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Abstract

IMPORTANCE Stunting was used as a proxy for underdevelopment in early childhood in previous
studies, but the associations between child development and other growth and body composition
parameters were rarely studied.

OBJECTIVE To estimate the association between malnutrition and early child development (ECD) at
an individual level.

DESIGN, SETTING, AND PARTICIPANTS This population-based, cross-sectional study used data
from the East Asia Pacific Early Child Development Scales, a population-representative survey of
children aged 3 to 5 years old, conducted in 2012 to 2014 in communities in Cambodia, China,
Mongolia, Papua New Guinea, and Vanuatu. Data analysis was performed from November 2019 to
April 2021.

EXPOSURES Stunting (height-for-age [HFA] z score less than −2), wasting (weight-for-height z score
less than −2), overweight (weight-for-height z score greater than 2), body mass index (BMI)–for-age
z score, and body fat proportion based on existing growth standard and formula.

MAIN OUTCOMES AND MEASURES ECD directly assessed using the validated East Asia–Pacific
ECD Scales.

RESULTS A total of 7108 children (3547 girls; mean [SD], age 4.48 [0.84] years) were included in
this study. The prevalence of stunting was 27.1% (range across countries, 1.2%-55.0%), that of
wasting was 13.7% (range, 5.4%-35.9%), and that of overweight was 15.9% (range, 2.2%-53.7%).
Adjusted for country variations, age, sex, urbanicity, family socioeconomic status, and body fat
proportion, ECD was linearly associated with HFA (β, 1.57; 95% CI, 1.35-1.80) and BMI-for-age (β,
0.64; 95% CI, 0.45-0.82). After adjustment for BMI and height, better ECD was associated with low
body fat proportion (β, 0.93; 95% CI, 0.45-1.42). The association of HFA was more pronounced in
Southeast Asia and the Pacific region than in East Asia, and the association of fat proportion was
specific to children living in urban environments.

CONCLUSIONS AND RELEVANCE HFA, BMI-for-age, and body fat proportion were independently
associated with ECD, and these findings suggest that future studies should consider using these
parameters to estimate the prevalence of child underdevelopment; nutritional trials should examine
to what extent the associations are causal.
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Introduction

Malnutrition is a global health problem associated with more than 2 million deaths and one-fifth of
disability-adjusted life-years among young children.1 Nutritional status of children is typically inferred
by their growth, including height-for-age (HFA) and weight-for-height (WFH).2 Although there have
been marked improvements in the past decade, 23% of children were still stunted (defined as an HFA
z score less than −2) and 8% were wasted (defined as a WFH z score less than −2) as of 2017.3

Growth restriction often cooccurs with early childhood development (ECD).4 The association
between HFA and ECD has been well documented in a meta-analysis,5 although the evidence was
generally weak. Many studies were small and nonrepresentative, which could induce selection bias.6

Some did not measure ECD using culturally appropriate direct assessments, casting doubt on its
validity.7 More importantly, the evidence on other relevant indicators,8 such as body weight and fat,
were scarce.

Given the dearth of data, disaggregated by age, sex, and urbanicity, on nutritional status of
children in many countries in the East Asia–Pacific Region (EAPR), we conducted this study to
provide population-representative data on the nutritional status of young children in 5 countries in
the EAPR. In addition, because previous studies on the association of nutritional status with ECD
often focused only on stunting or HFA in isolation, we also investigated the associations of a
comprehensive set of nutritional status and body composition indicators with ECD. Because
malnutrition prevalence varies by region and urbanicity, the associations stratified by these 2 factors
were also explored.

Methods

Study Design and Sampling
This cross-sectional study has been approved by the human research ethics committee of the
University of Hong Kong. Written informed consent was obtained from all participating parents. This
report follows the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

This study is a part of the East Asia Pacific Early Child Development Scales (EAP-ECDS), a
population-representative survey of children aged 3 to 5 years conducted in 2012 to 2014 in 6
countries in the EAPR: Cambodia, China, Mongolia, Papua New Guinea, Timor-Leste, and Vanuatu.
The full report of the study has been published elsewhere.9 Data from Timor-Leste were not included
in this study because the assessors expressed concerns regarding the accuracy of the body weight
measurements. No similar feedback was received in other countries.

Multilevel stratified random sampling was used to select a representative sample from each of
the participating countries. The sampling frame was determined with collaboration of the national
statistics departments of all countries except China, for which the sampling was assisted by the
collaborating institutions. Five provinces and municipalities of China (Guizhou, Heilongjiang, Jiangsu,
Shanghai, and Zhejiang) were selected to represent a wide spectrum of economic development.
Children with special educational needs were excluded from the study. Only 1 child from each family
was recruited to avoid interdependence between data points.

Measurements
Anthropometry, Nutritional Status, and Body Composition
Children’s body height, weight, mid–upper arm circumference (AC), and triceps skinfold (TS)
thickness were measured with a protocol used in the World Health Organization (WHO) Multicenter
Growth Reference Study.10 Briefly, the assessors attended multiple sessions of training for measuring
the anthropometric parameters, in which the study anthropometrists demonstrated the standard
methods to measure all parameters. The assessors also had hands-on measurement trials under the
anthropometrists’ observation. Assessors who were found to have substandard procedures or errors
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were corrected and retrained. Body height was measured to the nearest 1 mm, and weight was
measured to the nearest 0.1 kg using standard stadiometer and scale. Mid–upper AC and TS thickness
were measured using standard tape measures and calipers to the nearest 1 mm.

These anthropometric parameters were standardized to age- and sex-specific z scores based on
the WHO Growth Standard.11 These z scores were then used to define stunting (HFA z score less than
−2), wasting (WFH z score less than −2), and overweight (WFH z score greater than 2).2 In addition,
AC and TS were used to estimate the children’s upper-arm fat area, lean area (including bone and
muscle), and fat proportion using a published formula12 that has been validated against magnetic
resonance imaging measurements. Body mass index (BMI) was calculated as body weight in
kilograms divided by height in meters squared, and BMI-for-age z score was used in our analyses.

Nutritional status variables (HFA, WFH, BMI-for age, mid–upper AC, and TS) were age- and
sex-standardized on the basis of the WHO LMS (skew, median, and SD) parameters.11 Body
composition variables (mid–upper arm fat area, lean area, and fat proportion) were age- and
sex-standardized using the current sample. Low HFA (and thus stunting) is regarded as an indicator
of chronic malnutrition, whereas low WFH (and thus wasting) and BMI-for-age are regarded as
indicators of acute malnutrition. Although the WHO did not specify BMI-for-age to be an indicator of
acute malnutrition, WFH and BMI-for-age are conceptually similar indicators: the former is body
weight adjusted for height, assuming a uniform distribution across ages, whereas the latter is body
weight adjusted for height squared and age. Both indicate normalized body weight.

Early Child Development
ECD was measured by the EAP-ECDS, an item-response inventory specifically designed for the
participating countries. Details of the theoretical framework, development, validation, and adoption
of the scales can be found in previous publications.13,14 In brief, the assessment was direct
observation of skills using a structured checklist conducted by trained assessors. The scales were
developed according to the country-specific goals and values for children. The EAP-ECDS has a total
of 85 items measuring the overall developmental status and 7 subscales for measuring Cognitive
Development (21 items), Language/Emergent Literacy (16 items), Socioemotional Development (15
items), Motor Development (7 items), Cultural Knowledge and Participation (10 items), Healthy
Hygiene and Safety (9 items), and Approaches to Learning (7 items). The scales showed good
differentiating power against children’s age and family background. In this study, Total Development
was calculated as the unweighted average of all domains in the EAP-ECDS. All the subscales achieved
good internal consistency (Cronbach α, 0.84-0.94) in all countries except for the motor development
subscale, which had acceptable consistency (Cronbach α, 0.74-0.87). In this study, we focused on
the Total, Cognitive, Language/Emergent Literacy, Socioemotional, and Motor Development
subscales, and scores were standardized for every 6 months of age (eg, 36 to <42 months, 42 to <48
months, and so forth) so that the age-specific mean (SD) score was 100 (15). This standardization
allows comparison of effect size across different subscales.

Socioeconomic Status
A composite index was constructed for measuring the multidimensional family socioeconomic status
(SES) in this study. The SES index was the first eigenvalue of the principal component analysis results
using the correlation matrix from paternal education level, maternal education level, and family
assets, including electricity, radio, television, refrigerator, watch, mobile phone, bicycle, animal-
drawn cart, agricultural land, livestock, and so forth. The method has been shown to be valid and
reliable for representing the overall SES.15

Statistical Analysis
Descriptive statistics were calculated for key parameters. Urban vs rural differences in these variables
were quantified by independent t tests (continuous variables) and Fisher exact tests (categorical
variables). Country prevalence of nutritional status was estimated with country-specific weighting on
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age, sex, and urbanicity.16 The weights were generated from population censuses and were assumed
to be deterministic. The associations between nutritional status, body composition, and
development were tested using linear additive mixed models.17 It was hypothesized, a priori, that
optimal nutritional status and body composition were associated with better development.
Development scores were the dependent variables, and nutritional status and body composition
fitted on penalized splines were the independent variables. Penalized splines were used to avoid
assuming linear relationships. We used generalized cross-validation to select the number of knots in
the penalized splines, which is robust against knot-related biases.18 Nonlinearity was tested using
likelihood ratio test comparing a model with the exposure fitted on a spline with a model assuming a
linear exposure-outcome association. Child’s age, sex, urbanicity, and family SES index were adjusted
as confounders. Country- and province-level variations were modeled as random intercepts to
address intracountry and province correlations. Because of the small number of countries, a
sensitivity analysis was conducted to include country as fixed factor. Stratified analyses were
conducted by region (East Asia [China and Mongolia] vs Southeast Asia and Pacific [Cambodia, Papua
New Guinea, and Vanuatu]) and urbanicity (urban vs rural) to examine whether the associations were
consistent across these subgroups. Likelihood ratio tests were used to test for any interactions. The
associations between development and nutritional status variables were first tested individually. A
fully adjusted model was then used to examine independent associations after adjustment of other
included nutritional status and body composition indicators. Because of multicollinearity, 1 variable
was chosen from each of the following sets based on R2: weight-for-age and BMI-for-age; and
mid–upper AC, TS thickness, lean area, and fat area. Body weight (as indicated by weight-for-age or
BMI-for-age) and fat proportion were mutually adjusted so that the former indicated mainly lean
mass. To avoid inflating type I error, P values were corrected using the Holm Bonferroni procedure,
which controls the familywise error rates to the .05 significance level. There were negligible (<5%)
missing data in anthropometry measurements and those children were excluded. All tests conducted
were 2-sided, and analysis was conducted using R statistical software version 3.23 (R Project for
Statistical Computing) with the package gamm4. Data analysis was performed from November 2019
to April 2021.

Results

This study included 7108 young children (3547 girls; mean [SD] age, 4.48 [0.84] years) from the 5
participating countries (Table 1). Most of the mothers (2059 women [29.97%]) had only completed
primary school but there were also 985 mothers (13.86%) who had a bachelor’s degree. The
prevalence of stunting of this sample was 27.1% (range across countries, 1.2%-55.0%), that of wasting
was 13.7% (range, 5.4%-35.9%), and that of overweight was 15.9% (range, 2.2%-53.7%).

There were differences between children by urbanicity. Children from rural areas had a higher
prevalence of stunting (1435 children [33.74%] vs 483 children [17.16%]) and wasting (602 children
[14.37%] vs 344 children [12.61%]), smaller mid–upper arm fat area (6.50 cm2 vs 6.92 cm2) and lean
area (14.77 cm2 vs 15.44 cm2), and lower overall child development score (100.40 vs 104.06, a
difference of 4 points or approximately one-fourth of 1 SD) than those from urban areas. Children in
urban areas performed better in all domains of the EAP-ECDS except motor development, in which
they performed worse with a 3-point (one-fifth of 1 SD) difference.

Table 2 shows the prevalence data of the 5 countries after weighting for age, sex, and
urbanicity. The prevalence of stunting was highest in Papua New Guinea (55.0%), followed by
Vanuatu (45.8%) and Cambodia (36.9%). The prevalence of wasting was the highest in Cambodia
(35.9%), followed by Vanuatu (12.8%) and Papua New Guinea (7.7%). Meanwhile, the prevalence of
overweight was 53.7% in Vanuatu and 29.8% in Papua New Guinea.

The associations of nutritional status and body composition with total development are shown
in eFigure 1 in the Supplement. HFA, mid–upper AC, and lean area were linearly associated with total
development after adjusting for age, sex, urbanicity, and family SES index. The association between
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fat proportion and total development was nonlinear. Higher fat proportion z score was associated
lower total development until the z score was greater than 0, after which the association appeared to
be null. Similar patterns of association were found for the Cognitive, Language/Emergent Literary,
Socioemotional, and Motor Development subscales (eFigure 2, eFigure 3, eFigure 4, eFigure 5, and
eFigure 6 in the Supplement) with some exceptions.

HFA, BMI-for-age (instead of WFH), lean area (instead of AC, TS, and fat area), and fat
proportion were selected for fully adjusted models on the basis of higher R2 compared with their
counterparts. Their independent nonlinear associations with child development are shown in
Figure 1. HFA and BMI-for-age were linearly associated with Total and the domain-specific
development. Low (z score less than −1) lean area was associated with lower Motor Development
scores but not with other outcomes. Low (z score less than −1) fat proportion was associated with

Table 1. Characteristics of Participating Children From Cambodia, China, Mongolia, Papua New Guinea,
and Vanuatu

Characteristic

Children, No. (%)

P valueaAll (N = 7108) Rural (n = 4280) Urban (n = 2828)
Age, mean (SD), y 4.48 (0.84) 4.49 (0.84) 4.48 (0.85) .66

Sex

Female 3547 (49.90) 2100 (49.07) 1447 (51.17)
.17

Male 3561 (50.10) 2180 (50.93) 1381 (48.83)

Country

China 1784 (25.10) 923 (21.57) 861 (30.45)

<.001

Cambodia 1500 (21.10) 852 (19.91) 648 (22.91)

Mongolia 1247 (17.54) 622 (14.53) 625 (22.10)

Papua New Guinea 1795 (25.25) 1187 (27.73) 608 (21.50)

Vanuatu 782 (11.00) 696 (16.26) 86 (3.04)

Maternal education level

No formal education 666 (9.37) 580 (13.55) 86 (3.04)

<.001

Primary 2059 (28.97) 1539 (35.96) 520 (18.39)

Lower secondary 1418 (19.95) 832 (19.44) 586 (20.72)

Upper secondary 1216 (17.11) 641 (14.98) 575 (20.33)

Postsecondary 764 (10.75) 361 (8.43) 403 (14.25)

Bachelor’s degree or above 985 (13.86) 327 (7.64) 658 (23.27)

Growth indicators

Stunting 1918 (27.14) 1435 (33.74) 483 (17.16) <.001

Wasting 946 (13.67) 602 (14.37) 344 (12.61) .12

Overweight 1098 (15.87) 775 (18.50) 323 (11.84) <.001

Height-for-age, z score, mean (SD) −0.99 (1.77) −1.29 (1.79) −0.54 (1.63) <.001

Weight-for-height, z score, mean (SD) 0.09 (2.15) 0.18 (2.26) −0.05 (1.94) <.001

Body mass index–for-age, z score,
mean (SD)b

0.15 (2.14) 0.25 (2.25) 0.00 (1.96) <.001

Mid–upper arm circumference–for-age −0.13 (1.77) −0.27 (1.79) 0.03 (1.73) <.001

Triceps skinfold thickness–for-age −0.84 (2.05) −1.02 (2.06) −0.57 (1.99) <.001

Body composition, mean (SD)

Mid–upper arm lean area, cm2 15.09 (5.09) 14.77 (4.68) 15.44 (5.50) <.001

Mid–upper arm fat area, cm2 6.70 (4.21) 6.50 (4.47) 6.92 (3.88) .001

Mid–upper arm fat proportion 0.29 (0.13) 0.29 (0.14) 0.30 (0.12) .06

East Asia Pacific Early Child Development
Scales standard score, mean (SD)

Cognitive Development 101.17 (15.28) 99.98 (14.96) 102.96 (15.58) <.001

Language/Emergent Literacy 101.66 (15.07) 99.51 (15.51) 104.91 (13.75) <.001

Socioemotional Development 101.75 (14.86) 100.17 (15.23) 104.16 (13.95) <.001

Motor Development 100.51 (15.03) 101.80 (15.57) 98.56 (13.97) <.001

Total Development 101.86 (14.83) 100.40 (15.07) 104.06 (14.16) <.001

a All P values were corrected for multiple testing using
Holm Bonferroni procedure.

b Body mass index is calculated as weight in kilograms
divided by height in meters squared.
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better scores on the Total, Cognitive, Language/Emergent Literacy, and Motor Development
subscales. On average, each unit increase in z score was associated with an increase in points on the
Total Development domain for HFA (β, 1.57; 95% CI, 1.35-1.80) and BMI-for-age (β, 0.64; 95% CI,
0.45-0.82) (Table 3). After adjustment for BMI and height, better ECD was associated with low body
fat proportion (β, 0.93; 95% CI, 0.45-1.42). The β values were higher for Cognitive and
Socioemotional development and lower for Language/Emergent Literacy. The results were
consistent when country was modeled as a fixed factor (eTable 1 in the Supplement).

The associations with total development by region and urbanicity are shown in eTable 2 in the
Supplement and in Figure 2. The associations were largely consistent across the subgroups, except
that the β value for HFA was higher in East Asia (P for interaction = .002) and that of fat proportion
was specific to children living in urban environment (P for interaction < .001).

Discussion

This cross-sectional study examined the associations of nutritional status and body composition with
ECD and found that HFA, BMI-for-age, and body fat proportion were independently associated with
development. These findings indicate that in addition to linear growth, lean mass (represented by
BMI adjusted for fat proportion) was also associated with ECD. The association of body fat proportion
was more complex; after adjustment for overall mass and height, low body fat proportion was
associated with better development but there was no difference between children with average and
high fat proportion. To our knowledge, this is the first report on the nonlinear association between

Table 2. Prevalence of Malnutrition Among Children Aged 3 to 5 Years From Cambodia, China, Mongolia,
Papua New Guinea, and Vanuatu

Measure of malnutrition and country Children, No.
Children, weighted
No. (95% CI)a,b

Children, weighted %
(95% CI)b

Stunting (height-for-age z score
less than −2)

East Asia

China 47 722 559.00 (320.73-797.26) 1.2 (0.67-1.67)

Mongolia 177 18.19 (15.22-21.16) 10.3 (8.60-11.96)

Southeast Asia and Pacific

Cambodia 1033 381.16 (355.96-406.37) 36.9 (34.46-39.34)

Papua New Guinea 580 319.08 (305.75-332.40) 55.0 (52.72-57.31)

Vanuatu 20 9.15 (8.47-9.84) 45.8 (42.34-49.19)

Wasting (weight-for-height z score
less than −2)

East Asia

China 47 722 3173.64 (2621.88-3725.39) 6.7 (5.49-7.81)

Mongolia 177 9.49 (7.28-11.69) 5.4 (4.11-6.61)

Southeast Asia and Pacific

Cambodia 1033 370.79 (345.73-395.85) 35.9 (33.47-38.32)

Papua New Guinea 580 44.66 (37.52-51.81) 7.7 (6.47-8.93)

Vanuatu 20 2.55 (2.10-3.01) 12.8 (10.48-15.07)

Overweight (weight-for-height z score
greater than 2)

East Asia

China 47 722 3024.92 (2485.35-3564.48) 6.3 (5.21-7.47)

Mongolia 177 11.76 (9.32-14.20) 6.6 (5.27-8.02)

Southeast Asia and Pacific

Cambodia 1033 22.26 (14.68-29.85) 2.2 (1.42-2.89)

Papua New Guinea 580 173.01 (160.75-185.27) 29.8 (27.72-31.94)

Vanuatu 20 10.74 (10.05-11.42) 53.7 (50.26-57.11)
a Numbers are shown in 1000s.16

b Estimates are weighted on age, sex, and urbanicity.
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body fat proportion and ECD. Interestingly, fat stores (represented by fat area) were not associated
with ECD.

Consistent with the findings of previous research, the present study has identified a significant
association between linear growth and ECD. A recent meta-analysis of 68 studies5 has quantified
that each SD increase in HFA was associated with a 0.09 SD increase in cognitive development and a
0.38 SD increase in motor development, assuming the associations were linear. This aggregated
effect size of cognitive development was similar to what we found (β, 1.57, equivalent to 0.10 SD), but
that of motor development was much larger than ours (β, 1.57, equivalent to 0.10 SD). The
inconsistency of motor development’s effect size could be attributed to the small sample size of the
meta-analysis (only 2 studies in that analysis), as well as the age difference (both studies recruited
children younger than 2 years). In addition to cognitive and motor development, the present study
provided new evidence for the association between linear growth and socioemotional development,
which is at least as important as cognitive development for long-term achievement.19

Unlike body height, there seems to be a lack in systematic reviews and meta-analyses regarding
the role of wasting, WFH, and BMI-for-age on ECD. In fact, previous estimates of developmental
vulnerabilities only used stunting as a proxy but not wasting or weight-related factors.4 Given that
BMI-for-age, independent of linear growth, was significantly associated with suboptimal
development, future estimation of developmental issues should consider both the children’s height
and weight for a more comprehensive picture.

Figure 1. Nonlinear Association of Nutritional Status and Body Composition With Total Development
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Data were adjusted for all included nutritional status and body composition indicators,
as well as age in months, sex, urbanicity, and family socioeconomic index; country and
provinces were modeled as random intercepts. Lines denote coefficients, and shaded

areas denote 95% CIs. P < .006 is regarded as significant according to Bonferroni criteria.
BMI indicates body mass index (calculated as weight in kilograms divided by height in
meters squared).
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Nonetheless, we should note that although we identified a linear association between
BMI-for-age and development in the fully adjusted model, this does not imply that overweight
children would be better developed. The results were adjusted for body fat proportion, and
BMI-for-age should therefore be interpreted as lean mass, rather than overall weight. In fact, when
fat proportion was not adjusted, BMI-for-age was not associated with development.

There are multiple explanations for the associations between growth parameters and ECD. First,
growth restriction may be an indicator of nutritional deficiencies, which are the potentially true cause
of developmental issues. Early childhood is a critical period for brain development, which requires
appropriate amount of nutrients.20 This nutritional hypothesis is also supported by previous a meta-
analysis of the association of nutrient supplementation interventions with ECD.20

Second, both stunting and delayed ECD could be indicators of underlying medical factors, such
as chronic or recurring infections.21 In low- and middle-income countries where clean water and
sanitation are scarce, chronic infection is common.22 Similarly, various intrauterine exposures relating
to poverty such as maternal infection, undernutrition, and insufficient antenatal care can also cause
intrauterine growth retardation,23 which is associated with both smaller body size and subpar ECD.24

Third, growth restriction may be an indicator for poverty and insufficient environmental
stimulation. Environmental stimulation is necessary for optimal ECD because it helps to form and
refine the neuronal connectivity of young children.25 The constraints of poverty and challenging
environments all too often result in low levels of parental involvement, and these may result in both
undernutrition and understimulation. Undernourished children have been shown to be less likely to
learn on their own26 and their parents to be less responsive and caring.27 It should also be noted that
preschool attendance is associated with better ECD regardless of stunting status and, therefore,
should be scaled up to improve ECD.28

Table 3. Linear Association of Nutritional Status and Body Composition With Early Child Development

East Asia Pacific Early Child Development Scales
subscale and factor β (95% CI)a P valueb

Total Development

Height-for-age 1.57 (1.35 to 1.80) <.001

BMI-for-age 0.64 (0.45 to 0.82) <.001

Lean area −0.07 (−0.42 to 0.29) .71

Fat proportionc −0.93 (−1.42 to −0.45) <.001

Cognitive Development

Height-for-age 1.58 (1.34 to 1.82) <.001

BMI-for-age 0.55 (0.36 to 0.75) <.001

Lean area −0.32 (−0.70 to 0.06) .09

Fat proportionc −0.68 (−1.20 to −0.16) .02

Language/Emergent Literacy

Height-for-age 1.35 (1.14 to 1.57) <.001

BMI-for-age 0.46 (0.29 to 0.64) <.001

Lean area −0.14 (−0.48 to 0.21) .87

Fat proportion −0.07 (−0.54 to 0.39) .87

Socioemotional Development

Height-for-age 1.32 (1.07 to 1.57) <.001

BMI-for-age 0.65 (0.45 to 0.85) <.001

Lean area −0.35 (−0.74 to 0.04) .08

Fat proportionc −1.46 (−2.00 to −0.92) <.001

Motor Development

Height-for-age 1.57 (1.28 to 1.87) <.001

BMI-for-age 0.49 (0.25 to 0.73) <.001

Lean areac 0.43 (−0.03 to 0.89) .14

Fat proportionc 0.27 (−0.36 to 0.90) .40

Abbreviation: BMI, body mass index (calculated as
weight in kilograms divided by height in
meters squared).
a Adjusted for all included nutritional status and body

composition indicators, as well as age in months, sex,
urbanicity, and family socioeconomic status index;
country and provinces were modeled as random
intercepts.

b P values were corrected for multiple testing using
Holm Bonferroni procedure.

c For evidence for nonlinear association, see Figure 1.
These factors were selected according to results
shown in Figure 1.
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This study found that after adjusting for their body height and weight, children in an urban
setting with lower fat proportion had better rather than worse development, but that body fat
proportion was otherwise not associated with ECD. This suggests that acute undernutrition, as
reflected in reduced fat stores, is not associated with the risk of delayed ECD in this East Asian and
Pacific population and that any association between low body weight and ECD reflects variance in
lean rather than fat mass. Whether this is a general observation or one specific to these ethnic groups
is pending further studies in other regions.

It is not clear why lower fat proportion was associated with higher ECD in urban settings, but it
might an indicator of being more physically active. Body fatness is correlated with physical activity
level,29 and extensive clinical studies have shown that exercise could improve cognitive ability.30

Individuals who are more active were found to have increased frequency in the δ, θ, and β spectral
bands in the electroencephalograms.31 Animal studies have also found that physical activity could
lead to better hippocampal cell proliferation and survival.32 Further studies measuring physical
activity level will be needed to verify this hypothesis.

Limitations
There are several limitations to this study. First, this is a cross-sectional study; therefore, causality
could not be ascertained. In fact, we hypothesize that growth and body composition parameters
could be risk markers for ECD. Second, there is no standard reference for body composition

Figure 2. Nonlinear Association of Fat Proportion With Total Development by Region and Urbanicity
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Data were adjusted for height-for-age, body mass index (weight in kilograms divided by
height in meters squared)–for-age, and lean mass z scores, as well as age in months, sex,
urbanicity, and family socioeconomic status index; country and provinces were modeled

as random intercepts. Lines denote coefficients, and shaded areas denote 95% CIs. P <
.006 is regarded as significant according to Bonferroni criteria.
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parameters, which limited us from providing the relative condition of fat area, lean area, and fat
proportion of children in the EAPR. Third, the associations between nutritional parameters and
development were only modest, indicating that it is impractical to tackle underdevelopment using
only a nutritional approach. Health, education, and family characteristics will be needed to accurately
reflect the ECD of children.

Conclusions

This study found that HFA, BMI-for-age, and body fat proportion were independently associated with
development. Future studies should consider using these parameters to estimate the prevalence of
underdevelopment. Nutritional trials should investigate to what extent these associations are causal.
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