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ABSTRACT

INTRODUCTION: Mid-upper arm circumference (MUAC) is a simple, rapid, objective, and cheap 
method for field assessment of nutritional status. The goals of the present study were to generate 
appropriate MUAC cut-off scores for thinness and severe thinness and compare the diagnostic 
accuracy of MUAC. 
METHODS: A cross-sectional study was conducted capturing sociodemographic and 
anthropometric measurements of children and adolescents (3,414 boys; 3,575 girls) aged 5-19 
years randomly collected from two local government areas of Nasarawa State. The WHO (2007) 
Macro was used to generate gold standard cut-off points for BAZ <-2 and <-3, whereas receiver-
operating characteristic curves were used to generate corresponding MUAC cut-offs for the stated 
BAZ values. 
RESULTS: BMI and mean MUAC correlation were positive (r= 0.63, P <0.001 for boys; r= 0.68, P 
<0.001 for girls). The cut-off values of MUAC to detect moderate thinness among boys and girls 
aged 5-9, 10-15, and 16-19 years are respectively ≤16.7 cm, ≤19.8 cm, 24.5 cm and ≤17.8 cm, 
≤20.8 cm, ≤23.0 cm. 
CONCLUSION: The present study provides age- and sex-specific MUAC cutoffs for screening 
moderate/severe thinness in children and adolescents for use during emergency or resource-
constraint settings.
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INTRODUCTION

Anthropometric measurements are important 
indicators of the health and nutritional status of 
children and adolescents and are consistently 
recommended by the World Health Organization 
[WHO] [1]. In Nigeria, anthropometric indicators 
are perhaps the most commonly used tools for 

assessing nutritional status, physical growth, 
and development of children and adolescents. 
Nutritional status can serve as an indicator of the 
prevailing socioeconomic climate of a population, 
especially in emerging economies [2-5], and as 
an index of physical growth and development [6]. 
Anthropometric indicators may be generated from 
a specific study, from national reference or based 
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on international reference. Body mass index [BMI], 
the most widely used indicator of nutritional status 
and distribution of adiposity [7] in the body, is 
measured as body weight [kg]/height [m2]. Because 
BMI is easily measured, inexpensive, non-invasive, 
and applicable to population studies, it has gained 
global acceptability [7-9]. The WHO prescription 
for classifying thinness and severe thinness in 
children and adolescents are respectively BMI-for-
age z-score (BAZ) < -2 and < -3 [10]. Previous studies 
have linked low BMI to increased risk of morbidity 
and mortality [11-15]. Although procurement of 
weighing scale, stadiometer, and weight and height 
measurement is relatively easy, maintenance and 
calibration before use are necessary. Nevertheless, 
factors such as computation, resource constraints, 
bedridden patients, conflicts, and famine can 
make weight and height measurements difficult or 
impossible.

However, other surrogates for BMI as a conventional 
indicator of adiposity and nutritional status include 
mid-upper arm circumference (MUAC), calf 
circumference, triceps, and subscapular skinfold 
thicknesses [16]. MUAC is commonly used as 
an alternative index of nutritional status. It is a 
measure of the annulus of the upper arm midway 
between the olecranon and acromial process. Its 
operational advantages include applicability when 
a collection of weight and height measurements 
is arduous, such as in war-torn regions, internally 
displaced persons, famines, individuals who 
cannot stand unaided, and in bedridden patients. 
Other benefits of MUAC are that it is inexpensive, 
easy to measure, measuring tapes are portable 
and it has been verified to be a better predictor 
of childhood morbidity and mortality compared 
to weight- and height-based anthropometric 
indicators [17-19]. MUAC has also been shown 
to help monitor obesity, especially in developing 
countries [20-22]. Moreover, low MUAC appears 
to be a better predictor of mortality in HIV/AIDs 
patients [23-25] and geriatrics [26,27].

The WHO Integrated Management of Adolescent 
and Adult Illness (IMAI) Acute Care guidelines 
recommended that adolescents and adults can be 
classified as having severe undernutrition if they 
have a MUAC <160 mm or MUAC  161 – 185 mm 
plus one of the following: pitting edema up to the 
knees on both limbs or cannot stand or having 
sunken eyes. There are still controversies regarding 
using a single MUAC cut-off score in the general 

population and even among ethnic groups within 
the same country. For instance, an earlier study 
in Nigeria reported an optimal cut-off value of 23 
cm in the north, whereas a cut-off value of 24 cm 
was recommended as appropriate in the south 
[28]. Despite the inconsistencies in cut-off points 
for use worldwide, there is growing consensus 
from recent studies over the use of MUAC to 
evaluate the nutritional status of adults, especially 
in resource-constrained environments [29-31]. 
Thus, given its application convenience and less 
resource-demanding, MUAC could serve as an 
ideal proxy tool for assessing thinness and severe 
thinness among Nigerians. Against this backdrop, 
the goals of the present study were to (i) generate 
appropriate MUAC cut-off scores equivalent to BAZ 
cut-off values for thinness and severe thinness, 
and (ii) compare the diagnostic accuracy of MUAC 
relative to BAZ of schoolchildren adolescents from 
Nasarawa State Nigeria.

METHODS

Study population
The present cross-sectional study included 6,989 
participants (3,414 boys; 3,575 girls) aged 5 – 
19 years. The study sample was collected using 
multistage sampling with three stages. The 
first stage involved a random sample of local 
governments (LGs) in Nasarawa State, with the 
probability of being selected proportionate to 
the LG population. In the second stage, a random 
sample of schools (primary and secondary) nested 
within the selected LG was obtained. At the final 
stage, participants were selected at random 
within each school. The study was conducted 
between 2018 to 2019. The purpose of the study 
was communicated to teachers of the selected 
schools. Only schools which authorities gave 
signed informed consent were included in the 
study. In addition to permission obtained from 
authorities of participating schools, parents (in 
the case of children below 18 years old) gave their 
informed consent to enlist their children, whereas, 
subjects 18 and 19 years gave their informed 
consent to participate in the study. Inclusion 
criteria are schoolchildren and adolescents aged 
5 – 19 years attending day school, present on the 
day of data collection, and who submit signed 
informed consent from their parents/guardians. 
Schoolchildren with acute or chronic conditions 
or on medication at the time of the study were 
not included. The Ahmadu Bello University Ethics 
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Committee approved the study protocol on the 
Use of Human Subjects for Research (approval 
No: ABUCUHSR/2018/004). The study was carried 
out per the guidelines in the 1964 Declaration 
of Helsinki (as amended) with close attention 
to the provisions in the Protection of Personal 
Information Act (no. 25326).

Anthropometric measurements
Anthropometric measurements, including height, 
weight, and MUAC, were obtained from each 
participant using the standardized protocols of 
the International Society for the Advancement of 
Kinanthropometry (ISAK)[32]. Weight and height 
were measured to the nearest 0.1 kg and 0.1 cm, 
respectively. MUAC was measured in centimeters 
using non-extensible tape midway between the 
olecranon and acromial process of the left arm in 
a relaxed position. Trained research assistants took 
measurements along with one of the authors, MN, 
who provided training to the research assistants. 
Intra- and inter-observer errors were maintained 
below 5%, ensuring measurement standardization 
[32].

Statistical analysis
Data were analyzed using Statistical Product and 
Service Solutions (IBM SPSS Statistics for Windows, 
Version 27.0. Armonk, NY: IBM Corp) and MedCalc 
Statistical Software version 22.017 (MedCalc 
Software bvba, Ostend, Belgium; https://www.
medcalc.org; 2020). Z-scores were generated 
using the WHO 2007 SPSS macros [33]. The 
application generated and saved results (as new 
variables) of subjects categorized as thinness (BAZ 
<-2) and severe thinness (BAZ <-3) and also flagged 
outlying values. The flagged values were excluded 
from the analyses. Next, diagnostic accuracy of 
MUAC as a screening tool for thinness and severe 
thinness relative to BAZ was then evaluated 
using the receiver operating characteristic (ROC) 
curve. Consequently, sensitivity (SN), specificity 
(SP), positive predictive value (PPV) and negative 
predictive value were computed using the 

proportion of true negatives (TN), false negatives 
(FN), and true positive (TP), false positive (FP) 
using a 2 x 2 cross-tabulation coding table below:

SN indicates how likely subjects detected as being 
thin/severely thin using BAZ criteria are to be 
diagnosed as thin/severely thin using the MUAC 
cut-off value for thin/severely thin for that age 
and sex, whereas, SP indicates how likely subjects 
detected as not being thin/severely thin using BAZ 
are to be detected as not being thin/severely thin 
using MUAC cut-off value for thin/severely thin for 
their age and sex. SN = TP/(TP + FN) while SP = TN/
(FP + TN). PPV is the proportion of thin/severely 
thin, which is detected as thin/severely thin, and 
NPV is the proportion of subjects who are not thin/
severely thin and are detected as not thin/severely 
thin.
PPV = TP/(TP + FP), NPV = TN/(FN + TN). FN is the 
proportion of subjects who are thin/severely thin 
according to the BAZ criteria but are detected as 
not being thin/severely thin using the new MUAC 
cut-off value, that is FN/(TP + FN). FP, on the other 
hand, is the proportion of subjects who are not 
thin/severely thin but were detected as thin/
severely thin using the new MUAC cut-off value, 
FP/(FP + TN). Cohen’s Kappa was used to test the 
degree of agreement between the gold standard 
and MUAC cut-off values generated from the 
present study. For each sex and age, the predictive 
accuracy of each cut-off value was evaluated by 
determining the percentage misclassification 
of the new criteria against the gold standard. 
Statistical significance was set at P <0.05; all P 
values are two-tailed.

RESULTS

Accuracy of MUAC as indicator for thinness and 
severe thinness
The area under the curve was utilized to assess 
the diagnostic accuracies of MUAC in accurately 
detecting thinness. The trade-off between 

Thinness based on generated MUAC cut-
off value

Thinness based on BAZ

Yes No Total

Yes TP FP TP + FP

No FN TN FN + TN

Total TP + FN FP + TN N

Table 1:  Thinness 
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sensitivity and specificity is presented in the form 
of the ROC curve. Tables 1 and 2 summarized 
the sensitivity, specificity, predictive values, 
and likelihood ratios of MUAC as an indicator of 
thinness (BAZ < –2) and severe thinness (BAZ <– 
3) of participants using BMI as the gold standard 
screening test. The prime requirement of MUAC 
as a proxy screening tool for BMI is that it should 
correctly identify the majority of thin and severely 
thin cases. The false-positive rate assesses the 
proportion of individuals not identified as thin 
or severely thin using the gold standard (BMI) as 
the diagnostic tool who would be picked out as 
thin or severely thin (as the case may be) using 
MUAC as the screening tool. On the other hand, 
the false negative rate indicates the proportion of 
participants who were identified as thin or severely 
thin by the gold standard but were not picked out 
using MUAC as the screening tool.

The MUAC cut-off values for thinness in both sexes 
increase with age. The cut-off values of MUAC to 
detect thinness among boys aged 5 – 9, 10 – 15, 
and 16 – 19 years are respectively ≤16.7 cm (SN 
= 62%, SP = 63%), ≤19.5 cm (SN = 62%, SP = 71%) 
and 24.5 cm (SN = 81%, SP = 56%). Single-age cut-
off points range between ≤15.0 cm (SN = 67%, SP = 
73%) at age 5 years and ≤21.5 cm (SN = 75%, SP = 
82%) at age 15 years. Regarding the area under the 
ROC, age 5 was found to be the best age, with the 
highest area under the ROC curve being 0.83 (95% 
CI 0.70, 0.91) for boys. Other ages with similar high 
AUC among boys are ages 13, 14, 10 and 16 – 19 
years with AUC of 0.80 (95% CI 0.76, 0.85), 0.75 
(95% CI 0.70, 0.80), 0.71 (95% CI 0.66, 0.76) and 
0.75 (95% CI 0.71, 0.79) respectively (Table 1). The 
highest sensitivity (81%) was recorded at age 16 – 
19, while the highest specificity (82%) was at age 15. 
The lowest sensitivity, 58% in boys, was at age 10, 
and age 6, had the lowest specificity. Furthermore, 
all the NPVs of MUAC in this study were more than 
the PPVs, suggesting that MUAC was suitable for 
excluding the population of individuals who were 
not thin from a population of thin individuals. 
Figure 1 (a) shows the corresponding ROC curves.

Still on Table 1, the optimal MUAC cut-off values 
for girls at ages 5 – 9 years, 10 – 15 years, and 16 
– 19 years are respectively ≤17.8 cm (SN = 78%, 
SP = 41%), ≤20.8 cm (SN = 72%, SP = 64%) and 
≤23.0 cm (SN = 90%, SP = 70%). Whereas, single-
age cut-off points ranges between ≤15.5 cm (SN = 

85%, SP = 46%) and ≤22.8 cm (SN = 80%, SP = 59%) 
respectively. The age range 16 – 19 years is the 
best age for detecting thinness among girls with 
an optimal AUC of 0.84 (95% CI 0.80, 0.87). MUAC 
was also found to be a good predictor of thinness 
at ages 13, 14, 15, and 12 years with AUC of 0.76 
(95% CI 0.71, 0.80), 0.79 (95% CI 0.74, 0.83), 0.76 
(95% CI 0.71, 0.81) and 0.57 (95% CI 0.52, 0.63) 
respectively. For girls, the cut–off points of MUAC 
with sensitivity ≥ 80% in predicting thinness were 
≤ 15.5 cm, ≤22.8 cm, and ≤23.0 cm at ages 5, 
15, and 16 – 19 years, respectively. The highest 
sensitivity (90%) was at age 16 – 19, whereas the 
highest specificity (80%) was at age 13. The lowest 
specificity (40%) is at age 8 years. The sex-wise 
comparison revealed that girls have higher MUAC 
cut-off points than their male counterparts except 
at age 6 years and 16 – 19 years. Figure 1 (b) shows 
the corresponding ROC curves.

MUAC performed optimally as an indicator of 
severe thinness among boys aged 15 years with 
the highest AUC of 0.89 (95% CI 0.84, 0.92) (Table 
2). Single-age MUAC cut-off value for boys ranged 
between ≤15.0 cm (SN = 78%, SP = 67%) at 5 years 
to ≤21.5 cm (SN = 92%, SP = 74%) at 15 years. The 
cut-off values of MUAC at ages 5 – 9 years, 10 – 15 
years and 16 – 19 years and their corresponding SN 
and SP are respectively ≤16.5 cm (SN = 61%, SP = 
60%), ≤19.5 cm (SN = 69%, SP = 65%) and ≤24.5 cm 
(SN = 72%, SP = 63%). The highest sensitivity is 92% 
at age 15 years, whereas the highest specificity is 
80% at age 13 years. The lowest sensitivity and 
specificity are 61% (at ages 10 years and ages 5 – 
9 years) and 46% at age 7. Figure 2 (c) shows the 
corresponding ROC curves.

In girls, the cut-off value ranged from ≤15.5 cm 
(SN = 67%, SP = 72%) at age 5 years to ≤21.7 cm 
at age 15 years (SN = 81%, SP = 64%) (Table 2), 
respectively. The ROC curves for ages 5 – 8 years 
are not significantly different (P > 0.05) from 0.5, 
indicating MUAC's inability to distinguish between 
subjects with severe thinness from the normal 
group. The optimal cut-point values of MUAC with 
sensitivity ≥ 80% for predicting severe thinness 
were 16.0 cm, 21.7 cm, and 22.5 cm at ages 7, 14 
– 15, and 16 – 19 years, respectively. The cut-off 
value at age 10 years had the highest specificity 
(88%), age 14 had the highest sensitivity (98%), 
while age of 10 years had the lowest significant 
sensitivity (36%) for detecting severe thinness 



Rwanda Medical Journal, Vol. 82, no. 1, p. 12-22, 2025. https://dx.doi.org/10.4314/rmj.v82i1.2 -16-

Nwankwo et al. Arm circumference measurement as an alternative screening tool 
Ag

e 
(y

rs
.)

CP
§

SN
 (%

)
SP

 (%
)

YI
LR

RO
C 

AU
C

PP
V 

(%
)

N
PV

 (%
)

FP
 (%

)
FN

 (%
)

Bo
ys

 (n
 =

 3
,4

26
)

5
≤1

5.
0

67
 (4

1,
 8

7)
73

 (5
6,

 8
6)

0.
49

2.
47

0.
83

 (0
.7

0,
 0

.9
1)

55
 (3

9,
 6

9)
82

 (7
0,

 9
0)

45
18

6
≤1

6.
0

75
 (6

1,
 8

5)
39

 (3
0,

 4
8)

0.
13

1.
21

0.
58

 (0
.5

0,
 0

.6
5)

35
 (3

0,
 3

9)
78

 (6
8,

 8
5)

65
22

7
≤1

6.
5

70
 (5

9,
 8

0)
45

 (3
6,

 5
4)

0.
20

1.
27

0.
61

 (0
.5

4,
 0

.6
8)

46
 (4

0,
 5

1)
69

 (6
0,

 7
7)

54
31

8
≤1

6.
5

59
 (4

9,
 6

9)
80

 (7
3,

 8
6)

0.
40

2.
99

0.
71

 (0
.6

6,
 0

.7
7)

63
 (5

5,
 7

1)
78

 (7
3,

 8
2)

37
63

9
≤1

7.
3

65
 (5

6,
 7

4)
66

 (5
9,

 7
3)

0.
31

1.
93

0.
71

 (0
.6

6,
 0

.7
7)

57
 (5

1,
 6

3)
74

 (6
8,

 7
9)

43
57

10
≤1

8.
0

58
 (4

9,
 6

7)
81

 (7
5,

 8
6)

0.
39

3.
10

0.
71

 (0
.6

6,
 0

.7
6)

67
 (5

9,
 7

3)
75

 (7
1,

 7
9)

33
67

11
≤1

8.
5

62
 (5

2,
 7

1)
71

 (6
3,

 7
8)

0.
33

2.
09

0.
70

 (0
.6

4,
 0

.7
5)

59
 (5

2,
 6

6)
74

 (6
8,

 7
8)

41
59

12
≤1

9.
5

65
 (5

4,
 7

4)
65

 (5
8,

 7
1)

0.
30

1.
84

0.
66

 (0
.6

0.
 0

.7
1)

47
 (4

1,
 5

3)
79

 (7
4,

 8
4)

53
47

13
≤2

0.
0

74
 (6

4,
 8

2)
70

 (6
4,

 7
6)

0.
47

2.
45

0.
80

 (0
.7

6,
 0

.8
5)

51
 (4

6,
 5

7)
86

 (8
2,

 9
0)

49
51

14
≤2

1.
5

80
 (7

1,
 8

7)
57

 (5
0,

 6
5)

0.
37

1.
87

0.
75

 (0
.7

0,
 0

.8
0)

51
 (4

6,
 5

6)
84

 (7
7,

 8
9)

49
51

15
≤2

1.
5

75
 (6

5,
 8

4)
82

 (7
5,

 8
7)

0.
57

4.
17

0.
82

 (0
.7

7,
 0

.8
8)

66
 (5

8,
 7

3)
88

 (8
3,

 9
1)

34
66

5 -
 9

≤1
6.

7
62

 (5
6,

 6
7)

63
 (6

0,
 6

7)
0.

25
1.

68
0.

65
 (0

.6
2,

 0
.6

8)
45

 (4
2,

 4
8)

78
 (7

5,
 8

0)
55

22
10

 - 1
5

≤1
9.

5
62

 (5
8,

 6
6)

71
 (6

8,
 7

3)
0.

33
2.

10
0.

71
 (0

.6
8,

 0
.7

3)
53

 (5
0,

 5
6)

78
 (7

6,
 8

0)
47

53
16

 –
 1

9 
≤2

4.
5

81
 (7

5,
 8

7)
56

 (5
0,

 6
1)

0.
37

1.
84

0.
75

 (0
.7

1,
 0

.7
9)

50
 (4

7,
 5

4)
84

 (8
0,

 8
8)

50
16

G
irl

s 
(n

 =
 3

,4
82

)

5
≤1

5.
5

85
 (6

2,
 9

7)
46

 (3
4,

 5
8)

0.
34

1.
57

0.
69

 (0
.5

9,
 0

.7
9)

31
 (2

5,
 3

7)
91

 (7
9,

 9
7)

69
9

6
≤1

5.
5

45
 (3

0,
 6

1)
73

 (6
5,

 8
0)

0.
18

1.
66

0.
57

 (0
.5

0,
 0

.6
4)

33
 (2

5,
 4

3)
82

 (7
7,

 8
6)

67
18

7
≤1

6.
0

77
 (6

2,
 8

9)
50

 (4
2,

 5
8)

0.
27

1.
55

0.
65

 (0
.5

7,
 0

.7
1)

32
 (2

7,
 3

7)
88

 (8
1,

 9
3)

68
12

8
≤1

7.
0

73
 (6

1,
 8

2)
40

 (3
2,

 4
9)

0.
15

1.
21

0.
59

 (0
.5

2,
 0

.6
6)

39
 (3

5,
 4

4)
73

 (6
4,

 8
1)

61
27

9
≤1

7.
8

69
 (6

0,
 7

7)
64

 (5
7,

 7
1)

0.
33

1.
93

0.
69

 (0
.6

3,
 0

.7
5)

56
 (5

0,
 6

1)
76

 (7
0,

 8
1)

44
24

10
≤1

8.
0

72
 (6

4,
 7

9)
56

 (4
8,

 6
3)

0.
30

1.
63

0.
67

 (0
.6

1,
 0

.7
3)

56
 (5

1,
 6

0)
72

 (6
6,

 7
8)

44
28

11
≤1

8.
5

68
 (5

8,
 7

7)
57

 (5
0,

 6
5)

0.
27

1.
60

0.
63

 (0
.5

7,
 0

.6
9)

49
 (4

3,
 5

4)
75

 (6
9,

 8
1)

51
25

12
≤1

9.
6

63
 (5

1,
 7

3)
55

 (4
8,

 6
1)

0.
17

1.
38

0.
57

 (0
.5

2,
 0

.6
3)

32
 (2

7,
 3

7)
81

 (7
6,

 8
6)

68
19

13
≤1

9.
8

61
 (5

2,
 6

9)
80

 (7
4,

 8
5)

0.
40

3.
00

0.
76

 (0
.7

1,
 0

.8
0)

64
 (5

7,
 7

1)
77

 (7
3,

 8
1)

36
23

14
≤2

0.
7

75
 (6

6,
 8

2)
73

 (6
7,

 7
9)

0.
48

2.
80

0.
79

 (0
.7

4,
 0

.8
3)

63
 (5

7,
 6

8)
83

 (7
8,

 8
7)

37
17

15
≤2

2.
8

80
 (7

2,
 8

7)
59

 (5
1,

 6
5)

0.
38

1.
92

0.
76

 (0
.7

1,
 0

.8
1)

53
 (4

9,
 5

8)
83

 (7
7,

 8
8)

47
17

5 -
 9

≤1
7.

8
78

 (7
4,

 8
3)

41
 (3

7,
 4

5)
0.

19
1.

33
0.

61
 (0

.5
8,

 0
.6

4)
38

 (3
6,

 4
0)

80
 (7

6,
 8

3)
62

20
10

 - 1
5

≤2
0.

8
72

 (6
8,

 6
4)

64
 (6

1,
 6

7)
0.

36
1.

99
0.

74
 (0

.7
2,

 0
.7

6)
48

 (4
5,

 5
0)

83
 (8

2,
 8

5)
52

17
16

 –
 1

9
≤2

3.
0

90
 (8

2,
 9

6)
70

 (6
6,

 7
5)

0.
61

3.
05

0.
84

 (0
.8

0,
 0

.8
7)

40
 (3

6,
 4

4)
97

 (9
5,

 9
9)

60
3

Ta
bl

e 
1:

 P
er

fo
rm

an
ce

 o
f v

ar
io

us
 c

ut
-o

ff 
po

in
ts

 o
f M

UA
C 

as
 a

 p
re

di
ct

or
 o

f t
hi

nn
es

s (
BA

Z 
<-

2 
as

 g
ol

d 
di

ag
no

sti
c 

st
an

da
rd

) f
or

 c
hi

ld
re

n 
an

d 
ad

ol
es

ce
nt

s a
ge

d 
5 

– 
19

 y
ea

rs

CP
 c

ut
-o

ff 
po

in
t, 

SN
 s

en
siti

vi
ty

, S
P 

sp
ec

ifi
ci

ty
, Y

I Y
ou

de
n 

in
de

x,
 L

R 
lik

el
ih

oo
d 

ra
tio

, R
O

C 
re

ce
iv

er
 o

pe
ra

tin
g 

ch
ar

ac
te

ris
tic

s,
 A

U
C 

ar
ea

 u
nd

er
 c

ur
ve

, P
PV

 p
os

iti
ve

 p
re

di
cti

ve
 v

al
ue

, N
PV

 n
eg

ati
ve

 p
re

di
cti

ve
 

va
lu

e,
 F

P 
fa

lse
 p

os
iti

ve
, F

N
 fa

lse
 n

eg
ati

ve
. 9

5%
 C

Is
 in

 p
ar

en
th

es
es

. B
ol

df
ac

e 
re

pr
es

en
ts

 a
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t d
iff

er
en

ce
 in

 th
e 

RO
C 

cu
rv

e 
fr

om
 0

.5
. §

 E
ac

h 
cu

t-o
ff 

po
in

t w
as

 c
ho

se
n 

so
 th

at
 9

5%
 o

f a
ll 

m
al

no
ur

ish
ed

 c
hi

ld
re

n 
w

ou
ld

 b
e 

id
en

tifi
ed

 a
s 

su
ch

 b
y 

th
e 

M
U

AC
 v

al
ue

. 



-17-Rwanda Medical Journal, Vol. 82, no. 1, p. 12-22, 2025. https://dx.doi.org/10.4314/rmj.v82i1.2

Nwankwo et al. Arm circumference measurement as an alternative screening tool 

in girls. The highest and lowest specificity values 
are 88% and 46%, respectively. While comparing 
sex-wise indicated that the optimal MUAC cut-off 
value for screening severe thinness was higher 
among girls at ages 5, 6, 11, 14 and 15 years than 
those of boys. Nevertheless, these differences 

may not be significant and were not tested in this 
study since they are not the focus of the study. The 
small variations suggest the possibility of having a 
single cut-off value that detects severe thinness for 
both sexes of these age groups. Figure 2 (d) is the 
corresponding ROC curves.

Figure 1: Ability of receiver operating characteristic curves of MUAC to detect thinness (BMI-for-age <-2) for children 
aged 5– 19 years. 
MUAC was significantly better than chance as a diagnostic test for thinness in both boys (a) and girls (b). (a) Sensitivity 
= 54.13 (49.6, 58.6), specificity = 70.13 (67.1, 73.0), AUC = 0.654, P <0.001, associated criterion = 16.5 cm for boys aged 
5 – 10 yrs. Sensitivity = 65.34 (61.8, 68.8), specificity = 60.90 (58.1, 63.7), AUC = 0.679, P <0.001, associated criterion 
= 20.7 cm for boys aged 11 – 19 yrs. (b) Sensitivity = 69.39 (65.0, 73.5), specificity = 49.50 (46.2, 52.8), AUC = 0.599, P 
<0.001, associated criterion = 17.8 cm for girls aged 5 – 10 yrs. Sensitivity = 76.55 (72.7, 80.1), specificity = 66.86 (64.4, 
69.2), AUC = 0.775, P <0.001, associated criterion = 21.8 cm for girls aged 11 – 19 yrs. 

Figure 2: Ability of receiver operating characteristic curves of MUAC to detect severe thinness (BMI-for-age <-3) for 
children aged 5 – 10 and 11 – 19 years. 
MUAC was significantly better than chance as a diagnostic test for severe thinness in both boys (c) and girls (d). (c) 
Sensitivity = 61.14 (54.5, 67.5), specificity = 66.31 (63.6, 69.0), AUC = 0.656 (0.63, 0.68), P <0.001, associated criterion 
= 16.5 cm for boys, 5 – 10 yrs.  Sensitivity = 60.55 (55.0, 65.9), specificity = 71.45 (69.1, 73.6), AUC = 0.716 (0.70, 0.74), 
P <0.001, associated criterion = 19.5 cm for boys aged 11 – 19 yrs. Sensitivity = 48.58 (41.7, 55.5), specificity = 63.94 
(61.1, 66.7), AUC = 0.549 (0.52, 0.58), P = 0.025, associated criterion = 16.7 cm for girls 5 – 10 yrs.  Sensitivity = 84.79 
(79.3, 89.3), specificity = 60.80 (58.5, 63.0), AUC = 0.778 (0.76, 0.80), P <0.001, associated criterion = 21.7 cm for girls 
aged 11 – 19 yrs. 
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DISCUSSION

The present study showed that MUAC is an 
alternative screening tool to identify moderate 
and severe thinness in children and adolescents 
aged 5 – 19 years, generally assessed by BMI. 
MUAC showed a significant association with mean 
total BMI for each sex and across ages (except 
for girls at age 5 years), suggesting that it can 
be used to identify individuals at greater risk of 
thinness and severe thinness. Relevant studies 
that assessed the diagnostic performance of 
MUAC to detect thinness compared to BAZ score 
among Nigerian children and adolescents are 
scant. The idea to establish MUAC cut-off points 
in the general population of adolescents’ dates 
back to the late 1990s when the need to quickly 
diagnose and prioritize large numbers of severely 
malnourished persons for special nutritional 
intervention during emergencies, such as famine, 
war or disease outbreaks [34-36]. Albeit low BMI 
was recognized as a valuable screening tool for 
detecting severe malnutrition and predicting 
increased risk of morbidity and mortality, its use 
has been found to be challenging in settings where 
time and resources are limited. BMI measurement 
also requires arithmetic literacy; calibration and 
maintenance of measuring instruments are also 
necessary.

The AUC results showed that MUAC has a good 
diagnostic performance compared to BAZ in 
detecting adolescents who are moderately or 
severely thin. Our study results are in keeping 
with similar studies designed to assess whether 
MUAC can replace BMI for assessing malnutrition 
[37- 39]. These studies also reported a significant 
linear association between MUAC and BMI. One 
of these studies reported high sensitivity (97%) 
and specificity (71%) of MUAC in screening 
malnourishment among adolescents (10-19 years) 
(37). A study by De Kankana [38] showed that 
adolescent girls have a mean MUAC of 21.7 cm and 
that BMI and MUAC are significantly correlated. A 
study conducted on Indian adolescents by Gupta 
and his associates showed that the strength of 
association between BAZ <-2 and MUAC was 
significant. They then concluded that MUAC can be 
used as an alternative tool to measure thinness. In 
addition, they also showed the optimal MUAC cut-
off point to be <18.5 cm and <16.5 cm for BAZ <-2 
and BAZ <-3, respectively. However, a study done 

by Jeyakumar and colleagues reported that MUAC 
has higher specificity but low sensitivity [39].

Although previous studies have shown strong 
and significant associations between low MUAC 
(<23 cm or ≤23 cm) and low BMI (<18.5 kg/m2) 
[40-42], more studies are needed to determine 
whether different standardized cut-offs should be 
recommended based on subpopulation or based 
on contexts (famine relief/humanitarian assistance 
vs disease treatment programs e.g. HIV), for 
instance, some studies considered both men and 
women [34,36,43]; some only girls [40-42,44,45], 
or only boys [40].

The present study found that the optimal MUAC 
cut-off point to detect thinness in boys children, 
young adolescents, and late adolescents aged 
5 – 9, 10 – 15, and 16 - 19 years are respectively 
16.7 cm, 19.5 cm, and 24.5 cm whereas the cut-off 
points to detect severe thinness are respectively 
16.5 cm, 19.5 cm and 24.5 cm for the same age 
groups. In girls, the MUAC cut-off point to identify 
thinness for children and adolescents aged 5 – 9, 
10 – 15, and 16 – 19 years are 17.8 cm, 20.8 cm, 
and 23.0 cm, respectively. The optimal MUAC cut-
off points to identify severe thinness among girls 
of the same age range are 16.7 cm, 18.7 cm, and 
22.5 cm, respectively.

Furthermore, the specificity of the MUAC cut-off 
(≤16.5 cm) among boys 5 – 10 years for BAZ < -2 
(70.1%) was higher than the specificity of the MUAC 
cut-off (≤16.5 cm) for BAZ < -3 (66.3%), indicating 
that MUAC can be more specific in diagnosing 
thinness than severe thinness in malnourished 
population. In contrast, the specificity of the MUAC 
cut-off (≤20.7 cm) for boys aged 11 – 19 years for 
BAZ < -2 (60.9%) was lower than the specificity of 
the MUAC cut-off (≤ 19.5 cm) for BAZ < -3 (71.5%), 
signifying that MUAC can be more specific in 
detecting thinness among severely malnourished 
adolescent boys. In general, MUAC is relatively 
more specific than sensitive in identifying thinness 
among malnourished boys.

In girls, 5 – 10 years, the sensitivity of the MUAC 
cut-off (17.8 cm) for BAZ <-2 (69.4%) is higher than 
the sensitivity of MUAC cut-off (16.7 cm) for BAZ < 
-3 (48.6%), signifying that MUAC is more sensitive 
in detecting thinness than severe thinness in 
malnourished girl population. Conversely, the 
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sensitivity of the MUAC cut-off (21.7 cm) for 
BAZ <-3 (84.8%) is higher than the sensitivity of 
the MUAC cut-off (21.8 cm) for BAZ < -2 (76.6%), 
indicating that MUAC is more sensitive for 
diagnosing of thinness in severely malnourished girl 
population. The results of sensitivity and specificity 
of the present study were slightly lower than that 
reported by Gupta and associates, who found 
that for BAZ <-2, the sensitivity and specificity of 
MUAC cut-off point <18.5 cm were respectively 
73 and 79% for diagnosing thinness in adolescent 
girls age 10 – 19 years. Higher specificity (97.3%) 
was reported in the same study for BAZ <-3 as the 
diagnostic criterion for a MUAC cut-off point of <16 
cm. However, the specificity and sensitivity in our 
study for girls 11 – 19 years were higher than that 
reported by De (2016) for girls 10 – 19 years old, in 
which a sensitivity of 53.4% and specificity of 79.9% 
were reported. Another study done by Jeyakumar 
and colleagues showed that MUAC has lower 
sensitivity (28.5%) but higher specificity (96.5%) 
[46]. From the foregoing, results from previous 
studies indicate that MUAC has higher specificity 
but lower sensitivity in diagnosing thinness for BAZ 
< -2 whereas MUAC has higher sensitivity but lower 
specificity for detecting severe thinness for BAZ < 
-3. This is corroborated by the present study. The 
present study also demonstrates that for children 
and adolescents of both sexes and across all ages, 
NPV was consistently higher than PPV for BAZ < 
-2 and BAZ <-3 as the gold standards, signifying 
that MUAC cut-off points were able to accurately 
exclude individuals without thinness based on BAZ. 

As mentioned earlier, a paucity of studies assessed 
the diagnostic performance of MUAC compared to 
BAZ in identifying children and adolescents with 
thinness in Nigeria. More studies are necessary 
in other LGAs of Nasarawa State and other 
parts of Nigeria to add to the growing body of 
literature in search of a standard MUAC cut-off 
for malnourishment among children, adolescents, 
pregnant women, and populations in crisis. There 
is a need for various stakeholders in Nigeria to 
decide whether or not to establish a low MUAC 
cut-off point as a proxy for BMI indicators and/
or to establish optimal MUAC cut-off points for 
predicting outcomes of other health conditions. 

The present study has its strengths and limitations. 
The strength of the study is that anthropometric 
measurements were carried out using a 

standardized measurement protocol, and various 
quality control measures were taken to ensure that 
the data are of high quality. Another strength of the 
present study is the use of a relatively large sample 
size and the generation of both grouped cut-offs 
and single age- and sex-specific cut-off points. The 
grouped cut-offs can be handy in cases where the 
child’s specific age is not known. Although the 
samples were drawn from rural and urban settings, 
the study couldn’t establish a single MUAC cut-off 
point with a generic application for identifying 
malnourished children and adolescents. The 
study couldn’t establish what level of sensitivity 
and specificity are recommended for a particular 
MUAC cut-off point. The fact that samples were 
collected from only two out of the 13 LGAs of 
the State is another limiting factor to the study 
that limits the generalizability of the results. The 
results cannot be used as national year-wise MUAC 
cut-off points for requisite interventions during 
emergency situations.

CONCLUSION

In conclusion, the present study reveals that 
MUAC has relatively similar accuracy to BAZ. 
Consequently, MUAC could be used as an 
alternative tool for screening and surveillance of 
moderate and severe thinness among children and 
adolescents aged 5 – 19 years. We recommend 
that future studies determine whether or not 
different standardized cut-off points should be 
recommended to various subpopulations (for 
instance, children vs. adolescents, adolescents vs. 
adults, men vs. women). 
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