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Abstract
Background: Malnutrition remains a worldwide challenge and accounts for about 35% of all 
deaths among children under 5 years in the world. To address the burden of acute malnutrition, 
weight-for-height (WHZ) and Mid-Upper Arm Circumference (MUAC) have been used for 
acute malnutrition case definition in children. However, these anthropometric indices/indicators 
correlate poorly and, in some cases, differ in application. We determined the performance of 
MUAC and its associated factors in the prediction of acute malnutrition among children aged 
6-59 months admitted to the pediatric assessment center in Mulago Referral Hospital, Uganda.

Methods: We conducted a cross-sectional study between January and March 2018 among 
children admitted to the Pediatric Assessment Center of Mulago National Referral Hospital. The 
study involved 389 children aged 6-59 months from whom demographics and health information 
were obtained. All eligible participants were selected using systematic random sampling. We 
conducted descriptive ROC and sensitivity analysis. STATA version 13.0 was used to execute 
statistical tests for association using the modified poison model.

Conclusion: MUAC had poor performance characteristics at a cutoff of 12.5 cm. MUAC had 
excellent and similar intra/ inter-observer variability making it a suitable tool for a single user. 
The optimal cut off-of 13.6 improved the sensitivity. This might be a better cut-off as it has 
a higher sensitivity and will, therefore, detect a majority of those with malnutrition and yield 
better results. Age greater than 24 months is associated with a decrease in MUAC performance 
whilst Anemia, Down syndrome and hair changes are associated with an increase in MUAC 
performance.
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Introduction
Children are most vulnerable to malnutrition in developing 
countries because of low dietary intake, lack of appropriate care, 
and inequitable distribution of food within the household. In 
2016 globally, 52 million children under 5 were wasted and 17 
million were severely wasted. This translates into a prevalence 
of 7.7% and 2.5%, respectively. In 2016, more than half of all 
wasted children lived in South Asia and about one quarter in 
sub-Saharan Africa, with similar proportions for severely wasted 
children [1]. Overall, in Uganda, 4% of children are wasted 
and 1 percent is severely wasted with Karamoja and West Nile 
sub-regions having the highest percentages of children who are 
wasted at 10% [2].
Different methods of nutritional assessment have been used 
and varied by the type of health facility or service contact 
points in Uganda. A comprehensive nutritional assessment 
encompasses dietary, clinical, anthropometric, and biochemical 
measurements. The World Health Organization recommends 
WHZ anthropometry for diagnosis of acute malnutrition among 
children aged 0 to 60 months however many patients are missed 
by WHZ scores in developing countries because of its practical 
application [3]. In children aged 6 to 60 months, unadjusted 
MUAC is also recommended [4]. 
The prevalence of acute malnutrition in children is used 
internationally to define the risk of mortality and level of 
nutritional burden in a population. However, in practice, there is 
an inconsistency between the prevalence of children identified 
as malnourished by WHZ and by MUAC. Such ambiguity will 
result in divergent perceptions of the severity of a population’s 
nutritional status and the interventions required would depend 
upon which indicator is chosen to estimate the prevalence of 
malnutrition, thus causing confusion amongst policymakers 
about the appropriate criterion and intervention. On one hand, 
a strategy where the diagnosis can be based on either indicator, 
as recommended by some may unduly inflate the cost and 
workload of nutritional programmes whilst preventing few 
additional deaths and morbidity [4-6].
Early identification of malnutrition is critical and requires 
urgent medical and nutritional support. There is a need to use 
simpler methods with acceptable known performance even in 
hospital settings. MUAC is often preferred as a quick and easy 
measuring tool in many settings, therefore information about 
the performance of MUAC is vital especially in referral and 
emergency settings to adequately estimate, plan, monitor and 
evaluate nutritional data in regards to children. 
For reliable performance, it is also crucial to understand the 
factors that affect the performance of MUAC. Furthermore, most 
interventions are aimed at mediating causal factors, it is therefore 
important to understand the early prediction of malnutrition by 
the use of MUAC to reduce the risk of morbidity and mortality. 
The widespread use of MUAC has brought enormous benefits in 
terms of coverage and efficiency of programs. However, using 
MUAC because of its assumed simplicity and convenience 
raises some concerns of validity. A convenient tool must have a 
fair level of precision and accuracy. 

Methods
The study was carried at the Pediatric Assessment Centre of 

Mulago national referral hospital. A total of 389 participants 
were eligible and had consented to be included in the study 
using systematic random sampling. Modified Kish Leslie 
for diagnostic tests was used to determine the sample size 
(1965). The outcome variable was the performance of MUAC 
at a cutoff of 12.5 cm which was quantified using sensitivity, 
specificity, predictive values, and percentage agreement. 
The WHZ indicator has become the accepted ‘gold-standard’ 
anthropometric indicator for acute malnutrition and therefore 
was the gold standard in this study [7]. Detailed questionnaires 
were developed, tested, standardized and modified to gather 
socio-demographic, anthropometric and clinical information.
Basic anthropometry was performed on children aged 6–59 
months by measuring weight, height/length, and MUAC. 
Presence of edema was determined as it interferes with the 
accuracy of anthropometric measurements. Social-demographic 
characteristics were reported by the caregiver. 
Data was analyzed using STATA version 13.0. Normally 
distributed data was summarized using mean and median 
while skewed data was summarized using medians and ranges. 
Anthropometric z-scores for weight and height data were 
calculated against the 2006 newer standards World Health 
Organization (WHO) growth standards for children using the 
"z-score 06" and "zanthro" anthropometric add-on modules 
available for Stata. Sensitivity, specificity, predictive values, 
and likelihood estimates were also calculated. Differences in 
mean anthropometric z-score by gender were analyzed using 
the two-sample independent t-test. Comparison of mean W/H 
versus MUAC z-score within each gender was analyzed using 
the paired t-test. The overall prevalence of malnutrition was 
estimated for each index and compared using a Kappa statistic. 
The modified poison model with robust standard errors was 
used to determine factors affecting the performance of MUAC 
in predicting Acute Malnutrition where the outcome (diagnosis) 
was coded as “1” for misclassification and “0” for correct 
classification. The questionnaires were translated to Luganda 
which is widely spoken and commonly understood by the study 
population and pretested Standard Operating Procedures were 
adopted and followed to minimize errors in the measurements 
and all equipment were calibrated before use. 

Results
Majority of the study participants were males (60.7%) and the 
median age was 15, (IQR 9–26) months, Acute malnutrition was 
assessed using both MUAC (25.27%) and WHZ (49.2%) scores, 
MUAC sensitivity was 47.5%, specificity was 96.3% at 12.5 cm, 
optimal cutoff was 13.6 cm (Sensitivity 74% Specificity 81%) 
ROC AUC 0.856; 95% CI: 0.819 – 0.894. The gold standard 
in this study was WHZ. The PPV obtained was 92.6% and the 
NPV was 65.47%. MUAC kappa for intra-observer variability 
was 0.898 and 0.945 with an inter-observer variability of 0.9323. 
Similarly, WHZ kappa for intraobserver variability was 0.9788 
and 0.9626 with an Inter-observer variability of 0.9516. At 
multivariate analysis, Age (P=0.019), Anemia (P=0.037), Down 
syndrome (P=0.004) and hair changes (P=0.023) were found to 
be significant. A total of 389 children aged 6-59 months were 
screened as showed in Figure 1.

MUAC at a cutoff of 12.5 cm had poor performance 
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intraobserver variability for observer one and two was 0.898 and 
0.9451 respectively with an Inter-observer variability of 0.9323. 
Similarly, the WHZ scores kappa for intraobserver variability 
for observer one and two was 0.9788and 0.9626 respectively 
with an Inter-observer variability of 0.9516.

Factors associated with the performance of 
MUAC
Multivariate analysis
At multivariate analysis, age, anemia, Down syndrome and 

characteristics; we recommend a cutoff of 13.6 cm in screening, 
referral and admission for acute malnutrition in children 
6-59 months in referral hospitals and similar settings. Age 
greater than 24 months was associated with a decrease in the 
performance MUAC whilst Anemia, Down syndrome and hair 
changes were associated with an increase in the performance 
of MUAC (Figure 1). Majority of the study participants were 
males 236 (60.7%) and the median age of study participant was 
15 months with 194 (49.87%) of them belonging to the age 
group 6-14 years. The average birth weight was 3 kilograms 
(IQR 2.7- 3.5) as shown in Table 1.

Health status of the participants
Approximately 2% of the participants had birth defects, most 
of the children were diagnosed or had signs of malaria 44 
(11.3%). majority of the study participants 180 (52.8%) were 
still breastfeeding as shown in Table 2.

Performance of MUAC
Validity performance
The prevalence obtained by WHZ was 49.2%, MUAC sensitivity 
and specificity was 47.5% and 96.3% respectively as shown in 
Table 3. From Figure 2, the optimal cut off obtained from the 
plotted ROC curve was 13.6 cm with a sensitivity of 74% and 
specificity of 81%.
Performance of MUAC adjusted for age 
When we adjusted for age, the sensitivity increased to 62% in 
the age category 6-23 months and decreased to 25% in the age 
category 24-59 months. The specificity increased from 94% in 
the age category 6-23 months and 98% in the age category 24 
-59 months (Figure 3). The optimal cut off obtained from the 
plotted ROC curve as shown in Figure 3 was 13.9 cm with a 
sensitivity of 62% and specificity of 94% (Figure 4). Similarly, 
the optimal cut off obtained from the plotted ROC curve as 
shown in Figure 4 was 15.6 cm with sensitivity s of 25% and 
specificity of 98%.

Reliability performance
The observers for the inter and intra-observer assessment were 
two trained nurses. Double measurements were taken for each 
participant. The MUAC kappa for intraobserver variability for 
observer one and two was 0.898 and 0.9451 respectively with 
an Inter-observer variability of 0.9323 The MUAC kappas for 

Children aged 6-59 months between 
January and March 2018 

400 

Not eligible (not included) 
• 2 were 60 months 
• 4 had severe conditions 

394 included in the study 

389 children analyzed  

Excluded 
• 2 declined consent 
• 3 developed severe conditions 

in the process 

Figure 1. Description of the study profile.
Characteristics   Frequency (n)  Percentage (%)

Age category (months)
6-23 282 72.5

24-59 107 27.5
Sex

Male 236 60.7
Female 153 39.3

Birth weight (kg)*
≤ 2.5 77 19.8

2.6 – 6 287 73.8
Caretaker’s education level

          No formal education           83 21.3
          Primary    67 17.2

          Secondary 202 51.9
          Tertiary          37 9.5

* has missing observations

Table 1. Social-demographic characteristics of the 389 study 
participants included in the study.

Table 2. Heath status of the study participants included in the study.
Variables Frequency (n) Percentage  (%)

 Down syndrome             
No             378 97.2
Yes 11 2.83

Heart Defect
No             380 97.7
Yes 9 2.31

Hair changes
No             347 89.2
Yes 42 10.8

Mother’s HIV Status*
Negative        326 86.7
Positive 50 13.3

Child PCR status

Negative 122 31.4
Positive 6 1.5

Not 
specified 261 67.1

Malaria No             345 88.7
Yes 44 11.3

Sickle cell Anaemia
No             354 91.0
Yes 35 9.0

Diarrhoea
No             370 95.1
Yes 19 4.9

Anaemia
No             379 97.4
Yes 10 2.6

Breastfeeding*
No 161 47.2
Yes 180 52.8

* has missing observations

Table 3. Results on the performance of MUAC.
Performance Percentage            CI

Sensitivity Pr  (+| D) 47.5% 40.1%   55.0%
Specificity Pr (-|~D)  96.3% 92.5%   98.5%

PPV Pr  (D| +)  92.6% 85.3%   97.0%
NPV Pr  (~D| -)  65.5% 59.6%   71.1%

   Prevalence Pr (D)  49.2% 44.0%   54.4%
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hair changes were found to be significantly associated with the 
performance of MUAC as shown in Tables 4-7. Interaction and 
confounding assessments were done, in which no interaction 
was significant and there was no confounding.

Discussion
Performance of MUAC
Generally, the prevalence of malnutrition was high, it was found 

to be higher with WHZ (49.2%) compared to that measured 
by MUAC (25.27%). This is because Mulago hospital is a 
referral setting with a high possibility of capturing the very sick 
population who are likely to be malnourished. Furthermore, 
malnutrition has been found to predispose children to sickness 
but also those who are sick are likely to get acute malnutrition. 
The difference in the prevalence between MUAC and WHZ 
results from the nature of each parameter. WHZ does not account 
for nutrient stores and body composition but rather determines 
malnutrition through comparison of weight for height with a 
reference population. MUAC is directly related to muscle mass 
and therefore gives us some idea about body composition thus a 
better predictor of Mortality. 
At a MUAC cut-off of 12.5 cm, the prevalence of acute 
malnutrition was higher in children less than 24 months (32.3%) 

 

AUC: 0.856; 95% CI: 0.819 – 0.894 

Figure 2. ROC curve of MUAC against weight for Height Z Scores.

 

AUC: 0.897 ;95% CI: 0.86 – 0.934 

Figure 3. ROC curve of MUAC against weight for Height Z scores for 
children <24 months of age. 8

 

AUC: 0.790; 95% CI; 0.70 – 0.88 

Figure 4. ROC of MUAC against weight for Height Z scores for 
children ≥ 24 months of age.

Table 4. Unadjusted analysis the Social-demographic factors 
associated with the performance of MUAC.

Variables Frequency               PR*            95% 
CI       P-value

Age category  (months)
6-23 282 1.00

0.65- 0.93 0.01124-59 107 0.80
Sex

Male 236 1.00
Female 153 1.08 0.96 -1.23 0.196

Birth weight
≤ 2.5 77 1.00
2.6-6 287 1.10 0.92 -1.32 0.291

Caretaker’s Education Level
No formal education           83 1.00 -- --

Primary 67 0.89 0.73 -1.11 0.318
Ordinary 202 0.91 0.78 -1.06 0.211
Tertiary 37 1.05 0.86 -1.29 0.567

* PR: Prevalence Ratio
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criteria as reported by Myatt et al. this raises a concern of rejected 
referrals. In some programs, the problem of rejected referrals 
was solved by moving toward a unified MUAC-based referral 
and admission criterion [8]. Sackett and Holland recommended 
that an appropriate screening tool in referral clinical settings 
must be, high predictive value, high objectivity, a high degree 
of accuracy, reliability and highly specific to prevent referral 
rejections [9]. 
MUAC performed poorly with a sensitivity of 47.5% and a 
specificity of 96.3% PPV (92.6%) NPV (65.5%) at a cutoff 
<12.5 similar to study carried out in Urban Nigeria 2012 on 
Reliability of the MUAC among Children Aged 12-59 months 
with a sensitivity of 20% and specificity of 95.3%. The optimal 
cut off of 13.6 cm obtained from our study yielded a better 
sensitivity of 74% and specificity of 81%.

The validity of the MUAC
Both MUAC and WHZ had an excellent agreement beyond 
chance for inter and intraobserver agreement. The Cohen’s 
kappa coefficients for WHZ were slightly higher than those of 
MUAC. Therefore, the reproducibility of the study findings is 
reliable. The MUAC intra and Intraobserver variability were 
excellent.

Factors associated with the performance of MUAC 
This study further identified MUAC performance anthropometric 
predictors in children. Age was one the factors found to be 
significantly associated with the performance of MUAC at 12.5 
cm where children aged between 6-23 months were 0.79 times 
less likely to predict a correct diagnosis by MUAC compared to 
those aged 24-59 months. A cross-sectional study on MUAC-for-
age usefulness among children 6–59 months of age in Somalia 
2016 showed similar results that the age of the child affected the 
likelihood of the right diagnosis for acute malnutrition. Children 
aged 24 months and above had an OR = 0.14 95% (CI; 0.13–0.1, 
n =858) compared to children less than 24 month [10].

Children with Down syndrome were 1.31 times more likely 
to predict a correct diagnosis by MUAC compared to those 
without. A study carried out in the USA in 2015 to evaluate 
the predictive performance of various methods for weight 
estimation strategies concluded that MUAC was the best option 
for weight estimation in children with Down syndrome [11]. 
However further studies are required to further understand the 
relationship between Down syndrome and MUAC performance.

According to a study by Myatt et al. WHZ-based indicators are 
poor at detecting cases of kwashiorkor because the retained fluid 
weight that tends to mask what would otherwise be low WHZ 
values. Berkley et al. reported that MUAC used alone performed 
better than WHZ used alone in identifying children with bipedal 
edema, skin and hair changes associated with kwashiorkor in 
Kenya. In our study children with hair changes were found to be 
1.18 times more likely to predict a correct diagnosis by MUAC 
compared to those without hair changes. Acute malnutrition 
distorts protein synthesis in the hair, therefore hair changes 
are used by health workers for early diagnosis of childhood 
malnutrition.

In severe malnutrition, the cause of congestive heart failure is 
due to an inability to adapt to fluid and electrolyte imbalances 

Table 5. Unadjusted analysis for the health factors associated with the 
performance of MUAC.

Variables Frequency                PR*               95% 
CI P-value

Child PCR status
Negative 122 1.00

1.24-1.56 0.000
Positive 6 1.40

Not specified 261 0.99 0.87-1.15 0.987
Malaria

No             345 1.00
0.78-1.19 0.733

Yes 44 0.96
Mother’s HIV status

Negative                326 1.00
0.95 -1.31 0.187

Positive 50 1.12
Sickle cells

No 354 1.00
0.56 -1.03 0.077

Yes 35 0.76
Anaemia

No 379 1.00
1.01 -1.56 0.038 

Yes 10 1.26
Down syndrome

No 378 1.00
1.04 -1.55 0.017

Yes 11 1.27
Hair changes

No 380 1.00
1.04 -1.40 0.013

Yes 9 1.21
Heart Defect

No             380 1.00
0.43-1.38 0.377

Yes 9 0.78
Breastfeeding

No 161 1.00
0.92-1.21 0.389

Yes 180 1.06
* PR: Prevalence Ratio

Table 6. Multivariate analysis for the factors associated with the 
performance of MUAC.

Variables frequency PR* 95% CI P-value
Age

6-23 282 1.00
0.69 - 0.97 0.01924-59 107 0.82

Anaemia
No 379 1.00

1.02   - 1.62 0.037Yes 10 1.28
Down syndrome

No 378 1.00
1.09   - 1.57 0.004Yes 11 1.31

Hair changes
No 347 1.00

1.02 - 1.39 0.023Yes 42 1.19
* PR: Prevalence Ratio

and low in children ≥ 24 months (9.4%) this is because of a 
single MUAC cut-off used for the two groups which does not 
entirely account for older children. this further translated into a 
lower overall sensitivity for MUAC with increasing age. Mulago 
hospital has been using two-stage criteria for assessment of 
acute malnutrition, MUAC has been used for referrals whilst 
WHZ for admission purposes. The use of an adequate sensitive 
MUAC (i.e., a MUAC threshold likely to identify all or almost 
all persons meeting the W/H-based referral criteria) results 
in many patients being referred for care who are then refused 
treatment because they do not meet the W/H-based admission 
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which may be due to diarrhoea, severe anaemia, and dehydration. 
This is usually accompanied by loss of tissue which is directly 
captured by MUAC increasing the possibility for a correct 
diagnosis. In our study children with Anemia were found to be 
1.25 times more likely to predict a correct diagnosis by MUAC 
compared to those without anemia.

Conclusion
MUAC had poor performance characteristics at a cutoff of 
12.5 cm. MUAC had excellent and similar intra/ inter-observer 
variability making it a suitable tool for a single user. The optimal 
cut off-of 13.6 improved the sensitivity. This might be a better 
cut-off as it has a higher sensitivity and will, therefore, detect a 
majority of those with malnutrition and yield better results. Age 
greater than 24 months is associated with a decrease in MUAC 
performance whilst Anemia, Down syndrome and hair changes 
are associated with an increase in MUAC performance.

Recommendations 
MUAC at a cut-off of 12.5 cm has a low sensitivity, a cut-off 
of 13.6 cm is recommended for adoption in screening, referral, 
and admission for acute malnutrition in children 6-59 months in 
referral hospital settings and similar areas. We recommend the 
use of two or more assessors (health workers) in the assessment 
of malnutrition using WHZ.
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