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Introduction
With the help of anthropometry nutritional status and body composition of children have been 

routinely assessed. The measurements like height, weight, mid-upper arm circumference (MUAC), 
and skinfold thickness (e.g., triceps and sub-scapular) are used (Frisancho 1974, 1989; Rolland-Cachera 
1993; Gibson 2005; Hall et al. 2007). With these anthropometric measurements, a considerable 
number of epidemiological investigations have been conducted in India to assess body composition 
and undernutrition among children (e.g. Chowdhury et al. 2007; Chowdhury and Ghosh 2009; 
Sen et al. 2011; Sen and Mondal 2013; Sen et al. 2015). Several socio-economic variables affect body 
composition and nutritional status (Sen et al. 2011, 2015; Sen and Mondal 2013; Singh and Mondal 
2014; Rengma et al. 2016). Upper-arm muscle area (UMA), total upper arm area (TUA), upper-arm 
fat area (UFA), arm-fat index (AFI), upper-arm fat area estimate (UFE) and upper-arm muscle area 
estimate (UME) comprises upper arm anthropometry. 

If we traced the evolutionary lines of the uses of upper-arm anthropometry to assess nutritional 
status and body composition then we have seen that during the last few decades, the upper-arm 
composition has received considerable attention. Traditionally, the nutritional status of children has 

Use of  upper arm anthropometry as an indicator of  
nutritional status and body composition among Children

To provide useful estimations of body composition and nutritional status the upper arm 
anthropometry has a potential role. This cross-sectional study were to assess body composition and 
nutritional status of rural school-going children using upper arm anthropometric measures such 
as upper arm muscle area-by-height (UAMAH) and mid-upper arm circumference (MUAC) 
for-height. The present cross-sectional study was conducted among 834 children of Assam, North 
East India (boys 395, girls 439) aged 6-12 years and selected using a stratified random sampling 
method. Height, weight, MUAC and triceps skinfold (TSF) were recorded. Body composition and 
nutritional status were assessed using upper arm muscle area (UMA), upper arm fat area (UFA), 
UAMAH and MUAC-for height. Overall adiposity in context to age-sex-specific in TSF, UFA, 
arm fat index and upper-arm fat area estimates were higher among girls than boys (p<0.01), 
but upper-arm muscle area estimates (UME) were observed to be higher among boys than girls 
(p<0.05). Low prevalence of undernutrition was found among boys and girls using UAMAH, 
(0.00%) and (10.25%) respectively. The overall prevalence of low MUAC-for height was higher 
among boys (70.63%) than girls (61.05%) (p>0.05). Findings of the present study are important 
in providing more insight for future studies in the field and large epidemiological settings.
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been assessed utilizing anthropometric measurements of height, weight, mid upper arm circumference 
(MUAC), Body mass Index (BMI) and skinfold thickness. Recently, researchers aware about the uses 
of upper-arm composition to assess the nutritional status. Frisancho 1981, first uses this measurement 
to assess the nutritional status.  Since then although many researches studied nutritional status with 
the help of these measurements but not been adopted widely for assessment of body composition and 
nutritional status. Using body composition and nutritional status several studies have been conducted 
among children with measures like UMA and UFA (e.g., Chowdhury and Ghosh 2009; Basu et al. 
2010; Sen et al. 2011, 2015; Sikdar 2012; Singh and Mondal 2014). To assess the nutritional status of 
children, the index of upper arm muscle area by height (UAMAH) is a relatively good upper arm based 
indicator (Frisancho and Tracer 1987). In combination with others (e.g. BMI), the UAMAH becomes 
an interesting index to the assessment of body composition. The upper arm based index is important in 
MUAC-for-height, which can be used as a proxy indicator of nutritional status as it reflects low weight 
for- height (Shakir 1973; Sommer and Loewenstein 1975) and is considered to be a very easy and reliable 
anthropometric measure to assess undernutrition (de Onis et al. 1997; Mei et al. 1997). However, very 
few studies have utilized this index to assess nutritional status among children (e.g., Anderson 1975; Sen 
2009). Body composition and nutritional status assessment are considered to be very challenging in India 
due to the country’s large population size, a high percentage of illiteracy, and inadequate access to health 
facilities (Mondal and Sen 2010; Sen et al. 2011; Sen and Mondal 2013). Moreover, body composition 
assessment represents a relative estimation of muscle mass and adiposity changes due to environment, 
early disease, and nutritional status during childhood. Children are considered to be a very nutritionally 
susceptible group. There is a shortage in the age-sex specific changes studies in body-composition and 
standard growth reference for school age children related to upper-arm anthropometry. Therefore, 
the aim and objective of this study were to evaluate and describe age-specific body composition and 
nutritional status among rural school-going children of Assam, Northeast India, aged 6–12 years of age 
using upper arm anthropometric measures (UMA, UFA, UAMAH and MUAC-for-height).

Material and methods
The present cross-sectional study has been carried out among 834 Ahom school children (395 boys, 

439 girls) aged 6-12 years residing in rural areas of three districts Lakhimpur, Dibrugarh, and Sivsagar 
districts of Assam (Latitude 2602ʹ06ʹʹN, Longitude 92093ʹ76ʹʹE), Northeast India. The Ahoms are 
one of the major Mongoloid populations of Assam. They belong to the Tai or Shan family and came 
to Assam from Myanmar through Patkai range in 1228 A.D. Linguistically the Ahoms belong to the 
Siamese Chinese branch of the Sino-Tibetan language family. At present, they are mainly concentrated 
in Dibrugarh, Tinsukia, Lakhimpur, Dhemaji, Sibsagar, and Jorhat districts of upper Assam, India.

The data collection was undertaken from July 2009 to June 2012. Special care was taken so that each 
category (age/sex) had a minimum of 50 children. Ages were collected based on school records and cross-
checked by their parents. The school was identified and selected based on the concentration of Ahom 
students. The children were selected by multi-stage stratified random sampling method. The subjects 
were free from any previous histories related to medical and surgical episodes, physical deformity, and 
not suffering from any disease at the time of examination.

Data collection
All the necessary approvals and informed consents were collected from the local village and block 

level authorities, school authorities, and subjects and their parents before conducting the study. The 
study approvals were also obtained from the Dibrugarh University, and the study was conducted by 
the ethical guidelines for human experiments as laid down in the Helsinki Declaration (Touitou et al. 
2004). Socio-economic and demographic data (e.g. education, occupation, monthly family income, 
family size, and several children) were collected using a pre-structured and pre-tested schedule.
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Anthropometric measurements collected
Four anthropometric measurements were used for the present study. These are height, body weight, 

mid upper arm circumference (MUAC), and skinfold measurement triceps (TSF). In the present 
study, all anthropometric measurements were taken following standard anthropometric techniques as 
proposed by Martin and Saller (1957), Weiner and Lourie (1981), Lohman et al., (1988), and Gibson 
(2005). Heights of the subjects were recorded with the help of an anthropometer with the head of the 
subject being held in the Frankfurt Horizontal plane to the nearest 0.10 cm. The weight of the children 
wearing minimum clothing and with bare feet was recorded using a portable digital weighing machine to 
the nearest 100g. The MUAC was taken at the point midway between the acromion and the radiale of the 
upper-arm using a plastic-coated non-stretchable measuring tape on the left side to the nearest 0.10 cm. 
The skin-fold measurement was observed using a Holtain skin-fold caliper calibrated to exert a constant 
pressure of 10 g/mm2 on the left side of each subject to the nearest 0.20 mm. The anthropometric 
measurements were collected by a single observer (DD). The technical error measurement (TEM) was 
calculated following the method of Ulijaszek and Kerr (1999) and the coefficient of reliability (R) of 
the measurements was calculated for testing the reliability of the measurements. To determine the 
accuracy of the measurements using TEM, different measurements were recorded from 30 children by 
the researcher. Very values of R were obtained for those measurements for intra observer TEM analysis 
and these values were found within the cut-off values. Hence, the measurements taken by the researcher 
were considered reliable and the TEM values were not incorporated for further statistical consideration.

Data management and statistical analysis 
Assessment of upper arm composition

Based on MUAC and TSF the upper arm composition was assessed utilizing the standard equations 
of Frisancho (1981, 1989). The equations were:

TUA cm2= (MUAC)2 / (4×π)
UMA cm2 = {MUAC − (TSF×π)}2/(4×n)
UFA cm2= {(MUAC)2/ (4×π)} − UMA
AFI = UFA/{(MUAC)2/ (4×π)} × 100

Assessment of body composition

Using the anthropometric indices of upper arm composition (UFE and UME) the body composition was 
evaluated following Rolland-Cachera et al. (1997). The following formulae were used to calculate the indices :

a) UFE= MUAC × (TSF/2)
b) UME= {(MUAC)2/ (4×π)}–UFE

Assessment of nutritional status

The prevalence of undernutrition was evaluated in terms of UAMAH using the classification based on 
Z-scores for UAMAH as proposed by Frisancho and Tracer (1987). The classification is summarized below:

Category I (Wasted): < −1.60 Z-score.
Category II (Below average): −1.60 Z-score to <−1.00 Z-score.
Category III (Average): −1.00 Z-score to<+1.00 Z-score.
Category IV (Above Average): +1.00 Z-score to <+1.60 Z-score
Category V (High muscle): ≥ +1.60 Z-score.

The classification of Mei et al. (1997) for MUAC for- height was used to assess the prevalence of 
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wasting (low MUAC-for-height). The age and sex-specific MUAC values were comparedwith the 
reference population for assessment of wasting. The children observed to be below −2SD and −3SD of 
the age-sex specific reference value were considered to be moderately and severely wasted respectively.

Statistical analysis
The data were analyzed using the Statistical Package for Social Science (version 16.0). Pearson 

correlation coefficient (r) analysis was done to document associations between the anthropometric 
variables. One way analysis of variance (ANOVA) using the Scheffe procedure was done to assess 
age-and sex-specific differences. Two ways ANOVA was used to control the influence of age and sex 
anthropometric and upper arm composition variables. Chi-square (χ2) analysis was done to assess the 
sex differences in the prevalence of nutritional status concerning the different nutritional measures. A 
p-value of <0.05 and <0.01 were considered to be statistically significant.

Results
The age-sex specific distribution of means and standard deviation (±SD) of the anthropometric and 

derived upper arm composition variables of height, weight, MUAC, TSF, TUA, UMA, UFA, AFI, UFE 
and UME of the children are depicted in Table 1. The age-sex specific mean height and weight were 
observed to be significantly higher among boys than girls (p<0.05). The age-sex specific mean height and 
weight increased with age. It is observed that the mid-upper arm circumference (MUAC) is more in girls 
than in boys from 11 and 12 years of age. It is observed from the table that in the age groups of 6 and 9 
years both the sexes have almost similar mean values of fat accumulation at triceps while in the rest of the 
age groups the fat accumulation at triceps (TSF) in girls are more. In the age groups of 7, 8, and 10 to 12 
years, the girls are statistically significantly different from the boys in this regard. The Pearson correlation 
coefficient analysis showed that all the anthropometric variables were significantly correlated with upper 
arm composition measures (UMA, UFA, AFI, UME and UFE) among both sexes (p<0.01), except TSF 
with UFA, AFI, and AFI with UFE and UME among both boys and girls (p>0.05). Using ANOVA, the 
sex-specific mean differences were observed to be statistically not significant (p>0.05) in height (F-value= 
0.393, d.f., 832), weight (F-value= 3.24, d.f., 832), TSF (F-value= 0.01, d.f., 832), AFI (F-value= 1.64, 
d.f., 832), UFE (F-value= 0.623, d.f., 832), UME (F-value= 0.507, d.f., 832), whereas, the differences 
were statistically significant in MUAC (Fvalue= 9.18, d.f., 832), TUA (F-value= 9.55, d.f., 832), UMA 
(F-value= 9.61, d.f., 832), UFA (F-value= 8.97, d.f., 832), between boys and girls (p<0.01).The age-specific 
mean difference was observed to be statistically significant among both sexes using ANOVA (p<0.0001) 
(Table 1). The results of two-way ANOVA showed statistically significant (p>0.05) differences with 
respect to age and sex in weight (F-value= 5.25), UMA (F-value=4.94) and UME (F-value=3.55).

Assessment of upper arm composition

Age and sex-specific mean TUA and UMA values increased as the children approached higher ages 
(6 to 12 years). The age-specific mean TUA and UMA values were observed to be higher among boys 
than girls in the age groups 6 to 8 years and the rest of the age groups girls show higher values than 
the boys. The overall mean UFA and TUA were observed to be higher among girls (17.34±1.85 cm) 
and (17.77±2.15 cm) than boys (26.28 ±5.28 cm) and (27.51±6.12 cm) respectively. However, the 
difference was not statistically significant. The age-specific mean UFA shows an increasing trend. The 
mean value was higher in girls from age 8 to 12 years. The mean values of AFI show age-specific trends. 
The mean age-specific AFI values ranged from 29.87 (in 6 years) to 39.69 (in 12 years) and 29.45 (in 6 
years) to 40.95 (in 12 years) among boys and girls, respectively. The age-specific mean UFE and UME 
values exhibit a decreasing trend, in the 6 years of age, irrespective of sex the highest value was observed 
but overall and age specific mean values of UFE were observed significantly higher among girls than 
boys, thereby indicating greater adiposity among girls (p<0.05). The higher UME was observed in the 
case of boys than girls, it indicates that boys have greater muscularity. Using ANOVA, the sex-specific 
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mean differences were statistically significant (p<0.05) between boys and girls in UMA (F-value = 9.19, 
d.f., 832), UFA (F-value = 8.38, d.f., 832), AFI (F-value = 1.06, d.f., 832), UFE (F-value = 2.89, d.f., 832) 
and UME (F-value = 0.196, d.f., 832) (p<0.05). The age-specific mean differences were also statistically 
significant (p<0.05) in the upper arm composition variables of TUA, UMA, UFA, AFI, UFE, and UME 
among both boys and girls (Table 1). The results of two-way ANOVA showed statistically significant 
(p>0.05) differences with respect to age and sex in TUA (F-value = 2.96), UMA (F-value = 4.94), UFA 
(F-value = 2.23), AFI (F-value = 0.398), UFE (F-value = 1.97) and UME (F-value = 3.55).

Prevalence of wasting using upper arm muscle area by height (UAMAH)

Age and sex-specific prevalence of undernutrition among the children were categorized according 
to the classification based on UAMAH as proposed by Frisancho and Tracer (1987) and the results are 
depicted in Table 2. A high proportion of the children were above average (1.00 to 1.60 z-score ;60.76% 
vs 34.17%), Average (−1.00 to 1.00 z-score; 35.44% vs 47.84%) , below average (z-score −1.6 to −1.00; 
3.80% vs 7.74%) and Wasted (<−1.60 z-score; 0.00% vs 10.25%) was observed to be higher among girls 
than boys. Prevalence of wasting was observed in the case of girls only, the highest wasted girls were 
observed in the age groups 6 (77.19%) and 8 years (1.85%) of age. All the boys of 12 years of age were in 
the above-average range. The sex difference was observed to be statistically significant in above average 
(χ2-value= 16.55; p<0.05), average wasting (χ2-value= 4.01; p<0.05) and age-specific prevalence of 
average wasting among 9 years (χ2-value= 4.34; p<0.05) and 11 years (χ2-value =6.04; p<0.05) between 
sexes χ2 analysis (p<0.05).

Prevalence of wasting (low MUAC-for-height)

Age and sex-specific prevalence of wasting among the children using the reference value of MUAC-
for-height by Mei et al. (1997) is depicted in Table 3. The prevalence of overall (70.63% vs. 61.05%), 
moderate (4.81% vs. 1.37%), and severe (1.01% boys) grades of low MUAC-for height was observed to 
be higher among boys than girls. Age-specific prevalence of overall low MUAC-for height was observed 
to be highest in the 10 years of age in both boys (83.02%) and girls (92.75%). whereas lower prevalence 
was observed among boys in the 6 years of age (58.21%) and the case of girls in the age groups 9 years of 
age (20.31%). The age-sex specific prevalence of moderate low MUAC-for-height ranged from 13.56% 
(12 years) to 1.49% (6 years) and 3.70% (8 years) to 1.45% (10 years) among boys and girls, respectively. 
The prevalence of severe wasting was observed in the case of boys only. The highest cases were observed 
in 12 years of age (3.39%). Using, χ2 analysis the sex differences were observed to be statistically not 
significant (p>0.05) in overall, moderate, and severe low MUAC for- height, except for severe low 
MUAC for- height in 9 years (χ2 value: 4.33; p<0.05).

Discussion
The nutritional status of children has been traditionally assessed utilizing anthropometric 

measurements of height, weight, mid-upper arm circumference (MUAC), and skinfold thickness. In 
this paper, new measurement i.e. upper arm anthropometry is used to determine undernutrition. In 
body composition, the population variations in terms of the  amount of muscularity and adiposity, and 
nutritional status can be attributed to several associated factors such as sex and ethnicity, dietary intake, 
food habits, physical exercise patterns, socio-economic status and burden of infectious disease in the same 
(He et al.2004; Wells 2007; Sen et al. 2011; Thibault et al. 2012; Sen and Mondal 2013; Singh and Mondal 
2014; Senbanjo et al. 2014). The study population was a largely homogeneous Mongoloid population. The 
genetic factors which cause variability in body composition are unknown and adiposity has heritability. 
The heritability may be generating by particular environmental conditions. So, the selected children for 
this study were the residents of the same region. Earlier studies reveal that anthropometric measures are 
very useful and play a vital role to monitor body composition and nutritional status (Rolland-Cachera 
1993; Gibson 2005; Hall et al. 2007). This assessment of body composition and nutritional status has 



Dutta D. and Sengupta S. / Antrocom Online Journal of Anthropology, vol. 19, n. 1 (2023) 227-236232

received considerable attention in epidemiological and clinical investigations among populations due to 
its reliability, low cost, simplicity, and noninvasiveness. Skinfold thicknesses (e.g., TSF, biceps or sub-
scapular) are very useful in quantifying the amount of adiposity and muscularity among children and 
adolescents (Basu et al. 2010; Sen et al. 2011; Sen and Mondal 2013; Singh and Mondal 2014; Senbanjo 
et al. 2014). Many studies have been done among different populations for establishing population-
specific reference values related to upper arm composition (e.g., Bolzan et al. 1999; Gültekin et al. 2006; 
Monir et al. 2008; Cicek et al. 2009, 2014; Basu et al. 2010; Sikdar 2012; Senbanjo et al. 2014; Singh and 
Mondal 2014). The present study shows that the muscularity related to UME was higher among boys 
than girls. Sex-related effects might be controlling the muscularity of boys and girls and this is the reason 
behind the greater muscularity of boys. Similar trends were reported among Indians (Chowdhury and 
Ghosh 2009; Basu et al. 2010; Sen et al. 2011; Sen and Mondal 2013; Singh and Mondal 2014) children. 
The comparison of age- and sex-specific mean values of muscularity of children of the present study 
with their American counterparts (Frisancho 1981) reflects a very poor nutritional status. The age- 
and sex-specific mean values of UMA among boys and girls in the present study were also observed 
to be distinctly below the mean values reported from similar studies among Santal (Chowdhury and 
Ghosh 2009), Bengali Muslim (Sen et al. 2011), Mising (Sikdar 2012) and Sonowal Kachari (Singh 
and Mondal 2014). The amount of body adiposity differs with age, sex, environmental conditions, 
and genotype and serves as a good indicator of the health and nutritional status of children (Rolland- 
Cachera 1993; He et al. 2004; Wells 2007, 2010; Sen and Mondal 2013). The results showed that the 
age- and the sex-specific mean of adiposity measures of TSF, UFA, AFI, and UFE were observed to be 
higher among girls than boys, thereby indicating distinct sexual dimorphism in subcutaneous body 
fat patterning among the children (Table 1). Sexual dimorphism in fat pattern and body composition 
primarily attributed to the action of sex steroid hormones (He et al. 2004; Well 2010; Sen and Mondal 
2013). Fat storage is increased by Estrogen, resulting in more fat storage in females than in males. On 
the other hand, testosterone reduces subcutaneous fat in males by aiding fat metabolism. Sex differences 
in body composition existed before puberty and the same trend was observed in the present study (in 
UFA, AFI, and UFE), where sex-specific differences were reported in the adiposity measures (i.e., UFA 
and AFI) and body fat percentages (He et al. 2002; Basu et al. 2010; Sen et al. 2011; Singh and Mondal 
2014). The results of the present study (e,g., UFA) are alike with the reported findings from India (Sen 
et al. 2011; Singh and Mondal 2014) but contrary to the reported trends for Santal tribal children of 
West Bengal (Chowdhury and Ghosh 2009). The comparison with reference data also shows that the 
children tend to have lower age-specific mean values of UFA as compared to the 5th percentile reference 
children from the United States (Frisancho 1981). However, age-and sex-specific mean values of UFA of 
the children of the present study were observed to be similar among children from Santal (Chowdhury 
and Ghosh, 2009), Bengali Muslim (Sen et al. 2011), Mising (Sikdar 2012) and Sonowal Kachari (Singh 
and Mondal 2014). Therefore, the comparative evaluation of upper arm compositions (e.g., UMA and 
UFA) has prime importance to assess the existing body composition and nutritional status. That can 
indicate the requirement of nutritional support. Two interesting indices are the UAMAH and MUAC-
for- height to assess the nutritional status in the developing countries. In recent years, researchers have 
started to advocate that the use of UAMAH has improved the screening of chronic undernutrition 
in studies, and hence seems to be a more appropriate indicator of undernutrition among children 
(Sen et al. 2011; Singh and Mondal 2014; Senbanjo et al. 2014). Several studies have reported strong 
correlations between upper arm anthropometric measures with height and conventional measures of 
undernutrition among children (e.g., Frisancho and Tracer 1987; Bolzan et al. 1999; Sen et al. 2011). 
The results of the present study showed a low prevalence of undernutrition using UAMAH and a 
high prevalence of undernutrition using MUAC-by-height among the children (Tables 2 and 3). The 
results show non-prevalence of undernutrition (wasting) among both boys and girls the prevalence of 
wasting is (10.25%) using UAMAH (p<0.05). A comparison showed that the prevalence of wasting 
was observed to be 43.1 − 45.3% among Santal (Chowdhury and Ghosh 2009), 88.50 − 91.28% among 
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Bengalee Muslims (Sen et al. 2011), 14.84 − 17.32% among Sonowal Kachari (Singh and Mondal 2014) 
children. Therefore, a low prevalence of wasting among children in the present study indicates rich 
physical growth attainment in terms of protein reserves and indicative of better nutritional status. The 
causes may be attributed to an increasing literacy rate and sufficient food gain. The use of upper arm 
anthropometric measures (such as UAMAH and MUAC for- height) has improved the accuracy of 
undernutrition assessment and hence seems to be an indicator of undernutrition. This can screen the 
health condition and reduces the prevalence of morbidity and mortality.

Conclusion
To determine body composition and nutritional status, especially in epidemiological, clinical 

diagnosis, and disease prevalence, the upper arm anthropometry is a very important technique. Findings 
of the present study are important in providing more insight for future studies in the field and large 
epidemiological settings to accurately identify the risk of lower or higher adiposity status and propose 
a major opportunity to improve through proper intervention programmes. The limitations of the 
present study were it is a cross-sectional one and did not focus on associations of nutritional status 
with socio-economic and demographic indicators and it did not consider the issue of attainment of 
menarche among girls although there is a significant relationship between onset of menarche and fat 
body accumulation among girls (Lassek and Gaulin 2007; Wells 2010). The present study recommends 
the use of upper arm anthropometry, UAMAH and MUAC-for-height to assess body composition and 
undernutrition (e.g., wasting) of children to improve screening of undernutrition in epidemiological and 
clinical investigations and to accurately identify the risk of lower or greater adiposity and muscularity.

Declaration of  interest: The authors report no conflicts of interest. The authors are responsible for the content and writing of 
the paper.
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Tables
Table 1: Age and sex specific descriptive statistics of the anthropometric variables among the Children.

Age 
groups sex Height

(cm)
Weight

(kg)
MUAC

(cm)
TSF 

(mm)
TUA
(cm2)

UMA
(cm2)

UFA
(cm2) AFI UFE

(cm2)
UME
(cm2)

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

Mean 
±SD

6 B 109.68
5.01

17.05
2.18

16.83
1.70

5.34
1.41

22.78
5.07

15.71
1.54

7.07
3.71

29.60
7.32

45.47
15.31

22.68
12.72

G 107.28
5.50

15.91
2.16

16.55
1.24

5.29
1.19

21.92
3.31

15.28
1.20

6.65
2.32

29.52
5.95

44.00
11.50

22.07
10.17

7 B 119.66
6.20

20.33
3.32

17.71
4.28

4.25
1.13

23.64
5.01

16.25
1.66

7.39
3.46

29.91
6.83

36.57
11.93

12.93
10.33

G 117.96
5.60

19.98
3.06

17.40
1.54

4.76
1.31

24.31
4.38

16.42
1.34

7.88
3.17

31.26
6.90

41.53
14.05

17.23
11.50

8 B 123.26
5.64

21.42
2.99

17.82
1.28

4.27
0.98

25.41
3.72

16.94
1.38

8.46
2.44

32.93
7.95

37.94
9.06

12.53
9.01

G 121.83
5.37

20.53
2.44

18.08
3.29

4.85
1.40

25.22
5.56

16.56
1.50

8.66
4.26

33.42
10.61

43.24
16.71

18.02
13.20

9 B 129.30
5.96

24.73
4.31

18.02
1.68

4.87
1.33

26.09
5.15

17.49
1.66

8.60
3.51

33.82
14.07

30.71
6.77

4.62
5.67

G 128.70
5.92

24.20
3.39

18.29
1.42

4.94
1.47

26.78
4.27

17.84
1.36

8.94
2.94

33.78
9.94

30.59
8.50

3.81
6.95

10 B 131.49
5.96

25.74
3.82

18.22
1.28

4.40
0.95

26.56
3.83

17.66
1.28

8.91
2.57

34.47
11.63

31.40
5.53

4.84
5.27

G 131.72
5.71

25.93
3.87

18.46
1.41

5.18
1.37

27.29
4.29

18.05
1.41

9.25
2.89

34.90
12.23

31.14
5.79

3.84
5.25

11 B 137.71
5.19

28.51
3.17

18.96
1.24

4.60
1.36

28.74
3.81

18.39
1.25

10.35
2.57

36.60
10.36

32.98
6.72

4.24
6.50

G 139.72
8.16

31.58
6.21

19.77
1.87

5.33
1.49

31.38
6.15

19.30
1.82

12.08
4.36

39.90
16.06

33.89
9.80

2.51
7.88

12 B 144.14
8.35

32.63
6.00

19.62
1.65

4.89
1.39

30.87
5.21

19.05
1.62

11.82
3.68

39.82
14.21

34.95
11.92

4.08
10.72

G 144.36
6.15

34.66
5.13

20.58
1.44

6.09
1.67

33.87
4.83

20.14
1.46

13.73
3.39

41.65
12.73

35.15
8.42

1.29
8.87

F value 480.22 271.77 72.50 74.47 67.15 115.72 48.37 14.53 28.79 87.51

P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
MUAC: Mid Upper Arm Circumference, TSF: Triceps skin fold, TUA: Total Upper Arm Area, UMA: Upper Arm Muscle Area,UFA: Upper 
Arm Fat Area; AFI: Arm Fat Index; UFE: Upper Arm Fat Area Estimate; UME: Upper Arm Muscle Area Estimate.

Table2. Prevalence of under nutrition (wasting) using UAMAH among the children

Age in years Sex Number Different grades of nutritional status

Wasted
(<−1.60 z-score)

Below average
(−1.60 to −1.00 z-score)

Average
(−1.00 to 1.00 z-score)

Above average
(1.00 to 1.60 z-score)

6
Boys 67 - 6 (8.96) 46 (68.66) 15 (22.39)

Girls 57 44 (77.19)* - 10 (17.54) 3 (5.26)

7
Boys 53 5(9.43) 30(56.60) 18 (33.96)

Girls 60 18 (30.00) 39 (65.00) 3 (5.00)

8
Boys 54 1(1.85) 33 (61.11) 20 (37.04)

Girls 54 1 (1.85) 2 (3.70) 40 (74.07) 11 (20.37)
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9
Boys 55 3 (5.45) 22 (40.00) 30 (54.55)

Girls 64 9 (14.06) 49 (76.56)* 6 (9.37)

10
Boys 53 - 5 (9.43) 48 (90.57)

Girls 69 2 (2.90) 32 (46.38) 35 (50.72)

11
Boys 54 - 4 (7.41) 50 (92.59)

Girls 65 1 (1.54) 22 (33.85)* 42 (64.61)

12
Boys 59 - - 59 (100.00)

Girls 70 2(2.86) 18 (25.71) 50 (71.43)

Total
Boys 395 - 15 (3.80) 140 (35.44) 240 (60.76)**

Girls 439 45  (10.25)* 34 (7.74) 210 (47.84) 150 (34.17)

UAMAH − Upper arm muscle area by height. Values in parentheses indicate percentage. Statistically significant at *p<0.05, at **p<0.01.

Table 3. Prevalence of under nutrition (wasting) using MUAC-for-Height among the children

Age in years Sex Number Prevalence of wasting (low MUAC-for-Height)

Overall (<−2 SD) Moderate (<−2 SD to −3SD) Severe (<−3 SD)

6
Boys 67 39 (58.21) 1 (1.49)

Girls 57 40 (70.18) 1 (1.75)

7
Boys 53 31 (58.49) 1 (1.89)

Girls 60 42 (70.00) 1 (1.67)

8
Boys 54 39 (72.22) 1 (1.85)

Girls 54 2 (3.70) 2 (3.70) 1 (1.85)

9
Boys 55 43 (78.18)* 3 (5.45)

Girls 64 13 (20.31) -

10
Boys 53 44 (83.02) 2 (3.77) 1 (1.89)

Girls 69 64 (92.75) 1 (1.45)

11
Boys 54 39 (72.22) 3 (5.56)

Girls 65 51 (78.46) -

12
Boys 59 44 (74.58) 8 (13.56) 2 (3.39)

Girls 70 56 (80.00) 1 (1.43)

Total
Boys 395 279 (70.63) 19 (4.81) 4 (1.01)

Girls 439 268 (61.05) 6 (1.37) -
Values in parentheses indicate percentage. Statistically significant at *p<0.05.


