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ABSTRACT:

The study of nutritional status based on mid upper 

arm circumference (MUAC) among pre-school children 

in India is very limited. Therefore, a study was carried 

out from February to June 2006 in three municipal wards 

of the North 24 Parganas district, West Bengal, India, to 

determine the nutritional status based on MUAC among 

urban, poor pre-school children. Undernutrition was de-

fined based on age- and sex-specific MUAC cut-off val-

ues as recommended by the World Health Organization 

(WHO) in 1995 and 2007. A total of 899 children, 57.5% 

boys and 42.5% girls, aged 1-5 years were measured ran-

domly and included in the present analysis. 

Th e overall proportion of undernutrition was 77.8%, of 

which 52.9 and 24.9% children were moderately and severe-

ly undernourished, respectively, using WHO 1995 MUAC 

cut-off  values. Similarly, the rate of undernutrition was 

69.8%, of which 43.9 and 25.9% children were moderately 

and severely undernourished, respectively, when the WHO 

2007 MUAC cut-off  points were used. Th e prevalence of un-

dernutrition was signifi cantly higher among boys than girls 

when using either of the cut-off  values. Overall, about 9% 

and 7% of boys and girls, respectively, were overestimated 

as undernourished by the WHO 1995 cut-off s, as compared 

to the WHO 2007 cut-off s. 

In conclusion, the overall prevalence of undernutrition 

among these children was very high, indicating a critical 

situation. Th erefore, respective authorities should take ini-

tiatives to utilize low-cost methods such as MUAC for iden-

tifying children at risk for acute malnutrition at an early age. 

Such studies may assist policymakers in the formulation of 

appropriate measures to combat child undernutrition at the 

national level.  
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INTRODUCTION

Despite the economic development of the country, 

India retains one of the highest rates of child undernutri-

tion in the world. The high level of child undernutrition 

not only increases morbidity and mortality in later life but 

also reduces the economic development and productivity 

of the county. Therefore, researchers from various disci-

plines worldwide constantly attempt to determine the 

prevalence of child undernutrition using different meth-

ods. Anthropometry is a widely accepted, low-cost tech-

nology for defining the nutritional status of children (1). 

However, the standard against which the nutritional status 

of the sample population should be determined remains 

controversial (2). Recently, the World Health Organization 

(WHO) developed age- and sex-specific mid upper arm 

circumference (MUAC) cut-off points to determine child 

undernutrition (3). MUAC is a comparatively simple mea-

surement, particularly for screening children in emergency 

situations. The main advantage of MUAC is its simplicity, 

particularly for screening children in emergency situa-

tions. When compared with standard anthropometric in-

dices, MUAC is a valuable, low-cost technology applicable 

at the village health worker level (4). It requires no scales, 

measuring devices or anything; it takes very little time and 

is easy to learn and perform by an unskilled worker (5). 

It has been well documented that, compared with the 

weight-to-height index, MUAC has a very high specificity 

(6) and appears to be a better predictor of child mortality 

than the weight-to-height index (7). However, little infor-

mation exists regarding the prevalence of undernutrition 

based on MUAC among preschool children in India (8-10) 

and West Bengal (11-13). Given this context, the aim of the 

present study was to determine the nutritional status of ur-

ban, poor pre-school children from the North 24 Parganas 

district, West Bengal, India, using the WHO (1,3) recom-

mended age- and sex-specific MUAC cut-off points and to 

later compare the rates of undernutrition as identified by 

the two WHO recommended age- and sex-specific MUAC 

cut-off points at different time points.   

METHODS

To determine the nutritional status based on MUAC, 

a cross-sectional study was carried out from February to 

June 2006 in three municipal wards of the Barasat and Mad-

hyamgram municipalities in the North 24 Parganas district 

of West Bengal. The minimum sample size is (n=872) cal-

culated following the standard formula: (4 x p (1-p) / d2), 

based on a 28.6% prevalence of undernutrition based on 

MUAC (11), with a relative precision of 3%. The study 

involved a random survey of lower socioeconomic status 

children. The vast majority of the households contained 

low-wage daily manual labourers. However, the study area 

was purposely selected. A trained investigator obtained in-

formation on the age, sex, weight, height and MUAC of all 

children. The ages of the children were noted from their 

parents or sometimes calculated using local events, which 

could be dated and linked to important points in their life 

history. The respective institutional ethical committee ap-

proved the study protocol, and informed consent was ob-

tained from the parents of each child.  

The nutritional status of the children was assessed by 

anthropometric measurements following standard tech-

niques (14). MUAC was measured using a nonstretchable 

fibre tape to the nearest 1 mm. Nutritional status of the 

children was assessed using the following scheme:

------------------------------------------------------------------

Normal: ≥ 2 sd 

Undernutrition: < - 2 sd

Moderate undernutrition: < - 2 sd to -3 sd

Severe undernutrition: < - 3 sd

-----------------------------------------------------------------

Where, sd refers to the age- and sex-specific WHO 

(1,3) standard deviations of MUAC. The -2 sd and -3 sd 

of age- and sex-specific cut-off points are given in table 1 

and table 2.

Age

(years)

Boys Girls

Moderate 

(-2 sd)

Severe

(-3 sd)

Moderate 

(-2 sd)

Severe

(-3 sd)

1 13.2 11.9 12.6 11.4

2 13.6 12.2 13.4 12.0

3 13.8 12.4 13.6 12.2

4 14.1 12.6 13.9 12.4

5 14.2 12.6 14.1 12.5

Table 1. Th e WHO (1995) recommended age- and sex-specifi c cut-off  

points for MUAC (cm).

Age

(years)

Boys Girls

Moderate 

(-2 sd)

Severe

(-3 sd)

Moderate 

(-2 sd)

Severe

(-3 sd)

1 12.5 11.6 12.4 11.1

2 13.0 12.0 12.7 11.7

3 13.5 12.5 13.3 12.2

4 13.7 12.7 13.6 12.5

5 14.0 12.9 14.0 12.8

Table 1. Th e WHO (2007) recommended age- and sex-specifi c cut-off  

points for MUAC (cm).

All statistical analyses were performed using EPI6 sta-

tistical software. One- and two-way analyses of variance 

(ANOVAs) were used to test the age and sex differences of 

the mean MUAC values. Odds ratios were measured using 

standard formulae to compare the risk between groups. The 

proportion test was employed to compare the prevalence 

of undernutrition in different groups. Moreover, p-values 

less than 0.05 were considered statistically significant.  



143

RESULTS

A total of 899 children, 57.5% boys and 42.5% girls, aged 

1-5 years old were measured and included in the present 

analyses. The age-sex distributions of mean MUAC val-

ues are presented in figure 1. The results of the one-way 

ANOVA reveal that the mean MUAC increased with age in 

boys (F=33.80, p<0.001) and girls (F=39.05, p<0.001). On 

the other hand, the two-way ANOVA results show that, 

except for sex, age (F=73.444, p<0.001) and the age-sex 

interaction (F=2.453, p<0.05) had a significant effect on 

MUAC. However, the mean MUAC was significantly lower 

in boys than in girls at age 5 (t=2.41, p<0.05). 

The overall (age and sex combined) proportion of 

undernutrition was 77.8%, of which 52.9% and 24.9% 

children were moderately and severely undernourished, 

respectively, using the WHO 1995 (1) MUAC cut-off 

points (table 3). About 55% and 50% of the boys and 

girls, respectively, were moderately undernourished. 

The proportion ranged from 45.7 to 62.3% for boys and 

38.5 to 56.7% for girls. Nearly 26% of the boys and 24% 

of the girls were severely undernourished; the proportion 

ranged from about 16% to 43% for boys and 7.7% to 38.5% 

for girls. It is noteworthy to mention that the proportion 

of severe undernutrition significantly decreased with age 

in both sexes. The proportion of undernutrition was sig-

nificantly higher in boys compared with girls (81.0 vs. 

73.3%, x2=7.62, df=1, p<0.01).

The overall (age and sex combined) proportion of un-

dernutrition was 69.8%, of which 43.9 and 25.9% children 

were found to be moderately and severely undernourished, 

respectively, using the WHO 2007 (3) MUAC cut-off points 

Figure 1. Age-sex distribution of MUAC (means ± SEM) of the

studied children.

Age

(years)

Boys Girls

n

Severe 

under-

nutrition

Moderate

under-

nutrition

Normal n

Severe 

under-

nutrition

Moderate

under-

nutrition

Normal

1 54 42.6 48.1 9.3* 47 38.3 38.5 23.4*

2 100 33.0* 51.0 16.0 65 38.5* 44.6 16.9

3 92 37.0 45.7* 17.4 82 28.0 52.4* 19.5

4 114 16.7 62.3* 21.1* 84 19.0 48.8* 32.1*

5 157 15.9* 60.5 23.6* 104 7.7* 56.7 35.6*

Total 517 25.9 55.1 19.0* 382 23.6 49.7 26.7*

Age and sex combined undernutrition: Severe=24.9%, Moderate=52.9%, Total=77.8%

Table 3. Assessment of nutritional status of the studied children based on MUAC (WHO 1995). *Signifi cant sex diff erences; p<0.05.

Age

(years)

Boys Girls

n

Severe 

under-

nutrition

Moderate

under-

nutrition

Normal n

Severe 

under-

nutrition

Moderate

under-

nutrition

Normal

1 54 33.3* 38.9 27.8* 47 21.3* 44.7 34.0*

2 100 25.0 48.0* 27.0 65 29.2 38.5* 32.3

3 92 43.5* 35.9* 20.7 82 28.0* 47.6* 24.4

4 114 19.3 43.9 36.8 84 22.6 38.1 39.3

5 157 26.1* 47.8 26.1* 104 15.4* 49.0 35.6*

Total 517 28.2 43.9 27.9 382 22.8 44.0 33.2

Age and sex combined undernutrition: Severe= 25.9%, Moderate= 43.9%, Total= 69.8%

Table 4. Assessment of nutritional status of the studied children based on MUAC (WHO 2007). *Signifi cant sex diff erences; p<0.05.



144

(table 4). About 28% of the boys and 23% of the girls were 

severely undernourished, with the proportion ranging from 

about 19.3% to 43.5% for boys and 15.4% to 29.2% for girls. It 

is noteworthy to mention that the proportion of severe un-

dernutrition decreased with age in both sexes. On the other 

hand, the proportion of moderate undernutrition was simi-

lar in both boys and girls. The proportion of undernutrition 

was higher in boys (72.1%) than in girls (66.8%).

Table 5 presents the comparison of the proportion 

of undernutrition (severe + moderate) as assessed by the 

two different WHO (1,3) recommended MUAC cut-off 

points. The proportion of undernutrition was significant-

ly higher in both sexes when the WHO 1995 MUAC cut-

off points were used for the assessment of undernutrition 

compared with the WHO 2007 cut-offs. Overall, about 

9% and 7% of the boys and girls, respectively, were over-

estimated as undernourished by the WHO 1995 cut-off 

points, with the difference ranging from 2.5% for five year 

olds to 18.5% for one year olds in boys and 0% for five year 

olds to 15.4% for two year olds in girls.      

DISCUSSION

Child nutritional status is well recognized as one of 

the important indicators of economic development of a 

country. In the last few decades, undernutrition has be-

come a major public health problem in the developing 

world. Therefore, in 2000, the United Nations adopted 

child undernutrition as one of the eight Millennium De-

velopment Goals (15).

The age-combined prevalence of undernutrition based on 

the WHO 1995 cut-offs (boys = 81.0%; girls = 73.3%) and the 

WHO 2007 cut-offs (boys = 72.1%; girls = 64.4 %) was higher 

in boys than in girls. Whereas the prevalence of undernutri-

tion was overestimated by the earlier cut-offs than the later 

ones in both sexes, overall the rates of undernutrition using 

both cut-offs were 77.8 and 69.8%, respectively. Compared 

with the general Indian population (Table 6), the prevalence 

of undernutrition among the preschool children of the pres-

ent study was higher than those reported among preschool 

children from Punjab (10), Orissa (8,9), Kolkata (11), Hooghly 

(12) and Nadia (13). This study clearly indicated that the nu-

tritional status of these pre-school children was critical with 

very high rates of undernutrition in both sexes. 

More important, the application of the new WHO cut-

offs are valid for developing countries like India, which were 

developed based on multinational samples of children with 

minimum constraints of growth. The WHO recommend-

ed that these new standards be used for the surveillance of 

nutritional status in all countries and compared the preva-

lence of data collected before the release of the new stan-

dards (16). However, county-specific standards are more 

appropriate for comparing health-compromised children, 

especially in India where the problem is more pronounced 

for undernutrition than overnutrition (17). 

Age 

(years)

Boys (Undernutrition) Girls (Undernutrition)

WHO 1995 WHO 2007 Difference WHO 1995 WHO 2007 Difference

1 90.7 72.2* 18.5 76.8 66.0* 10.8

2 84.0 73.0* 11.0 83.1 67.7* 15.4

3 82.7 79.4 3.3 80.4 75.6 4.8

4 79.0 63.2* 15.8 67.8 60.7** 7.1

5 76.4 73.9 2.5 64.4 64.4 0.0

Total 81.0 72.1* 8.9 73.3 66.4** 6.9

Table 5. Comparison of the prevalence (%) of undernutrition as assessed by the two WHO rec-

ommended MUAC cut-off  values.

Signifi cant diff erence: *p<0.01, **p<0.05. 

Table 6. Comparison of the overall prevalence (%) of undernutrition among the preschool 

children based on MUAC.

* Signifi cantly lower than the present study; p<0.05. 

**Signifi cant diff erence; p<0.001.   

Studied area

(district/state)

Number of children 

studied
Prevalence (%) References

Punjab 6531 38.5* Kaur et al., 2005

Khurda and Cuttack, 

Orissa
101 35.6* Chakraborty et al. 2006

Cuttack, Orissa 292 29.1* Mishra and Mishra, 2007

Kolkata, West Bengal 21 28.6* Chatterjee and Saha, 2008

Hooghly, West Bengal 894 64.5* Mandal and Bose, 2009

Nadia, West Bengal 2016 35.1* Biswas et al., 2010

North 24 Parganas, 

West Bengal
899

**77.8 (WHO 1995)

**69.8 (WHO 2007)
Present study
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Therefore, regular surveillance in the form of nutrition-

al surveys would be conducted at the village, block, state 

and national levels to monitor the nutritional and health 

status of children (16). Anthropometric examination is an 

almost mandatory tool in any research on health and nutri-

tional condition in childhood, and the study of nutritional 

status is of great importance for understanding the social 

well-being in a population or country (18). Moreover, in 

community-based studies, application of MUAC appears 

to be a better predictor for assessment of childhood under-

nutrition than many other anthropometric indicators. Sev-

eral researchers worldwide have used MUAC to identify 

children as having moderate and severe acute malnutrition 

for its simplicity (9, 19-21). Therefore, respective authori-

ties should take initiatives to utilize low-cost methods like 

MUAC for identifying children at risk for acute malnutri-

tion at an early age. Such studies would help policymakers 

to formulate appropriate measures to combat child under-

nutrition at the national level.  
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