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Abstract

Malnutrition affects a third of the global population,
with high prevalence in Southeast Asia. Despite
declining under-five deaths, it remains a major
contributor to child mortality, particularly in rural India.
This study evaluates the nutritional status of children
aged 6 months to 5 years in a tertiary care hospital and
examines the correlation between Mid-Upper Arm
Circumference (MUAC) and weight-for-height z-scores

for nutritional assessment.

This observational study was conducted in a pediatric
ward of a tertiary care hospital, assessing the nutritional
status of children aged 6 months to 5 years admitted
from January to March 2022. Excluding those with
cerebral palsy or upper limb deformities, 270 children
were enrolled. Anthropometric measurements, including
weight, length, height, and MUAC, were taken.
Nutritional status was assessed using MUAC and

weight-for-height z-scores. Severe Acute Malnutrition
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(SAM) and Moderate Acute Malnutrition (MAM) were
defined based on z-scores and MUAC measurements,
compared to weight-for-height z-scores. Data were
analyzed using standard statistical software, with chi-
square tests employed for statistical analyses. A P-value
of <0.05 was considered statistically significant.

The study included 270 children, with a slight male
predominance (55.5%). Anemia was prevalent, with
moderate anemia being most common. Malnutrition
assessment showed comparable results between z-score
and MUAC methods, with substantial agreement.
MUAC demonstrated high sensitivity and specificity for
SAM and MAM detection, with 67% sensitivity for
SAM and 78% for MAM, and specificity of 99% for
SAM and 86% for MAM.

The study finds comparable malnutrition rates between
genders, with MUAC demonstrating reliability akin to z-
score methods. This indicates its potential as an effective
screening tool for malnutrition in resource-limited
settings. Early intervention facilitated by MUAC could
mitigate adverse health outcomes associated with
childhood malnutrition.

Keywords: Malnutrition, MUAC, Z-Scores, Sensitivity,
specificity

Introduction

Malnutrition covers both undernutrition and over
nutrition, including micronutrient  deficiencies.[1]
According to the WHO, malnutrition is an imbalance
between nutrient supply and the body's needs for growth
and function.[2] Globally, about one-third of the
population is underweight, one-third is overweight, and
one-third has normal weight.[2]

Malnutrition weakens children's immunity, increasing
their risk of infections, which in turn can worsen

malnutrition, creating a vicious cycle.[1] Approximately
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45 million children under five suffer from wasting, 149
million have stunted growth, and 39 million are
overweight. The prevalence of malnutrition is
particularly high in South East Asia.[3]

From 1990 to 2021, under-five deaths declined from
12.6 million to 5 million, but malnourished children still
face higher risks of death from common illnesses.[4]
According to the National Family Health Survey 5,
19.3% of children under five years old are wasted, and
7.7% are severely wasted.[5] The WHO and UNICEF
reported in 2009 that children with a weight-for-height
below -3 SD based on WHO standards have a more than
ninefold increased risk of death compared to children
with a weight-for-height above -3 SD.[6] India accounts
for 29.4% of the world's underweight children[3] and
was ranked 107th out of 121 countries on the Global
Hunger Index during 2019-2021, placing it in the
in child
Nepal and

alarming category.[7] India ranks third

malnutrition  globally,  following
Bangladesh.[8] Each year, 5 million children worldwide
die before the age of five, with one-third of these deaths
attributable to undernutrition.[2] The infant mortality
rate in India is 35.2 per 1,000 live births, with an under-
five mortality rate of 41.9 per 1,000 and a neonatal
mortality rate of 24.9 per 1,000.[9]

Rural children are more likely to be underweight than
urban children. Although malnutrition is not a direct
cause of death, it significantly increases morbidity and
mortality by lowering infection resistance, contributing
to 68.2% of deaths in children under five.[3][10] In
Guijarat, according to NFHS 4 (2015-16) 38.5% were
stunted, 39.3% were underweight, and 26.4% were
wasted among children under five.[11]

The nutritional status of children is a globally recognized

Lo |
indicator of national development, reflecting both the 1
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inputs and outcomes of developmental processes.
Malnutrition manifests in two extreme forms: severe
undernutrition and overweight/obesity.[1]

Nutritional  assessment includes seven primary
components: anthropometric measurements, biochemical
and laboratory parameters, clinical evaluation, dietary
history, epidemiological/ecological factors, functional
assessment, and growth monitoring.[12] Severe acute
malnutrition is defined by a weight-for-height/length z-
score less than -3 SD of the WHO median, a mid-upper
arm circumference (MUAC) less than 11.5 cm, or the
presence of nutritional edema.[13] Moderate acute
malnutrition is characterized by a weight-for-height z-
score between -3 SD and -2 SD or a MUAC of 11.5-12.5
cm without edema.[13]

MUAC and weight-for-height z-scores are commonly
used anthropometric parameters for assessing nutritional
status. MUAC is a quick and simple method using a
colored plastic strip, while weight-for-height requires
precise measurements of both weight and height to be
plotted on growth charts.

This study aims to assess the nutritional status of
children aged 6 months to 5 years admitted to a tertiary
care hospital and to evaluate the correlation between
MUAC and weight-for-height z-scores in assessing the
nutritional status of these children.

Materials and Methods

This cross-sectional observational study was conducted
in a pediatric ward of a tertiary care hospital from
January to March 2022. It aimed to assess the nutritional
status of children aged 6 months to 5 years. Inclusion
criteria were the specified age range and caregiver
consent; exclusion criteria were cerebral palsy and upper
limb deformities. A total of 270 children met the criteria.

After obtaining caregiver consent, data collection began.
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Each child was examined by a clinician, following
standard treatment protocols. Collected data included
demographics, presenting complaints, birth history,
vaccination status, family history, and feeding history.
Anthropometric measurements followed standardized
methods. Weight was measured with a digital scale,
length for children under two with an infantometer, and
height for those over two with a stadiometer. Mid-upper
arm circumference (MUAC) was measured at the
midpoint between the acromion and olecranon process
on the left upper arm. Nutritional status was assessed
using MUAC and weight-for-height z-scores. Severe
acute malnutrition (SAM) was a z-score less than -3 SD,
and moderate acute malnutrition (MAM) was between -2
SD and -3 SD. SAM was indicated by MUAC less than
11.5 cm, and MAM by MUAC between 11.5 cm and
125 cm. MUAC measurements were compared to
weight-for-height ~ z-scores, the gold standard.
Measurements were taken by a single observer for
consistency. Data was recorded on a standardized
proforma, entered Microsoft Excel, and analyzed using
statistical software.

Results

Table 1: Demographic details of study participants
(N=270)

Total No. (%)

Variable
N=270
Male 150 (55.5%)
Gender
Female 120 (44.5%)
6 months — 2 years | 147 (54.5%)
Age group

2 years- 5 years 123 (45.5%)

No Anemia 78 (28.9%)

Mild Anemia 83 (30.7%)

Anemia Profile

Moderate Anemia 100 (37.0%)

Severe Anemia 9 (3.3%)
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In our study involving 270 children, the gender
distribution showed a slight predominance of male
children, with 150 males (55.5%) compared to 120
females (44.5%). Age-wise, the children were evenly
distributed between two age groups: 147 children
(54.5%) were between 6 months and 2 years old, while
123 children (45.5%) were between 2 and 5 years old.
Regarding the anemia profile, the majority of the
children were found to have some degree of anemia.
Specifically, 83 children (30.7%) had mild anemia, 100
children (37.0%) had moderate anemia, and 9 children
(3.3%) suffered from severe anemia. Meanwhile, 78
children (28.9%) were not anemic. These findings
highlight that moderate anemia was the most prevalent
condition among the children studied.

Table 2: Detection of Malnutrition by both Z score
method and MUAC (N=270)

Malnutrition| Z  SCORE | MUAC p value
status (n=270) (n=270)

No. (%) No. (%)
SAM 51 (18.8%) 36 (13.3%) |0.21
MAM 91 (33.7%) 98 (36.4%) (x*=3.09,
Normal 128 (47.5%) | 136 (50.3%) | df-2)

The study evaluated malnutrition in 270 children using
both the Z score and MUAC methods. The Z score
method identified 51 children (18.8%) with Severe
Acute Malnutrition (SAM), while the MUAC method
identified 36 children (13.3%) with SAM, For Moderate
Acute Malnutrition (MAM), the Z score method detected
91 children (33.7%), and the MUAC method identified
98 children (36.4%). Among children classified as
normal, the Z score method identified 128 children
(47.5%), compared to 136 children (50.3%) identified by
the MUAC method. These findings indicate a high level

of agreement between the two methods, with minor
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differences in the prevalence rates for each category but,
showing no significant difference between the methods
(p=0.21, >=3.09, df=2).

Table 3: Gender Distribution in both Malnutrition
detection method (N=270)

Gende [ Z SCORE (w=2 701 T MUAC o300

The evaluation of gender distribution in our study
involving 270 children revealed that 150 (55.5%) were
male and 120 (44.5%) were female, indicating a
predominance of male children. Among the 51 SAM
(Severe Acute Malnutrition) children, 22 (43.1%) were
male and 29 (56.8%) were female. Of the 91 MAM
(Moderate Acute Malnutrition) children, 52 (57.1%)
were male and 39 (42.9%) were female. Among the 128
well-nourished children, 76 (59.3%) were male and 52
(40.7%) were female.

According to MUAC criteria, among the 36 SAM
children, 13 (36.1%) were male and 23 (63.9%) were
female. Of the 98 MAM children, 56 (57.1%) were male
and 42 (42.9%) were female. Among the 136 well-
nourished children, 81 were male and 55 were female.
There was no significant association between
malnutrition and gender (p > 0.05).

Table 4: Study of agreement between MUAC & Z Score

for detection of SAM (N=270)

Nutritional Status | Nutritional Status SAM by
SAM by MUAC Z score

YES NO | Total
YES 35 1 36
NO 16 218 | 234
Total 51 219 | 270

Out of 51 children who were diagnosed as SAM by Z

score method, 36 were also diagnosed as SAM by LM
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MUAC method. So, agreement between these two
methods to detect SAM was found to be 93.7%.
(Kappa=0.768). Value of kappa between 0.6 to 0.8
indicates substantial agreement between two methods.
Table 5: Study of agreement between MUAC & Z Score
for detection of SAM (N=270)

Nutritional Status MAM by | Nutritional Status
MUAC MAM by Z score

YES | NO | Total
YES 72 26 |98
NO 19 153 | 172
Total 91 179 | 270

The agreement between the MUAC method and the Z
score method for detecting MAM was found to be
83.3%, with 72 out of 91 children diagnosed as MAM by
the Z score method also being diagnosed as MAM by the
MUAC method (Kappa=0.634). A kappa value between
0.6 and 0.8 indicates substantial agreement between the
two methods.

Table 6: Statistical analysis of MUAC method in
comparison to Z SCORE in SAM patients, MAM

patients, and in all Malnourished patients

Malnutrition [Sensitivity Specificity| Positive |Negative
status Predicti- |Predictive

ve Value |Value

SAM 67% 99% 94% 92%
MAM 78% 86% 74% 88%
All 86% 90% 91% 85%

malnourished

patient

In this study, we calculated the sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of the MUAC method using various cut-
offs, comparing them against the gold standard Weight-
for-Height Z score. The sensitivity of the MUAC
method for detecting SAM children was 67%, and for

©2024, IIMACR

MAM children, it was 78%. The specificity was 99% for
SAM children and 86% for MAM children.

Discussion

In this study, out of the total 270 children enrolled, 150
(55.5%) were male, indicating a predominance of male
children over female children. The remaining 120
children were female. Age-wise, 147 children belonged
to the 6 months to 2 years age group, while the
remaining 123 (45.5%) children were in the >2 to 5
years age group, reflecting an almost equal age
distribution.

Bari et al.' found a higher prevalence of malnutrition
in male children (52.5%) compared to female children
(47.5%). Similarly, a study by Praveen Kumar et al.l*"!
(2018) conducted in five districts of India found that out
of 2127 children, 728 were in the 6 months to 2 years
age group, and 1339 were in the 2 to 5 years age group,
corroborating the age distribution observed in our study.
Anemia was observed in 192 out of 270 children.
Among the anemic children, 9 suffered from severe
anemia, 100 from moderate anemia, and 83 from mild
anemia. Leidman et al.* reported an anemia prevalence
of 47.9% in a study of 269 children, while the NFHS
51171 (2019-2021) survey indicated that 67.1% of children
aged 6 months to 5 years in India were anemic.

In this study, categorization of the 270 children using Z
scores revealed that 128 (47.5%) were in the normal
category, followed by those in the MAM (Moderate
Acute Malnutrition) category. Among the remaining
children, 51 (18.8%) were classified as SAM (Severe
Acute Malnutrition). Visible wasting was observed in 77
(28.5%) children, and edema was present in 2 (3.9%)
children.

Using MUAC

(Mid-Upper Arm  Circumference)

measurements, 36 (13.3%) children were found to be 1)
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suffering from severe acute malnutrition (MUAC <11.5
cm), 98 (36.3%) children were identified with moderate
acute malnutrition (MUAC 11.5-12.5 cm), and 136
(50.3%) children were categorized as normal. Overall,
134 (49.7%) children were classified as malnourished
according to MUAC criteria. Comparatively, the NFHS
5 data (2019-2021)1*7 reported a prevalence of 19.3%
for wasted children and 7.7% for severely wasted
children. The National Family Health Survey (2015-
2016) data for Gujarat indicated that 26.4% of children
under five were wasted, and 9.5% were severely
wasted.'A study by Bari et al.l'l using the MUAC
method observed that 26% of children were in the MAM
category and 34.2% were in the SAM category, with a
total malnutrition prevalence of 60.2%, which is higher
compared to our findings.

The evaluation of gender distribution in our study
involving 270 children revealed that 150 (55.5%) were
male and 120 (44.5%) were female, indicating a
predominance of male children. Among the 51 SAM
(Severe Acute Malnutrition) children, 22 (43.1%) were
male and 29 (56.8%) were female. Of the 91 MAM
(Moderate Acute Malnutrition) children, 52 (57.1%)
were male and 39 (42.9%) were female. Among the 128
well-nourished children, 76 (59.3%) were male and 52
(40.7%) were female. There was no significant
association between malnutrition and gender (p > 0.05).
This finding aligns with the survey by Md Igbal Hossain
et al.l*® which showed no significant gender differences,
with the prevalence of undernourished male children at
56.5% and female children at 43.5%.

According to MUAC criteria, among the 36 SAM
children, 13 (36.1%) were male and 23 (63.9%) were
female. Of the 98 MAM children, 56 (57.1%) were male
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and 42 (42.9%) were female. Among the 136 well-
nourished children, 81 were male and 55 were female.

In this study, we calculated the sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of the MUAC method using various cut-
offs, comparing them against the gold standard Weight-
for-Height Z score. The sensitivity of the MUAC
method for detecting SAM children was 67%, and for
MAM children, it was 78%. The specificity was 99% for
SAM children and 86% for MAM children. Talapalliwar
MR et al.l’ found that the sensitivity for diagnosing
SAM using the WHO-recommended MUAC cutoff of
<11.5 cm was 13.6%, with a specificity of 99.3%. For
diagnosing MAM with a MUAC cutoff of <12.5 cm, the
sensitivity was 23.7%, and the specificity was 97.5%.
The sensitivity of MUAC for detecting malnutrition in
our study was higher compared to these findings. The
specificity of MUAC in our study was high and
comparable to other studies. Lambebo A et al.?% also
observed that the sensitivity of MUAC is generally
lower than its specificity for detecting SAM and can
vary by region. Our findings indicate that the MUAC
method demonstrates high specificity and relatively
higher sensitivity in detecting malnutrition in our study
population, aligning with these observations.

The agreement between the MUAC method and the Z
score method for detecting MAM was found to be
83.3%, with 72 out of 91 children diagnosed as MAM by
the Z score method also being diagnosed as MAM by the
MUAC method (Kappa=0.634). A kappa value between
0.6 and 0.8 indicates substantial agreement between the
two methods. For detecting SAM, the agreement was
93.7%, with 36 out of 51 children diagnosed as SAM by
the Z score method also being diagnosed as SAM by the

LN
MUAC method (Kappa=0.768). This kappa value also 1

i

LB R R E NN RENRNERRERRERNERNERNRERERERERERNERNRNERERERERERERNENERRERRERERNERNERENRERERRERERNRENRERERERERRENNERENENRNERNERNERHNRHN.]! g’n

[\
[a W



Dr. Jaladhi V. Bhatt, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

indicates substantial agreement between the two
methods. These findings align with the study by Tadesse
AW et al.l?l, which reported an overall good agreement
between the MUAC method and the Weight-for-Height
Z score method. The substantial agreement observed in
our study suggests that MUAC is a reliable method for
diagnosing both MAM and SAM in children.
Conclusion

The study's findings reveal significant insights into
malnutrition prevalence, gender distribution, and
detection methods among children. Despite a slight male
predominance in the study, gender did not substantially
influence malnutrition prevalence, with both male and
children similar rates of

female experiencing

malnutrition of Severe Acute
Malnutrition (SAM),
(MAM), and well-nourished states. Additionally, the

study demonstrated substantial agreement between the Z

across categories

Moderate Acute Malnutrition

score and Mid-Upper Arm Circumference (MUAC)
methods in identifying malnutrition, highlighting the
reliability of MUAC as an alternative screening tool.
Notably, MUAC exhibited higher sensitivity compared
to previous studies, indicating its effectiveness in
detecting malnutrition, alongside a high specificity
consistent with existing research. These findings
underscore the importance of implementing practical and
reliable malnutrition screening approaches, particularly
in resource-limited settings, to facilitate early
intervention and improve child health outcomes. Overall,
the study contributes valuable insights into malnutrition
management strategies, emphasizing the significance of
timely intervention for addressing malnutrition's adverse

effects on child health and development.

©2024, IIMACR

References

1.

10.

11.

Nelson Textbook of Pediatrics, International Edition
- Edition 21 - By Robert M. Kliegman, MD and
Joseph W. St. Geme IIl, MD Elsevier Inspection
Copies. 21st ed. n.d.

Elizabeth DK. Nutrition and Child Development -
All India Book House. 6th ed. 2022.

UNICEF Annual Report 2021 | UNICEF n.d.
https://www.unicef.org/reports/unicef-annual-report-
2021 (accessed May 22, 2024).

Vitamin and mineral

requirements in human

nutrition, 2nd edition n.d.
https://www.who.int/publications/i/item/924154612
3 (accessed May 22, 2024).

NATIONAL FAMILY HEALTH SURVEY (NFHS-
4) 2015-16 INDIA 2017.

Black RE, Allen LH, Bhutta ZA, Caulfield LE, de
Onis M, Ezzati M, et al

undernutrition: global and regional exposures and

Maternal and child

health consequences. Lancet (London, England)
2008;371:243-60.  https://doi.org/10.1016/S0140-
6736(07)61690-0.

Klaus von Grebmer, jill Bernstein MW. 2022 Global
hunger index: Food systems transformation and
local governance | [FPRI : International Food Policy
Research Institute. 2022.

World Development Indicators 2016. World Dev
Indic 2016 2016. https://doi.org/10.1596/978-1-
4648-0683-4.

Lucia hug, David sharrow D. Levels and Trends in
Child Mortality Report 2017 | UNICEF. 2019.

National Family Health Survey n.d. http://
rchiips.org/nfhs/ (accessed December 1, 2021).
Swaminathan S, Hemalatha R, Pandey A,

O
Kassebaum NJ, Laxmaiah A, Longvah T, et al. The 1)

i

LB R R E NN RENRNERRERRERNERNERNRERERERERERNERNRNERERERERERERNENERRERRERERNERNERENRERERRERERNRENRERERERERRENNERENENRNERNERNERHNRHN.]! g’n

[\
[a W



Dr. Jaladhi V. Bhatt, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR)

12.

13.

14.

15.

16.

17.

burden of child and maternal malnutrition and trends
in its indicators in the states of India: the Global
Burden of Disease Study 1990-2017. Lancet Child
Adolesc Heal 2019;3:855-70. https:// doi.org/
10.1016/ S2352-4642(19)30273-1.

Elizabeth KE. Crusade
Nutrition Education Program.
2016;203.

Participant Manual for Facility Based Care of Severe

against  Malnutrition:

INDIAN Pediatr

Acute Malnutrition Ministry of Health and Family
Welfare Government of India. NRHM, 2013, p.
chapter 1:4.

A, Nazar M, Iftikhar A, Mehreen S.
Comparison of Weight-for-Height Z-score and Mid-

Bari

Upper Arm Circumference to Diagnose Moderate
and Severe Acute Malnutrition in children aged 6-59
months. Pakistan J Med Sci 2019;35:337-41.
https://doi.org/10.12669/PJMS.35.2.45.

Kumar P, Bijalwan V, Patil N, Daniel A, Sinha R,
Dua R, et al. Comparison between Weight-for-
Height Z-Score and Mid Upper Arm Circumference
to Diagnose Children with Acute Malnutrition in
five Districts in India. Indian J Community Med
2018;43:190-4. https:// doi.org/ 10.4103/ IJCM.
IJCM_310_17.

Leidman E, Humphreys A, Cramer BG, Toroitich-
Van Mil L, Wilkinson C, Narayan A, et al. Acute
Malnutrition and Anemia Among Rohingya
Children in Kutupalong Camp, Bangladesh. JAMA
2018;319:1505-6.
https://doi.org/10.1001/JAMA.2018.2405.

National Family Health Survey (NFHS-5) 2019-21 |
Compendium of fact sheets India and 14 states/UTs
(Phase-I1). 2023.

©2024, IIMACR

18.

19.

20.

21.

Hossain MI, Ahmed T, Arifeen S El, Billah SM,
Faruque ASG, Islam MM, et al. Comparison of
midupper arm circumference and weight-for-height
z score for assessing acute malnutrition in
Bangladeshi children aged 6-60 mo: an analytical
study. Am J Clin Nutr 2017;106:1232-7.
https://doi.org/10.3945/AJCN.116.139881.
Talapalliwar M, Garg B. Diagnostic accuracy of
mid-upper arm circumference (MUAC) for detection
of severe and moderate acute malnutrition among
tribal children in central India -. Int J Med Sci Public
Heal 2016;5:1317. https:// 10.5455/
IIMSPH. 2016.04092015195.

Lambebo A, Mezemir Y, Tamiru D, Belachew T.

doi.org/

Sensitivity and specificity of mid-upper arm

circumference for assessment of severe acute
malnutrition among children ages 6 to 59 months:
Systematic review and meta-analysis. Nutrition
2023;107. https:// doi.org/ 10.1016/ J.NUT. 2022.
111918.

Tadesse AW, Tadesse E, Berhane Y, Ekstrom EC.
Comparison of Mid-Upper Arm Circumference and

Weight-for-Height to Diagnose Severe Acute

Malnutrition: A Study in Southern Ethiopia.
Nutrients 2017;9. https:// doi.org/ 10.3390/
NU9030267.

157

Page



