
 The World Health Organization (WHO) published 
the Child Growth Standard for infants and children up 
to the age of 5 yr based on a multi-country study (Brazil, 
Ghana, India, Norway, Oman and USA) on growth of 
healthy breast-fed children under optimal conditions in 
April 20061-4. The release of these new standards evoked 
a lot of interest. Some of the developed countries such 
as UK and USA, examined the usefulness of these 
growth standards for assessment of nutritional status 
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Background & objectives: This study attempts to compare the pattern of growth of Indian children as 
assessed by weight for age, height for age and BMI for age with the WHO standards for growth (2006) 
and to explore the implications of differences in undernutrition rates in the 0-59 months of age group as 
assessed by these three indices. 
Methods: From the National Family Health Survey -3 database, growth curves for height, weight and 
BMI for age in Indian preschool children were computed using LMS software and compared with the 
WHO (2006) standards. Using the WHO (2006) standards, trends in prevalence of undernutrition as 
assessed by height, weight and BMI for age in the 0-59 month age group were computed.
Results: During the fi rst three months there was no increase in underweight and stunting rates. There 
was progressive increase in underweight and stunting rates between 3-23 months of age. Low BMI for 
age and wasting rates were highest at birth. 
Interpretation & conclusions: Poor growth is an adaptation to chronic low energy intake and stunting is 
a measure of cumulative impact of chronic energy defi ciency on linear growth. It is important to prevent 
stunting because it is not readily reversible. Low BMI is an indictor of current energy defi cit. Early 
detection of energy defi cit using BMI for age and expeditious interventions to correct the defi cit might 
be effective in prevention of stunting.
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vis-a-vis existing national standards5-7. It was reported 
that the major advantages for using WHO standards in 
developed countries were: (i) standards based on growth 
pattern of breast-fed infants could be used as tools to 
promote breast feeding, and (ii) these could result in 
better detection of overnutrition in early infancy and 
childhood. 

 Other groups have explored the usefulness of BMI 
for age from WHO standards for assessment of severe 
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undernutrition during relief operations8-10. Ergo et 
al11 explored the extent to which the use of the WHO 
2006 standards affect the estimated prevalence of 
undernutrition in low and middle income countries. 

 The Government of India has accepted the use of 
WHO (2006) standards for assessment of nutritional 
status in preschool children. During the transition 
period of switching over from National Centre 
for Health Statistics (NCHS)/WHO to WHO 2006 
standards, National Family Health Survey (NFHS) 
and surveys conducted by National Nutrition 
Monitoring Bureau (NNMB) reported prevalence of 
undernutrition both in NCHS/WHO standards and 
WHO 2006 standards. Several investigators have 
explored the implications of the use of WHO growth 
standards for assessment of undernutrition vis-a-
vis other standards which were widely used earlier 
in health services/surveys and Integrated Child 
Development Services Programme12-18. 

 In India, weight for age has been the most 
widely used indicator for assessment of nutritional 
status, detection of undernutrition and monitoring 
the improvement following interventions in children. 
The question whether in Indian children with high 
stunting rates due to past chronic undernutrition, BMI 
for age is a more appropriate indicator for assessment 
of current undernutrition and improvement following 
interventions is often debated among nutrition scientists 
in the country. While there is global acceptance that 
body mass index (BMI) should be used for assessment 
of obesity/adiposity in children19, there has not been a 
similar consensus regarding use of BMI for assessment 
of undernutrition in children. This study reports the 
results of analysis of data from NFHS-3 on growth 
patterns and prevalence of undernutrition in children 
0-59 months of age as compared to WHO 2006 
standards for weight for age, height for age and BMI 
for age.

Material & Methods 

 The National Family Health Survey-3 database 
provides information on age, sex, weight, height, infant 
and young child feeding practices and morbidity due to 
infections in the last fortnight in 56,438 children. Of 
these, 52,868 had recorded age between 0-59 months; 
45,377 infants and children had weight and height 
within plausible range as defi ned in NFHS-3 report15. 
Growth curves of these 45,377 infants and children 
between 0-59 months (median ± 2 and 3 SD of height, 
weight and BMI in relation to age) were computed using 

LMS software, UK. The lmsChartMaker program fi ts 
smooth centile curves to reference data using the LMS 
method. Reference centile curves show the distribution 
of a measurement as it changes according to some 
covariate, e.g. age. The LMS method summarises the 
changing distribution by three curves representing the 
median (M), coeffi cient of variation (S) and skewness 
(L), the latter expressed as a Box-Cox power. Using 
penalised likelihood, the three curves can be fi tted as 
cubic splines by non-linear regression, and the extent 
of smoothing required can be expressed in terms 
of smoothing parameters or equivalent degrees of 
freedom. The process involves fi ve stages: data entry, 
model fi tting, graphical display, model checking and 
model saving, with the last four stages repeated as 
often as necessary. The growth curves of these Indian 
preschool children were compared with growth curves 
based on the WHO (2006) standards4. Prevalence of 
undernutrition in relation to age as assessed by four 
anthropometric indices - weight for age, height for age, 
BMI for age, wasting, were computed from the WHO 
(2006) standards. 

Results 

Growth of Indian children: In the fi rst month after birth, 
the median weight of Indian children was little lower 
than the corresponding values of WHO standards. 
By six months the median values of weight in Indian 
children corresponded to the <-2SD of the WHO 
standard. From 12 months onwards the median weight 
for age of Indian children was just below the -2SD of 
WHO standards. The -2SD values of Indian children 
which was just below the corresponding values of 
the WHO standards in the fi rst few months, showed 
a fall over the next six months and thereafter fell to 
values well below but parallel to -2SD values of the 
WHO standards. The +2SD value of Indian children 
was similar to the corresponding values of the WHO 
standards in the fi rst month but subsequently the values 
for Indian children were lower and by six months lie 
just above the median values of WHO standards. 
Thereafter, the +2SD values for Indian children were 
just above and parallel to the median values for WHO 
standards for weight for age (Fig. 1) . The gap in the 
median weight for age between WHO standards and 
Indian children widened with increasing age: 0.5 kg at 
1 month, 1.6 kg at 12, 2.4 kg at 24, 3.9 kg at 36 and 48 
and 4.2 kg at 59 months. 

 Comparison of the height for age of Indian children 
and the WHO standards for height for age is shown in 
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Fig. 2. In the fi rst month after birth, the median and 
-2SD height for age of Indian children were little lower 
than the corresponding values of WHO standards; the 
+2SD height for age of Indian children was higher than 
the corresponding value of WHO standards. Between 
1-12 months there was a progressive fall in the median 
height for age values in Indian children as compared 
to the WHO standards. From 12 months onwards the 

median values of height for age in Indian children 
was essentially similar to the -2SD values of WHO 
standards. The -2SD values for Indian children was 
below the corresponding values of the WHO standards 
at one month. There was a progressive reduction in the 
-2SD values for height for age in Indian children as 
compared to the WHO standards. The gap between -2SD 
values of the WHO standards was 3 cm at fi rst month, 

Fig. 1. Weight for age in Indian children. Black lines indicate WHO data. Red lines indicate NFHS data.

Fig. 2. Height for age in Indian children. Black lines indicate WHO data. Red lines indicate NFHS data.
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8 cm at 12 months and nearly 14 cm at 59 months.The 
+2SD values for Indian children which were above the 
corresponding values of the WHO standards in the fi rst 
few months, progressively declined so that at 12 months 
these were similar to the WHO standards; the reduction 
continued between 12-59 months so that at 59 months, 
the gap between +2SD value of Indian children and 
corresponding value of the WHO standards was 6 cm. 

 Comparison between the BMI for age of Indian 
children and the WHO standards is shown in Fig. 3. 
In the fi rst month after birth, the median and -2SD 
values for BMI of Indian children were lower than 
the corresponding values of WHO standards; the 
+2SD values for Indian children were higher than the 
corresponding values of WHO standards. By three 
months the median of Indian children was just above 
the -2SD of the WHO standards. Subsequently the gap 
between median value of BMI for age for Indian children 
and -2SD values of the WHO (2006) widened; between 
18 and 59 months the difference between the median 
BMI values of Indian children and the WHO standards 
was about 0.8. Throughout the 0-59 months the -2SD 
values of the Indian children were lower than the - 2SD 
values of the WHO standards. There was a widening 
of the gap between -2SD values of Indian children 
and the corresponding values of the WHO standards 
between 1- 6 months; this gap narrowed between 6-18 

months and thereafter remained unaltered. The +2 SD 
values of Indian children were essentially similar to 
the +2SD values for WHO standards. Unlike weight 
and height parameters the difference in median BMI 
for age between Indian children and WHO standards 
was small: 0.6 at 1 months, 1.3 at 12 months, 0.6 at 24 
months, 0.9 at 36, 48 and 59 months.

Prevalence of undernutrition: Prevalence of 
undernutrition (<-2SD ) as assessed by weight for 
age, height for age, BMI for age and wasting (weight 
for height irrespective of age) for under-fi ve children 
is shown in Fig. 4. Stunting was the most common 
manifestation (48%) of undernutrition in these 
children; 42.5 per cent of children were underweight. 
In contrast, only 16.9 per cent were undernourished if 
low BMI for age is used as the criterion for assessment 
of undernutrition. It is noteworthy that if BMI for age 
is used as the indicator, 2.2 per cent of these children 
were overnourished. 

Prevalence of undernutrition in relation to age: Change 
in prevalence of undernutrition in relation to age of the 
child as assessed by WHO standards for weight for age, 
height for age, wasting and BMI for age is shown in 
Fig. 5. In India about 30 per cent of infants weigh less 
than 2.5 kg at birth. Underweight rates in the fi rst three 
months remained similar to low birth-weight rates. 

Fig. 3. BMI for age in Indian children. Black lines indicate WHO 2006 data. Red lines indicate NFHS data.
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There was a progressive increase in underweight rates 
between 3 to 24 months. Underweight rates remained 
unaltered between 2-5 yr of age. In the fi rst six months 
the stunting rates remained similar to the stunting 
rates reported at birth. Stunting rates showed a steep 
and progressive increase from 20 per cent during the 
fi rst six months to 58 per cent in the 18-23 month age 
group. Over the next three years there was a 7 per cent 
reduction in stunting rate. Nearly a third of the infants 
had low BMI in the fi rst six months of age. There was 
a small reduction in low BMI for age between 6-11 
months of age to 29 per cent; followed by a steep 
reduction in low BMI and in the 12-17 months low 
BMI was 18.4 per cent. This was followed by slower 
but sustained fall so that in the 48-59 month age group 
prevalence of low BMI was only 11.7 per cent. 

Discussion 

 Indian infants begin life with a disadvantage due 
to poor intrauterine growth; at birth one third of Indian 
infants are underweight and wasted and 20 per cent 
are stunted20. Maternal factors associated with low 
birth weight (LBW) such as low maternal height and 
low pre-pregnancy weight cannot be modifi ed during 
pregnancy. Low birth weight can be due to preterm 

birth, intrauterine growth retardation or both. Preterm 
low birth weight neonates require intensive care for 
survival, mature low birth weight infants survive with 
essential new born care21,22. In India one third of the 
infants are born with low birth weight but only 12 per 
cent are preterm births20,23. Data from Sri Lanka and 
Kerala, India over the last three decades confi rm that 
with near universal access to essential newborn care, it 
is possible to achieve low infant mortality rate inspite 
of relatively high LBW rates in South Asian countries 
because these neonates are mature24.

 Analysis of data on changes in prevalence of 
undernutrition as assessed by height for age, weight 
for age and BMI for age revealed some interesting 
fi ndings. Indian infants begin their life with a lower in 
weight, height and BMI. During the fi rst three month, 
there was no increase in underweight and stunting 
rates. This might be because the energy needs were 
met as most of the infants were are exclusively breast 
fed and nutrition toll of infection was low because 
of low morbidity rates. Increase in underweight rates 
between 3-5 months appears to be associated with 
introduction of animal milk and increase in morbidity 
due to infections. The further rise in underweight and 
stunting rates between 6-11 months might be due to 
late introduction, inadequate quantity and low calorie 
density of complementary feeds and increase in 
morbidity due to infections. Increase in the underweight 
and stunting rates between 12-23 months could be 
the result of inadequate energy intake when children 
shift to household diet. This is not due to household 
food insecurity, but poor child feeding habits. Young 
children need to be fed 5-6 times a day to meet their 
food requirements from the habitual household diets 
with low calorie density24. Low BMI for age and wasting 
rates were highest at birth refl ecting the adverse impact 
of intrauterine undernutrition. The steady decline in 
the wasting and low BMI rates between 9-23 months is 
due to poor linear growth and steep increase in stunting 
rates in this period. This should not be interpreted as 
improvement in nutritional status of children. 

 The observed changes in undernutrition rates as 
assessed by weight, height and BMI for age can be 
explained on the basis of the response of these indices 
to chronic energy defi ciency. Initial impact of energy 
defi cit is wasting because energy is mobilized form 
fat deposits and muscle to bridge the gap between 
energy requirement and energy intake. If energy 
defi cit is quickly corrected, wasting is reversed and 
the linear growth of children continues normally. If 

Fig. 4. Nutritional status of preschool children.

Fig. 5. Prevalence of undernution relation to age.
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however the energy defi cit persists, stunting occurs. 
These stunted children may have normal BMI for their 
height. If energy intake is inadequate even to meet 
the requirement of the stunted child, the stunted child 
develops wasting and the vicious cycle of wasting and 
stunting continue. 

 Weight, height and BMI for age are parameters for 
assessment of nutritional status in children. Of these, 
weight for age is the most widely used indicator for 
assessment of nutritional status because of ease of 
measurement. Children can be underweight because 
they are stunted, or wasted or stunted and wasted. 
Underweight cannot distinguish between current or 
past or past and current energy defi cit. Stunting is an 
index of cumulative past energy defi cit but does not 
refl ect current energy status. BMI is an index of current 
energy defi cit because it is computed from current 
weight and current height of children. As low BMI is 
the indicator of current energy defi cit, early detection 
of low BMI for age and expeditious correction of it 
is likely to be the most effective intervention for 
preventing stunting. Prevention of stunting in the fi rst 
two years of life is important, because once stunting 
has occurred, it may not readily reversible. Stunting in 
the fi rst two years may be associated with low adult 
height and be a factor especially in women for lower 
birth weight in their offsprings – the trans-generational 
impact of childhood undernutrition20,25 .

 WHO growth standards (2006) state that BMI for 
age can used for detection of under- and overnutrition in 
preschool children. However, BMI for age has not been 
widely used as a method for detection of undernutrition 
in developing countries perhaps because there had 
not been many studies demonstrating the association 
between low BMI and functional decompensation such 
as increased risk of morbidity due to infections. Recently 
it has been reported that wasting at six months was a 
good predictor of infant mortality in India26. Relative 
risk of morbidity has been shown to be higher and 
more consistently associated with low BMI in Indian 
preschool children27. Use of BMI for assessment of 
current nutritional status in Indian children is essential 
in all settings where length / height measurements are 
possible because (i) early detection of current energy 
inadequacy leading to low BMI and intervention to 
correct it can prevent stunting; this is critical because 
stunting cannot be reversed; (ii) majority of Indian 
stunted children have appropriate weight for their 
height and age (normal BMI/age); increase energy 
intake may make them prone to overnutrition; and (iii) 

undernutrition in early childhood followed by rapid 
increase in body mass index in early/ late childhood/ 
adolescence may predispose to overnutrition and non-
communicable disease risk in early adult life28. 

 Use of WHO 2006 standards for assessment 
of underweight/stunting in Indian children clearly 
brings out the importance of low birthweight, too 
early introduction of breast milk substitutes, too late 
introduction of complementary feeds, poor young child 
feeding practices, high morbidity rates due to infections 
and poor access to health care as major factors associated 
with increase in underweight/stunting rates in infants 
and young children. These data can used for advocacy 
and awareness building for two critical interventions to 
improve nutritional status of young children, namely 
nutri tion education to ensure appropriate infant and 
child feeding practices, and health education to improve 
timely access to health care.

 Convergence of services under National Rural 
Health Mission and Integrated Child Development 
Services can improve access to both nutrition and 
health education and care in India and effective 
implementation of these programmes can bring about 
improvement both in the health and nutritional status 
of preschool children. 
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