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Abstract. Underweight, overweight and obesity lead to detrimental health 
outcomes in adolescents and adulthood.  Socio-economic/demographic,  
dietary-lifestyle and psychosocial-familial factors associated with body mass 
index (BMI) categories of adolescents were investigated in three Southeast 
Asian countries, namely, Indonesia, Malaysia and Thailand employing a 
cross-sectional study based on the World Health Organization’s Global  
School-based Student Health Surveys of adolescents 13-17 years of age.   
Age- and sex-adjusted BMI status was categorized as underweight, normal 
weight, overweight, and obese. Ordered probit analysis was performed to 
examine factors associated with BMI status.  Higher likelihoods of overweight 
and obesity were found among adolescents of both genders in Malaysia and 
Thailand compared to Indonesia, and higher likelihood of overweight among 
both groups in Malaysia compared Thailand. Age was negatively associated  
with overweight and obesity likelihoods among male adolescents in all 
three countries.  Hunger status was correlated with higher underweight and  
lower overweight/obesity likelihoods among adolescents of both genders 
in Malaysia and females in Indonesia. Adolescents who exercise regularly  
experienced higher likelihood of normal BMI in all three countries.  Smoking 
lowered overweight/obesity propensity of male adolescents in Indonesia and  
Malaysia, while loneliness contributed to propensity of overweight/ 
obesity among adolescents of both genders in Malaysia.  These findings show 
a need for a portfolio of targeted interventions according to specific adolescent 
subpopulations within the three target Southeast Asian countries to correct 
abnormalities in body weight indices detrimental to healthy growth and  
development.
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INTRODUCTION

Underweight, overweight, and  
obesity are often precursors to poor 
health among adolescents. Negative 
health consequences of adolescence 
underweight comprise decreased bone 
mass, scoliosis, muscle weakness,  
delayed puberty, and increased risk of 
osteoporosis in adulthood (Pasricha and 
Biggs, 2010).  Potential health problems 
caused by adolescence overweight and 
obesity are cardiovascular diseases,  
hypertension and type-2 diabetes  
(Daniels, 2006) and such adolescents 
face greater risks of obesity and chronic  
diseases in adulthood (Alberga et al, 
2012).

The 2020 Global Nutrition Report 
(Development Initiatives, 2020b) points 
out that global prevalence of children 
and adolescents (5-19 years of age) with 
underweight determined from body 
mass index (BMI) decreased during 2000 
and 2016 from 37.0 to 31.6% for boys and 
from 29.6 to 25.9% for girls, while, on the 
other hand, prevalence of overweight 
rose from 10.3 to 19.2% and from 10.3 
to 17.5%, respectively.  During the same 
period, prevalence of obesity increased 
from 3.3 to 7.8% among boys and from 
2.5 to 5.6% among girls (Development 
Initiatives, 2020b). 

Based on geographic regions,  
Europe fares better than the global  
average as prevalence of adolescence 
underweight decreased during 2000 and 
2016 from 12.9 to 10.3% for boys and from 
13.5 to 11.0% for girls, while prevalence of  

overweight rose from 21.6 to 29.4% 
and from 18.4 to 24.5% respectively,  
compared to that of adults of 6.3 to 
10 .7% among males  and 4 .2  to 
6.7% among females (Development  
Init iat ives,  2020a) .  Encouraging  
outcomes were also observed in North 
America and Oceania with reduction in 
underweight prevalence similar to the 
global trend while increase in overweight 
and obesity prevalence among boys and 
girls were lower than the global trend.  
Different patterns were observed in Asia,  
particularly among countries in the 
Southeast Asian subregion. While  
underweight prevalence averaged >30% 
in 2016, overweight prevalence increased 
alarmingly from 5.5 to 16.5% among 
boys and from 5.5 to 13.0% among girls. 
Obesity prevalence rose from 2.0 to 
7.2% among boys and from 1.1 to 4.2% 
among girls between 2000 and 2016  
(Development Initiatives, 2020a).

W h i l e  s e ve r a l  s t u d i e s  h a ve  
investigated factors associated with  
adolescent overweight and obesity in 
Southeast Asia, many are based on  
small-scale data of selected cities/ 
districts (Nguyen et al, 2013; Su et al, 
2014; Pham et al, 2020).  Other than two 
studies, namely those of Naidu et al 
(2013) and Pengpid and Peltzer (2016), 
large-scale nationwide studies have been 
hampered due to lack of comprehensive 
data.  Conclusions from regional studies 
are limited and ungeneralizable to the 
country level.  Studies among countries 
cannot be conducted due to lack of  
common data formats.
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Given the high prevalence of  
underweight and obesity among  
adolescents  in  Southeast  Asian  
countries, efforts were made within this 
population to identify factors associated  
with BMI categories  employing  
binary logistic/probability models  
(Tang et al, 2010; Pengpid and Peltzer,  
2016; Zhu e t  a l ,  2018). However,  
information on detai led weight  
categories is compromised as health 
and policy implications of correlates of  
these different weight outcomes  
(eg normal weight, overweight, and  
obesity) are generally different. This is  
the major shortcoming of the study  
by Pengpid and Peltzer (2016), who  
investigated the binary outcome of  
overweight or obesity based on the same 
data source.

This study examined the association  
of adolescent BMI categories with  
socio-economic/demographic (age 
and hunger status), dietary-lifestyle 
(fruit and vegetable (FV) consumption,  
physical activity and smoking status), and  
psychosocial-familial (loneliness, peer 
support and parental understanding) 
factors according to gender in three 
Southeast Asian countries, namely  
Indonesia, Malaysia, and Thailand.   
Specific objectives were to investigate the 
association of BMI with socio-economic/ 
demographic, dietary-lifestyle, and 
psychosocial-familial factors utilizing 
large-scale national survey data sets 
and an ordered (versus binary) probit  
model.

MATERIALS AND METHODS

Data collection
Data were obtained from the Global 

School-based Student Health Surveys 
(GSHS) of Indonesia (961 boys and 1,231 
girls) in 2007, Malaysia (11,885 boys 
and 12,240 girls) in 2012 and Thailand 
(1,162 boys and 1,305) in 2008 (CDC, 
2007; CDC, 2008; CDC, 2012).  GSHS is a  
school-based cross-sectional survey  
developed by WHO to provide health 
and social behavioral information of  
students in secondary schools, 13-17 
years of age, who attend Grades 7-11 
in Indonesia, Form 1-5 in Malaysia and  
Mattayom 1-5 in Thailand (MOE  
Thai land,  2008;  UNESCO, 2011; 
MOE Malaysia, 2019). Standardized  
scient ific  sampling process  and  
common school-based methodology 
were used to obtain representative  
samples from randomly selected 
schools in these countries (WHO, 2019).   
After removing observations with  
missing information for important  
variables, the study samples constituted 
224,125, 2,467 and 2,192 students from 
Indonesia, Malaysia and Thailand,  
respectively.  While multiple imputation  
procedures for missing values are  
available, these were beyond the scope 
of the study.  Analysis was carried out 
with the assumption that data are not 
missing in any non-random way and, as 
such, the results should be interpreted 
with caution.  No ethical approval was 
required as GSHS data were anonymized 
and accessible to the general public.
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Outcome variable
Before carrying out the survey,  

researchers measured the weight 
(kg) and height (m) of each student; 
such information was then entered 
onto the GSHS questionnaire during  
survey administration (WHO and CDC, 
2013).  BMI (kg/m2) is categorized into  
underweight  (BMI <-2 standard  
deviation (SD) from median by age and 
sex), normal weight (-2 SD ≤ BMI <+1 SD 
from median by age and sex), overweight 
(+1 SD ≤ BMI <+2 SD from median by 
age and sex), and obese (BMI >+2 SD 
from median by age and sex) (de Onis 
et al, 2007; WHO, 2007).  The outcome  
variable, BMI status, is an ordinal  
indicator of these categories.

Exposure variables
Exposure variables assumed to 

be associated with BMI status were 
age groups (age ≥16), hunger status  
( H u n g r y ) ,  f r u i t  a n d  ve g e t a b l e  
consumption (FV), physical activity  
status (Physical), smoking status  
(Smoker), loneliness status (Lonely), peer 
support (Peer), parental understanding  
(Parental), and gender (Tang et al , 
2010; Nguyen et al, 2013; Su et al, 2014;  
Pengpid and Peltzer, 2016).

Age groups were divided into two 
categories, namely, ≤15 years of age  
(reference) and ≥16 years of age. In GSHS, 
exposure variables use multi-point  
response scales and are aggregated into 
two-point scales.  For example, Hungry 
as a proxy for income and food intake is 
obtained from response to the question, 

“During the past 30 days, how often 
did you go hungry because there was 
not enough food in your home?”. The 
five-point response scale ranged from 
1 = never to 5 = always.  Hungry status 
is then denoted to student responding  
affirmatively to having gone hungry 
most (scale 4) or all (scale 5) of the time 
in the past month due to insufficient food 
at home.  Similarly, a composite binary  
variable was created to represent FV 
intake adequacy.  From the question, 
“During the past 30 days, how many 
times per day did you usually eat 
fruits (vegetables)?”, a respondent who  
consumed fruits at least twice daily 
and vegetables at least thrice daily over 
the past month is considered to have  
adequate FV intake. Physical denotes an 
adolescent who exercised ≥60 minutes 
daily in the past week; Smoker refers to 
tobacco products usage on ≥1 day(s) in 
the past month; Lonely to feeling alone 
most or all the time in the past year; 
Peer to characterize an adolescent who 
never or rarely experienced kind and 
helpful peers in school; and, Parental 
refers to those having parents/guardians 
who sometimes/most of the time/always  
understand the problems or worries of 
the respondent (WHO and CDC, 2013).

Statistical analysis
Our empirical specification is 

based on a utility-theoretic framework  
(Philipson and Posner, 2003).  In order 
to accommodate the ordinal scale of 
weight category variable (y), ordered 
probit model was employed as follows 
(Cameron and Trivedi, 2005): 
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where X is a vector of exposure  
variable, β is a conformable parameter  
vector, and rl and r2 are threshold  
parameters delineating categories of 
body weight, along with the fixed  
thresholds (-∞ ,  0,  ∞) .  As the de 
pendent variable y contains only  
categorical information, the disturbance  

term U is assumed to follow a unit 
normal distribution, with standard 
deviation standardized at unity.  The 
probability of each weight category is 
the defined as difference between two  
standard normal probabilities.  For 
example, probability of overweight is 
calculated from the formula: 

y =   underweight
=   normal weight	
=   overweight
=   obese

if    -∞ < XTβ + U ≤0
if    0 < XTβ + U ≤ rl

if    rl < XTβ + U ≤ r2

if    r2 < XTβ + U ≤ ∞ 	 (1)

Pr (y = overweight) =    F(r2 − XTβ) − F(r1 − XTβ) 	 (2)

where F is cumulative distribution  
function of the unit normal.  Probabilities  
of other weight categories are defined 
similarly with the pair of thresholds  
given in each line of equation (1).   
The  l ike l ihood funct ion  for  an  
independent sample is the product of 
all component probabilities defined in 
(1).  Maximum-likelihood estimation 
and bootstraps for standard errors were 
carried out by programming in R4.0.5, 
using the maxLik optimization package 
(Henningsen and Toomet, 2011).  Upon 
obtaining the parameter estimates,  
associations of exposure variables, 
all binary, with the weight category  
probabi l i t i es  are  quant ified  by  
calculating differences in category  
probabilities. For statistical inference, 
standard error of association is calculated 
using paired bootstraps (Greene, 2018).

RESULTS

Statistics of study population
There were more girls than boys 

in all three countries sampled. The  
proportions of boys and girls in Malaysia 
and Thailand reflected both country’s 
population while they differed for  
Indonesia where the population of boys 
(51%) are higher than girls (49%) (UIS, 
2014). The proportion of adolescents 
with normal weight was similar in all 
three countries and among gender, but 
those in Malaysia and Thailand had a 
higher proportion of obesity relative to 
underweight although the opposite was 
observed in Indonesia. (Fig 1)

The majority of adolescents were 
≤15 years of age in all three countries.  
Between 2-6% of respondents reported 
hunger most or all the time in the past 
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Fig 1 - Frequency distribution of BMI category according to country and gender

A: Male; B: Female 

Data are compiled from the Global School-based Student Health Surveys (GSHS) of 
Indonesia in 2007, Malaysia in 2012 and Thailand in 2008 (CDC, 2007; CDC, 2008; CDC, 
2012).
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month, with the largest proportion 
among males (7%) and females (6%) in 
Indonesia. Proportion of adolescents 
who consumed adequate fruit and  
vegetable ranged from 23% (females in 
Indonesia) to 33% (females in Thailand).  
Male adolescents from Malaysia and 
Thailand were more physically active 
than girls.  Proportion of smoking among 
boys in Indonesia (21%), Malaysia 
(19%) and Thailand (15%) was higher  
compared to girls (1-2%).

Between 6-10% of adolescents  
reported being lonely most or all 
the time and more boys than girls  
responded that fellow students were  
never or rarely kind and helpful.  
There was no difference in gender of  
adolescents with understanding parents/
guardians in Indonesia and Malaysia but 
in Thailand there were fewer boys (57%) 
than girls (68%) in this category (CDC 
2007; CDC, 2008; CDC, 2012).  Detailed 
discussions can be obtained from the 
authors upon request.

Parameter estimates
We initially determined whether 

to conduct the analysis with a pooled 
all-country, boy-girl sample, or by 
country and sex using chi-square tests.  
Firstly, by estimating the model for 
the pooled, Indonesia, Malaysia, and  
Thailand samples, such that each  
country dummy variables are included 
in the restricted (pooled sample) model 
and obtaining maximum log-likelihood 
values (fp, f1, f2, f3), the test statistic  
2(fl + f2 + f3 − fp) was chi-square distributed  
with degrees of freedom equal to the 

number of additional parameters in 
segmented-sample estimation. The  
hypothesis of equal “slope” coefficients 
was rejected for all three countries  
(χ2 = 4146.81, df = 10, p-value < 0.0001).  
Following the same procedure, the 
hypothesis of equal slope coefficients 
was also rejected between genders both 
by pooling data from all countries and 
by each individual country (p-value < 
0.0001). In summary, statistical tests 
suggest analysis of each country and 
by gender for each country. Maximum- 
likelihood estimates are not presented 
due to space consideration and are  
available upon request from the  
authors.  The key results are as follows: 
(i) all threshold parameter estimates are  
statistically significant for both boys and 
girls in all three countries (p-value <0.01), 
suggesting ability of these thresholds 
in delineating BMI categories; (ii) all 
variables are jointly significant (p-value 
< 0.001 by Wald and likelihood-ratio 
tests), suggesting explanatory variables 
are suitable to describe sample variation 
in BMI categories. The roles of exposure  
variables can better be explored  
using marginal effects on BMI category  
probabilities.

Effects of exposure variables
We first compared probabilities 

of body weight categories among 
the three countries. Compared to  
Indonesia, male adolescents in Malaysia  
were 6.23 (percentage) points less  
likely to be underweight, 4.08 points less  
likely to be normal weight; but 4.44 points  
more likely to be overweight and 5.88 
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point more likely to be obese (Table 1).  
Similar  patterns  were  observed 
among female adolescents in Malaysia  
compared to Indonesia, but with higher 
magnitude, as high as 6.77 points, of  
being overweight.  Between Malaysia 
and Thailand, boys in Malaysia were  
2.68 points less likely to be underweight  
and 1.12 points more likely to be  
overweight, with similar results among 
girls but at higher magnitude, 4.23 and 
2.54 points respectively.  Overall, higher 
likelihoods of overweight and obesity 
were detected among adolescent males 
and females in Malaysia and Thailand 
compared to Indonesia, and higher 
likelihood of overweight adolescents of 
both genders in Malaysia compared to 
Thailand.

As our statistical tests favored 
segmented-sample estimation, we next 
examined marginal effects of exposure 
variables on BMI category probabilities 
according to gender in each country.  
Boys ≥16 years of age in Malaysia were 
less likely to be overweight (0.61 point) 
and obese (1.02 points) but more likely 
to be underweight (0.74 point) and of 
normal weight (0.89 point) compared 
to their younger cohorts (≤15 years of 
age) (Table 2). Similar outcomes were 
observed among boys in Thailand and 
Indonesia.

Hunger is associated with BMI 
status, albeit with mixed relationships 
among boys and girls and in individual 
country.  Adolescents in Malaysia and 
girls in Indonesia with hunger issues  
displayed higher propensities of  

being underweight or of normal weight  
(Table 2) .  Analysis according to  
gender revealed a more notable role of  
hunger among girls compared to boys in  
Malaysia. 

Augmenting role of FV consumption 
on body weight was noteworthy among 
adolescents in Malaysia and boys in  
Thailand, with those consuming  
a d e q u a t e  F V  e x h i b i t i n g  l o we r  
underweight likelihood but higher 
overweight/obese likelihood (Table 
2). Adolescents of both genders in  
Malaysia and Indonesia and adolescent 
males in Thailand who exercised regularly  
experienced lower overweight/obesity 
likelihoods compared to those who were 
not physically active.  Smoking lowers 
overweight/obesity propensities of boys 
in Malaysia and Indonesia (Table 2). 

Boys and girls in Malaysia facing 
solitude issues were 1.22 and 1.25 points 
respectively more likely to be overweight 
and 2.21 and 1.52 points respectively 
to be obese, respectively compared to 
others.  Peer issues were significant only 
among overweight boys in Malaysia 
(Table 2).  However, association between 
parental understanding and BMI status 
varied across countries and between 
genders. Boys with understanding  
parents/guardians were less likely to be 
underweight (0.74 point) or of normal 
weight (0.90 point) but more likely to be 
overweight (0.61 point) or obese (1.03 
points) (Table 2).  On the other hand, 
adolescent females in Thailand with 
parental empathy were less likely to be 
overweight or obese.
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DISCUSSION

The study utilized large-scale  
national survey data sets to examine the 
factors associated with adolescent body 
weight categories in Malaysia, Thailand, 
and Indonesia (CDC 2007; CDC, 2008; 
CDC, 2012).  We extended the analysis 
to include factors associated with all 
BMI categories using an ordered probit 
model.  As empirical literature suggests 
sex differences in overweight and obesity 
(Tang et al, 2010; Su et al, 2014; Pengpid 
and Peltzer, 2016; Pham et al, 2020), a 
segmented-sample analysis by country 
and sex supported by formal statistical  
tests was employed, which has the  
a d va n t a g e  o f  u n c o v e r i n g  a n y  
differential  relat ionships of  the  
aforementioned factors with BMI  
categories that would otherwise be 
masked by use of a pooled sample of 
both sexes for all countries, as with 
the study of Pengpid and Peltzer 
(2016) who investigated boys and girls  
separately but with pooled data from all  
countries.  Pooling of data from multiple  
countries can be particularly problematic  
especially when data were collected at 
different points in time within 10 years. 

The study identified six significant 
associations.  Firstly, our results show 
an inverse association between body 
weight and age among adolescent males 
in Indonesia, Malaysia and Thailand, 
contrasting with prevailing perceptions 
of attributing positive trend between 
BMI status and age to fat accumulation 
and obesogenic environment in older  
adolescents (Duncan et al, 2011). The 

negative trend between body weight 
and age supports the arguments of  
pre-pubertal growth (Adair, 2008),  
parental control on dietary habits (Tang 
et al, 2010), and lack of physical activity 
due to pressures of study (Yen et al, 2010) 
among younger adolescents. Studies 
have also shown a higher likelihood of 
older adolescents in trying to lose weight 
(Yost et al, 2010).  It is therefore suggested 
that health awareness programs on the  
importance of proper nutritional practices  
to maintain appropriate body weight 
of high school children be promoted in 
the three study countries. This includes 
monitoring younger adolescents in lower  
secondary (junior high) schools for  
o ve r we i g h t / o b e s i t y ,  a n d  o l d e r  
adolescents in upper secondary (senior 
high) schools should be screened for 
underweight tendencies. Public health 
authorities should also be mindful that 
malnutrition may be occurring primarily 
among boys of all age ranges.

Secondly, results on hunger due 
to food shortage at home as a proxy 
for household income and food intake 
showed adolescents in Malaysia and 
adolescent females in Indonesia with 
hunger issues were less likely to be 
overweight/obese and more likely to 
be underweight than those without 
such issues.  These outcomes contradict  
findings from developed countries 
where adolescent overweight/obesity is 
concentrated among poorer households 
(Klein-Platat et al, 2003; Boumtje et al, 
2005).  Instead, our findings echo those 
from less industrialized countries where 
prevalence of underweight is found 
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among low income families, which often 
suffer from some form of food insecurity 
issues (Pérez-Cueto et al, 2005; Tang et 
al, 2010).

Because adolescent underweight 
could lead to a myriad of chronic  
diseases (Dong et al , 2018), policy  
measures to provide free and healthy 
foods  should  be  cons idered  to  
improve dietary intake of underprivileged  
adolescents facing food insecurity.  Short 
term measures such as food subsidies, 
cash rebates, and food coupons should 
be considered to improve dietary intake 
and alleviate burden of low-income  
households  from hunger  issues  
(MacAuslan and Attah, 2015).  Particular 
attention should be focused on girls from 
low-income families in Malaysia and  
Indonesia given their higher propensities 
to be underweight.

T h i r d l y ,  o u r  fi n d i n g s  s h o w  
regular physical activity lowered  
overweight/obesity likelihoods and even 
raises normal weight propensities among  
a d o l e s c e n t s  i n  a l l  t h r e e  s t u d y  
countries, confirming the affirmative role of  
physical activity on body weight status 
among adolescents in Malaysia (Su 
et al, 2014) and among adults in USA 
(Yen, 2012) and Malaysia (Tan et al, 
2016). It is interesting to note that while  
studies have found a positive association  
between human development index 
(HDI) (UNDP, 2019) and prevalence 
of obesity (Khazaei et al, 2020) and  
physical inactivity (Dumith et al, 2011), 
our findings show active physical  
activity participation was effective in  

reducing adolescence overweight/ 
obesi ty  prevalence even within  
countries with relatively high HDIs,  
such as Indonesia (0.707), Malaysia 
(0.804) and Thailand (0.765) (UNDP, 
2019).  Government authorities should, 
therefore, take notice from the present 
study to embark on programs promoting 
physical education among adolescents as 
such policies serve as early intervention 
“no-regrets” strategies generating net 
social benefits irrespective of a country’s 
HDI (Tan et al, 2019).

Fourthly, findings that smoking 
status is associated with underweight 
likelihood of boys in Indonesia and 
Malaysia support studies on a negative 
association between smoking status and 
body weight categories within the adult 
population (Tan et al, 2013; Plurphanswat  
a n d  R o d u ,  2 0 1 4 ) .  C i g a r e tt e  
smoking may suppress appetite or raise  
metabolism rates (Chou et al, 2004), 
leading to lower BMI and overweight/
obese likelihood among smokers.   
Nevertheless, it should be emphasized 
that although smoking may be a possible 
alternative to achieve weight loss goals,  
it would be naïve to exploit such a notion 
in public awareness and educational  
programs. In fact, the list of negative 
health effects from smoking far outweigh 
health risks associated with elevated 
BMI (Tan et al, 2019). Health authorities  
in these countries should therefore 
be cognizant that while smoking  
related disorders (heart and respiratory  
diseases, and lung and related cancers) 
may pose as a health burden within its  
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adolescence community, other health  
issues associated with adolescence  
underweight  (de layed puberty ,  
osteoporosis and scoliosis) should not 
be ruled out (Pasricha and Biggs, 2010).

Fifthly, psychosocial factors of  
loneliness and (lack of) peer support 
were important factors impacting 
BMI status only among Malaysian  
adolescents, where boys lacking peer 
support were 0.49 point more likely to be 
overweight compared to girls (although 
obesity likelihood was unaffected).  
These results support previous literature 
reporting adolescents facing loneliness 
and peer pressure often experience 
inappropriate coping behavior and 
eating disorders resulting in unhealthy 
body weight issues.  These individuals 
often spend significant amounts of time 
partaking in sedentary activities and 
consuming junk food (Goosby et al, 
2013), thus elevating their likelihoods 
of unhealthy BMI values. Awareness  
programs should be promulgated among 
Malaysian adolescents facing social 
exclusion and low self-esteem so as to 
avoid experiencing far-reaching health 
ramifications, including unhealthy body 
weight issues (Levine, 2012).

Lastly, despite the important role of 
parental understanding on adolescent 
well-being (Williams and Mummery, 
2011), unhealthy BMI values may still 
arise from empathetic parenting styles.  
This is characterized by the elevated 
BMI values of adolescent males in  
Malaysia and underweight issues 
of girls in Thailand even with the  

support of understanding parents. This 
is not surprising as studies have shown 
that among the different parenting 
styles (eg authoritative, authoritarian,  
permissive, and neglectful), in addition to  
un ders t anding  an  ado lescent ’ s  
problems and worries, an authoritative 
style will result in healthy adolescent 
weight outcome (Berge et al, 2010).

The study suffered from several  
l imitations. Firstly, we note that  
adolescents in Malaysia and boys in  
Thailand with adequate FV can be 
associated with higher likelihoods of 
overweight/obesity. While healthy 
consumption is defined as consuming 
fruits two or more times and vegetables 
three or more times daily, “times per 
day” could be associated with meal 
frequency, resulting in elevated body 
weight; future surveys should consider  
alternative measures of FV intake.   
Secondly, omission of traditional wealth 
variables (eg income) was a shortcoming 
but such information was unavailable in 
the GSHS, and in the absence of these 
data, we used hunger status as a proxy 
for income and food intake (Pengpid 
and Peltzer, 2016).  Additional variables 
(eg parents’ education level, household 
size, urbanicity, and pubertal status) may 
offer further insights.  Thirdly, there was  
absence of verification of weight-height 
and lifestyle factors in self-reported 
health surveys.  Fourthly, as surveys were 
carried out in different years from 2003 
to 2013, results should be interpreted  
with care given that changes in health 
care practices could have occurred in 
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the Southeast Asian region within this 
period.  Further studies might also  
consider potential endogeneity of  
physical activity in investigation of 
body weight (Tan et al, 2016). Fifthly,  
observations with missing information 
were omitted from the analysis, and 
randomness of missing information 
should be explored in further studies 
and imputation (Rubin, 1987) might 
also be considered to compensate for the 
missing data.

In conclusion, as negative health 
consequences of malnutrition in  
adolescents can carry into adulthood, 
strategies aimed at preventing unhealthy 
body mass indices should start at early 
childhood. Because socio-economic/
demographic, dietary-lifestyle and  
psychosocial-familial  factors are  
associated with adolescent  BMI  
categories ,  albeit  with different  
outcomes across countries and genders,  
interventions should support balanced 
diet, regular physical activity, healthy 
lifestyle, and psychosocial-familial  
development  to  ensure opt imal  
adolescent BMI values. There is no 
“one size fits all” approach to address  
malnutrition among adolescents in  
Indonesia, Malaysia and Thailand. The 
most effective public health intervention 
to ameliorate adolescent body weight 
issues should consist of a portfolio of 
systemic and targeted interventions  
designed to address the health burdens 
of specific gender within various country 
settings.
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