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Introduction

The prevalence of overweight and obesity among children and adolescents has become a daunting 
public health issue worldwide (Choukem et al. 2017). It is rather one of the most serious public 
health challenges of the 21st century. Reviews had elaborately pointed out several factors that trigger 
overweight and obesity among school-aged children (Sahoo et al. 2015; Xu and Xue 2016; Tran 
et al. 2019). The factors listed mainly include genetic, basal metabolic rate, dietary, activity level, 
environmental, socio-cultural, psychological, etc. Obesity among the children and adolescents has 
several short-term and long-term adverse effects on health (Reilly and Kelly 2011) as this significantly 
increases the risk of premature mortality, morbidity (e.g., diabetes, hypertension) and other related 
outcomes. 

Studies regarding overweight and obesity among children and adolescents are of high-priority 
since overweight (and obese) children and adolescents have a greater tendency to become obese as 
adults compared to children with normal body mass index (BMI). Moreover, these adults face several 
challenges in exterminating few kilograms that they had gained during their early life (Pandita et 
al. 2016). Henceforth, pertinent early-stage diagnosis and treatment intervention for preventing 
overweight and obesity among this population is vital for curbing the risks of obesity-related 
complications.

Overweight and obesity are major public health concerns that have plagued individuals 
worldwide pertaining to all age groups. The occurrence of this issue has been skyrocketing among 
children and adolescents since last few decades. Anthropometric indices such as body mass index 
(BMI) have always proved to be one of the best parameters in estimating overweight and obesity. 
However, alternatives such as mid-upper arm circumference (MUAC) and arm-to-height ratio 
(AHtR) have recently been observed to yield as potential tools in estimating overweight and 
obesity especially among children and adolescents. The current paper presented a cross-sectional 
study among Bengali Hindu Caste Population (BHCP) school-aged girls (5-14 years). Height, 
weight and MUAC were measured. BMI and AHtR were subsequently calculated. The presence 
of overweight and obese subjects was evaluated according to World Health Organization (WHO) 
2007 population references of 5-19 years. Receiver Operating Characteristic (ROC) curve 
analysis was conducted to check the validity of MUAC and AHtR in determining overweight 
and obesity among age-groups (5-9 years and 10-14 years). The findings suggest that MUAC 
and AHtR have potential of proxy measure of overweight (including obesity) among the subjects.
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How do we distinguish between normal and overweight/obese children?

Since a child’s BMI varies with age and sex, different age-specific cut-offs have been developed 
separately for both sexes. Children are termed as being overweight or obese if they have a BMI above 
the cut-off level for the given age and sex. In accordance with the age and gender-specific BMI criteria 
used by the World Health Organization (WHO 2007), obesity was defined as BMI > +2 standard 
deviation (SD) and overweight as BMI > +1 SD. Although there are different methods of pointing out 
overweight and obese children and adolescents, the sole purpose of mentioning this criterion is that 
the present study had utilized this criterion for data analysis.

Can mid-upper arm circumference (MUAC) do the same job?

As stated by the term itself, MUAC refers to the measurement of circumference of the mid-upper 
arm. It is the circumference of the right upper arm (conventionally, left upper arm) measured at the 
midpoint between the tip of the shoulder and the tip of the elbow (between the olecranon process 
and the acromium). MUAC measures the circumference of the upper arm which is made up of lean 
muscle and fat tissue (Brambilla et al. 2000) in addition to cross-section of bones and blood vessels. 
A recent observational, multinational cross-sectional study inferred that MUAC strongly correlated 
with adiposity indicators in both sexes (Chaput et al. 2017). Several other studies documented that 
MUAC has outperformed as an accurate yet simple and widely available indicator of overweight 
and/or obesity and its related complications in children and adolescents for clinical and surveillance 
applications (Ozturk et al. 2009; Ma et al. 2015; Kulathinal et al. 2016; Jaiswal et al. 2017; Mramba et 
al. 2017; Asif et al. 2018; Oyhenart et al. 2019; Talma et al. 2019). A growing body of evidences have 
also documented that ratio of mid-upper arm circumference-to-height (AHtR) is another accurate 
tool to screen childhood and adolescent obesity (Lu et al. 2014; Rerksuppaphol and Rerksuppaphol 
2017; Jayawardene et al. 2018).

Why is the issue of overweight and/or obesity a major concern for girls?

Several studies concluded that the overall prevalence of overweight and obesity was more in girls 
compared to boys (Pangani et al. 2016; Desalew et al. 2017). This could be due to the reason that 
during and/or before the onset of puberty girls have the tendency to accumulate fat in their bodies 
(Meharda et al. 2017).

Keeping all the issues in mind, the present study aimed to frame the following objectives:

i. to assess the use of MUAC and AHtR for identification of overweight (including obese) children 
and adolescent girls;

ii. to find whether AHtR performed better than MUAC in discriminating overweight and obese 
subjects;

iii. to find the best cut-offs of MUAC and AHtR in discriminating overweight (including obese) 
subjects.

Materials and methods
Area of study

The present cross-sectional study was conducted among 1,000 school-going girls belonging to the 
Bengalee Hindu Caste Populations (BHCP), aged between 5-14 years and residing under Siliguri sub-
division of Darjeeling district, West Bengal. Ethnically, the BHCP is a Bengali-speaking endogamous caste 
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group of West Bengal and faithful to Hinduism. They are probably a blend of Dravidian and Mongoloid 
ethnic groups with a strain of Indo-Aryan blood among the higher caste groups (Das Chaudhuri et al. 
1993). The study was conducted on four government secondary schools situated at the heart of Siliguri 
town of West Bengal, India. The selection of the schools was based on population strength, easy road 
connectivity and accessibility. The study was conducted in accordance with the ethical guidelines for 
human experiments, as laid down by the Helsinki Declaration of 2000 (Touitou et al. 2004). 

Anthropometric measurements recorded

The anthropometric measurements were recorded following the standard techniques of Singh 
and Bhasin (1989). Height of the subjects was measured with the aid of anthropometer rod (GPM 
type, Galaxy Informatics, New Delhi) to the nearest 0.1 cm. Their body weight was recorded (with 
minimum clothing) using a portable weighing machine (Libra®, Edryl-India, Tiswadi, Goa) to the 
nearest 0.5 kg. MUAC was measured on the left arm of each subject placing Gullick measuring tape 
(Galaxy Informatics, New Delhi, India) midway between the tip of the acromion and the olecranon 
process to the nearest 0.1 mm. BMI and AHtR were calculated utilising the above records as follows:

BMI (kg/m2) = weight in kilograms/(height in metres)2

AHtR= MUAC (in cm)/height (in cm)

AHtR is unitless since it is a ratio.

A most commonly used indicator of precision or rather accuracy index (Perini et al. 2005) called 
Technical Error of Measurement (TEM) was utilized. For the calculation of intra-observer TEM, 
height, weight and MUAC were recorded from 50 BHCP school-going girls, other than those selected 
for the study. The measurements were taken thrice on each individual. The TEM was calculated by 
the formula of TEM [TEM=√(∑ D2/2N) where D=difference between the measurements and N= 
number of individuals measured] (Goto & Mascie-Taylor 2007).

The coefficient of reliability (R) which estimates the proportion of variance in a measured population 
(that is free from measurement error) was subsequently measured by the following equation:

R= {1-(TEM)2/ SD2}, SD=standard deviation of the measurements.

Very high values of R (> 0.975) were obtained for the intra-observer TEM analysis. All the values 
of R were appreciably higher than the accepted cut-off value of 0.95 as suggested by Ulijaszek and 
Kerr (1999). Hence, the anthropometric measurements recorded were considered to be reliable and 
reproducible and the TEM values were not incorporated for further statistical consideration.

Statistical Analysis

Evaluation of overweight and obesity was made in accordance with the age- and gender-specific 
(here, females) BMI-for-age z-scores (BAZ) using WHO Anthro-plus software. WHO Anthro-plus 
software is a computer program which converts anthropometric data into z-scores of the indices 
i.e., WAZ (Weight-for-age z-scores), HAZ (Height-for-age z-scores) and BAZ (BMI-for-age z-scores), 
taking age and sex into consideration using WHO 2007 population reference of 5-19 years. Girls 
whose BAZ <-5 and >5 were considered as outliers (in other words, whose z-scores exceeded flag limits) 
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were excluded. Owing to such cases, 8 out of 1,008 were excluded. This yielded a final sample size of 
about 1,000. For further statistical analysis, Statistical Package for Social Science (IBM SPSS Statistics, 
version 23.0, SPSS Inc., Chicago, IL) was utilized using relevant statistical constants and relevant 
statistical tests. The data obtained was tabulated to elucidate descriptive statistics. Receiver operating 
characteristic (ROC) analysis was used to test the ability of MUAC and AHtR in determining the 
subjects identified as overweight and/or obesity by BAZ. Here, any subject defined as overweight or 
obese was coded as 1 and others as 0.The area under the curve (AUC) is a measure of accuracy which 
is indexed from 0 to 1. The categories used to summarise accuracy in ROC analysis were as follows: 
0.9–1 as ‘excellent’, 0.8–0.9 as ‘good’, 0.7– 0.8 as ‘fair’, 0.6–0.7 as ‘poor’, 0.5–0.6 as ‘fail’ and <0.5 as 
worthless test. A value of p < 0.001 was considered statistically significant. Sensitivity and specificity 
were also noted down. The optimal cut-off points were determined by the point of convergence of 
sensitivity and specificity, by simultaneously maximizing the two. The Youden’s Index (J) which is the 
maximum potential effectiveness of a biomarker was used to determine the optimal sex-specific cut-off 
levels of MUAC and AHtR to determine overweight and/or obese girls. The likelihood ratios were also 
calculated. The positive likelihood ratio was calculated by dividing sensitivity by (1-specificity) and 
the negative likelihood ratio was calculated by dividing (1-senstivity) by specificity.

Results

The subjects were divided into two categories i.e., age-specific child (5-9 years) and adolescent (10-14 
years) girls. The groups were formed based on previously published MUAC guidelines (WHO 2009). 

Characteristics of the subjects  

A total of 1,000 subjects (500 subjects aged 5-9 years and 500 subjects aged 10-14 years) were 
included in the study. Table 1 depicted the descriptive statistics of the subjects. The mean age of the 
subjects was 7.42±1.25 years and 12.17±1.38 years for 5-9 years and 10-14 years respectively. The 
mean MUAC of the subjects was 19.27±2.99 cm and 20.98±2.78 cm for 5-9 years and 10-14 years 
respectively. The mean AHtR was .159±.019 and .145±.02 for 5-9 years and 10-14 years respectively.

Figure 1 yielded the ROC curve of MUAC and AHtR for the prediction of subjects with higher 
BAZ. The AUC for MUAC was 0.925 (95%CI: 0.884-0.966; S.E.: .021; p<0.001) and 0.919(95%CI: 
0.884-0.953; S.E.: .017; p<0.001) for age-groups 5-9 and 10-14 years respectively. The AUC for 
AHtR was 0.928 (95%CI: 0.888-0.967; S.E.: .020; p<0.001) and 0.922(95%CI: 0.887-0.958; S.E.: 
.018; p<0.001) for age-groups 5-9 and 10-14 years respectively.

Table 2 bears the best cut-offs extracted on the basis of maximum Youden’s index. MUAC≥ 18.75 
cm and ≥22.75 cm proved to be the best cut-offs in discriminating subjects with higher BAZ for age-
groups of 5-9 and 10-14 years respectively. AHtR≥ 0.169 and ≥0.157 proved to be the best cut-offs in 
discriminating subjects with higher BAZ for age-groups of 5-9 and 10-14 years respectively. 

Discussion

The mean MUAC in the present study was found to be more or less similar to that of other studies 
(Lu et al. 2014; Rerksuppaphol and Rerksuppaphol 2017). However, the mean is quite higher than 
the mean MUAC found in the study of Asif et al. (2018). The mean AHtR for both the age-groups in 
the present study was found to be higher compared to other studies (Table 3).
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Further analysis revealed that MUAC≥ 18.75 cm has best sensitivity (97.44%) and moderate 
specificity (64.66%) and AHtR≥0.169 has good sensitivity (84.62%) and good specificity (88.72%) in 
discriminating children (of 5-9 years) with higher BAZ. Additionally, MUAC≥22.75 cm with better 
sensitivity (88.89%) and specificity (83.11%) and AHtR≥ 0.157 with better sensitivity (86.11%) and 
better specificity (86.49%) proved to be the best cut-offs in discriminating adolescents (of 10-14 years) 
with higher BAZ. The findings are in consistent with those of other studies (Table 4, Table 5) where 
it can be found that the stated cut-offs bear excellent AUC values with high sensitivity and specificity.

The present study found that AHtR had greater AUC compared to MUAC in both age groups 
[(.928 vs .925) for 5-9 years and (.922 vs .919) for 10-14 years] which eventually proved that AHtR 
had better predictive ability to discriminate the subjects with higher BAZ compared to MUAC. This 
finding corroborates with that of Rerksuppaphol and Rerksuppaphol (2017).

Likelihood ratios are used for assessing the value of performing a screening/diagnostic test. 
Likelihood ratios above 10 and below 0.1 are considered to provide strong evidence to rule in or rule 
out diagnoses respectively in most circumstances (Jaeschke et al., 2002). In other words, the larger 
the positive likelihood ratio, the more informative are the tools (here, MUAC and AHtR) and the 
smaller the negative likelihood ratio, the more informative are the tools. In the present study, positive 
likelihood ratio for MUAC was 2.76 (for 5-9 years) and 5.26 (for 10-14 years) and for AHtR was 
7.50 (for 5-9 years) and 6.37 (for 10-14 years). The negative likelihood ratio was 0.04 (for 5-9 years) 
and 0.13 (for 10-14 years) in case of MUAC while for AHtR, the ratio was 0.173 (for 5-9 years) and 
0.160 (for 10-14 years). Moreover, it is also mentioned that findings whose likelihood ratios equal to 
1 lack diagnostic value (McGee, 2002). This further proves that MUAC and AHtR have proved to be 
better tools in predicting children and adolescent girls with higher BAZ.

Conclusion

The present study concluded that both MUAC and AHtR could be proposed as simple and easy 
tools to discriminate overweight (including obese) children and adolescent girls. The study also revealed 
that AHtR showed a better predictive ability (in comparison to MUAC) in classifying subjects with 
higher BAZ. However, more studies are required to confirm this. 

Limitations

As with the majority of studies, the design of the present study is subjected to few limitations. Firstly, 
the study was conducted on a small though appropriate sample size. Secondly, socio-economic and 
demographic variables were not taken into consideration. Thirdly, pubertal status was not considered 
at all. Fourthly, the body fat was not measured directly and was rather evaluated in the terms of the 
BMI classification of the WHO (2007). Lastly, the study was based upon school-aged girls who 
possibly belong to affluent families which eventually manifests that the findings of the present study 
would be imprecise to apply for the whole BHCP girls of the given age-groups.
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Tables and Pictures
Table 1. Descriptive statistics of the subjects.

Age-groups
(years)

No. Age in years
Mean (SD)

BAZ
Mean (SD)

MUAC in cm
Mean (SD)

AHtR
Mean (SD)

5-9 500 7.42(1.25) -.56(1.89) 19.27(2.99) .159(.019)

10-14 500 12.17(1.38) -.35(1.37) 20.98(2.78) .145(.020)

Table 2. Cut-off point, sensitivity, specificity and likelihood ratios of MUAC and AHtR for detecting overweight (including obese) 
subjects.

Age-groups Cut-offs Sensitivity Specificity Positive 
likelihood ratio

Negative 
likelihood ratio

5-9 years MUAC ≥ 18.75cm 97.44 64.66 2.76 0.04
AHtR ≥0.169 84.62 88.72 7.50 0.17

10-14 years MUAC ≥ 22.75cm 88.89 83.11 5.26 0.13

AHtR ≥0.157 86.11 86.49 6.37 0.16

Table 3. Comparison of mean MUAC and AHtR of children and adolescent girls from different studies.

Study Location Sample size Age-groups 
(yrs)

Mean±SD
MUAC (cm) AHtR

Lu et al., 2014 Qinhuangdao, 
China

1372 7-12 20.2±3.2 0.143±0.019

Rerksuppaphol & 
Rerksuppaphol, 2017

Thailand 1788 6.00-12.99 19.3±3.7 0.143±0.022

Asif et al., 2018 Pakistan 3900 5-14 17.49±2.52 -
Present study West Bengal, 

India
500 5-9 19.27±2.99 0.159±0.019
500 10-14 20.98±2.78 0.145±0.020

Table 4. Comparison of MUAC cut-offs with sensitivity and specificity from different studies.

Study Location Age-
groups 
(years)

Sample 
size

Cut-offs
(cm)

Sensitivity 
(%)

Specificity
(%)

AUCs

Craig et al., 2014 Rural South 
Africa

5-9 235 18.3/18.85 97.1/94.1 79.1/88.1 0.96

10-14 269 22.45/22.8 92.9/88.1 78.0/81.1 0.94
Lu et al., 2014 Qinhuangdao, 

China
7-12 1372 18.9-23.4 83.6-94.5 81.7-94.0 0.934-

0.975
Rerksuppaphol & 

Rerksuppaphol, 2017
Thailand 6.0-12.99 1788 18.0-23.2 73.5-82.5 87.7-95.6 0.905–

0.931
Asif et al., 2018 Pakistan 5-14 3900 16.38-

20.57
57-90 55-94 0.733-

0.912
Present Study West Bengal, 

India
5-9 500 18.75 97.44 64.66 0.925

10-14 500 22.75 88.89 83.11 0.919
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Table 5. Comparison of AHtR cut-offs with sensitivity and specificity from different studies

Study Location Age-
groups

Sample 
size

Cut-offs Sensitivity 
(%)

Specificity
(%)

AUCs

Lu et al., 2014 Qinhuangdao, 
China

7-12 1372 0.15 85.4 87.8 0.935

Rerksuppaphol & 
Rerksuppaphol, 

2017

Thailand 6.0-12.99 1788 0.145 87.6 86.6 0.975

Present Study West Bengal, 
India

5-9 500 0.169 84.62 88.72 0.928

10-14 500 0.157 86.11 86.49 0.922

Figure 1. ROC curve analysis showing ability of MUAC and AHtR to predict overweight (including obese) subjects

 AUC values for 5-9 years 

MUAC = 0.925 (95%CI: 0.884-0.966; S.E.: .021; p<0.001) 

AHtR = 0.928 (95%CI: 0.888-0.967; S.E.: .020; p<0.001) 

 AUC values for 10-14 years 

MUAC= 0.919(95%CI: 0.884-0.953; S.E.: .017; p<0.001) 

AHtR= 0.922(95%CI: 0.887-0.958; S.E.: .018; p<0.001) 


