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Summary
The double burden of malnutrition (DBM) is a significant public health issue in South and Southeast Asia (SA and
SEA). This study aimed to assess the impact of using local and regional ethnicity-specific anthropometric references
versus international references on the prevalence of DBM in these regions.

A narrative review of DBM prevalence using local versus international standards was conducted. Additionally, dei-
dentified datasets from India and Indonesia were analyzed to evaluate the effectiveness of different growth standards
in identifying DBM. Anthropometric Z-scores were compared, and sensitivity, specificity, and positive predictive
value (PPV) were calculated.

WHO standards had the lowest specificity for identifying short stature in India and Indonesia. BMI-for-age charts
using WHO Growth Reference (2007) had lower sensitivity and higher specificity for metabolic risk. Local references
showed lower stunting and higher overweight or obesity prevalence. International standards overestimated stunting
and underestimated obesity, leading to misclassification and missed cases of metabolic risk.
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Introduction
According to the World Health Organisation (WHO),
malnutrition refers to both deficiencies or excesses in
nutrient intake, imbalance of essential nutrients, or
impaired nutrient utilization. Further, the double
burden of malnutrition (DBM) is defined as the coex-
istence of both under and overnutrition in the same
population across the life course.1,2 A report on trends in
child malnutrition suggests that Africa and Asia bear the
greatest share of all forms of malnutrition; in 2019
almost half or more children with stunting/wasting or
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overweight lived in Asia.3 Recently, DBM has become a
major public health problem, especially in low- and
middle-income countries (LMIC) of South Asia (SA) and
South East Asia (SEA) region.4 For example, the most
recent Multiple Indicator Cluster Survey (MICS) con-
ducted in Thailand during 2022, reported an increase in
the prevalence rates among children under five (0–59
months) for stunting (12.5% vs 11.9%), and overweight
or obesity (10.9% vs 6.9%) as compared to 2005-06.5,6

Several reasons such as rapid economic transition, de-
mographic changes, urbanization, older maternal age,
socio-economic inequality, and nutrition transition have
been suggested for the increasing prevalence of DBM in
SA and SEA countries.

Anthropometric parameters are the commonest
method for the classification of DBM. Most studies that
1
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have reported DBM in the SA and SEA region have used
international growth standards and respective cut-offs.
Using international growth standards for anthropo-
metric parameters to classify DBM in the SA and SEA
region has limitations of ethnic variation, population
diversity, and economic disparity. There is an underes-
timation of overweight or obesity and an overestimation
of stunting in the population of the SA and SEA region.
In a cross-sectional study on rural and urban Indian
children aged 0–59 months, WHO charts overestimated
stunting (14.0% vs 6.8%) and wasting (18.2% vs 9.7%)
and underestimated overweight (1.0% vs 3.1%) in
comparison with recent Indian references.7 In older
Indian children and adolescents, WHO 2007 references
classified 15.7% whereas ethnic-specific charts classified
19.1% of subjects as overweight/obese.8 DBM has a
serious negative economic impact on individuals as well
as populations by increasing the cost of healthcare,
reducing productivity and economic growth, and
perpetuating the cycle of poverty and ill health. More-
over, inaccurate classification of DBM estimates has
potential consequences of ineffective resource allocation
of public health programs.

Thus, to assess the impact of the use of local/
regional ethnicity-specific anthropometric references
versus international standards and references on the
prevalence of DBM in SA and SEA, we have focused our
review and analysis on DBM in the paediatric popula-
tion of SA and SEA. Our specific objectives were: 1) To
perform a narrative, non-systematic review of the prev-
alence of double burden of malnutrition in South Asian
and Southeast Asian countries using local versus inter-
national anthropometric parameters and 2) We use
deidentified datasets (0–18 years) from India and
Indonesia to assess predictive value of local, regional,
and international growth standards or references in
identifying stunting or short stature and overweight or
obesity.
Methods
Datasets
We use deidentified datasets from India (SA) and
Indonesia (SEA) to estimate the prevalence of stunting
and overweight or obesity using various growth stan-
dards or references. The datasets included in the pre-
sent study were not utilised for generating the reference
data. The institutional ethics committee approved the
use of deidentified data on the 20th of December 2023
(JCDC/BHR/23/045).

Indian data
Data for children of age 0–59 months were used from a
previous study conducted by the author’s group at a
tertiary care center in Pune in the period from 2017 to
2022.9 In brief, records of children on whom decimal
age, sex and anthropometric parameters were available
(height and weight) were included. Further, deidentified
records on healthy children coming for vaccinations and
children who were diagnosed with a growth-related
disorder were also included. Records with incomplete
data (on age and anthropometric parameters) were
excluded. Height is measured at our centre using a
Leicester Height Meter (Child Growth Foundation, UK,
accuracy of 0.1 cm) and for children under 2 years of
age, recumbent length is measured using an infan-
tometer (Shreeyash electro medicals, Infantometer, In-
dia, accuracy of 0.1 cm). Weight is measured using
electronic weighing scales (Salter, India) with an accu-
racy of ±50 g.10 Body mass index (BMI) is calculated as
kilograms/meter2.11 An adaptation of the European So-
ciety for Pediatric Endocrinology (ESPE) classification of
growth disorders12 was used to classify children into
different groups of which children with only
malnutrition-related disorders (stunting and overweight
or obese) were included. Rest of the records (n = 62)
were excluded. A total of 2126 children were included in
the final data analysis.

Data on 5–18 year olds were collected from a study
that was part of a multicentre (6 centres), cross sectional,
observational school-based study conducted from July
2016 to October 2017. Three of the six centres were
randomly selected and measurement of waist circum-
ference, random blood glucose and blood pressure were
performed on all children of age group 9–18 years
(n = 1572).13 We also included records of children from
the same age group that visited our tertiary care centre
in the same period for evaluation by a paediatric endo-
crinologist for pathological short stature (n = 177). As
the available reference dataset for SA region (here,
Pakistani) only included girls up to age 15 years, the
final data analysis was performed on 875 girls aged 9–15
years (177 with pathological short stature plus 698 out of
1572 from school study after excluding 874 due to the
age and sex criteria).14 Height, weight and BMI were
measured as mentioned earlier. Waist circumference
(WC) was measured by National Health and Nutrition
Examination Survey (NHANES) standard protocol with
the child standing using a stretch-resistant tape with
constant 100 g tension maintained through the use of a
special indicator buckle. The tape was applied horizon-
tally above the upper lateral border of right ileum, at the
end of expiration and was recorded to the nearest
0.1 cm. Blood pressure was measured on the right arm
with the child lying down quietly. Measurements were
made by auscultation with a sphygmomanometer and a
cuff appropriately sized for the arm size of the partici-
pant.8 Random blood glucose (RBG) estimation was
performed using a glucometer (Glucometer Elite XL;
Bayer Corp, Mishawaka, Ind). The ring finger of the
nondominant hand was used to collect blood samples. A
blood drop was placed on a reagent strip and inserted
into the blood glucose monitoring system and the
reading was recorded.13
www.thelancet.com Vol 28 September, 2024
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WC > 90th percentile for age and sex or adult cut-off
(males >90 cm, females >80 cm) if lower as per Indian
population-specific data, systolic blood pressure (SBP) of
greater than 130 mmHg and/or diastolic blood pressure
(DBP) of greater than 85 mmHg and RBG of more than
130 mg/dL was considered a metabolic risk factor.15,16

Indonesian data
The data for Indonesian children aged 6–18 years was
obtained from the Indonesia Family Life Survey fifth
wave (IFLS 5) conducted in 2014 that involved 321
enumeration areas within 13 provinces. IFLS is a large-
scale, stratified random sampling, longitudinal survey
designed to collect data on the lives of individuals and
families across Indonesia.

Height was measured using the Shorr Model 420
tools, while Seca Model 770 scales determined weight.
Children older than two had their standing height
recorded. Of the 14,956 records, we excluded 4795 as
their age was less than 6 years (Reference data for the
SEA region, here Thailand, were available from 6 years
onwards).17 A subset analysis was performed on 2526
subjects on whom data for blood pressure and blood
sugar concentrations was available.

Classification of malnutrition
All anthropometric parameters were converted to Z-
scores using WHO standards (0–59 months) and WHO
references (6–18 years) published in year 2006–07.
Similarly, they were also converted to Z-scores using
growth references from SA and SEA (Indian, Pakistani,
Thai, and Indonesian) (Table 1).14,17–23 Malnutrition for
children from birth to 59 months was classified using
WHO classification of nutritional status.24 Stunting was
defined as length/height for age less than −2 standard
deviation and overweight or obesity as BMI-for-age
more than +2 standard deviation. For children of age
5–18 years, short stature was defined as a height <3rd
percentile or two or more standard deviations (SD)
below the mean for children of the same sex and age.25

Further, WHO defines overweight and obesity as
abnormal or excessive fat accumulation that may impair
health. Objectively, childhood overweight or obesity is
Reference
dataset

Country-specific From same region

Indian data

0–59
months

Synthetic Indian Growth
references18

The 2022 Pakistani references fro
length/height, weight and body m

9–15 year
old girls

Revised Indian Academy of
Pediatrics growth charts 201522

A comparison of international and
the prevalence of stunting in Pak

Indonesian data

6–18 years Indonesian National Synthetic
Growth Charts20

The 2021 Thai reference from 6
height17

Table 1: Reference datasets used to compute Z-scores in the present study.
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defined as a body mass index greater than or equal to the
85th percentile for age and sex, according to standard-
ized growth charts,26 however, each reference dataset
provides its own cut-off (For example: the Indian
Academy of Paediatrics (IAP) defines BMI more than
23 kg/m2 adult equivalent as overweight while WHO
defines >+1SD above median BMI as overweight). The
cut-offs used in the present study are as per the refer-
ence datasets mentioned in Table 1. No organization/
individual funders have funded this study.

Statistical analysis
Data were analysed using SPSS 26.0 for Windows (IBM
SPSS, Bangalore, India). Descriptive statistics were
computed for normal and children diagnosed with
growth-related disorders under age of 59 months.
Pearson correlation coefficient was used to assess the
correlation between the Z-scores calculated using
various reference datasets. A comparison of anthropo-
metric Z-scores calculated using various reference
datasets was made using a paired sample t-test. Sensi-
tivity, specificity, positive predictive value (PPV), and
negative predictive values (NPV) for identifying malnu-
trition by various reference criteria were calculated.
p value less than 0.05 was considered significant.
Results
Figs. 1a and b, and 2a, b27–42 illustrate various studies
from the SA and SEA regions describing the DBM using
WHO reference dataset. Prevalence of stunting and
obesity ranges from 33.6% to 47.9% and 1.3–7.6% in SA
region with the exception of one Sri Lankan study which
reports lower prevalence of stunting (17.0%). The
prevalence of stunting in SEA ranged from 8.9% in
Malaysia to 46.0% in Timor-Leste while the prevalence
of obesity varied from 1.9% in Cambodia to 25.6% in
Vietnam. The prevalence of stunting was lower by local
anthropometric reference datasets of SA and SEA re-
gions as compared to international references like WHO
or Centers for Disease Control and Prevention (CDC)
(Table 2).13,14,32,36,43–49 Also, the prevalence of overweight/
obesity was higher in SA and SEA regions by local
From different region International

m birth to 60 months for
ass index19

Indonesian National Synthetic
Growth Charts20

WHO 2006 growth standards21

national references to measure
istani school-age girls.14

Indonesian National Synthetic
Growth Charts20

WHO growth reference for school-
aged children and adolescents.23

to 19 years for weight and Revised Indian Academy of
Paediatrics growth charts
201522

WHO growth reference for school-
aged children and adolescents.22,23
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Fig. 1: a) Prevalence of stunting in children under 60 months of age. b): Prevalence of overweight/obese in children under 60 months of
age. Footnote: References for figure [Bangladesh 2011, Bangladesh 2014, Bhutan 2010, Cambodia 2010, Cambodia 2014, India 2005, India
2015, Maldives 2009, Nepal 2011, Nepal 2016, Pakistan 2012, Srilanka 2016, Timor Leste 2009, Timore Leste 2016],26,27 Indonesia 2007,28

Indonesia 2010,29 Indonesia 2013,30 Indonesia 2018,31 Indonesia 2020,32 Malaysia 2019,33 Thailand 2006,34 Thailand 2015.35,36
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anthropometric references except for one study each
from Thailand (4.3% vs 3.0%) and Pakistan (14.2% vs
13.9%).

For the second objective, analysis was performed and
presented separately for the two datasets and age groups
(0–59 months and 6–18 years). For assessing DBM,
stunting was considered for undernutrition, and over-
weight or obesity for overnutrition. For diagnosing
stunting in children of age group 0–59 months, the
reference datasets from SA and SEA region had higher
specificity than WHO growth standards with compara-
ble sensitivity (except Pakistani reference data, sensi-
tivity of 40.7%) while only Indian references had better
sensitivity than the rest of the growth references (86.2%
vs 62.0–68.9%); the specificity was comparable. Simi-
larly, for older children, the WHO growth reference
(2006–2007) had the lowest sensitivity and specificity in
identifying obesity and stunting respectively. With
respect to other growth references from the SA and SEA
region, all had similar accuracy in identifying these
disorders with the exception of the Indonesian growth
reference data which had lower sensitivity in identifying
stunting as compared to the rest (77.4% vs 93.7–95.4%).

Indian data
Children of age 0–59 months
We studied a subset of 2126 children from previous
studies (Birth-59 months) of which 1119 records
(52.6%) were boys and 1007 (47.4%) were girls. A total
of 243 (11.4%) were diagnosed under the broad category
of growth failure and 29 (1.4%) were observed to be
more obese. The descriptives of the under 5 children are
illustrated in Table 3.

Correlation analysis of the height-for-age Z-scores and
BMI-for age Z-scores using various pairs (Indian/WHO/
Pakistani/Indonesian) are illustrated in Table 4. On per-
forming paired samples t-test, there were significant
differences in each pair of the height-for-age Z-score as
well as the BMI-for-age Z-scores. (p < 0.05 for all). The
sensitivity, specificity, PPV and NPV for detecting short
stature and obesity are illustrated in Table 5.

Children aged 9–15 years
We studied 875 girls from 9 to 15 years, of which, 597
(68.2%) were records on apparently healthy girls. A total
of 177 (20.2%) had been diagnosed under the broad
category of pathological short stature (Growth hormone
deficiency, GHD), Multiple Pituitary Hormone Defi-
ciency (MPHD), Turner syndrome and chronic kidney
disease) and 101 (11.5%) were identified to have at least
one parameter of metabolic risk. The descriptive statis-
tics of the study group are illustrated in Table 6.

The correlation between height-for-age Z-scores us-
ing various pairs (Indian/WHO/Pakistani/Indonesian)
and BMI-for-age Z-scores is illustrated in Table 7. On
performing a paired sample t-test, there were significant
differences in each pair of the height-for-age Z-score
and BMI-for-age Z-scores. The sensitivity, specificity,
PPV, and NPV for detecting short stature and obesity
are illustrated in Table 8.
www.thelancet.com Vol 28 September, 2024
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Fig. 2: a) Prevalence of stunting in children over 5 years age. b): Prevalence of overweight/obese in children over 5 years age. Footnote:
References for figure Indonesia 2018,31 Indonesia 2011,37 Indonesia 2004,38 Indonesia 2013,39 Indonesia 2013,40 Malaysia 2019,41 Vietnam
2013-16.42
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Indonesian data
We studied anthropometric data on 10,161 records of 6–
18-year-old children from Indonesia. Of these children,
5121 (50.4%) were boys and 5040 (49.6%) were girls.
The mean age of the study population was 11.5 ± 3.3
years. The descriptive characteristics of the study sample
www.thelancet.com Vol 28 September, 2024
are illustrated in Table 9. As the dataset was obtained
from The Fifth Wave of the Indonesia Family Life
Survey, etiological diagnosis of short stature was not
available. We, therefore, firstly compared the 3rd
percentile of height for age for both sexes using the
normative data for height available from Indonesia,
5
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Study Parameter
studied

Country/
region

International Local/Ethnic
specific

The double burden of malnutrition in Vietnamese school-aged children and
adolescents: a rapid shift over a decade in Ho Chi Minh City36

Overweight/
obesity

Vietnam/
SEAR

5.2% using WHO 2006–07, 4% using
(IOTF)

10.1% (IOTF for
Asian)

Using the National Indonesian Growth Chart to assess short stature and obesity
in urban schoolchildren in Surakarta, Indonesia: comparisons to the WHO 2007
and CDC 2000 Growth Charts43

Stunting
Overweight
Obesity

Indonesia/
SEAR

9.91% (WHO), 11.62% (CDC)
15.14% (WHO), 17.23% (CDC)
10.15% (WHO), 5.07% (CDC)

0.39%
15.96%
11.77%

Indonesian National Growth Reference Charts Better Reflect Height and Weight of
Children in West Java, Indonesia, than WHO Child
Growth Standards32

Stunting
Overweight
Obesity

Indonesia/
SEAR

34.72%
2.51%
1.15%

10.80%
2.08%
0.78%

Field Testing of Synthetic Growth Charts in 1–60-Month-Old Indian Children44 Stunting
Obesity

India/SAR 14%
1%

6.8%
3.1%

Field Testing of IAP2015 Charts45 Stunting
Obesity

India/SAR 4.6–25%
1–6.5%

2.5–14.8%
1.2–9.6%

A comparison of international and national references to measure the prevalence
of stunting in Pakistani school age girls14

Stunting Pakistan/SAR WHO-17.49%
CDC- 22.72%

4.94%

Comparison of Prevalence of Nutritional Status of Thai Children in the First 2
Years of Life Using National and International Growth Charts46

Stunting
Overweight

Thailand/
SEAR

17–18%
4.3%

11%
3.0%

Development of Growth Charts of Pakistani Children Aged 4–15 Years Using
Quantile Regression: A Cross-sectional Study47

Stunting
Obesity

Pakistan/SAR 20.6%
14.2%

2.7–3.3%
11.6–13.9%

Predictive value of WHO vs IAP BMI charts for identification of metabolic risk in
Indian children
and adolescents13

Obesity India/SAR 15.7% 19.1%

Measuring obesity among school-aged youth in India: A comparison of three
growth references 48

Obesity
Overweight

India/SAR 4.95%
11.55%

5.01%
12.87%

Indonesian Children and Adolescents’ Body Mass Index: WHO and Asia–Pacific
Classification49

Overweight/
obese

Indonesia/
SEAR

5.4% 12%

Footnote: IOTF, International Obesity Task Force; CDC, Center for Disease Control and Prevention; WHO, World health organisation; SAR, South Asia Region; SEAR, South East Asia Region; IAP, Indian
Academy of Pediatrics.

Table 2: Reported Prevalence of double burden in South Asian and South East Asian countries using local and international growth references/standards.

Parameter

Age in Months

Height in cm

Weight in Kg

Body Mass Index Kg/m2

Indian Height-for-Age Z s

Indian BMI-for-Age Z sco

WHO Height-for-Age Z sc

WHO BMI-for-Age Z scor

Pakistani Height-for-Age

Pakistani BMI-for-Age Z s

Indonesian Height-for-Ag

Indonesian BMI-for-Age Z

Footnote- Std, standard; BM

Table 3: Comparison of an
with growth disorder (of

Review
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Thailand, India and WHO as shown in Fig. 3a and
b20,22,23; the 3rd centile for height was the lowest for
Indonesian reference data in both sexes.

Further, the number of subjects screened as having
short stature by sex in comparison with Indonesian
reference data are illustrated in Fig. 4. Highest number
Healthy (n = 1854) With diagnosed growth
disorder (n = 272)

Mean ± Std. deviation Mean ± Std. deviation

19.4 ± 17.7 34.6 ± 16.5

75.1 ± 17.9 77.8 ± 12.0

8.9 ± 4.0 9.8 ± 4.5

14.6 ± 2.3 15.6 ± 3.5

core −0.3 ± 1.4 −3.5 ± 2.0

re −0.2 ± 1.6 0.2 ± 2.4

ore −0.8 ± 1.6 −4.2 ± 2.3

e −0.9 ± 1.4 −0.3 ± 2.4

Z score −0.2 ± 0.9 −1.7 ± 1.5

core −0.4 ± 0.7 −0.1 ± 1.1

e Z score −0.7 ± 1.5 −3.6 ± 2.0

score −0.9 ± 1.5 −0.7 ± 2.4

I, body mass index; WHO, World Health Organisation.

thropometric characteristics of healthy children with children diagnosed
age 0–59 months from the Indian dataset).
of subjects classified as having short stature in com-
parison to Indonesian reference data were by WHO
reference data and lowest by Indian reference data i.e.
results in comparison with the Indian reference data
were the closest. A subset analysis of 2526 subjects on
whom data on blood pressure and fasting blood sugar
were available was performed. Of these, 1237 (49%)
were boys and 1289 (51%) were girls. A total of 554
(21.9%) participants were identified as having at least
one positive parameter of metabolic risk (high blood
pressure or high fasting blood glucose). The sensitivity,
specificity, PPV and NPV for identifying metabolic risk
in overweight or obese subjects is illustrated in Table 10.
Discussion
Our literature review suggests that international
anthropometric reference datasets overestimate the
prevalence of stunting while normalizing overweight or
obesity as compared to local anthropometric reference
datasets. Data analysis on the Indian and Indonesian
datasets suggests that the WHO growth standards and
references yield the lowest specificity (highest false
positives) in identifying short stature for both India (SA
region) and Indonesia (SEA region). Our results on
Indian data also suggest that BMI-for-age charts calcu-
lated using WHO growth references have lower
www.thelancet.com Vol 28 September, 2024
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Paired samples correlations Correlation
coefficient
between
pairs tested (r)

Sig.

Indian Height-for-Age Z score & WHO Height-for-Age Z scorea 0.9 <0.01

Indian Height-for-Age Z score & Pakistani Height-for-Age Z scorea 0.8 <0.01

Indian Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.9 <0.01

WHO Height-for-Age Z score & Pakistani Height-for-Age Z scorea 0.8 <0.01

WHO Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.9 <0.01

Pakistani Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.8 <0.01

Indian BMI-for-Age Z score & WHO BMI-for-Age Z scorea 0.9 <0.01

Indian BMI-for-Age Z score & Pakistani BMI-for-Age Z scorea 0.9 <0.01

Indian BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.7 <0.01

WHO BMI-for-Age Z score & Pakistani BMI-for-Age Z scorea 0.9 <0.01

WHO BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.8 <0.01

Pakistani BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.7 <0.01

Footnote: WHO, World Health Organisation 2006–07; BMI, body mass index. aStatistically significant difference
between pairs compared by paired sample t-test with p < 0.05.

Table 4: Paired samples t-test and Pearson Correlation analysis for height and BMI Z-scores using
various reference data for children of age 0–59 months.

Parameter WHO Indian Pakistani Indonesian

Stunting

Sensitivity 98.3 95.8 40.7 93.8

Specificity 79.3 90.6 96.9 83.3

PPV 38 56.8 63 42.1

NPV 99.7 99.4 92.6 99

Obesity

Sensitivity 68.9 86.2 62 65.5

Specificity 99.1 96.7 99.9 99.5

PPV 54 26.8 94.7 67.8

NPV 99.5 99.8 99.4 99.5

Footnote: WHO, World Health Organisation; PPV, positive predictive value; NPV, negative predictive value.

Table 5: Performance of various reference data in identifying malnutrition (stunting and
overweight/obese) in Indian children aged 0–59 months (n = 2126).

Parameter Healthy (n = 597) With diagnosed growth
disorder (n = 278)

Mean ± Std. deviation Mean ± Std. deviation

Age in years 11.5 ± 1.4 11.6 ± 1.5

Height in cm 141.5 ± 9.5 132.0 ± 19.1

Weight in kg 33.7 ± 8.3 33.4 ± 16.7

Body Mass Index Kg/m2 16.6 ± 3.1 17.8 ± 4.8

Indian Height-for-Age Z score −0.5 ± 0.9 −1.8 ± 2.0

Indian BMI-for-Age Z score −0.5 ± 2.1 −0.3 ± 1.5

WHO Height-for-Age Z score −0.9 ± 1.0 −2.4 ± 2.2

WHO BMI-for-Age Z score −0.7 ± 1.4 −0.6 ± 1.9

Pakistani Height-for-Age Z score −0.2 ± 0.8 −1.5 ± 2.0

Pakistani BMI-for-Age Z score −0.3 ± 3.5 −0.1 ± 1.5

Indonesian Height-for-Age Z score 0.1 ± 1.0 −1.4 ± 2.3

Indonesian BMI-for-Age Z score −0.9 ± 5.1 −0.6 ± 1.7

Footnote- Std, standard; BMI, body mass index; WHO, World Health Organisation.

Table 6: Comparison of anthropometric characteristics of healthy children with children diagnosed
with growth disorder (of age 9–15 years from the Indian dataset).

Review
sensitivity and higher specificity in identifying meta-
bolic risk, particularly in children aged 6–18 years. We
also found that for 6–18-year-old Indian children, after
the local growth reference dataset, the dataset from the
same region (Pakistan) had much better predictive value
than the international references (WHO) for both
stunting and obesity. However, the same result could
not be replicated in Indian children from birth to 5 years
and Indonesian children aged 6–18 years for overweight
or obesity. This may be as a result of using BMI adult
equivalent cut-offs of 23 and 27 to define overweight and
obesity in Indian children and variation in the method
of producing the growth charts. (LMS, quantile regres-
sion, etc).

As per the WHO statement of 2019, prevalence of
stunting and obesity in SA and SEA are 31.7% and
24.7% (stunting) and 2.5% and 7.5% (obesity) respec-
tively.3 The disadvantage of using WHO charts is that
they are likely to over diagnose underweight and stunt-
ing in a large number of apparently normal children in
developing countries.50 Concerns regarding adoption of
WHO 2006 standards have been expressed by many
authors from Indonesia, Czechoslovakia, Malawi etc. as
these standards are likely to over diagnose stunting and
underweight.51 As far as India is concerned, there are
many studies that have shown higher number of false
positives while using WHO growth standards or refer-
ences. For <59 months, difference in sensitivity of 7.2%
between WHO and Indian (synthetic) cut-offs in iden-
tifying stunting have been reported.7 Another study re-
ported no significant difference in the prevalence of
underweight but found that WHO standards estimated
a significantly higher prevalence of stunting in Indian
children <5 years of age.52 Higher prevalence of short
stature as per WHO charts (>6 years) in Indian school
children has also been reported.45 Even for pathological
short stature, a study on 5–18 year old Indian children
reported that ninety subjects short by WHO criteria had
normal stature as per the IAP criteria. Authors also
report that identification of one child with a pathological
cause would have required evaluation of 45 subjects
classified as short by the WHO references. They
concluded that the use of WHO criteria causes unwar-
ranted work-up in a substantial number of subjects.53 A
Thai study reports that fewer children, particularly girls,
were classified as stunted when using national stan-
dards (11.0%) compared to international standards
(17.0–18.0%).54

As data on etiological diagnosis of short stature were
not available from the Indonesian dataset, we compared
the 3rd percentile for height for both sexes using
reference data and found that the WHO reference
dataset had higher value of 3rd percentile as compared
to Indonesian, Indian and Thai references. Marked
mismatch exists between WHO standards/references
and Indonesian height and weight data. Indonesian
children of both sexes are observed to be significantly
www.thelancet.com Vol 28 September, 2024 7
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Paired samples correlations Correlation
coefficient
between
pairs tested (r)

Sig.

Indian Height-for-Age Z score & WHO Height-for-Age Z scorea 0.9 <0.01

Indian Height-for-Age Z score & Pakistani Height-for-Age Z scorea 0.9 <0.01

Indian Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.9 <0.01

WHO Height-for-Age Z score & Pakistani Height-for-Age Z scorea 0.9 <0.01

WHO Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.9 <0.01

Pakistani Height-for-Age Z score & Indonesian Height-for-Age Z scorea 0.99 <0.01

Indian BMI-for-Age Z score & WHO BMI-for-Age Z scorea 0.7 <0.01

Indian BMI-for-Age Z score & Pakistani BMI-for-Age Z scorea 0.9 <0.01

Indian BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.9 <0.01

WHO BMI-for-Age Z score & Pakistani BMI-for-Age Z scorea 0.6 <0.01

WHO BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.5 <0.01

Pakistani BMI-for-Age Z score & Indonesian BMI-for-Age Z scorea 0.9 <0.01

Footnote: WHO, World Health Organisation 2006–07; BMI, body mass index. aStatistically significant difference
between pairs compared by paired sample t-test with p < 0.05.

Table 7: Paired samples t-test and Pearson Correlation analysis for height and BMI z-scores using
various reference data for girls of age 9–15 years.

Parameter WHO Indian Pakistani Indonesian

Stunting

Sensitivity 100 95.4 93.7 77.4

Specificity 84.9 100 100 100

PPV 62.7 100 100 100

NPV 100 98.8 98.4 94.5

Obesity

Sensitivity 65.3 75.2 77.2 70.3

Specificity 94.5 93.3 91.1 93.8

PPV 74.1 73 67.8 73.1

NPV 91.8 94 94.3 92.9

Footnote: WHO, World Health Organisation; PPV, positive predictive value; NPV,
negative predictive value.

Table 8: Performance of various reference data in identifying
malnutrition (stunting and overweight/obese) in Indian girls aged
9–15 years (n = 875).

Parameter Boys Girls

Mean ± Std.
deviation

Mean ± Std.
deviation

Age (years) 11.5 ± 3.2 11.5 ± 3.3

Height (cm) 138.1 ± 18.3 136.3 ± 15.6

Weight (Kg) 33.8 ± 13.5 33.7 ± 12.5

BMI (kg/m2) 16.9 ± 3.0 17.4 ± 3.4

Indonesian height Z score −0.2 ± 1.0 −0.2 ± 1.0

Indian height for age Z-score −0.4 ± 1.2 −0.7 ± 0.9

WHO height Z score −1.2 ± 1.0 −1.3 ± 0.9

Indonesian BMI Z score −0.7 ± 1.3 −0.5 ± 1.3

Indian BMI Z score −0.3 ± 0.9 −0.1 ± 0.9

WHO BMI Z score −0.5 ± 1.3 −0.4 ± 1.2

Footnote: STD, standard; BMI, body mass index; WHO, World Health Organisation.

Table 9: Anthropometric characteristics of children from 6 to 18 yrs
from the Indonesian dataset (N = 10,161).
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shorter and mature slightly earlier than the WHO
standards or references suggest.20 Similar results have
been reported by various countries. For example,
anthropometric measurements of school going-girls of
the Punjab (Pakistan) showed that when 3rd, 50th and
90th percentiles of weight, height and BMI were
compared with WHO standards, the values were
observed to be significantly lower.55 A study on growth
parameters of Sri Lankan children during infancy also
concluded that the WHO multicentre growth reference
study data seems to be inappropriate for monitoring
growth of Sri Lankan children.56 Malaysian growth
charts also show that the 3rd percentile differs from the
WHO by an average of approximately 4 cm, therefore,
more Malaysian children were classified as stunted if
the WHO growth standards were used.57 A study on
length and height percentiles of children in the South-
East Asian Nutrition Surveys (SEANUTS) analysed
data on 14,202 children from Malaysia, Thailand, Viet-
nam, and Indonesia, and reports that pooled SEANUTS
percentile values were found to differ from the WHO
references and the study, therefore, suggested that this
should be kept in mind when using WHO growth
curves to assess length or height in these populations.58

The exact opposite of this has been observed in Eu-
ropean children with growth concerns–use of WHO
growth standards or references leads to a significant
reclassification to normal height, potentially delaying or
leading to missed diagnosis of a growth disorder.59 In a
meta-analysis on studies from 55 countries involving
over 11 million children of age 0–59 months, 44–48% of
means were at least ±0.25 SD away from corresponding
mean values in WHO standards at four or more time
points. Among outliers, Europeans were generally above
0.5 SD, and Asian Indians were below −0.5 SD, sug-
gesting inter-population differences.60 Use of an appro-
priate growth standard or reference is important to
detect short stature and growth charts form a part of the
clinical armoury for detecting diseases or conditions
with short stature.61 However, inappropriately using the
International charts may increase the financial burden
of evaluating stunting in healthy children of LMIC from
SA and SEA. Moreover, targeted government programs
are being implemented in these countries to reduce the
prevalence of stunting, while the children classified as
stunted may be healthy short children, with growth in
line with their genetic potential.

With the increasing prevalence of obesity in SA and
SEA, BMI is an important screening tool predicting
diseases related to obesity. As per the WHO data,
noncommunicable diseases (NCDs), principally cardio-
vascular diseases, are responsible for 62.0% of all deaths
(9 million people) in SEA.62 A meta-analysis suggests
that childhood obesity is significantly and positively
associated with adult systolic blood pressure (Zr = 0.11;
95% CI: 0.07, 0.14), DBP (Zr = 0.11; 95% CI: 0.07, 0.14),
and tri-glycerides (Zr = 0.08; 95% CI: 0.03, 0.13), and is
www.thelancet.com Vol 28 September, 2024
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Fig. 3: a) 3rd percentile for height for girls- 6–18 years. b: 3rd percentile for height for boys- 6–18 years. Footnote: Ref.20,22,23

Review
significantly and inversely associated with adult high
density lipoprotein (Zr = −0.06; 95% CI: −0.10, −0.02).
The authors concluded that childhood obesity may be a
risk factor for adult cardiovascular disease and associ-
ated mortality.63 Asian populations are observed to have
a different relationship between BMI, body fat and
health risks in comparison with Europeans. The pro-
ceedings of the Asia–Pacific Perspective meeting for
Redefining Obesity and its Treatment suggest that in
Asia, people should be categorized as overweight when
BMI exceeds 23.0 kg/m2 and obese when BMI exceeds
25.0 kg/m2.64 Thus, for Asian countries where CVD is
the commonest cause of death and childhood obesity is
one of the few major modifiable risk factors, early
www.thelancet.com Vol 28 September, 2024
detection (high sensitivity) is critical. WHO 2007 refer-
ences identified a greater number of children as false
negatives by classifying overweight or obese at risk as
having normal BMI. Similar to a previous study in In-
dia, a Pakistani study has also shown that WHO 2007
BMI-for-age references are not suitable for Pakistani
children and demonstrated that Pakistani children were
observed to have substantially lower BMI percentiles
than their counterparts in the reference population.13,65

A study from Indonesia also reported that while using
WHO BMI-for-age classification, the number of chil-
dren and adolescents, observed to be overweight and
obesity was lower.36 In contrast, a Malaysian study has
shown that the use of WHO Child Growth Standards
9
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Fig. 4: False positives for short stature by sex using various reference datasets in comparison to the Indonesian reference data (n =
10,161). Footnote: The Y-axis represents % false positive subjects classified as short (Z-score < -2.0) and X-axis represents various reference
datasets used to compute height Z-score. The n for boys is 5121 and girls is 5040.
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and WHO Growth References are likely to over-
diagnose obesity and thinness/underweight in Malay-
sian children.57 Other Indonesian studies using
Indonesian growth chart report either a slightly higher
or lower rate of overweight and obesity compared to the
WHO charts.32,49

To the best of our knowledge, there are very few
studies which have assessed DBM in SA and SEA from
the lens of using ethnic specific versus international
references in the paediatric population. Also, ours is the
first study to report the predictive value of various local,
regional, and international standards or references for
identifying stunting and overweight or obesity in rela-
tion to pathological short stature and metabolic syn-
drome risk, respectively. Ours is also the first study to
report performance of anthropometric parameters in a
group of children (Indian and Indonesian respectively)
using reference data from a country of same region
(Pakistan and Thailand respectively) and a country of
different region (Indonesia and India respectively). Our
study is limited by the fact that we could not test data on
Parameter WHO Indian Thailand Indonesian

Sensitivity 15.8 25.4 10.1 5.9

Specificity 91.6 86.4 96.6 98.3

PPV 34.4 34.7 45.5 50.7

NPV 79.4 80.4 79.2 78.8

Footnote: WHO, World Health Organisation; PPV, positive predictive value; NPV,
negative predictive value.

Table 10: Performance of various reference data in identifying
metabolic risk in overweight/obese Indonesian children aged 6–18
years (n = 2526).
0–59 months children from SEA due to lack of avail-
ability of a de-identified dataset; also, the Indonesian
dataset did not have data on stunting, hence data these
were not reported. Moreover, reference data used from
Pakistan only provided data for height and BMI for girls.
The reference data available from Thailand did not have
mean, standard deviation or LMS values, and hence
Z-scores could not be computed, we thus used binary
classification of height cut-off less than -2SD for height-
for-age to define short stature. Thai reference data also
did not include data on BMI-for-age and hence we used
weight-for-height as a surrogate to define overweight or
obesity. Most of the Z-scores computed by us were us-
ing LMS values, however, for those reference datasets
that did not provide LMS values, Z-scores were
computed using mean and standard deviation. Finally,
for the diagnosis and intervention of DBM in SA and
SEA countries, we suggest that growth charts based on
ethnicity/geographic region (like the Indian subconti-
nent, etc) rather than a single standard or reference may
be developed, however, implementation of these rec-
ommendations has potential challenges of cost and data
availability.

In conclusion, our study suggests that local anthro-
pometric growth reference data are more accurate in
identifying the double burden of malnutrition in
children from the South and Southeast Asia region.
The WHO growth standards or references over-estimate
stunting and under-estimate obesity, thereby increasing
the burden of evaluating apparently healthy short chil-
dren and missing overweight or obese children at
metabolic risk. The latter is critical for early intervention
to reduce cardiovascular disease mortality. For countries
that do not have an anthropometric growth reference
www.thelancet.com Vol 28 September, 2024
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Search strategy and selection criteria

For identifying studies reporting double burden of
malnutrition using international versus local references or
standards, we conducted a literature search using following
electronic databases for papers published in English:
Medline via OvidSP, Scopus, Global Health via OvidSP and
Web of Science, from 2007 (as WHO standards were
published in 2006) till 2023. The search used the following
keywords/MeSH terms: 1) overnutrition (OR overweight OR
obesity), 2) undernutrition (OR stunting OR wasting OR
thinness OR underweight), 3) malnutrition, 4) double
burden (dual OR double OR burden), 5) prevalence (OR
number OR incidence OR survey), 6) adults (OR mother OR
father OR parent), 7) infants, children and adolescents (OR
school-age OR preschool OR under five or infants), 8)
countries (ASEAN OR South East Asia OR Asia OR LMIC OR
Brunei Darussalam OR Cambodia OR Indonesia OR Lao PDR
OR Malaysia OR Myanmar OR Philippines OR Singapore OR
Thailand OR Vietnam). We combined the results from 1) to
7) AND then combined the results with each of the
countries’ items in number 8). We also identified papers
through hand searching of the reference lists of journals.

Review
data, the reference data from country of the same region
may be used rather than international reference datasets
to prevent misdiagnosing malnutrition. Finally, we
suggest, that while it is important to use WHO/inter-
national references for intercountry/global compari-
sons; for diagnosis and intervention for DBM in SA and
SEA countries, it may be prudent to develop growth
charts based on ethnicity and geographic region (like
Indian subcontinent, SEA, etc) rather than a single in-
ternational growth standard or reference.
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