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Abstract 

Background Historical evidence highlights links between height and 
environmental factors, with geographic isolation playing a crucial 
role. The Kangean Island, one of Indonesia’s small, isolated islands, 
offers a unique context for research on growth. 
Objectives The study aims to compare the height of 15-17-year-old 
girls in Malang, Java, with those of the same age on Kangean. It also 
compares the height of boys and girls aged 1 month–12 years old 
from Arjasa and Kangayan locations over two hours away from the 
port on the Kangean Island. 
Sample and Methods We studied 2 groups with a total of 393 partic- 
ipants: girls aged 15–17 years from Malang (n=91); and Kangean 
(n=94), children aged 1 month–12 years from the Kangean Island 
(n=208); we measured the participants’ height, weight, and BMI, 
converted them based on the WHO-reference SDS values from 2007, 
and then analyzed the data using SPSS. 
Results Compared with Malang, female adolescents on Kangean 
were shorter (-1.42±0.79 vs. -0.88±0.79, p<0.001), had lower weight 
(-1.84±1.40 vs. -0.50±1.18, p=0.00), and lower BMI (-0.84±1.29 vs. 
0.069±1.02, p<0.001). Kangayan boys were shorter than those in Ar- 
jasa (-1.67±1.00 vs. -0.83±1.36; p<0.001), while Kangayan girls were 
similar to their counterparts in Arjasa. There were no significant 
differences in weight between all the Kangan and Arjasa groups, 
but Kangayan’s children had a higher mean BMI-SDS than Arjasa’s 
(boys: -0.55±1.45 vs. -1.32±1.52; p=0.009; girls: -0.54±0.94 vs. -1.12 
± 1.04; p=0.01). 
Conclusion Living on a small island and the distance from its port dif- 
ferently affect the growth of children and adolescents. 

Take-home message for students Children (1 month–12 years old) and female adolescents (15–17 
years old) living on small, isolated islandstend to grow slow, particularly those residing in remote 
areas far from main transportation links to larger islands. This highlights the impact of geographical 
isolation on children’s development. 
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Abbreviations 

AOR : Adjusted Odd Ratio 
BMI : Body Mass Index 
Kg : Kilogrammes 
IFLS : Infant Feeding Leads 
LMIC : Low-and Middle-Income Countries 
SDS : Standard Deviation Score 
SPSS : Statistical Package for the Social Sciences 
WHO : World Health Organization 

Introduction 

Indonesia is an archipelagic country char- 
acterized by extensive geographical, cul- 
tural, and socioeconomic variety. It of- 
fers a distinctive framework for examin- 
ing children’s growth and development. 
Economists focus on economic condi- 
tions to elucidate the prevalence of short 
stature in low- and middle-income coun- 
tries (LMIC); nutritionists emphasize the 
critical importance of nutrition and the 
harmful consequences of nutrient defi- 
ciencies; and pediatric endocrinologists 
emphasize the essential role of growth 
hormone (Hermanussen and Bogin 2014). 
Nevertheless, the influence of geographi- 
cal isolation on growth outcomes remains 
inadequately examined. 
Frequently, low height for age is noted 
in rural and distant regions attributable 
to insufficient dietary diversity, maternal 
nutrition, and restricted access to health- 
care services (Torlesse et al. 2016). Defi- 
ciencies in micronutrients, especially iron, 
zinc, and vitamin A, significantly worsen 
growth deficits in isolated areas (Fahmida 
et al. 2014). Environmental issues, like 
inadequate sanitation and substandard wa- 
ter quality, exacerbate growth problems, 
heightening the risk of chronic illnesses 
that hinder development (Checkley et al. 

2004). Furthermore, cultural practices and 
social factors play significant roles in in- 
fluencing growth outcomes. Conventional 
dietary prohibitions and economic inequal- 
ities restrict access to sufficient nutrition 
in rural areas (Widyaningsih et al. 2022). 
A study on isolated communities, Mentawai 
Island and Maluku, revealed substantial 
growth deficiencies attributable to re- 
stricted access to vital services (Kusumawar- 
dani et al. 2023). Conversely, research on 
children in East Nusa Tenggara, Indonesia, 
suggests that short stature in this popu- 
lation may result from the lack of social, 
economic, political, and psychological in- 
frastructure that, in modern Western so- 
cieties, supports height increases beyond 
historical thresholds. The study further 
indicates an absence of clear clinical evi- 
dence of malnutrition or chronic infections 
among the stunted children (Scheffler et al. 
2020). 
Kangean is situated approximately 120km 
north of Bali, northwest of Lombok, and 
120km east of Madura. It is accessible 
only by a ferry journey of nearly 12 hours 
or a 5-hour trip by a fast boat, and it falls 
under the category of an isolated island. Al- 
though there is a small amount of research 
on the Kangean Island, studies from analo- 
gous environments highlight the necessity 
of examining distinct growth patterns in 
geographically isolated populations. There- 
fore, the aim of this study is to compare 
the height of adolescents who are almost 
reaching their final adult height on the 
Kangean Island with those of similar age 
on the main island of Java. We also want to 
compare Kangean children’s heights based 
on their distance from the port as the only 
entry and exit point for transportation for 
residents on this island. We hypothesize 
that (1) adolescents on small islands will 
face restrictions in growth compared to 
their counterparts on larger islands, and 
(2) children living in areas far from the port 
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will grow smaller than their peers who live 
in areas near the port. 
This study is among the limited studies 
examining the effects of geographical iso- 
lation on the growth patterns of children 
and adolescents, specifically concentrating 
on the Kangean Island, Madura, Indone- 
sia. The result yields a new understanding 
of the impact of isolation on height tra- 
jectories, providing significant data for 
comparison with mainland populations 
and other island studies worldwide. 

Methods 

Study Design and Area 

We conducted this cross-sectional study 
on the Kangean Island and in Malang 
City, both located in East Java, Indone- 
sia. The Kangean Island is a part of the 
Sumenep Regency in East Madura, East 
Java Province, and it is the largest island 
within the Kangean Archipelago, which 
comprises other smaller islands (Andayani 
et al. 2023). It is divided into three sub- 
districts: Arjasa Sub-district, the largest 
and most populous, is situated in the west- 
ern part of the island and houses the main 
port; Kangayan Sub-district is located on 
the eastern side of the Kangean Island, ap- 
proximately 2 hours away from the port by 
bus, which serves as the only public trans- 
portation and operates just once a day; and 
Sapeken Sub-district serves as the capital 
for several smaller islands surrounding the 
main island of Kangean. There is no public 
transportation available to the port. 
Meanwhile, Malang City is situated in the 
central part of Malang Regency, on the 
southern side of Java Island, and is known 
as the third-largest city by economy in East 
Java. 

Sample and Sampling methods 

This study involved two groups of sub- 
jects. The first group consisted of girls 
aged 15–17 years who attended senior high 
schools in both Kangean and Malang for 
comparative analysis. The second group 
included boys and girls 1 month–below 12 
years old from two different subdistricts 
on the Kangean Island: Arjasa Subdistrict 
and Kangayan Subdistrict. Along with the 
Maduranese, the Kangean Islands’ ma- 
jority ethnic group, there are Javanese, 
Balinese, Bugis, Bajo, and Mandar from 
Sulawesi, as well as Chinese and Arabs (Fa- 
timah et al. 2024). People on Kangean are 
unaware of the first ethnic groups to settle 
there. Historical migration and trade be- 
tween Java, Bali, and Sulawesi led to their 
presence. The local population claims 1,000 
Chinese landed in Arjasa in the mid-18th 
century, when the Maduranese dominated 
the Kangean Islands (Tauney 2013). On 
the other hand, Malang City, East Java, is 
a multi-ethnic city where various ethnic 
groups such as Javanese, Madurese, Chi- 
nese, and Arab have coexisted since the 
colonial era, contributing to the cultural, 
economic, and traditional diversity of the 
local community (Hudiyanto 2007). 
Children with diagnosed developmental 
abnormalities, chronic diseases, or those 
currently receiving any form of chronic 
medical therapy were excluded from the 
study. 
We use consecutive sampling for this study. 
In total, we had 393 participants, including 
208 children aged 1 month–below 12 years 
old living on the Kangean Island. Among 
the older girls aged 15–17 years, there were 
94 participants from the Kangean Island 
and 91 participants from Malang. The chil- 
dren participated voluntarily, and their 
parents granted written informed consent. 
We excluded 8 boys from Kangean and 
only analyzed the girls, because the com- 
parative data from teenagers in Malang 
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Figure 1 Comparison of height, weight, and Body Mass Index (BMI) for girls aged 15–17 years old on Kangean and in Malang, based on 
the WHO Growth Charts (WHO 2007) 

were gathered only among girls. The study 
received approval from the Ethical Com- 
mittee of the Faculty of Medicine, Uni- 
versitas Airlangga, Surabaya, Indonesia 
(16/EC/KEPK/FKUA/2024), and it ad- 
hered to the Declaration of Helsinki. 

Measurements 

We determined the individuals’ chronolog- 
ical age by computing their decimal age, 
which involved subtracting their birthdate 
from the day of observation. 
All anthropometric measurements, includ- 
ing height and weight, were taken follow- 
ing the standardized protocols outlined by 
the WHO (WHO 2007). Measurements of 
weight and height were taken twice, and 
the mean values were documented. We 
took the measurements with the children 
wearing lightweight undergarments and 
without footwear. 
Weight was measured in kilograms (kg) us- 
ing an electronic scale (Tefal Sense, France) 
with precision to the nearest 0.1kg. Height 
measurements were obtained by position- 
ing the child or adolescent in an upright 
posture, excluding heels, buttocks, and the 
occiput, on a vertical portable scale (Seca 
GmbH & Co. KG, Germany). All the in- 
struments were calibrated regularly and 
were performed by trained professionals to 
ensure consistency and accuracy. 
Body mass index (BMI) was calculated for 
all participants by dividing their weight 

(kg) by the square of their height (in me- 
ters). The data were then converted into 
Standard Deviation Scores (SDS) based 
on the WHO references from 2007 (WHO 
2007). 

Analysis 

We conducted the statistical analysis using 
Statistical Package for the Social Sciences 
(SPSS) version 20 for Windows (SPSS Inc., 
USA). Descriptive statistics were used for 
demographic information and anthropo- 
metric measure. This study utilizes scatter- 
plots to visually represent the distribution 
of the collected data for children’s height, 
weight, and BMI based on SDS values. We 
used an independent two sample t-test to 
determine the differences in mean values 
between the two groups. 

Results 

The total number of samples in this study 
was 393, 185 female participants aged 
15–17 and 208 male and female partici- 
pants aged 1 month–below 12 years old. 
Table 1 explains the characteristics of 
girls aged 15–17 years old on the islands 
of Kangean and Malang. It was found 
that the average weight, height, and BMI 
were higher among participants in Malang 
(50.22 + 9.48 vs. 45.53 + 8.87kg; 155.09 + 
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Table 1 Characteristic of Girls 15–17 years old on the Kangean Island and in Malang City 

Location 
Variable 

Kangean (n=94) Malang (n=91) 

Mean Age (years) 16.57+0.74 15.03+1.19 
Mean Weight (kg) 45.53+8.87 50.22+9.48 
Mean Height (cm) 153.92+5.36 155.09+5.49 
Mean BMI (kg/m2) 18.19+3.46 20.80+3.26 

* ± Standard deviation 

5.49 vs. 153.92 + 5.36cm; 20.80 + 3.26 vs. 
18.19 + 3.46kg/m2). 
To ensure data homogeneity across dif- 
ferent age groups, we analyzed the stan- 
dard deviation of height, weight, and 
BMI within each group. We found that 
Kangean girls are shorter (-1.42±0.79 vs. 
-0.88±0.79, p<0.001), lighter (-1.84±1.40 
vs. -0.50±1.18, p<0.001), and had a lower 
BMI (-0.84±1.29 vs. 0.069±1.02, p<0.001) 
(Figure 1). 
Meanwhile, Table 2 explains the charac- 
teristics of the sample of children on the 
Kangean Island. The majority of partici- 
pants on the Kangean Island were boys in 
both Arjasa and Kangayan Districts (64.9% 
& 66.0%) with ages <5 years old (66.7% & 
58.8%). 

When we compared the SDS value of 
Kangayan and Arjasa children under 12 
years old, we found that Kangayan boys 
were shorter (-1.67±1.00 vs.-0.83±1.36; 
p<0.001), while Kangayan girls were simi- 
lar to those in Arjasa. There are no signifi- 
cant differences for weight, but Kangayan’s 
children had a higher mean bmiSDS than 
Arjasa’s (boys: -0.55±1.45 vs. -1.32±1.52; 
p=0.009; girls: -0.54±0.94 vs -1.12 ± 1.04; 
p=0.01) (Figure 2). 

Discussion 

We discovered that, in accordance with our 
hypothesis, adolescents on isolated islands 

Table 2 Characteristic of Children 1 month–below 12 years old on the Kangean Island 

Variable Location 

Arjasa (n=136) Kangayan (n=72) 
Sex Male 74 (64.9%) 40 (35.1%) 

Female 62 (66.0%) 32 (34.0%) 
Age <5 years old 116 (66.7%) 58 (33.3%) 

>5 years old 20 (58.8%) 14 (41.2%) 
Mean Weight (kg)* Male 11.84 ± 3,85 11.83 ± 5,36 

Female 11.80 ± 3,86 12.04 ± 4,88 
Mean Height (cm)* Male 90.27 ± 16,67 89.04 ± 20,81 

Female 90.07 ±16,79 89.01 ± 19,42 
Mean BMI (kg/m2)* Male 14.38 ± 1,93 14.74 ± 1,84 

Female 14.41 ± 1,95 14.71 ± 1,73 
* ± Standard deviation 
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Figure 2 Comparison of height, weight and Body Mass Index (BMI) between children aged 1 month–under 12 years old on Kangean and 
other regions, based on the WHO Growth Charts (WHO 2007) 

such as Kangean encounter limitations 
in growth regarding height, weight, and 
BMI. Nutrition and maternal health in 
utero regulate childhood growth, whereas 
psychosocial well-being and thyroid func- 
tion support a 25cm per year growth rate 
in infancy. By 24 months, children reach 
their hereditary growth trajectory, grow- 
ing 5–6cm per year. During puberty, sex 
hormone, growth hormone, sleep, and diet 
accelerate growth up to to 8–14cm/year 
(Mavinkurve et al. 2021). Adolescent girls 
on the Kangean Island exhibit shorter 
stature compared to their counterparts on 
the main island, indicating a failure to 
achieve their full height potential. Poor 
growth by the age of five often continues 
and can persist into adolescence and adult- 
hood (Prendergast and Humphrey 2014). 
Several studies in Indonesia have reported 
a higher prevalence of stunting in remote 
and rural areas compared to urban ar- 
eas (Rachmi et al. 2016; Semba et al. 2008; 
Siswati et al. 2022). Our findings confirmed 
this and are also consistent with findings 
from Nabire, located in the central part 
of Papua Island at the western tip of In- 
donesia, where children exhibited shorter 
stature and lower BMI than their peers 
in Jakarta, a metropolitan city (Hasibuan 
et al. 2023). 
Healthcare access is a significant challenge 
on the Kangean Island. The Island is served 
by three community health centers staffed 
with general practitioners and several mid- 
wives who cater to the health needs of 

the entire population. With sparse and of- 
ten under-equipped medical facilities, this 
can lead to delays in receiving necessary 
medical care, including vaccinations and 
treatment for common illnesses. Inade- 
quate access to healthcare has been linked 
to poor child growth. Semba et al. iden- 
tified a fairly robust correlation between 
diarrhea occurring during the preceding 
7 days and stunting in rural regions in In- 
donesia (UOR 1.30, 95% CI [1.22, 1.37]); 
another study found that children with 
complete, partial, or no vaccination had 
stunting prevalences of 37%, 47%, and 54%, 
respectively (Semba et al. 2008; Semba et al. 
2011). 
Limited availability of diverse and nutri- 
tious food options can also be a contribut- 
ing factor. This scarcity is partly a result of 
the island’s isolation and the high cost of 
transporting goods, which can lead to diets 
deficient in essential nutrients (Losada- 
Rojas et al. 2021). Consequently, these nu- 
tritional deficiencies contribute to lower 
height, weight, and BMI among adoles- 
cents on Kangean. Economic constraints 
further exacerbate this issue, as many fam- 
ilies on the Kangean Island may not have 
the financial means to afford a balanced 
diet. Insufficient purchasing power and 
various household wealth indicators were 
significantly correlated with child stunting 
in Indonesia (Torlesse et al. 2016). 
Meanwhile, prior research has indicated 
that the influence of “nurture,” such as 
parental education has a more significant 
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impact on a child’s height compared to 
predispositions inherited from genetics 
(Baten et al. 2013; Grasgruber et al. 2016; 
Stulp et al. 2015). Residents of the Kangean 
Island, including its youth, face significant 
challenges due to limited access to qual- 
ity education. Schools on the island often 
lack adequate resources, such as qualified 
teachers and modern facilities. The isola- 
tion of the island also restricts exposure 
to broader cultural and educational ex- 
periences that are more readily available 
in urban areas. Low parental education 
and inadequate nutritional awareness cor- 
related with stunting in urban poor chil- 
dren aged 6–59 months from 1999 to 2001, 
shortly after the 1999 economic crisis in 
Indonesia (Bardosono et al. 2007). 
The concept of social or community-based 
growth adjustment suggests that an in- 
dividual’s height during adolescence is 
influenced by the average height of their 
immediate social environment. During 
adolescence, a growth regulation mech- 
anism tends to adjust individual height 
to align with the average stature of one’’s 
immediate community, Aßmann and Her- 
manussen (Aßmann and Hermanussen 
2013) proposed a growth regulation mech- 
anism wherein adolescents adjust their 
growth to align with the average stature 
of their peers, indicating a form of social 
peer group effect on physical development. 
In isolated island communities, such as 
the Kangean Island, this phenomenon 
may contribute to the restricted growth 
observed among children and adolescents 
who rarely meet urban people, and almost 
never, the tall European tourists. Limited 
genetic diversity and uniform environmen- 
tal conditions may exacerbate these effects. 
This commensurates with the hypothesis 
that children residing farther from the 
port exhibit shorter stature compared to 
those living closer, despite similar body 
weight. As the port serves as the primary 
conduit for movement and communica- 

tion between the Kangean Island and the 
mainland, those living far from the port 
have limited access to external interactions 
and resources 
This however, only applied for boys. In 
contrast, girls’ height and weight remained 
consistent regardless of proximity to the 
port. Boys show greater sensitivity to envi- 
ronmental stressors than girls. Also popu- 
lation density and greater economic strat- 
ification affects adult stature stronger in 
men than in women (Hasibuan et al. 2020). 
The increased sensitivity of males may oc- 
cur due to biological and hormonal differ- 
ences, as well as varying social and cultural 
expectations regarding sex (Stinson 1985). 
A meta-analysis of 16 demographic and 
health surveys from Sub-Saharan Africa re- 
vealed that boys were more susceptible to 
health inequities, particularly in families 
with low economic status (Wamani et al. 
2007) while an Indonesian study (Torlesse 
et al. 2016) in 3 remote and rural areas 
reported that boys had a 77% increased 
likelihood of being severely stunted com- 
pared to girls (AOR 1.77; 95% CI 1.07-2.93). 
Social factors, such as differences in phys- 
ical activity levels and healthcare access, 
might also play a role (Verma et al. 2011). 
Children residing in Kangayan exhibited a 
higher BMI compared to their counterparts 
in Arjasa, despite boys being shorter. The 
data support the notion that being short 
does not necessarily imply shortage of food 
(Scheffler et al. 2020), but rather suggest 
an association between remotedness and 
short stature. Similar findings were re- 
ported from India with overweight/obesity 
being more prevalent than undernutrition 
among rural school children (Premkumar 
et al. 2019). 
Parental education level is also associated 
with better growth (Scheffler et al. 2020). 
Kangayan area has only three equivalent 
high schools, while all state schools are 
located in Arjasa (Badan Pusat Statistik 
Kabupaten Sumenep 2021). Despite the 

https://hms.harvard.edu/news/scientists-uncover-nearly-all-genetic-variants-linked-height
https://hms.harvard.edu/news/scientists-uncover-nearly-all-genetic-variants-linked-height
https://hms.harvard.edu/news/scientists-uncover-nearly-all-genetic-variants-linked-height
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lack of written data on the population’s 
education level, our analysis suggests that 
limited access to higher education and 
transportation challenges have resulted in 
a higher proportion of parents with low 
educational attainment in Kangayan. 
The limitation of this study is that the pri- 
mary data collected was anthropometric 
data only, without connecting it with var- 
ious other variables that might contribute 
to children’s growth. 

Conclusions 

Children aged 1 month to 12 years and 
female adolescents (15–17 years) living 
on small islands like Kangean tend to 
grow slow, particularly if they reside in 
remote areas far from main transportation 
links to larger islands. The report empha- 
sizes the need to break island disparity by 
strengthening educational facilities, transit 
networks, and targeted nutrition education 
initiatives to reduce future potential effects. 
Future research should expand on these 
findings to examine other aspects of child 
development in remote areas. 
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