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Background
According to the World Health Organization, an estimated 2.8 

million dying each year from overweight or being obese (WHO, 
2020) while more than 1.9billions from18years and older were 
overweight in 2016. Of these over 650 million adults were obese. 
Additionally, 39% of adults aged 18 years and over (39% of men 
and 40% of women) were overweight in 2016. Overall, about  

 
13% of the world’s adult population (11% of men and 15% of 
women) was obese in 2016. The worldwide prevalence of obesity 
nearly tripled between 1975 and 2016. In 2019, an estimated 38.2 
million children under the age of 5 years were overweight or obese. 
Once considered a high-income country problem, overweight and 
obesity are now on the rise in low- and middle-income countries, 
particularly in urban settings [1]. Systematic reviews of the 
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outstanding diagnostic characteristics of MUAC generated by ROC curves compared with standard BMI reference with diagnostic 
accuracy of 100% (obesity) and 90% (overweight). 

Conclusions: This study suggests MUAC>31.1cm for obesity; MUAC29.9cm to ≤ 31.1cm for overweight; MUAC 25.4cm to<29.9cm 
for normal weight and MUAC < 25.4cm underweight. MUAC can therefore be used as an alternative to BMI in the diagnosis of obesity 
and in early detection of overweight in adults. 

Keywords: Nutrition assessment in adults; Mid-upper Arm Circumference; Body mass index; Overweight and Obesity

Abbreviations

 BMI: Body Mass Index; MUAC: Mid-upper-arm-circumference; NGOs: Nongovernmental organisations; ROC curve: Receiver 
operating characteristic curve; WHO: the World Health Organisation

https://www.lupinepublishers.com/index.php
https://lupinepublishers.com/clinical-community-medicine/
http://dx.doi.org/10.32474/JCCM.2020.02.000138


                                                                                                                                                          Volume 2 - Issue 3 Copyrights @ Andrew K Amegovu, et.al.J Clin & Commun Med

Citation: Andrew K Amegovu, Timothy Chewere, SusanJokudu, Michael Mawadri. Mid-Upper Arm Circumference (MUAC) Cut-
Offs to Diagnose Overweight and Obesity among Adults. J Clin & Commun Med 2(3)- 2020. JCCM.MS.ID.000138. DOI: 10.32474/
JCCM.2020.02.000138.

185

international literature suggest that people with obesity spend 30% 
more on medical care [2]. Estimates of the cost of obesity to health 
systems vary between nations but may account for between 0.7% 
and 2.8% of a country’s total health care costs [3]. Anthropometric 
measurements are a series of quantitative measurements of the 
muscle, bone, and adipose tissue used to assess the composition of 
the body. The core elements of anthropometry are height, weight, 
body mass index (BMI), body circumferences (waist, hip, and 
limbs), and skin fold thickness.

These measurements are important because they represent 
diagnostic criteria for obesity, which significantly increases the 
risk for conditions such as cardiovascular disease, hypertension, 
diabetes mellitus, and many more which lead to increased risk 
of morbidity and mortality and affect the country’s economy 
by increasing the burden on state-funded and out-of-pocket 
expenditure and also by affecting productive life years [4,5]. 
Although these anthropometric assessments are considered to 
be less reliable for assessing malnutrition than sophisticated 
but expensive body composition assessment techniques such as 
hydro densitometry, electronic bio impedance, dual-energy X-ray 
absorptiometry among others, simplicity of usage and low cost 
of implementation make these assessments the ideal choice for 
population-based evaluations [6,7].

BMI, a marker for generalized adiposity and measured as 
body weight (in kg) divided by height (in meter2) squared, is the 
most widely used anthropometric measure as it is inexpensive 
and non-invasive and can be collected by evaluators with minimal 
training [7,8]. Therefore, assessment of BMI became popular not 
only as individual-level clinical and nutritional assessments but 
also as a survey tool, especially for assessment of undernutrition 
in developing nations [9]. Nevertheless, in large-scale population-
based surveys and for regular monitoring, assessment of nutrition 
status, BMI becomes impractical and tedious because of logistical 
reasons as the equipment for assessment of weight and height 
often proves clunky in the field. Moreover, it is difficult to measure 
weight and height for non-ambulatory participants/patients. As 
a result MUAC has long been used as a tool for anthropometric 
measurement as it is easier to implement than BMI, with minimum 
requirement of equipment and acceptable sensitivity and 
specificity for detecting underweight [10]. During recent times, 
MUAC has been used for evaluation of adult nutritional status as 
well, especially in resource-limited settings [11] and population-
based surveys, where accurate measurements of height and weight 
require reasonably large logistical mobilization. MUAC is a simpler 
measure than BMI, requiring minimum equipment and has been 
demonstrated to predict morbidity and mortality in 6–59 months 
old Senegalese children [12]. Such measurements have recently 
been used in the diagnosis of adult malnutrition in hospitals [13] 
and it is found that low MUAC better predicts mortality than low 
BMI in Dutch older adults [14]. Several studies have reported a close 

[15-18]. ts simplicity and ease of use makes it a candidate for use 
in adult nutritional assessment. All these studies found strong and 
significant associations between MUAC and BMI.18In all studies, 
only one study included both men and women while the rest of 
the studies included either only men or only women [19]. Many of 
these studies have established their own MUAC cutoffs to match the 
<18.5Kg/m2 criteria for diagnosing undernutrition. Their results 
ranged between 22.5cm and 25.5cm as suitable cut off point for 
BMI 18.5Kg/m2. Some of the cut offs have overlapped [20].

This study therefore explored the possibility of using MUAC 
to screen for overweight and obesity among adults, and thus to 
suggest suitable cut-off value for overweight and obesity in addition 
to color coding for ease of use for those with low level of literacy.

Methods
Study setting

This study was conducted at University of Juba, South Sudan. 
The University was established as comprehensive premier learning 
hub in 1975 and currently has a population of 20,000 students 
and staff spread across 15 Schools, 3 Colleges, 3 Institutes, and 4 
specialized centers. 

Study design and participants

We conducted a cross-sectional study design that employed 
systematic simple random sampling technique. Using Kish and 
Leslie’s formula for sample size determination for cross-sectional 
studies (N= Zα 2 P (1- P) δ 2), a total of 272 adult students aged 
18yearsand above including teaching staff were sampled. Study 
participants were selected from the constructed frame based on the 
existing University students’ and teaching staff’s lists using simple 
random sampling technique without replacement. Pregnant and/
or lactating mothers and disabled persons were excluded.

Anthropometric data collection

The anthropometric variables obtained from study participants 
included sex, age in years, weight (in Kg to nearest 0.1Kg), height 
(in cm to the nearest 1 cm) and MUAC (in cm to the nearest 
0.1cm) using standard procedures. Measurement of the MUAC 
was conducted using a non-stretched measuring tape with the 
right or left arm hanging in a relaxed position and the tape was 
positioned midway between the tip of the acromion and olecranon. 
The tape was placed gently but firmly around the arm to avoid 
compression of soft tissue. Weight measurements were taken while 
barefoot and in standing position using digital scales. To ensure 
accuracy, the weighing scales were calibrated periodically. Weight 
measurements were taken twice and the average recorded. Height 
was measured to the nearest centimeter using a standard tape. To 
achieve this, the non-stretchable tape was vertically fixed on a wall 
perpendicular to the ground. The tape was glued using transparent 
adhesives and was taken to ensure that there was no fold or tilting 
to either side. During the measurement, the tape was repeatedly 
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checked for loosening or tilting. Height was taken twice and the 
average recorded to the nearest 1cm. BMIs were calculated from 
the recorded height and weight variables. It was computed as a 
fraction of weight in Kilograms and square of the corresponding 
individual’s height in square meters (Kg/m2). Following WHO 
cut offs, the results were converted into a categorical variable and 
grouped as underweight if BMI <18.5; normal weight for BMI 18.5 
to <25; overweight for BMI 25 to <30 and obese if BMI equaled or 
exceeded 30.

Statistical analysis

The relationship between MUAC and BMI was linearly 
determined using the Pearson correlation and simple linear 
regression. The diagnostic accuracy (sensitivity and specificity) of 
the MUAC was determined using Receiver Operating Characteristics 
(ROC) curve analysis. For the ROC curve analysis, validity of MUAC 
was evaluated against BMI as the reference. To achieve this, 
ROC curves of MUAC values were plotted at different BMI cut off 
points. For each graph, the Area Under the Curve (AUC) was used 
to determine the accuracy of MUAC to classify nutritional status 
at the specified BMI cut off point. Diagnostic accuracy denoted by 
area under a ROC curve ranges from 0–1. Following Schoonjans 
et al (1995), the closer the shift to the upper left corner of the 
ROC plot, the closer the area is to 1 and therefore the better the 
measure. Youden’s indices were then generated and used to define 
the optimal MUAC cut-off point for selected BMI limits. At each BMI 
cut off, the MUAC value with highest Youden’s index was chosen as 
the corresponding cut-off as defined in Youden, W. J. (1969).

Results
Anthropometric characteristics of the participants

Table 1 shows anthropometric parameters collected from 
251 participants; 85% male (n=214) and 15% female (n=37). The 
mean age, weight, height, MUAC and BMI of the population were 
26.8±4.7years, 64.4±9.8Kg, 1.8±0.1m, 26.2±2.7cm and 20±3.1Kg/
m2 respectively.

Table 1: Anthropometric Characteristics by Age and Gender.

Mean Std. Dev. Min Max

All, sex combined (n=251)

Age (years)

Weight (Kg)

Height (m)

MUAC (cm)

BMI (Kg/
m2)

26.8

64.4

1.8

26.2

20.0

4.7

9.8

0.1

2.7

3.1

20.0

39.0

1.5

20.8

13.5

72.0

93.9

2.0

37.1

32.1

Gender disaggregated

Male 
(n=214) Mean Std. Dev. Min Max

Age

Age (years)

Weight (Kg)

Height (m)

MUAC (cm)

27.1

64.7

1.8

26.0

19.7

4.7

9.2

0.1

2.3

2.6

21.0

47.0

1.5

20.8

15.3

72.0

93.9

2.0

33.4

29.7

Female 
(n=37) Mean Std. Dev. Min Max

Age (years)

Weight (Kg)

Height (m)

MUAC (cm)

BMI (Kg/
m2)

25.0

62.5

1.7

27.3

21.7

4.8

12.5

0.1

4.1

4.8

20.0

39.0

1.6

20.8

13.5

41.0

90.6

1.9

37.1

32.1

Relationship between BMI and MUAC using linear 
regression and Pearson correlation

A simple linear regression model with BMI as the dependent 
variable and MUAC as a single independent variable showed a 
strong linear relationship between BMI and MUAC. MUAC can 
predict BMI at statistical significance F (1, 219) = 720.7, p= 0.0000 
and MUAC accounted for 74% of the explained variation in BMI. 
The regression equation is expressed as: BMI = 0.99*MUAC – 5.82 
+ ε. In addition, a Pearson’s product-moment correlation was run 
to assess the relationship between BMI and MUAC. Results showed 
a strong positive correlation between BMI and MUAC r (249) = 
0.8621, p < .0001). The relationship between BMI and MUAC with 
95% prediction limits is represented in Figure 1.

Figure 1: Testing Relationship between BMI and MUAC 
using linear regression.

Diagnostic accuracy using Receiver Operating 
Characteristics (ROC) curve analysis

The study conducted ROC curve analysis of MUAC values and 
generated area under the curve for three different BMI cut offs 
i.e. <18.5Kg/m2, <25Kg/m2 and <30 Kg/m2 corresponding to 
underweight, normal weight and overweight respectively. Results 
revealed that the area under the curve were 90% (86% – 94%), 
96% CI (92%-100%) and 99% CI (97%-100%) as shown in Figures 
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2, 3 and 4. These results reveal that with BMI as the reference, 
the diagnostic characteristics of MUAC (sensitivity, specificity and 
accuracy) generated by the ROC curve analysis were outstanding.

Figure 2: ROC curves of MUAC based on BMI < 18.5Kg/
m2.

Figure 3:  ROC curves of MUAC based on BMI < 25Kg/m2.

Figure 4:  ROC curves of MUAC based on BMI < 30Kg/m2.

Based on the coordinates of each curve, Youden’s index was 
used to determine the optimal MUAC cut-off points to classify 
nutritional status. Optimal cut off points were identified as those 
which combined the highest sensitivity and specificity within the 
standard BMI cut off points. Based on the results of ROC analysis, the 
MUAC cut offs corresponding to the BMI cut offs are summarised in 
table 2. Intuitively, these findings suggest that a MUAC of ≥ 31.1cm 
should be considered obese.

Table 2: MUAC Cut offs for underweight, overweight and 
obesity from ROC curve coordinates

BMIs MUAC Sensitivity Specificity

<18.5 kg/m2 ≤25.4cm 87% 81%

18.5kg/m2->25 
kg/m2

25.54cm - 
<30.1cm 90% 97%

>30 kg/m2 ≥31.1cm 100% 96%

Comparison of Nutrition Status Classification by BMI 
and MUAC using ROC curves

An analysis of nutritional status classification by MUAC 
in comparison to the standard BMI cut offs shows that MUAC 
generates very good estimates for especially underweight (87%), 
normal weight (72%) and obese (100%) but not overweight 
(21.4%). Actually 64% of what BMI grouped as overweight was 
obese by MUAC measures as seen in table 3 below.

Table 3: Nutrition status classification of study group by MUAC 
in comparison with BMI classification using ROC curve analysis.

BMI 
Classification

MUAC Classification

Underweight Normal 
weight Overweight Obese

Underweight 86.6 % 13.4% 0.0% 0.0%

Normal 
weight 23.8% 72.2% 2.6% 1.3%

Overweight 0.0% 14.3% 21.4% 64.3%

Obese 0.0% 0.0% 0.0% 100.0%

Discussion
Several studies have identified limitations with the use of 

body mass index (BMI) for measuring overweight and obesity. For 
examples; KJ Rothman et al. [22] in their study stated that although 
BMI is ideally suited for population-level studies, describing obesity 
by BMI can result in inaccurate assessment of adiposity, because the 
numerator in the calculation of BMI does not distinguish lean muscle 
from fat mass; similarly Kok, P et al. [23] stated that caution should 
be observed when using the BMI as a measure for interpreting 
overweight and obesity as body composition can be highly variable 
yet have the same BMI and therefore, not a reliable measurement of 
body composition in individuals particularly in older and younger 
people. In other studies by R, Corral et al. [24] pointed that despite 
the good correlation between BMI and BF % in a large sample 
of adults, the diagnostic accuracy of BMI to diagnose obesity is 
limited, particularly for individuals in the intermediate BMI ranges 
and C, Vanderwall et al. [25] indicated that BMI appeared to be a 
good proxy for adiposity and overweight related problems. Like 
any other measure it is not perfect because it is only dependant on 
height and weight and it does not take into consideration different 
levels of adiposity based on age, physical activity levels and sex. 
Therefore, BMI is a not reasonable indicator of body fat for both 
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adults and children because it does not measure body fat directly, 
it should not be used as a diagnostic tool. Instead, BMI should be 
used as a measure to track weight status in populations and as a 
screening tool to identify potential weight problems in individual 
[26].

Mid-Upper Arm Circumference (MUAC) is a simple 
measurement which has been used for many years in nutritional 
evaluation, being an indicator of protein and energy reserves of the 
individual. Diverse studies have employed MUAC as a nutritional 
diagnostic tool in different population groups i.e., inpatients, 
elderly, schoolchildren, pregnant women or lactating women, 
adolescent and adult females [4-6,18, 21, 22, 27]. The use of MUAC, 
which is considered very simple to use, cheap with relatively less 
technical demand has long been emphasised. However, studies 
have had varied opinions on how MUAC values can be translated 
into equivalent BMI cut offs [18, 20, 21,27-29].In all referenced 
studies so far, there is no consensus on if BMI and MUAC can be 
used interchangeably to screen nutrition status of adults and what 
MUAC measures would correspond to the standard BMI cut offs. 

Diagnostic screening for malnutrition (underweight, overweight 
and obesity) in adults is a critical public health measure. Globally, 
malnutrition in the form of undernutrition or over nutrition has 
reached epidemic proportions in all age groups. Overweight and 
obesity have become an epidemic not only in developed world 
but also in developing world. Overweight and obesity are among 
the top most attributing factors of disability-adjusted life years 
[30]. For long, measurement of MUAC has been used as a practical 
proxy for underweight. However, this study showed that MUAC can 
be used to determine overweight and obesity and could also be 
used as a predictive tool for early detection of obesity. The study 
alsofound a very strong linear relationship between BMI and MUAC 
defined by the equation BMI= 0.99MUAC -5.82+ ε (Adjusted R2= 
0.74, p<0.0001) and Pearson’s correlation coefficient (r = 0.8621, P 
< 0.0001). This relationship demonstrates that both BMI and MUAC 
could provide reasonable, equal and comparable measures for 
nutritional status classification or categorization in adult population 
with similar demographic characteristics. This findings are in line 
with studies conducted by A Daset al., Mukherjee, S. et al.,Sultana, T 
et al.,Tumilowicz A, et al. and S.Garg et al. [2, 27-29] who detected 
a significant positive correlation between BMI and MUAC (r = (07-
0.8), P < 0.0001) among adults using MUAC as alternate to BMI. In 
another study where they used bivariate analysis, results showed 
BMI and MUAC had a positive correlation for both female and male 
participants, and the relationship between BMI and MUAC was very 
strong [30].

In categorization of nutritional status by MUAC using ROC curves 
to determine MUAC cut offs, the MUAC cut offs established using 
ROC curve analysis corresponded well with BMI and overlapped to 
a good extent especially in the classification of underweight (87%) 

and obesity (100%).This is in agreement with the study of A Das 
et al. [27] who used ROC curve analysis [28] for the predictive 
accuracy to the determined MUAC cutoffs which ranged between 
88% and 97%. While this study showed an outstanding diagnostic 
characteristics of MUAC with 100% sensitivity for obesity; 90% 
for overweight; and 87% for underweight against WHO standard 
BMI reference for adult population. This study therefore proposes 
the following references, MUAC>31.1cm to indicate obesity, 
MUAC =30.1cm to <31.1cm to indicate overweight, MUAC = 25.4 
to <30.1cm to indicate normal weight and MUAC ≤ 25.4cm to 
indicate underweight respectively. In order to simplify the use of 
reference points amongst those with low literacy levels, the study 
also proposes the use of colour calibration of the references where 
necessary. This is in agreement with S Gary et al. [27] who suggested 
colors of traffic light red, yellow, and green could be used to triage 
the adults as obese, overweight, and normal. 

This study had relatively large sample size with a good range 
of age groups and ethnics among the study participants- students 
(aged 18yrs+), and teaching staff respectively. Anthropometric 
measurements were conducted in the same environment and/or 
locality under research conditions by skilled staff. The study is, 
however, limited by proportionally fewer female adults compared 
to the male adults regardless of ethnicity. Another limitation is 
that, BMI is affected by body shape and we did not assess sitting 
height to be able to correct BMI for the cormic index (sitting height 
to standing height ratio). However, the results were still within our 
expected level of precision [31-35].

Conclusions
We concluded that MUAC can be used as an alternative to BMI 

in the diagnosis of obesity and in early detection of overweight in 
adults.The finding of this study could contribute significantly to 
public health interventions in the fight of obesity and associated 
risk factors in areas where resources are constrained, population 
largely illiterate and public health prevention measures of obesity 
related non-communicable diseases such as hypertension, diabetes, 
etc., which are rising rapidly are not adequately addressed.
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