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Nutritional status during preschool period is a paramount importance because of their 
rapid growth and this period is the foundation for lifetime health, strength and intellectual 
vitality.  Given the above fact, present review has been undertaken to get an impression of 
the overall MUAC based undernutrition and sex variation of undernutrition among the 
preschool children of India as recommended by WHO guideline.  International and national 
databases were searched using Google search engine, and PubMed etc. This review showed 
that the prevalence of MUAC based undernutrition was very high among the preschool 
children of India. It is recommended that the policy maker may implement measurement 
of MUAC at primary health care level to identify severe and moderate acute malnutrition 
as measurement of MUAC is a very simple and very much inexpensive and non-invasive 
method to assess nutritional status among the young children. 
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Introduction
Preschool children are nutritionally more vulnerable because of their rapid growth. The development 

of children into healthy adults is depended on their growing, starting from their antenatal period, 
in a healthy environment and having balanced nutrition (WHO, 2000). Undernourished children 
have lowered resistance to infection, they are more likely to die from common childhood ailments 
like diarrhoeal diseases and respiratory infections, and for those who survive, frequent illness saps 
their nutritional status, locking them into a vicious cycle of recurring sickness and faltering growth 
(Chandran 2011).

Malnutrition, in particularly undernutrition is a serious public health problem and is a primary 
contributing factor to childhood morbidity and premature mortality worldwide. Globally half of all 
deaths in under 5 children are susceptible to undernutrition; it puts children not only at greater risk 
of dying from common infections but also increases the frequency and severity of such infections, and 
delays recovery (UNICEF Report 2021).  45% of total child deaths associated with undernutrition 
mostly in low- and middle-income countries (WHO, 2021). In developing countries 146 million 
children are underweight and more than half of them live in south-east Asia. India has contributed of 
57 million of undernourished children (UNICEF report, 2006). India has progressed dramatically in 
various fields but its malnutrition level hasn’t shown any desired reduction.
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Many studies reported that the poverty is a key determinant of undernutrition, through the 
unhealthy physical environment, domestic stress and fatigue-related early stopping of the mother’s milk 
also contributes to malnutrition along with the lack of education of mothers (Chakraborty et al. 2007).

Over the last few decades, the most extensive and internationally recommended indicators i.e., weight-
for-height (W/H), weight-forage (W/A) and height-for-age (H/A) have often been employed for defining 
nutritional status of under 5 years-age children Worldwide (Khongsdier 2006). Despite the popularity 
of these indicators, they have some practical obstacles of taking accurate measurements; collection of 
stature/height and weight measurements are too difficult or even impossible due to non-availability of 
accurate portable scale, weighing machine and well-trained health workers for measurement collection. 
In these circumstances measurements of the Mid-upper arm circumference (MUAC) plays an important 
role, it is an alternative nutritional indicator that can be used as a potential proxy of weight for height 
and independent of age as well (Berkley et al 2005). MUAC measurement is a simple, non-invasive, 
rapid and inexpensive tool for screening malnutrition by using a flexible non stretch tape. It is good 
predictor of risk of imminent death; it has been used for monitoring the nutritional status of patients in 
emergency situations and recommended for the assessment of acute malnutrition (WHO 1995).

There is no review done on preschool children nutritional status based on MUAC, in view of this, 
the current review presents prevalence of undernutrition (MUAC based) among 0-6 years old children 
using various previous published work. Keeping in the mind the present review work was aimed (i) 
to find out the prevalence of undernutrition based on MUAC by different growth standards among 
preschool children in India, (ii). To find out is there any sex difference of undernutrition.  

Material and Methods:
A literature review discusses published information in a particular subject area within a specific 

period. It can be just a simple summary of the sources, but it usually has an organizational pattern 
and combines both summary and synthesis. Generally, the purpose of a review is to critically analyse a 
segment of a published body of knowledge through summary, classification, and comparison of prior 
research studies, reviews of literature, and theoretical articles. 

Study selection: This review work has considered published papers between 2000 to 2021 following 
computerized databases searching as Google Scholars, PubMed/Medline, Academia, Research gate 
following MeSH term as ‘preschool children’, ‘nutritional status’, ‘MUAC’, “India’, ‘Malnutrition’, 
‘Undernutrition’. Further, combinations of different MeSH terms were also used to search published 
literature. Out of 253 total screened studies, 54 studies were full text reviewed and finally 20 studies were 
included in the review based on inclusion and exclusion criteria.

Systematic approach is a review method used to minimizing biases and random errors following 
inclusion and exclusion criteria (Figure 1). Inclusion criterion were: article must be reporting of sample 
size, specific age group (s) studied, sex specific prevalence of undernutrition etc. Exclusion Criteria were: 
No sex specific data, no age group mentioned, no data on sample size and there is no study area was 
mentioned.  

Total sample size was 21,636 among them boy was 11,406 and girl was 10,228. Standard statistical 
method was employed to calculate pool estimate for boys and girls separately following fixed and 
random effect model. Heterogeneity (Cohran’s Q & I2 statistics) and publication biases also performed 
following standard statistical method (Higgins et al. 2003; Begg & Mazumder, 1994; Egger et al. (1997). 

Test for existence of heterogeneity: Cochrane’s Q-statistic-based on chi-square and (I2) statistic 
scores was used to determine heterogeneity. In our study heterogeneity is present, so, we considered 
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random effect model for the analysis. Publication bias is another factor which affects the result. For the 
present review, all statistical analyses were performed using MedCalc statistical software version 20. A 
P-value less than 0.05 (0.10 for I2) is considered as statistically significance. 

Results 
Total sample size for the present review was 21636, it varies from 65 (Bisai et al.2012) to 6531 (Kaur 

et al. 2005) and in most studies child aged was less than 6 years. Table 1 presents details of 20 studies 
included in the present review. The overall community and state combined prevalence of undernutrition 
(MUAC based) of preschool children was found to be 38.39% (95% CI: 31.11 to 45.93). Overall 
prevalence of undernutrition for boys was 40.52 % (95% CI: 32.44 to 48.87) and for girls was 36.39 % 
(95% CI: 29.62 to 43.45). The highest and lowest rate of undernutrition was 77.80 (Bisai, 2010) and 
13.02 (Sarkar et al, 2017) respectively among non- tribal preschool children of west Bengal. Moreover, 
the analysis revealed that there was a high heterogeneity ((I2= 99.14, CI: 98.99 to 99.26) in individual 
study findings. Whereas, the analysis found there was no significant publication bias as per Begg’s test.  

Figure 2 shows the forest plot of meta-analysis of proportion of undernutrition among the preschool 
children in India. Each horizontal line represents an individual study with the result plotted as a box 
and the 95% confidence interval of the result displayed as the line. The diamond at the bottom of the 
forest plot shows the result when all the individual studies are combined together and averaged. The 
horizontal points of the diamond are the limits of the 95% confidence intervals and are subject to the 
same interpretation as any of the other individual studies on the plot. There are 20 studies selected for 
meta-analysis. The figure indicates that prevalence of undernutrition was highest (77.75% with 95% CI: 
74.89 to 80.43) among non-tribal community of West Bengal in the study of Bisai, 2010. whereas, the 
prevalence rate was lowest (13.02% with 95% CI: 8.83 to 18.27) among the non-tribal community of 
West Bengal as done by Sarkar et al 2017.

Figure 5 & 6 presents the prevalence of undernutrition as assessed by the two different WHO 
recommended MUAC cut-off points. The overall state and community combined prevalence of 
undernutrition among preschool children was 38.45% (95% CI: 28.42 to 49.02) as per WHO 1995 and 
38.29% (95% CI: 26.54 to 50.78) as per WHO 2007 child growth standard (WHO, 2007). Prevalence 
of undernutrition is significantly higher in both sexes when the WHO 1995 MUAC cut-off points were 
estimated as compared to WHO 2007 cut-off points. And also, there was significant sex difference of 
undernutrition as per WHO 1995 recommended cut-off points, The rate of undernutrition among 
boys was (40.97 %, 95% CI: 30.09 to 52.32) significantly higher than their girls counterpart (35.78, 95% 
CI: 26.1 to 46.1).

Table 1 shows the selected studies on the nutritional status of the tribal preschool children in India. 
Altogether 20 studies are finally selected for meta-analysis, among them 6 studies on tribal communities 
from the state of West Bengal and Orissa and 14 studies on non-tribal community which had been 
reported from other parts of India. Mostly nutritional status of pre-school children is taken to find out 
the overall nutritional status of preschool children in India. Methods used in these studies were mainly 
WHO given in different years. Sample size varies from 65 (Bisai et al. 2012) to 6531 (Kaur et al.2005). 
Most of the studies reported that the prevalence of undernutrition is high in girls than boys, figure 3 & 
4 shows the rate of undernutrition among boys and girls.

Table 2 illustrates the prevalence of undernutrition of pre-school children in India. There exists high 
heterogeneity, so we took random effect model. The overall rate of prevalence of undernutrition by 
WHO 2007 child growth standard was 38.39 % (95%% CI: 31.11 to 45.93); prevalence of undernutrition 
among boys is 40.52% (95%% CI: 32.44 to 48.87) and prevalence of undernutrition among girl is 36.39% 
(95% CI: 29.62 to 43.45) as depicted by random effect model. 
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A study was undertaken in West Bengal, India by Das et al (2013) reported the prevalence of 
undernutrition among boys were 38.6 % whereas girls were 27.8 %. The prevalence rate of undernutrition 
among girls is significantly higher in boys. Another study by Zahoor et al (2018) reported the prevalence 
rate of undernutrition was significantly lower in girls (65.40%) than in boys (76.0%). 

Discussions
Adequate nutrition is crucial for child survival and development. Well-nourished children are better 

able to progress, learn, play and participate in their communities. They are also more zestful in the face 
of crisis. Still many children are not getting the nutrition they need to survive and thrive. The poorest 
and most vulnerable children are a true illustration of it. At least one out of three children under 5 is 
affected by malnutrition in its most visible forms: stunting, wasting and overweight. (UNICEF). India 
ranked 101 among 116 countries in Global Hunger Index 2021 and is the serious hunger category with 
a score of 27.5 (GHI report2021). It is also required to address the undernutrition problem through a 
rapid and inexpensive methods.

Therefore, measuring of Mid upper Arm Circumference is an easy method to assess nutritional status 
and it seems to be a good predictor of imminent death. Mid-upper arm circumference (MUAC) is an 
alternate nutritional measure that can be used as a possible predictor of weight-for height irrespective 
of age. MUAC measurement is a simple, non-invasive, rapid and inexpensive tool for screening 
malnutrition Therefore, World Health Organization (WHO 1995) has suggested for evaluation of 
MUAC for screening at the community level. In addition, severe acute malnutrition (SAM) is an 
extreme form of wasting that related with higher morbidity and mortality. A recent meta-analysis has 
supported the recommendation to perform routine MUAC screening of young children to identify 
SAM cases (Bliss et al.2018).

The present review summarized the prevalence of undernutrition (MUAC based) among the 
pre-school children (0-6 years) in India for a 20-year period (2000–2021). In our study, the pooled 
prevalence of undernutrition of preschool children was found to be 38.39% (95% CI: 26.55 to 50.78), 
the prevalence of undernutrition among preschool children ranged from 13.02 (Sarkar et al.) to 69.80 
(Bisai,2010). 

Most importantly, the impositions of the new WHO (2006) cut off points are valid for developing 
countries like India, which were developed based on multinational samples of children with minimum 
constraints of growth. The WHO recommended that these new standards could be used for the 
surveillance of nutritional status in all countries, also in order to compare the prevalence of data collected 
before the release of the new standards (El Mouzan et al.2010). 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 (Agarwal et al 2001).

A study from Pakistan (Muhammd et al.2017) showed the prevalence of undernutrition based 
on MUAC among pre-school children (2-5 years) was 18.30% of which 15.10% and 3.20% children 
were found to be moderately and severely under-nourished, respectively. The overall percentage of 
undernourishment was higher in girls (20.4%) than in boys (14.8%) (Muhammd et al.2017). While 
another study from Pakistan among pre-school children aged 6-59 months reported more children 
(73.2%) were identified as SAM by MUAC of <-3SD (Bari et al,2019). A study from Bangladesh 
conducted among 1-69 months children, reported that 21% children were undernourished (Sultana 
et al. 2016). Talapalliwar et al. (2015) reported the sensitivity and specificity of MUAC < 11.5 cm was 
13.6% and 99.3%, respectively among 6-60 months aged children in central India.  Another study in 
Chhattisgarh, India among Hill Korwa children aged 0-6 years (Khan and Nayak 2018) reported that 
the prevalence of undernutrition was 65.2 % using Kanawati index. Most of the studies conducted in 
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internationally and nationally has recommended more use of MUAC to determine nutritional status.

These studies also highlighted the factors which are causing undernutrition. The most prominent 
determinant of undernutrition is a low dietary intake (Sabud et al.,2020) which is caused by a set of 
underlying factors like the income of parents, households food security, educational status of parents, 
mother’s nutritional status, access to clean water & sanitation, access to primary health care (Zahoor 
et al., 2018). Some studies also showed the poor breastfeeding practices as reason of undernutrition 
(Chakraborty et al., 2007).

Conclusion 
This review showed that the prevalence of MUAC based undernutrition was very high among the 

preschool children of India. It is recommended that the policy maker may implement measurement of 
MUAC at primary health care level to identify severe and moderate acute malnutrition. Noteworthy, it 
was established that measuring of MUAC is a very simple and very much inexpensive and non-invasive 
method to assess nutritional status among the young children. 
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Tables and Figures
Table 1. Selected studies of nutritional status (MUAC based) of preschool children in India

Source Study Area
(Year)

Community Methodology Age
group

Total
N

Total
UN%

Boys
(%)

Girl
(%)

Bisai, 2010 West Bengal, 
India (2006) Non-tribal WHO 1995 1-5 years 899 77.80 81.00 73.30

Bisai, 2010 West Bengal, 
India (2006) Non-tribal WHO 2007 1-5 years 899 69.80 72.10 66.80

Bisai et al, 
2012

West Bengal, 
India (2009) Tribal WHO 2007 1-5 years 65 56.90 63.30 51.40

Biswas et al, 
2010

West Bengal, 
India (2003-

2004)
Non-tribal WHO 1995 3-5 years 2016 35.11 38.49 32.22

Chakrabarty 
et al, 2007

Orissa, India 
(2005) Tribal WHO 1995 0-6 

months 101 36.00 34.50 37.20

Das et al, 
2013

West Bengal, 
India (2009-

2011)
Tribal WHO 1995 2-6 years 514 33.20 38.60 27.80

Das et al, 
2013

West Bengal, 
India (2009-

2011)
Non-tribal WHO 1995 2-6 years 499 32.50 40.90 22.30

Giri et al, 
2019

West Bengal, 
India (2015-

2017)
Non-tribal WHO 1995 3-5 years 656 25.60 28.83 22.42

Gupta & 
Chadha, 2017

Delhi, India 
(2006-2007) Non-tribal WHO 2007 0-39 

months 4046 53.90 58.10 50.10

Kaur et al, 
2005

Punjab, India 
(2001) Non-tribal WHO 1995 1-5 years 6531 38.52 36.96 40.59

Kaur et al, 
2014

Uttarakhand, 
India (2014) Non-tribal WHO 2007 1-5 years 200 28.00 20.70 37.10

Maiti et al, 
2012

West Bengal, 
India (2010-

2011)
Non-tribal WHO 1995 1-3 years 1060 18.96 19.38 18.46

Mandal & 
Bose, 2008

West Bengal, 
India (2005-

2006)
Non-tribal WHO 1995 2-5 years 894 64.55 66.20 62.90

Sabud et al, 
2020

West Bengal, 
India (2014-

2018)
Tribal WHO 2007 1-5 years 1043 28.90 28.70 29.00

Sarkar et al, 
2017

West Bengal, 
India (2016) Non-tribal WHO 2007 1-6 years 215 13.02 13.91 12.00

Singh & 
Mukherjee, 

2015

Bihar, India 
(2008-2010) Non-tribal WHO 1995 2-5 years 500 24.99 24.99 24.99

Mondal& 
Engtipi Assam, India Tribal WHO 2007

1-5 years 809 32.76 33.18 32.29
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Stiller et al, 
2020

West Bengal, 
India (2014-

2015)
Tribal WHO 2007 6-39 

months 307 15.25 15.80 14.70

Waghode et al, 
2017

Pune, India 
(2016) Non-tribal WHO 2007 0-5 years 80 20.70 25.00 17.50

Zahoor et al, 
2018

J & K, India 
(2018) Non-tribal WHO 2007 1-5 years 300 70.70 76.0 65.40

UN-undernutrition

Table 2. Percentage of heterogeneity (I2), 95% Confidence interval (95%CI) and proportion of undernutrition (MUAC based) 
among preschool children in India

Nutritional Status Fixed Effect Model Random Effect 
Model

  (I2) 95% CI

Total 41.98 38.39 99.14 98.99 to 99.26

Boys 43.32 40.52 98.62 98.35 to 98.85

Girls 40.52 36.39 97.92 97.44 to 98.31

Figure 1. Flow Diagram for selection of studies
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Figure 2: Overall prevalence of undernutrition based on MUAC

Figure 3: Prevalence of undernutrition among boys
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Figure 4: Prevalence of undernutrition among girls

Figure 5: Prevalence of undernutrition (MUAC) as per WHO 1995
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Figure 6: Prevalence of undernutrition (MUAC) as per WHO 2007
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