnic background,
were highly educated, and had a high household income, which
may limit the generalizability of our findings to other populations.

5. Conclusion

In conclusion, we observed that higher diet quality, both in early
and mid-childhood, was associated with higher height, weight, and
FFMI up to the age of 10 years, independent of diet at the other time
point. Our findings suggest that a healthy diet according to dietary
guidelines, during several stages of childhood, has a beneficial ef-
fect on growth and may decrease the risk of adiposity.
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