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Abstract

Original Article

Introduction

The World Health Organization (WHO) defines malnutrition 
as deficiencies, excesses or imbalances in a person’s intake 
of energy and/or nutrients. Approximately 45% of deaths 
among children under 5  years of age have been linked to 
under‑nutrition.[1] The United Nations Children’s Fund with 
WHO and World Bank Group  Joint Child Malnutrition 
Estimates in its key findings of the 2020 edition states that, 
globally, 144 million children  (21.3%) under 5  years were 
stunted and 47 million  (6.9%) were wasted, of which 14.3 
million were severely wasted and 38.9 million (5.6%) were 
overweight or obese. Malnutrition rates remain alarming with 
stunting declining slowly from 2000 to 2019 (32.4% to 21.3%) 
while overweight rates increased from 4.9% to 5.7% in 
the same duration. The low‑  and middle‑income countries 

are facing the challenge of double burden of malnutrition 
consisting of both under‑nutrition and overweight and 
obesity. Majority of all stunted  (54%), wasted  (69%) and 
overweight (45%) children under 5 years of age live in Asia. 
The south‑east Asia region performs worse than global average 
with rates of stunting, wasting and overweight being 24.7%, 
8.2% and 7.5%, respectively.[2]
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Malnutrition among under‑5 children is a major public health 
problem in India. The burden of under‑nutrition among 
under‑5 children remains the same despite various intervention 
programs. Further, changing dietary patterns have resulted 
in increased prevalence of obesity. It is well known that 
assessment of growth using anthropometric methods is critical 
to assess nutritional status of children. The WHO growth 
standards for children under the age of 5 years were published 
in 2006 and have been adopted as a global single standard 
of childhood growth for under‑5 children in many countries 
including India. They are growth standards and thus define 
how a population of children should grow in condition of 
optimal nutrition and health. However, they may over‑diagnose 
underweight and stunting in a number of apparently normal 
children in developing countries like India.[3] Thus, a growth 
reference which is representative of population‑specific 
existing growth pattern may provide a more accurate estimate.

The data collection for updating growth references is 
expensive and cumbersome; hence, the author’s group 
published ‘synthetic growth references’ as a more feasible 
alternative for Indian children of age 0–18 years.[4] Although 
these synthetic charts have been constructed robustly and 
are compared with the  lambda-mu-sigma (LMS) references 
and Indian Academy of Paediatrics  (IAP) 2015 charts in 
5–18‑year age range, there are no data on how they perform in 
comparison with the WHO growth standards in children under 
5 years. Further, it is essential to understand how interpretation 
of growth parameters differs between references generated by 
synthesizing population‑specific anthropometry and the WHO 
standards in urban as well as rural children.

Thus, the aim of our study was to field test the new synthetic 
growth references in children under 5 years of age. The specific 
objectives were  (1) to compare standard deviation  (SD) 
scores (Z‑scores) of children’s height‑for‑age, weight‑for‑age 
and body mass index (BMI)‑for‑age as computed based on the 
WHO charts against the synthetic references in urban and rural 
children, and (2) to compare prevalence of various indices of 
malnutrition as judged by both the references.

Methods

Subjects and design
This cross‑sectional, observational study was performed 
from October 2020 to April 2021 from rural and urban areas 
of Pune district of Maharashtra (Western India). Apparently 
healthy children between the ages of 0 and 60 months attending 
an urban health centre and a rural primary health centre for 
vaccination were included in this study. Children who appeared 
syndromic (assessed by trained medical personnel) or were on 
any medication besides multivitamins were not included in this 
study. Written informed consent was obtained from the parents 
before measurements were made. An ethical approval was 
obtained from the institutional ethics committee. Sample size 
of 1252 was sufficient to achieve 80% power of study at 5% 
level of significance (alpha) and 10% margin of error (delta) 

using National Family Health Survey (NFHS‑5) data published 
in 2019–2020 on prevalence of malnutrition.[5]

Anthropometry
We measured recumbent length for children less than 2 years 
and standing height thereafter based on the Participant Manual 
for Facility Based Care of Severe Acute Malnutrition given 
by Ministry of Health and Family Welfare, Government of 
India, 2013.[6] Length was measured using an infantometer 
(Medsor Impex) with a headboard and sliding foot piece 
placed on a stable, level table covered with a thin cloth. 
One person stood behind the headboard and positioned the 
child lying on his back on the measuring board, supporting 
the head and placing it against the headboard. The crown of 
the head was placed against the headboard, compressing the 
hair by holding the head with two hands and tilting upwards 
until the eyes looked straight up, and the line of sight was 
perpendicular to the measuring board. The other person placed 
one hand on the shins or knees and pressed gently but firmly 
and placed the foot piece firmly against the feet. The soles of 
the feet were placed flat on the foot piece with toes pointing 
up. The length was measured up to the last completed 0.1 cm 
and recorded. Height (Seca Portable stadiometer, Hamburg, 
Germany up to 0.1 cm accuracy) and body weight (Seca 876 
Flat scale, Hamburg, Germany, up to 100 g accuracy) were 
measured using standard protocols. BMI was computed using 
the following formula: BMI = weight (kg)/height (m) 2.

Z‑score calculation
The Z scores for WHO references were calculated using the 
WHO AnthroPlus app.[7] The synthetic charts were produced 
by computing means using non‑linear regression equations for 
height, weight and BMI at all ages from birth to 18 years using 
equations described by Hermanussen from the means at key 
ages (birth, school entry and adult height) followed by creation 
of percentiles. The Z scores for synthetic references were 
calculated using synthesized anthropometry LMS values.[4]

Classification of malnutrition
Malnutrition was classified using WHO classification of 
nutritional status of infants and children as shown in Table 1.[8,9]

Difference in sensitivity
The difference in the proportion of patients classified by any 
parameter of malnutrition according to synthetic or WHO 
growth standards/references was calculated by the following 
equation: difference in sensitivity = (ns − nw)/N, where ns is 
the number of children classified by synthetic charts and nw 
is the number of children classified by WHO references and 
N is the total.

Statistical analysis
Data were analysed using SPSS 25.0 for Windows (IBM SPSS, 
Bangalore, India). Descriptive statistics for demographic and 
anthropometric characteristics were calculated by gender and 
rural or urban background. Differences in means among children 
were calculated using independent sample t test. Sensitivity of 
various parameters of malnutrition was calculated using both 
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WHO and synthetic references. The equality of the proportions 
classified by various parameters of malnutrition according to 
synthetic and WHO growth references was evaluated based 
on gender and socioeconomic status using the McNemar test. 
P value less than 0.05 was considered significant.

Results

Of the 1252 children who were enrolled in this study, 2 
were excluded for erroneous data as the height and weight 
were either below or above 5SD score.[10] A total of 1250 
(666 boys) children were included in this study and their 
data were analysed. Based on the area of residence, 800 
children  (448 boys) belonged to urban areas of Pune and 
450  (218 boys) were rural children. The mean and SD of 
height Z score, weight Z score and BMI Z score of entire study 
group are − 0.5 ± 1.1, −1 ± 1.3 and − 0.3 ± 1.3 for synthetic 
cut‑offs while they are − 0.7 ± 1.2, −1.1 ± 1.1 and − 0.9 ± 1.2, 
respectively, for WHO cut‑offs. Figure 1 shows comparison 
of these values by both cut‑offs. On performing paired t‑test, 
there is significant difference between these values (P < 0.05).

Table 2a illustrates the demographic and mean anthropometric 
characteristics of children as per area of residence 
(urban vs. rural). No significant differences were noted between 
genders and urban/rural groups except rural girls who had 
lower mean weight and BMI than rural boys. The mean and 

SD scores of children from different socioeconomic groups 
based on the WHO charts and synthetic growth charts are 
illustrated in Table 2b. There were no significant differences 
in mean anthropometric parameters between urban and rural 
subjects of either gender. No significant differences were noted 
in the 0–2‑year and 2–5‑year age groups.

As shown in Figure 2, there was a significant difference (P < 0.05) 
in children classified as within reference range, stunted and 
severely stunted with WHO classifying more subjects as stunted 
compared to synthetic chart references. In weight‑for‑age 
categories however, there was no difference in classifying 
as underweight but WHO charts significantly  (P  <  0.05) 
normalized weight as compared to synthetic charts. Among 
the BMI‑for‑age categories, both cut‑offs identified obese and 
normal similarly but synthetic charts significantly (P < 0.05) 
identified overweight and risk of overweight higher than WHO 
charts while converse was observed for wasting.

As seen in Figure 3, on performing related samples McNemar’s 
test, we found no significant difference in the two methods 
in identifying underweight  (weight for age). However, 
the WHO charts significantly overestimated stunting as 
compared to synthetic references (P < 0.05) on McNemar’s 
test with difference in sensitivity of 7.2%. On using the 
BMI‑for‑age charts, WHO references identified significantly 
higher proportion as malnourished as compared to synthetic 
references and vice versa for over‑nutrition with difference in 
sensitivity of 8.5% and 2.1%, respectively (P < 0.05).

Table  3a illustrates comparison of various parameters of 
malnutrition based on synthetic and WHO references. We noted 
a significantly higher prevalence of severe acute malnutrition in 
urban population as compared to rural population by using both 
WHO and synthetic references and vice versa for moderate 
acute malnutrition by only WHO cut‑offs. We also found a 
significantly higher prevalence of moderate stunting among 
rural populations by both references.

On assessing these parameters segregated by gender, we found 
no significant differences in prevalence of acute malnutrition 
in both urban and rural populations. Overall, we found a 

Table 1: WHO definition of parameters of nutritional 
status

Nutritional status Definition
Stunted Length/Height for age <2SD
Severely stunted Length/Height for age <3SD
Underweight Weight for age <2SD
Severely underweight Weight for age <3SD
Moderate acute malnutrition BMI‑for‑age <2SD and >3SD
Severe acute malnutrition BMI‑for‑age <3SD
Overweight BMI‑for‑age >2SD and <3SD
Obese BMI‑for‑age >3SD
SD: Standard deviation, BMI: body mass index

Figure 1: Comparison of mean height Z score, weight Z score and BMI Z score by WHO and synthetic growth references
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significantly higher prevalence of malnutrition by synthetic 
references in urban populations than in rural. Stunting was 
significantly higher in rural population than in urban population 
in both genders using the WHO cut‑offs (P < 0.05 for both). 
No such differences were noted in either gender using synthetic 
references; however, overall higher prevalence of chronic 
malnutrition was noted in the rural population [Table 3b].

Discussion

We report that prevalence of stunting, wasting, underweight 
and overweight by WHO and synthetic cut‑offs were 14% 
and 6.8%, 18.2% and 9.7%, 22.1% and 22.6%, 1% and 3.1%, 
respectively. The most commonly affected parameter of 
malnutrition was underweight (weight for age). Overall, the 
prevalence of stunting (height for age) was significantly higher 
in rural population than in urban population and converse for 
severe wasting. No significant gender‑wise differences were 
noted in any malnutrition parameters. Upon comparing the 
percentage abnormal using the WHO and synthetic cut‑offs, 
we found no significant difference in weight‑for‑age cut‑offs; 

however, the WHO cut‑offs overestimate stunting with 
difference of sensitivity of 7.2%. Moreover, upon comparing 
the BMI‑for‑age cut‑offs, the WHO references identify a 
significantly higher proportion as acutely malnourished as 
compared to synthetic references by 8.5% and vice versa for 
over‑nutrition with difference in sensitivity of 2.1%.

The percentage of various parameters of malnutrition reported 
by us is lower than the national average as reported in the 
recently published NHFS‑5 (2019–2020) data, although the 
prevalence and urban versus rural trend of underweight, 
overweight and wasting (malnutrition) are similar. Similar to 
our study, the NHFS‑5 reports higher prevalence of underweight 
(27.3% vs. 33.8%) and wasting (18.5% vs. 19.5%) in rural 
population while higher rates of over‑nutrition (4.2% vs. 3.2%) 
in urban population.[5] The same trend is reported for the state 
of Maharashtra in the NFHS‑5 data with higher prevalence 
rates. In reference to stunting, we report much lower rate of 
stunting than the national and Maharashtra estimates as per 
the NHFS‑5 report; however, similar to our study, they also 
identify rural children under the age of 5 years to be more 
stunted than urban ones.[5] A review article on malnutrition 
among under‑5 children in India and strategies for control has 
reported a wide range of prevalence of underweight, stunting 
and wasting ranging from 39% to 75%, 15.4% to 74% and 
10.6% to 42.3%, respectively.[10] Very few studies have been 
conducted to assess the prevalence of overweight or obesity 
among under‑5 children, with results showing prevalence up 
to 4.5%.[11] Similar to our study, a study on children under 
5 years in Chennai found prevalence of underweight, stunting, 
wasting and overweight to be 19.9%  (95% CI 15.9–24.4), 
17.1% (95% CI 13.3–21.4), 21.6% (95% CI 17.4–26.2) and 

Table 2a: Demographic and anthropometric measures

Parameter Boys Girls

Urban Rural Urban Rural
Age (months) 47.8±7.2 48.9±7.8 48.6±7.2 47.9±7.6
Weight (kg)* 14.4±2.7 14.4±2.3 14.2±2.4 13.8±2.5
Height/Length (cm) 100.0±6.4 100.3±6.6 99.9±6.1 99.1±6.4
BMI (kg/m2)* 14.3±1.6 14.2±1.2 14.1±1.5 14.0±1.3
*Statistically significant difference between rural girls and rural boys at 
P<0.05

Table 2b: Mean Z scores of rural/urban children on WHO standards and synthetic growth charts for the appropriate age 
and sex

Charts Sex Height Weight BMI

Urban Rural Urban Rural Urban Rural
WHO Boys −0.7±1.1 −0.7±1.4 −1.1±1.2 −1.1±1.1 −0.9±1.3 −0.9±1.0

Girls −0.6±1.0 −0.7±1.4 −1.0±1.1 −1.1±1.1 −0.9±1.2 −1.0±1.0
Synthetic Boys −0.5±1.0 −0.5±1.2 −1.1±1.4 −1.1±1.3 −0.3±1.5 −0.2±1.1

Girls −0.4±0.9 −0.5±1.2 −0.8±1.2 −0.9±1.3 −0.2±1.3 −0.3±1.1
WHO: World Health Organization. No significant difference noted in mean anthropometric measures by gender or area of residence using either growth 
chart cut‑offs

Figure 2: Anthropometric characteristics assessed on WHO and synthetic charts
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1.4%, respectively, with no significant gender difference.[12] In 
contrast to our results, another study from Maharashtra reports 
stunting as the commonest form of under‑nutrition observed.[13] 
This observed difference in prevalence rates of under‑nutrition 
and over‑nutrition between national and local studies may be 
due to the difference in the methodology adopted, operational 
definitions, instruments used, sample size studied and the 
geographical area involved in this study.[10]

We note difference in sensitivity of 7.2% between WHO and 
synthetic cut‑offs in identifying stunting (height/length for age 

or chronic malnutrition) with WHO cut‑offs overestimating 
stunting. Studies have shown a higher prevalence of short 
stature as per WHO charts compared to IAP 2015 in privileged 
school children around Pune in 5–18‑year olds.[14] Another 
Indian study also suggests that IAP 2015 criteria have better 
diagnostic accuracy in identifying short stature in Indian 
children as compared to use of WHO criteria which causes 
unwarranted work‑up in a substantial number of subjects.[15] 
Underweight and stunting are likely to be over‑diagnosed in 
a large number of apparently normal children in developing 
countries such as India upon using WHO references.[16] A study 
of comparison of WHO growth standards with IAP growth 
charts of under‑5 children in a rural area of Puducherry showed 
no significant difference in prevalence of underweight but 
WHO references estimated a significantly higher prevalence of 
stunting.[17] Marked mismatch exists between WHO standards 
and country‑specific synthetic height and weight data from 
Indonesia and Romania which necessitated the development 
of synthetic charts in these countries.[18,19] This is perhaps 
related to the fact that population height is more genetically 
determined at all ages and Asians are known to be short when 
compared to WHO standards at all ages.

A Chinese study reports higher prevalence of stunting, 
underweight and wasting using the Chinese national growth 
charts as compared to WHO references and vice versa for 
overweight.[20] Various studies have reported that growth charts 

Table 3a: Comparison of prevalence of various parameters of malnutrition based on synthetic and WHO references

Parameter WHO Synthetic

Urban (%) Rural (%) Total (%) Urban (%) Rural (%) Total (%)
BMI

SAM*+ 7.10 1.80 5.20 5.10 0.40 3.40
MAM+ 10.90 16.70 13 5.90 6.90 6.20
Overweight 0.80 0.20 0.60 3 1.60 2.50
Obese 0.50 0.40 0.50 0.80 0.40 0.60

Weight
Severely underweight 4.90 5.30 5.00 6.90 8.40 7.40
Moderately underweight 16.40 18.20 17.10 15.10 15.30 15.20

Height
Severely stunted 1.50 2.90 2 0.40 0.20 0.30
moderately stunted*+ 9.60 16.20 12 5 9.10 6.50

*Statistically significant difference by synthetic Z scores. +Statistically significant difference by WHO Z scores

Table 3b: Comparison of prevalence of various parameters of malnutrition by gender and area of residence based on 
synthetic and WHO references

Parameter WHO Synthetic

Boys Girls Boys Girls

Urban (%) Rural (%) Urban (%) Rural (%) Urban (%) Rural (%) Urban (%) Rural (%)
Stunting* 11.60 20.60 10.50 17.70 4.90 8.70 6.00 9.90
Underweight 22.80 22.50 19.30 24.60 25.40 25.20 17.60 22.40
MAM/SAM 19.40 14.70 16.20 22.00 11.40 6.90 10.50 7.80
Overweight/Obese 1.80 0.90 0.60 0.40 3.80 2.30 3.70 1.70
*Statistically significant (P<0.05) using WHO Z scores

Figure  3: Sensitivity of WHO and synthetic growth references in 
identifying malnourishment in 0–5‑year‑old Indian children
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in different countries are different from the WHO references 
with respect to height of children. As children on whom Japanese 
growth charts were constructed were shorter than the WHO 
growth standards, the prevalence of stunting is expected to 
be higher when the WHO growth standards are used in these 
populations.[21] As the WHO height/length standards are much 
higher than the country‑specific height references and wasting is 
a ratio of weight for height, wasting by WHO standards is much 
higher for the local population. Authors’ group in a previous study 
has reported higher prevalence of overweight/obesity with better 
accuracy by using IAP BMI charts as compared to WHO growth 
references for 5–18‑year‑old Indian children.[22] The difference 
in the assessments between the WHO growth standards and 
local growth references may be due to environmental, genetic 
or epigenetic factors and that local growth charts may be more 
suitable for individual growth monitoring.[23]

Ours is the first study where the Indian national synthetic 
charts have been field‑tested for parameters of malnutrition 
as compared to WHO growth standards in children less than 
5 years age. The strength of this study is that children from 
both rural and urban areas have been studied and a comparison 
has been made between the WHO and synthetic references. 
However, this study has limitation of including data from a 
single centre, and although healthy children were selected for 
this study, no investigations were carried out to assess ill health.

To conclude, our field‑testing study showed that prevalence 
of stunting was higher while overweight was lower in under‑5 
Indian children while using WHO growth standards as 
compared to Indian synthetic growth references. The synthetic 
references have a narrower range for both weight and BMI; 
they may be more useful for screening for obesity. Synthetic 
references can be created using minimal data and are useful in 
updating growth references in place of collecting data on large 
number of children. Our study suggests that synthetic growth 
references may be used for routine screening of malnutrition 
in rural and urban Indian children less than 5 years age. Larger 
studies are required to confirm these observations.
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