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Abstract

Background: There is little evidence regarding risk factors for child obesity in Asian

populations, including the role of parental anthropometric and cardiometabolic risk

factors. We examined the relation between parental risk factors and child obesity in a

Malaysian population.

Methods: We used data from health and demographic surveillance conducted by the

South East Asia Community Observatory in Segamat, Malaysia. Analyses included 9207

individuals (4806 children, 2570 mothers and 1831 fathers). Child obesity was defined

based on the World Health Organization 2007 reference. We assessed the relation be-

tween parental anthropometric (overweight, obesity and central obesity) and cardiome-

tabolic (systolic hypertension, diastolic hypertension and hyperglycaemia) risk factors

and child obesity, using mixed effects Poisson regression models with robust standard

errors.

Results: We found a high burden of overweight and obesity among children in this popu-

lation (30% overweight or obese). Children of one or more obese parents had a 2-fold

greater risk of being obese compared with children of non-obese parents. Sequential

adjustment for parental and child characteristics did not materially affect estimates

(fully adjusted relative risk for obesity in both parents: 2.39, 95% confidence interval:

1.82, 3.10, P< 0.001; P for trend< 0.001). These associations were not modified by

parental or child sex. We found no consistent evidence for associations between parental

cardiometabolic risk factors and child obesity.

Conclusions: Parental obesity was strongly associated with child obesity in this popula-

tion. Further exploration of the behavioural and environmental drivers of these associ-

ations may help inform strategies addressing child obesity in Asia.

VC The Author 2017. Published by Oxford University Press on behalf of the International Epidemiological Association 1523

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits

unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

International Journal of Epidemiology, 2017, 1523–1532

doi: 10.1093/ije/dyx114

Advance Access Publication Date: 29 June 2017

Original article

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/5/1523/3902976 by Q

ueen M
argaret U

niversity user on 22 February 2023

http://www.oxfordjournals.org/


Key words: South East Asia, child obesity, anthropometric risk factors, cardiometabolic risk factors, intergenera-

tional associations, health and demographic surveillance

Introduction

The increasing global prevalence of child obesity is a public

health issue of growing concern.1 Obesity among children

is associated with multiple adverse consequences, ranging

from psychological morbidity during childhood to earlier

development of cardiometabolic diseases in adulthood.1–6

A comprehensive understanding of the underlying risk fac-

tors is essential to inform well-designed preventive and

management efforts. Thus far, a notable part of child obes-

ity research has been focused on investigating intergenera-

tional associations of body mass index (BMI), generally in

European or North American populations.7–29 Findings re-

ported in such studies have been inconsistent, particularly

regarding the modifying effect of parental or child sex.7–29

Few studies have examined the relation between other

cardiometabolic risk factors in parents and child obesity.

This is an important issue to clarify given the interlinked

nature of both anthropometric and cardiometabolic risk

measures.30–32

Importantly, little evidence regarding intergenerational

influences on child obesity has been generated from Asia.

In 2013, the number of obese children in the region ex-

ceeded that in all higher-income countries combined, and

child obesity prevalence in certain Asian countries was

comparable to estimates from European nations.33,34 This

is widely understood to be the result of changing lifestyles

that have accompanied economic transitions in Asian

countries.35,36 Region-specific research is required to in-

form suitable strategies to address the growing burden of

child obesity in Asia, where intergenerational influences on

child BMI might be distinct from those observed in other

populations.37,38 We sought to address the current gap in

evidence from Asia by examining the relation between

parental anthropometric and cardiometabolic risk factors

and child obesity in a population living in Segamat,

Malaysia.

Methods

Study population

We used data from the South East Asia Community

Observatory (SEACO), a health and demographic surveil-

lance system (HDSS) in southern peninsular Malaysia.

SEACO operates within five sub-districts of Segamat dis-

trict in the state of Johor.39 It conducts annual enumer-

ation of all consenting households and individuals within

its defined area, during which it collects basic household

and individual level socio-demographic data. It has also

undertaken a health survey on individuals aged 5 years and

above, using methods adapted from standardized health

data collection tools.40–44 All information is collected on

encrypted tablets, and participant data are linked across

surveys. Ethical approval for surveys is obtained from the

Monash University Human Research Ethics Committee.

For this analysis, we obtained data from the baseline

enumeration (completed 2013) and the health survey

(completed 2014). Using enumeration data, parent-child

trios or pairs were identified and information on the child’s

birth order was obtained. All other information was ob-

tained from the health survey. This included biophysical

measurements taken by trained data collectors: height and

weight data for children aged 6–19 years and for their par-

ents (measured using a Transtek digital weighing scale

with height gauge, model GBS-721), and parents’ waist

circumference (AccuFitness Myotape), blood pressure

(Omron automated blood pressure monitor, HEM-7203)

and random blood glucose (Omron blood glucose monitor-

ing system, HGM-111). Information on: the child’s age

and ethnicity; and parents’ age, highest level of education

attained or currently attaining, and employment in the past

30 days was also obtained. Pairs or trios where the mother

or daughter was pregnant were excluded. The resulting

cross-sectional dataset used for analysis comprised parents’

Key Messages

• This study adds to the limited evidence from Asia on the relation between parental anthropometric and cardiometa-

bolic risk factors and child obesity.

• Child obesity was independently associated with parental obesity in this population. There was no consistent

evidence of associations between parental cardiometabolic risk factors and child obesity.

• Associations observed were not modified by parental or child sex.

• These findings have implications regarding the design of interventions to address child obesity in this region.
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and children’s current biophysical and socio-demographic

measures as collected at the time of the health survey.

Definitions

In accordance with World Health Organization (WHO)

guidelines, children were defined as individuals aged 19

years or below.45 BMI was calculated as weight divided by

the square of the height, and was expressed as age-adjusted

z-scores using the sex-specific WHO 2007 BMI reference

for children aged 5–19. This reference classifies overweight

and obesity as BMI for age greater than one and two stand-

ard deviations above the mean, respectively.45,46 For par-

ents, overweight was defined as BMI from 25 kg/m2 to less

than 30 kg/m2, and obesity as 30 kg/m2 or more.47 Central

obesity was defined according to ethnicity-specific

International Diabetes Federation (IDF) recommendations,

as waist circumference greater than or equal to 90 cm in

men and 80 cm in women.48 For systolic and diastolic

blood pressure, the mean of the final two of three readings

was used. Systolic and diastolic hypertension were defined

as mean systolic and diastolic blood pressure greater than

or equal to 140 mmHg and 90 mmHg, respectively.49

Hyperglycaemia was defined as random blood glucose

greater than or equal to 11.1 mmol/l.50

Statistical analysis

We examined children’s and parental characteristics by

category of child obesity (non-obese, including overweight,

versus obese). Continuous variables were compared using

Student’s t test, and categorical variables were compared

using Pearson’s chi-square test or Fisher’s exact test. For

variables with more than 5% of observations missing, we

compared child and parental characteristics for individuals

with missing versus non-missing data. Following this,

univariable linear regression models were used to examine

the relationship between each parental risk measure, exam-

ined as a continuous variable, and child BMI z-score.

Likelihood ratio tests with child BMI as a continuous and

binary outcome were used to check departure from linear-

ity. Univariable associations between potential confound-

ers (child’s ethnicity and birth order, and parental age,

education and employment) and parental exposures and

child BMI z-score were also examined in linear regression

models, and departure from linearity was checked where

appropriate, as above.

We then used mixed effects Poisson regression with ro-

bust standard errors to estimate the risk for child obesity

associated with one (either the mother or the father) or

both parents having a specific anthropometric (overweight,

obesity and central obesity) or cardiometabolic (systolic

and diastolic hypertension, and hyperglycaemia) risk fac-

tor. Poisson regression was considered the most suitable

method of analysis: (i) given the cross-sectional nature of

our data, which included no staggered or repeated meas-

ures; and (ii) in order to provide more accurate measures

of risk, as opposed to logistic regression, given the high

prevalence of the outcome of interest (child obesity)

observed in the population.51–53 Mixed effects models with

robust standard errors were used in order to account for

the clustered nature of the data, which included multiple

parent-child pairs or trios from the same household.52

Each regression model was based on analysis of complete

records. Each risk factor was examined in a separate series

of models, beginning with univariable models assessing

crude associations, and then making sequential adjust-

ments for potential confounders. Fully-adjusted models

included the following variables: child’s birth order and

ethnicity, and both parents’ age, education and employ-

ment. Models exploring systolic and diastolic hypertension

were further adjusted for both parents’ BMI and random

blood glucose. Models exploring hyperglycaemia were

additionally adjusted for both parents’ BMI and systolic

blood pressure. Continuous variables included as covari-

ates were not categorized. We explored the addition of ran-

dom effects to models to account for clustering at the

household and sub-district levels. Sub-district level cluster-

ing was found to be minimal; all final models were there-

fore adjusted for clustering at the household level only.

Following this, we explored potential effect modifica-

tion by parental or child sex. First, we stratified the models

described above by child sex, in order to explore potential

differences in the magnitude of associations between sons

and daughters. We then constructed a separate set of re-

gression models with child obesity as the outcome of inter-

est, and anthropometric and cardiometabolic risk factors

in each specific parent as the primary exposures, to com-

pare the magnitude of associations between mothers and

fathers. Models were adjusted as described above for cova-

riates and for clustering. We further stratified these models

by child sex to assess potential differences in effect size.

Finally, we assessed interaction between the parent’s or

child’s sex and the parental risk factor of interest in these

models, using likelihood ratio tests.

To explore the consistency of results obtained, we re-

peated analyses using mixed effects logistic regression

models. We also constructed mixed effects linear regres-

sion models with robust standard errors examining

each parent’s risk measures as continuous exposures

(BMI, waist circumference, systolic and diastolic blood

pressure and random blood glucose), and child BMI

z-score as the outcome. Models were constructed in the

same manner as described above, with the final models
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including the same covariates and adjusted for clustering at

the household level. Analyses were performed using Stata

13 and Stata 14 (StataCorp, TX).

Results

A total of 9207 individuals who had information on cur-

rent biophysical and socio-demographic measures of inter-

est were included in this study (4806 children, 2570 unique

mothers and 1831 unique fathers). Children covered by the

health survey but not included in these analyses were simi-

lar to those who were included, and adults were compar-

able in terms of risk factors (data not shown). Analyses

covered 3510 trios and 1296 additional mother-child pairs.

Children included in mother-child pairs were similar to

those included as part of trios (data not shown). Missing

data reached approximately 10% for maternal systolic and

diastolic blood pressure and random blood glucose. There

was no consistent trend with respect to other anthropomet-

ric and cardiometabolic measures, and no difference in

child BMI z-score, among mothers with missing versus

non-missing data on these measures (Supplementary Table

S1, available as Supplementary data at IJE online).

Overall, 16.3% of children were overweight, not includ-

ing obese, and 14.3% were obese. The prevalence of indices

of obesity among parents was similarly high: 27.9% of

mothers and 16.6% of fathers were obese, and 69.8% of

mothers and 41.2% of fathers were centrally obese.

Approximately 10% of parents were hyperglycaemic, and

up to 24% had systolic or diastolic hypertension (Tables 1

and 2). Risk factors were clustered within households and

correlated between mothers and fathers (P for all Pearson’s

correlation coefficients < 0.001) (Supplementary Tables S2

and S3, available as Supplementary data at IJE online).

Children of parents who were overweight, obese, hypergly-

caemic or with systolic hypertension were more likely to be

obese (Table 2; Supplementary Table S4, available as

Supplementary data at IJE online).

We explored the relation between parental anthropomet-

ric and cardiometabolic risk factors and child obesity using

Poisson regression. In unadjusted models, children having

one (either the mother or the father) or two parents with

obesity or central obesity had a 2-fold greater risk of obesity

compared with children of non-obese parents (Supplementary

Table S5, available as Supplementary data at IJE online).

Sequential adjustments for child and parental characteristics,

such as age, ethnicity or employment, did not notably affect

estimates [fully adjusted risk ratio (RR) for obesity in both

parents: 2.38, 95% confidence interval (95% CI): 1.82, 3.10,

P<0.001; for central obesity in both parents: 2.18, 95% CI:

1.55, 3.07, P< 0.001] (Table 3, Supplementary Table S5).

The linear increase in risk of child obesity was approximately

1.5 for each additional parent (either mother or father) being

obese or centrally obese (P< 0.001 for both risk factors)

(Supplementary Table S7, available as Supplementary data at

IJE online). We did not observe strong or consistent associ-

ations between any other parental risk factor and child obes-

ity (Table 3; Supplementary Table S5). Furthermore, whilst

crude analyses indicated that children of fathers who were

attending or had completed tertiary education were more

likely to be obese (P¼ 0.021; Table 2), we found no evidence

of association between child obesity and either parent’s edu-

cation or employment in regressions (data not shown).

Previous evidence has suggested a modifying effect of

parental and child sex on associations between parental

and child anthropometric measures.9,13–16,21,25 We as-

sessed evidence for such interdependency in our data.

In analyses stratified by child sex, there was no consistent

difference in magnitudes of association between parental

anthropometric or cardiometabolic risk factors and child

obesity (Supplementary Tables S6 and S9, available as

Supplementary data at IJE online). Similarly, we observed

no differences in associations when stratifying analyses by

parental sex (Figure 1; Supplementary Tables S8 and S9,

available as Supplementary data at IJE online). There was

no difference between fully adjusted models with and with-

out additional terms for interaction of parental or child sex

with parental risk factors of interest (Supplementary Table

S10, available as Supplementary data at IJE online).

For all analyses, estimates from logistic and linear re-

gression models were consistent with results from Poisson

regression models (Supplementary Tables S11 and S12,

available as Supplementary data at IJE online; data not

shown for logistic regression models).

Discussion

In this study, we present evidence of independent associ-

ations between parental anthropometric risk factors and

child obesity in a Malaysian population. Compared with

children of non-obese parents, children of two parents who

were obese or centrally obese had an approximately 2-fold

increased risk of obesity. We found no consistent evidence

of associations between parental cardiometabolic risk fac-

tors and child obesity, and no statistical evidence of effect

modification by parental or child sex. Our findings empha-

size the importance of better understanding the underlying

pathways for these intergenerational associations; they

have potential implications for the design of strategies to

address child obesity. This is particularly relevant in the

context of this population, given the high burden of child

overweight and obesity.

Our results support and extend previous research on

intergenerational associations in anthropometric indices,7–29
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Table 1. Study population characteristics

Children Mothers Fathers

N 4806 2570 1831

Sex, n (%)

Male 2362 (49.2)

Female 2444 (50.8)

Age, years, mean (SD) 12.7 (3.8) 47.2 (10.3) 50.6 (10.2)

Ethnicity, n (%)

Malay 3256 (67.8) 1698 (66.1) 1240 (67.7)

Indian 466 (9.7) 261 (10.2) 208 (11.4)

Chinese 948 (19.7) 495 (19.3) 331 (18.1)

Bumiputera/Orang Asli 86 (1.8) 56 (2.2) 32 (1.8)

Other 32 (0.7) 15 (0.6) 5 (0.3)

Missing 18 (0.4) 45 (1.8) 16 (0.9)

Birth order, n (%)

1 2049 (42.6)

2 1467 (30.5)

3 792 (16.5)

4 324 (6.7)

5 121 (2.5)

6 36 (0.8)

7þ 17 (0.4)

Body mass index

Mean (SD), kg/m2 or z-scorea 0.39 (1.5) 27.4 (5.3) 26.1 (4.5)

Overweight, n (%) 785 (16.3) 873 (34.0) 724 (39.5)

Obese, n (%) 689 (14.3) 716 (27.9) 303 (16.6)

Waist circumference

Mean (SD), cm 86.6 (10.9) 89.0 (10.4)

Centrally obese, n (%) 1793 (69.8) 755 (41.2)

Systolic blood pressure

Mean (SD), mmHg 129.1 (18.4) 131.7 (17.0)

Systolic hypertension, n (%) 521 (20.3) 432 (23.6)

Diastolic blood pressure

Mean (SD), mmHg 78.8 (10.7) 79.3 (10.8)

Diastolic hypertension, n (%) 356 (13.9) 279 (15.2)

Random blood glucose

Mean (SD), mmol/l 7.9 (3.6) 7.9 (3.3)

Hyperglycaemic, n (%) 232 (9.0) 162 (8.9)

Education level attained, n (%)

None 67 (2.6) 20 (1.1)

Attended/completed primary 758 (29.5) 563 (30.8)

Attended/completed secondary 1542 (60.0) 1122 (61.3)

Attended/completed tertiary/diploma 91 (3.5) 82 (4.5)

Missing 112 (4.4) 44 (2.4)

Employment in past 30 days, n (%)

Student/not working 161 (6.3) 117 (6.4)

Casual/part-time 128 (5.0) 88 (4.8)

Full time 455 (17.7) 884 (48.3)

Self-employed/housewife 1805 (70.1) 610 (33.3)

Retired 22 (0.9) 127 (6.9)

Missing 3 (0.1) 5 (0.3)

aMean body mass index for children is reported as age- and sex-adjusted z-scores, using the World Health Organization 2007 reference.
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Table 2. Proportion of children obese, by child or parental characteristic (N¼ 4806)

Child Mother Father

Child or parental characteristic Obese (n, %) P Obese (n, %) P Obese (n, %) P

N 689 (14.3)

Sex

Male 400 (16.9)

Female 289 (17.8) <0.001

Age category, years

5–9 222 (18.9)

10–14 288 (15.7)

15–19 179 (10.0) <0.001

Ethnicity

Malay 485 (14.9)

Indian 61 (13.9)

Chinese 119 (12.6)

Bumiputera/Orang Asli 16 (18.6)

Other 6 (18.8) 0.227

Missing 2 (11.1)

Birth order

1 299 (14.6)

2 200 (13.6)

3 120 (15.2)

4þ 70 (14.1) 0.763

Overweight or obese

No 165 (9.3) 158 (10.8)

Yes 226 (13.8) <0.001 195 (14.2) 0.001

Obese

No 344 (11.8) 353 (12.4)

Yes 236 (20.7) <0.001 114 (19.8) <0.001

Centrally obese

No 95 (8.8) 228 (12.2)

Yes 467 (16.1) <0.001 227 (15.6) 0.005

Systolic hypertension

No 399 (13.6) 328 (12.6)

Yes 126 (16.6) 0.035 129 (17.0) 0.002

Diastolic hypertension

No 435 (13.9) 371 (13.1)

Yes 91 (15.6) 0.294 84 (16.1) 0.061

Hyperglycaemic

No 457 (13.4) 408 (13.2)

Yes 73 (22.1) <0.001 52 (17.9) 0.028

Education level attained

None 19 (14.4) 4 (13.3)

Attending/completed primary 170 (13.6) 117 (12.3)

Attending/completed secondary 437 (14.4) 307 (13.6)

Attending/completed tertiary/diploma 35 (18.8) 0.317 36 (21.2) 0.021

Missing 28 (13.9) 111 (14.6)

Employment in past 30 days

Student/not working 47 (16.2) 34 (15.1)

Casual/part time 44 (17.9) 29 (17.1)

Full time 146 (16.4) 226 (13.0)

Self-employed/housewife 445 (13.3) 153 (13.4)

Retired 6 (17.1) 0.055 35 (16.1) 0.406

Missing 1 (25.0) 98 (14.4)

P-values are reported for differences in proportions across variable categories, between non-obese and obese. Pearson’s chi-square and Fisher’s exact tests were

used to compare categorical variables (Fisher’s exact for categories with cell frequencies of less than five).
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providing evidence of increased child obesity risk with each

additional parent being obese, and suggesting no interactive

effect of parental or child sex on these associations. Some

previous studies have reported similar patterns in other

cardiometabolic risk measures.14,16,22–25,29,54 Only one

reviewed here directly examined the relation between paren-

tal diabetes status and child obesity, and two reported a

notable contribution of components of metabolic syndrome

among parents to similar measures among their children,

including BMI.55–57 Unlike these studies, we found no clear

evidence of contribution of parental cardiometabolic risk

factors to child obesity risk. Furthermore, the evidence re-

garding effect modification by parental or child sex is

equivocal. Whereas some studies have suggested a margin-

ally greater maternal influence,9,14,15,17,19,26,28 a 2-fold

greater risk for daughters compared with sons,25 or strongly

assortative (mother-daughter and father-son) associations,21

many other studies have found no evidence of inter-

action.8,10–12,16,18,20,24,29 Few studies have explored the

cumulative influence of both parents’ risk factor status on

child obesity risk.13,19,28 Importantly, most of the existing

evidence is derived from North American or Western

European populations,7–11,13–24,26–28 with little evidence

from Asia.12,25,29 Our findings provide valuable insights

into these relationships within a large Asian population,

forming a basis for further research within this region.

Our evidence also suggests that aspects of the family en-

vironment, such as shared family behaviours relating to

nutrition or physical activity, may explain to a large extent

the relation between parental anthropometric risk factors

and child obesity. We observed similar magnitudes of asso-

ciation between maternal versus paternal risk factors and

child obesity in this study. Risk measures were also notably

correlated between mothers and fathers, and clustered

within households from which the study population was

derived. Many studies have reported associations between

parental and child physical activity and nutritional

habits,58,61 with some evidence from Asian populations

Table 3. Risk ratios for child obesity associated with number of parents having a specific anthropometric or cardiometabolic

risk factor

One parenta Both parents

Parental risk factor N Risk ratio (95% confidence interval) P Risk ratio (95% confidence interval) P

Overweight 2003 1.12 (0.80, 1.58) 0.513 1.54 (1.06, 2.24) 0.025

Obese 3149 1.44 (1.15, 1.80) 0.001 2.38 (1.82, 3.10) <0.001

Centrally obese 3032 1.62 (1.14, 2.29) 0.007 2.18 (1.55, 3.07) <0.001

Systolic hypertensionb 2762 1.22 (0.96, 1.55) 0.101 1.45 (1.02, 2.07) 0.039

Diastolic hypertensionb 2782 1.10 (0.87, 1.39) 0.434 1.20 (0.83, 1.72) 0.339

Hyperglycaemicc 2762 1.36 (1.02, 1.81) 0.035 2.28 (1.27, 4.12) 0.006

Models were adjusted for child’s ethnicity, birth order and maternal and paternal age, education and employment.
aOne parent refers to either the mother or the father having the specific risk factor.
bModels exploring systolic and diastolic blood pressure also included adjustments for maternal and paternal BMI and random blood glucose.
cModels exploring random blood glucose also included adjustments for maternal and paternal BMI and systolic blood pressure.

Figure 1. Risk ratios for child obesity associated with maternal and paternal anthropometric and cardiometabolic risk factors. Error bars represent

95% confidence intervals.
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suggesting that such behaviours strongly relate to family

obesity status.12 These and other such shared behaviours

may similarly underlie the associations observed in this

population.

Other mechanisms underlying intergenerational associ-

ations in obesity have also been proposed. These include

intrauterine influences, such as exposure to excess maternal

adiposity or gestational weight gain.62–64 This mechanism

is often discussed in the context of maternal anthropomet-

ric risk measures being more strongly associated with child

obesity than paternal measures, which we did not observe

here.9,14–16,25 However, this does not rule out some contri-

bution of intrauterine pathways to observed associations.

Genetic variants have also been implicated in the develop-

ment of obesity, although their total contribution is

understood to be low at the population level.65,66 Detailed,

longitudinal studies are required to more clearly elucidate

the relative contribution of these pathways to the develop-

ment of child obesity in this population.

This study was based on a large subset of individuals

participating in a population-based health survey in

Malaysia. By contrast to other studies,8,10,11,20,23,26 all our

analyses were based on objective measures of anthropo-

metric and cardiometabolic risk factors rather than on self-

report. Missing data were minimal with respect to child

characteristics, and ranged around 5–10% for parental

characteristics, with no consistent differences between in-

dividuals with missing versus non-missing data. This study

was based on individuals living in a defined geographical

region in peninsular Malaysia, and the prevalence of over-

weight and obesity among adults and children reported

here is greater than previously reported national estimates,

which might suggest some limits to generalizability.33 As

with all cross-sectional studies, our analyses limit infer-

ences about causality. Furthermore, they provide estimates

of association specifically in terms of current child and par-

ental anthropometric and cardiometabolic measures,

which may not fully reflect associations using historical

measures.16,18 Furthermore, despite our large sample size,

we may not have had the required statistical resolution to

detect interactive effects, which may be distinct in this

population. Nonetheless, this study adds to the currently

scarce evidence from Asia on intergenerational influences

on child obesity.

In all, we show that parental obesity is strongly and in-

dependently associated with increased risk of child obesity

in this Malaysian population. Our findings indicate the

value of understanding intergenerational contributions to

the risk of child obesity. They provide a basis for further

prospective studies based in Asian populations to establish

the temporality and the pathways underlying the associ-

ations observed here. Evidence from such studies is

essential to inform strategies that can more effectively ad-

dress the growing burden of child obesity in this region.

Supplementary Data

Supplementary data are available at IJE online.

Funding

SEACO is funded by: the office of the Vice Provost Research,

Monash University Australia; the office of the Deputy Dean

Research, Faculty of Medicine, Nursing and Health Sciences,

Monash University Australia; the Monash University Malaysia

Campus; and the Jeffrey Cheah School of Medicine and Health

Sciences. SEACO is an associate member of the INDEPTH

Network. This work was supported by the Wellcome Trust (grant

number 098051). M.S. is supported by the National Institute for

Health Research Cambridge Biomedical Research Centre (UK). U.P.

is supported by the Dr Herchel Smith Fellowship.

Acknowledgements
We are grateful to Ireneous Soyiri (University of Edinburgh) for his

support of this work.

Conflict of interest: None declared.

References

1. Lobstein T, Baur L, Uauy R. Obesity in children and young peo-

ple: a crisis in public health. Obes Rev 2004;5(Suppl 1):4–104.

2. Reilly JJ, Methven E, McDowell ZC et al. Health consequences

of obesity. Arch Dis Child 2003;88:748–52.

3. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH.

Predicting obesity in young adulthood from childhood and par-

ental obesity. N Engl J Med 1997;337:869–73.

4. Guo SS, Wu W, Chumlea WC, Roche AF. Predicting overweight

and obesity in adulthood from body mass index values in child-

hood and adolescence. Am J Clin Nutr 2002;76:653–58.

5. Hirko KA, Kantor ED, Cohen SS, Blot WJ, Stampfer MJ,

Signorello LB. Body mass index in young adulthood, obesity trajec-

tory, and premature mortality. Am J Epidemiol 2015;182:441–50.

6. de Onis M, Martinez-Costa C, Nunez F, Nguefack-Tsague G,

Montal A, Brines J. Association between WHO cut-offs for

childhood overweight and obesity and cardiometabolic risk.

Public Health Nutr 2013;16:625–30.

7. Trudeau F, Shephard RJ, Bouchard S, Laurencelle L. BMI in the

Trois-Rivieres study: child-adult and child-parent relationships.

Am J Hum Biol 2003;15:187–91.

8. Patel R, Martin RM, Kramer MS et al. Familial associations of

adiposity: findings from a cross-sectional study of 12,181

parental-offspring trios from Belarus. PLoS One 2011;6:e14607.

9. Linabery AM, Nahhas RW, Johnson W et al. Stronger influence

of maternal than paternal obesity on infant and early childhood

body mass index: the Fels Longitudinal Study. Pediatr Obes

2013;8:159–69.

10. Stamnes Kopp UM, Dahl-Jorgensen K, Stigum H, Frost

Andersen L, Naess O, Nystad W. The associations between ma-

ternal pre-pregnancy body mass index or gestational weight

1530 International Journal of Epidemiology, 2017, Vol. 46, No. 5

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/5/1523/3902976 by Q

ueen M
argaret U

niversity user on 22 February 2023



change during pregnancy and body mass index of the child at 3

years of age. Int J Obes (Lond) 2012;36:1325–31.

11. Jaaskelainen A, Pussinen J, Nuutinen O et al. Intergenerational trans-

mission of overweight among Finnish adolescents and their parents:

a 16-year follow-up study. Int J Obes (Lond) 2011;35:1289–94.

12. Swaminathan S, Thomas T, Yusuf S, Vaz M. Clustering of diet,

physical activity and overweight in parents and offspring in

South India. Eur J Clin Nutr 2013;67:128–34.

13. Burke V, Beilin LJ, Dunbar D. Family lifestyle and parental body

mass index as predictors of body mass index in Australian chil-

dren: a longitudinal study. Int J Obes Relat Metab Disord

2001;25:147–57.

14. Gaillard R, Steegers EA, Duijts L et al. Childhood cardiometa-

bolic outcomes of maternal obesity during pregnancy: the

Generation R Study. Hypertension 2014;63:683–91.

15. Whitaker KL, Jarvis MJ, Beeken RJ, Boniface D, Wardle J.

Comparing maternal and paternal intergenerational transmis-

sion of obesity risk in a large population-based sample. Am J

Clin Nutr 2010;91:1560–67.

16. Chen W, Srinivasan SR, Bao W, Berenson GS. The magnitude of

familial associations of cardiovascular risk factor variables be-

tween parents and offspring are influenced by age: the Bogalusa

Heart Study. Ann Epidemiol 2001;11:522–28.

17. Murrin CM, Kelly GE, Tremblay RE, Kelleher CC. Body mass

index and height over three generations: evidence from the Lifeways

cross-generational cohort study. BMC Public Health 2012;12:81.

18. Kivimaki M, Lawlor DA, Davey Smith G et al. Substantial inter-

generational increases in body mass index are not explained by

the fetal overnutrition hypothesis: the Cardiovascular Risk in

Young Finns Study. Am J Clin Nutr 2007;86:1509–14.

19. Durmus B, Arends LR, Ay L et al. Parental anthropometrics,

early growth and the risk of overweight in pre-school children:

the Generation R Study. Pediatr Obes 2013;8:339–50.

20. Davey Smith G, Steer C, Leary S, Ness A. Is there an intrauterine

influence on obesity? Evidence from parent–child associations

in the Avon Longitudinal Study of Parents and Children

(ALSPAC). Arch Dis Child 2007;92:876–80.

21. Perez-Pastor EM, Metcalf BS, Hosking J, Jeffery AN, Voss LD,

Wilkin TJ. Assortative weight gain in mother-daughter and

father-son pairs: an emerging source of childhood obesity.

Longitudinal study of trios (EarlyBird 43). Int J Obes (Lond)

2009;33:727–35.

22. Labayen I, Ruiz JR, Ortega FB et al. Intergenerational cardiovas-

cular disease risk factors involve both maternal and paternal

BMI. Diabetes Care 2010;33:894–900.

23. Cooper R, Pinto Pereira SM, Power C, Hypponen E. Parental

obesity and risk factors for cardiovascular disease among their

offspring in mid-life: findings from the 1958 British Birth Cohort

Study. Int J Obes (Lond) 2013;37:1590–96.

24. Vik KL, Romundstad P, Carslake D, Davey Smith G, Nilsen TI.

Comparison of father-offspring and mother-offspring associations

of cardiovascular risk factors: family linkage within the population-

based HUNT Study, Norway. Int J Epidemiol 2014;43:760–71.

25. Park HS, Yim KS, Cho SI. Gender differences in familial aggrega-

tion of obesity-related phenotypes and dietary intake patterns in

Korean families. Ann Epidemiol 2004;14:486–91.

26. De Coen V, De Bourdeaudhuij I, Verbestel V, Maes L,

Vereecken C. Risk factors for childhood overweight: a 30-month

longitudinal study of 3- to 6-year-old children. Public Health

Nutr 2014;17:1993–2000.

27. Whitaker KL, Jarvis MJ, Boniface D, Wardle J. The intergenera-

tional transmission of thinness. Arch Pediatr Adolesc Med

2011;165:900–05.

28. Ajslev TA, Angquist L, Silventoinen K, Baker JL, Sorensen TI.

Stable intergenerational associations of childhood overweight

during the development of the obesity epidemic. Obesity (Silver

Spring) 2015;23:1279–87.

29. Veena SR, Krishnaveni GV, Karat SC, Osmond C, Fall CH.

Testing the fetal overnutrition hypothesis: the relationship of

maternal and paternal adiposity to adiposity, insulin resistance

and cardiovascular risk factors in Indian children. Public Health

Nutr 2013;16:1656–66.

30. Weycker D, Nichols GA, O’Keeffe-Rosetti M et al. Risk-factor

clustering and cardiovascular disease risk in hypertensive pa-

tients*. Am J Hypertens 2007;20:599–607.

31. Wilson PWF, Meigs JB. Cardiometabolic risk: a Framingham

perspective. Int J Obes (Lond) 2008;32(Suppl 2):S17–S20.

32. Gu D, Gupta A, Muntner P et al. Prevalence of cardiovascular

disease risk factor clustering among the adult population of

China: results from the International Collaborative Study of

Cardiovascular Disease in Asia (InterAsia). Circulation

2005;112:658–65.

33. Ng M, Fleming T, Robinson M et al. Global, regional, and na-

tional prevalence of overweight and obesity in children and

adults during 1980–2013: a systematic analysis for the Global

Burden of Disease Study 2013. Lancet 2014;384:766–81.

34. IHME. Overweight and Obesity. Seattle, WA: Institute for

Health Metrics and Evaluation, 2014.

35. Gill T. Young people with diabetes and obesity in Asia: a grow-

ing epidemic. Diabetes Voice 2007;52:20–22.

36. Li M, Dibley MBaur L, Twigg SMagnusson R (eds). . Child and

adolescent obesity in Asia. In: A Modern Epidemic: Expert

Perspectives on Obesity and Diabetes. Sydney, NSW: Sydney

University Press, 2012.

37. Caprio S, Daniels SR, Drewnowski A et al. Influence of Race,

Ethnicity, and Culture on Childhood Obesity: Implications for

Prevention and Treatment: A consensus statement of Shaping

America’s Health and the Obesity Society. Diabetes Care

2008;31:2211–21.

38. Kumanyika SK. Environmental influences on childhood obesity:

Ethnic and cultural influences in context. Physiol Behav

2008;94:61–70.

39. Allotey P, Reidpath DD, Devarajan N et al. Cohorts and com-

munity: a case study of community engagement in the establish-

ment of a health and demographic surveillance site in Malaysia.

Glob Health Action 2014;7:23176.

40. WHO. STEPwise approach to Surveillance (STEPS). Geneva:

World Health Organization, 2016.

41. WHO. Global Physical Activity Surveillance. Geneva: World

Health Organization, 2016.

42. WHO. WHO Study on global AGEing and adult health (SAGE).

Geneva: World Health Organization, 2016.

43. WHO. The World Health Organization Quality of Life

(WHOQOL). Geneva: World Health Organization, 2016.

44. PFA. Depression Anxiety Stress Scales. Sydney, NSW: University of

New South Wales and Psychology Foundation of Australia, 2014.

International Journal of Epidemiology, 2017, Vol. 46, No. 5 1531

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/5/1523/3902976 by Q

ueen M
argaret U

niversity user on 22 February 2023



45. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann

J. Development of a WHO growth reference for school-aged chil-

dren and adolescents. Bull World Health Organ 2007;85:660–67.

46. WHO. Growth Reference 5–19 Years - Application Tools.

Geneva: World Health Organization, 2014.

47. WHO. Obesity and Overweight. Geneva: World Health

Organization, 2015.

48. IDF. The IDF Consensus on the Definition of the Metabolic

Syndrome in Children and Adolescents. Brussels: International

Diabetes Federation, 2007.

49. Whitworth JA. 2003 World Health Organization (WHO)/

International Society of Hypertension (ISH) statement on man-

agement of hypertension. J Hypertens 2003;21:1983–92.

50. WHO, IDF. Definition and Diagnosis of Diabetes Mellitus and

Intermediate Hyperglycemia. Geneva: World Health Organization,

2006.

51. Zou G. A modified poisson regression approach to prospective

studies with binary data. Am J Epidemiol 2004;159:702–06.

52. Kirkwood BR, Sterne JA. Essential Medical Statistics.

Chichester, UK: John Wiley & Sons, 2010.

53. Higgins JP, Green S. Cochrane Handbook for Systematic Reviews

of Interventions. Chichester, UK: John Wiley & Sons, 2011.

54. Khadilkar AV, Chiplonkar SA, Pandit DS, Kinare AS, Khadilkar

VV. Metabolic risk factors and arterial stiffness in Indian children of

parents with metabolic syndrome. J Am Coll Nutr 2012;31:54–62.

55. Baxi R, Vasan SK, Hansdak S et al. Parental determinants of meta-

bolic syndrome among adolescent Asian Indians: A cross-sectional

analysis of parent-offspring trios. J Diabetes 2016;8:494–501.

56. Lee CY, Lin WT, Tsai S et al. Association of parental overweight

and cardiometabolic diseases and pediatric adiposity and life-

style factors with cardiovascular risk factor clustering in adoles-

cents. Nutrients 2016;8. doi: 10.3390/nu8090567.

57. Anjana RM, Lakshminarayanan S, Deepa M, Farooq S,

Pradeepa R, Mohan V. Parental history of type 2 diabetes melli-

tus, metabolic syndrome, and cardiometabolic risk factors in

Asian Indian adolescents. Metab Clin Exp 2009;58:344–50.

58. Jago R, Fox KR, Page AS, Brockman R, Thompson JL. Parent

and child physical activity and sedentary time: Do active parents

foster active children? BMC Public Health 2010;10:194.

59. Craig CL, Cameron C, Tudor-Locke C. Relationship between

parent and child pedometer-determined physical activity: a sub-

study of the CANPLAY surveillance study. Int J Behav Nutr

Phys Act 2013;10:8.

60. Sigmundov�a D, Sigmund E, Vok�a�cov�a J, Kop�c�akov�a J. Parent-

Child associations in pedometer-determined physical activity

and sedentary behaviour on weekdays and weekends in random

samples of families in the Czech Republic. Int J Environ Res

Public Health 2014;11:7163–81.

61. Kral TVE, Rauh EM. Eating behaviors of children in the context

of their family environment. Physiol Behav 2010;100:567–73.

62. Mannan M, Doi SA, Mamun AA. Association between weight

gain during pregnancy and postpartum weight retention

and obesity: a bias-adjusted meta-analysis. Nutr Rev

2013;71:343–52.

63. Nehring I, Schmoll S, Beyerlein A, Hauner H, von Kries R.

Gestational weight gain and long-term postpartum weight reten-

tion: a meta-analysis. Am J Clin Nutr 2011;94:1225–31.

64. Gunderson EP. Childbearing and obesity in women: weight be-

fore, during, and after pregnancy. Obstet Gynecol Clin North

Am 2009;36:317–ix.

65. Bell CG, Walley AJ, Froguel P. The genetics of human obesity.

Nat Rev Genet 2005;6:221–34.

66. Walley AJ, Asher JE, Froguel P. The genetic contribution to non-

syndromic human obesity. Nat Rev Genet 2009;10:431–42.

1532 International Journal of Epidemiology, 2017, Vol. 46, No. 5

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/46/5/1523/3902976 by Q

ueen M
argaret U

niversity user on 22 February 2023


	dyx114-TF1
	dyx114-TF2
	dyx114-TF3
	dyx114-TF4
	dyx114-TF5
	dyx114-TF6

