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Abstract

Objective: To assess the strength of correlation and agreement between mid-upper
arm circumference (MUAC) and BMI, and determine suitable MUAC cut-offs, to detect
wasting and severe wasting among non-pregnant adult women in India.

Design: Cross-sectional studies were conducted in five high-burden pockets of four
Indian states.

Setting: Prevalence of malnutrition among women and children is very high in these
pockets and the government plans to implement community-based pilot projects to
address malnutrition in these areas.

Participants: Anthropometric measurements were carried out on 1716 women with
children <5 years of age. However, analyses were conducted on 1538 non-pregnant
adult women.

Results: The results showed a strong correlation between MUAC and BMI in the non-
pregnant women, with correlation coefficient of 0-860 (95% CI 0-831, 0-883;
P <0:001). Cohen’s k of 0-812 and 0-884 also showed good agreement between
MUAC and BMI in identifying maternal wasting and severe wasting, respectively.
The univariate regression model between MUAC and BMI explained 0-734 or 73 %
of the variation in BMI. The MUAC cut-offs for wasting (BMI < 18-5 kg/m?) and severe
wasting (BMI < 160 kg/m?) were calculated as 232 and 214-5 mm, respectively.
Conclusions: MUAC is a strong predictor of maternal BMI among non-pregnant
women with children <5 years in high-burden pockets of four Indian states. In a
resource-constrained setting where BMI may not be feasible, the MUAC cut-offs could
reliably be used to screen wasting and severe wasting in non-pregnant women for
providing appropriate care.
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Undernutrition due to deficiency of protein, energy, vita-
mins and minerals as well as poor health and socio-
economic status is affecting millions of women across
the globe. It is globally acknowledged that maternal under-
nutrition and anaemia, before and during pregnancy,
adversely affect fetal growth (weight and length) and
women’s own health and increase the risk of maternal mor-
tality”. India’s fourth National Health Family Survey con-
ducted in 2015-2016 shows that 23 % of India’s women
of reproductive age are undernourished, with a BMI of
less than 18-5 kg/m?®. This is the major factor why a child
of an undernourished mother is born undernourished,

maintaining an intergenerational cycle of undernutrition®.
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Women’s health and nutritional status are becoming
worse due to the prevailing culture and traditional
practices. It has also been observed that the dietary intake
of rural Indian women is lower than the recommended
quantity. The prevalence of anaemia is also found to be
very high among Indian women at 53 %®. Nutritional defi-
ciencies like iron and iodine and low intakes of essential
nutrients could enhance the chances of having a low-
birth-weight baby®.

Identification of malnourished women gives an oppor-
tunity to improve nutritional status and prevent adverse
outcomes of future pregnancies and women’s own health.
BMI is the most widely used measure of nutritional status of
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adult non-pregnant women in public health settings.
However, it must also be taken into account that, in prac-
tice, it is difficult to measure height and skill is required for
calculating BMI in a population setting. Also, in many low-
and middle-income settings, stadiometers are not available
for measuring height. Several practical difficulties and not
having the proper skills set among our nutritional workers
causes us to question the reliability of BMI to assess women’s
nutritional status. Hence, it would be important to consider
the need of having a surrogate marker which gives good
results and, at the same time, is easier to measure in a pop-
ulation setting. Mid-upper arm circumference (MUAC) has
been used for many years to assess nutritional status among
children aged <5 years. Several studies have also shown a
strong correlation between MUAC and BMI in adult
women®?. MUAC is a much simpler anthropometric mea-
sure than BM], as its use eliminates the need for expensive
equipment, such as height charts and scales, and for any
mathematical calculation. It is also much easier to perform
in a population setting and it is very easy to train nutritional
workers on how to take MUAC measurements. The chances
of errors are also less compared with height and weight mea-
surements. However, globally recognized MUAC cut-offs
have not been established to classify maternal nutritional
status, with different countries using different MAUC
cut-offs for classifying maternal malnutrition for their pro-
gramme purposes!?’. Therefore, establishing standard-
ized MUAC cut-offs for identifying cases of malnutrition
among adult women would be of great help to effectively
reach out to a larger community, so that women who are at
increased risk of morbidity and mortality associated with
malnutrition can be identified easily for timely and effec-
tive treatment.

Therefore, the present study was conducted to assess
the strength of correlation and agreement between
MUAC and BMI and to determine suitable MUAC cut-offs
to detect wasting and severe wasting among adult females
in India.

Materials and methods

Study design, sampling and data collection

The present study used anthropometric data, namely
assessments of height, weight and MUAC, collected on
mothers with children <5 years of age. Data were collected
through five cross-sectional nutritional surveys, conducted
between 2015 and 2017 by Kalawati Saran Children’s
Hospital, New Delhi in collaboration with UNICEF India,
in five districts of four Indian states: West Singhbhum
(Jharkhand), Nabarangpur (Odisha), Koraput (Odisha),
Banda (Uttar Pradesh) and Hosangabad (Madhya
Pradesh). These high-burden pockets were identified by
States for planning their community-based programme
for addressing problems of maternal and child undernutri-
tion. All five nutrition surveys in the five districts used
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two-stage cluster sampling with the probability of being
sampled proportional to the population. In total, 1716
women were part of the survey; however, for the present
analysis, pregnant women (72 148) were excluded as their
BMI was not calculated. Hence the analytic sample was
1538 non-pregnant adult women.

In all five surveys, equipment of global standards
was used for taking anthropometry. To obtain MUAC, a
flexible, inelastic, white-coloured adult measuring tape
(UNICEF supply catalogue code S0145630) was used.
The values obtained were expressed in millimetres. For
measuring height, wooden stadiometers were used; and
for measuring weight, SECA 874 scales, equipped to
weigh any person below 250 kg with highest precision,
were used.

Statistical analysis

BMI (kg/m?) was calculated using the recorded height and
weight using the formula: weight/height?. Pearson’s correla-
tion coefficient () was used to calculate the correlation
between BMI and MUAC and to assess the strength of their
linear relationship. We also calculated Cohen’s k coefficients
to see the level of agreement between BMI and MUAC in
diagnosing wasting and severe wasting. If k=1, then this
implies perfect agreement between the two criteria to diag-
nose wasting and if x = 0, this implies perfect disagreement.
A univariate linear regression analysis was performed to
derive the mathematical relationship between BMI and
MUAC. The coefficient of determination (R?) was calculated
as a goodness-of-fit index. Receiver-operating characteristic
curves were plotted for MUAC to obtain a global measure of
the accuracy of the test for the combination of all possible
cut-off points. The areas under the curves were calculated
and, based on the coordinates of the curves, cut-off points
were selected for the variable MUAC for classifying maternal
wasting and severe wasting cases. Adequate cut-off points
for MUAC were derived for classifying cases of maternal
wasting and severe wasting that correlate to BMI of <185
and <160 kg/m?, respectively. All statistical analyses were
performed using the statistical software package IBM SPSS
Statistics version 20.

Results

Tables 1 and 2 provide descriptive statistics for the preva-
lence of nutritional status among the adult women as per
WHO and Asian cut-offs for BMI'V, respectively.

Table 1 shows the distribution of nutritional status of the
women as per the WHO classification using adult BMI. It
shows that more than 40 % of the mothers surveyed were
underweight and only 1-2% were obese. Also, 5-4% of
mothers were classified as overweight and about 53 % of
mothers had BMI within the normal range.

Table 2 shows the distribution of nutritional status of the
women as per the Asian cut-off using adult BMI criteria. It
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Table 1 Distribution of maternal nutritional status, as per WHO
classification, among non-pregnant adult women with children <5
years of age (n 1538) from five high-burden pockets of four Indian
states, 2015-2017

Category Criterion Cases Prevalence (%)
Underweight BMI < 18-5 kg/m? 624 40-6
Normal BMI = 18-5-24-9 kg/m? 813 52.9
Overweight  BMI=25.0-29-9 kg/m? 83 5.4
Obese BMI > 30-0 kg/m? 18 1.2
Total 1538 100-0

Table 2 Distribution of maternal nutritional status, as per Asian
cut-offs, among non-pregnant adult women with children <5 years
of age (n 1538) from five high-burden pockets of four Indian
states, 2015-2017

Category Criterion Cases Prevalence (%)
Underweight BMI < 185 kg/m? 624 40-6
Normal BMI = 18-5-22.9 kg/m? 730 475
Overweight BMI = 23.0-24-9 kg/m? 83 54
Obese BMI > 25.0 kg/m? 101 6-5
Total 1538 100-0
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Fig. 1 (colour online) Receiver-operating characteristic curve

) of mid-upper arm circumference to identify maternal
wasting (BMI < 18-5 kg/m?) among non-pregnant adult women
with children <5 years of age (n 1538) from five high-burden
pockets of four Indian states, 2015-2017. Diagonal segments
are produced by ties; represents the line of no
discrimination

again shows that more than 40 % of the mothers surveyed
were underweight. Also, 5-4 % of mothers were classified as
overweight and 6-5 % of mothers were classified as obese,
the latter being higher than with the WHO classification.
About 48 % of the mothers had BMI within the normal
range, which is lower than with the WHO classification.
The correlation coefficient of BMI and MUAC was
calculated as r=0-860 (95% CI 0-831, 0-883; P < 0-001),
which shows a strong relationship between the two.
The univariate linear regression analysis showed that the
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relationship between MUAC and BMI by means of equation
is BMI = —2:656 + 0:094 MUAC. This means on average, for
each 1 mm unit of MUAC, BMI increases by 0-094 kg/m?
units. With a P value of <0-0001, this represents a very
strong statistical significance: that is, the null hypothesis
that there is no correlation between MUAC and BMI is
rejected and we can state that there is a highly statistically
significant correlation between MUAC and BMI. We found
R?=0-734 (i.e. regression model is a good fit) and the uni-
variate model explained 73 % of the variation in BMI. We
also found that Cohen’s k between BMI and MUAC for diag-
nosing wasting and severe wasting was 0-812 (2= 0-00)
and 0-884 (P=0-00), respectively, showing that there is
almost perfect agreement between the two criteria in diag-
nosing maternal wasting and severe wasting.

Receiver-operating characteristic curve analyses

Mid-upper arm circumference to detect wasting among
adult women

The area under the curve was 0-906 (95 % CI 0-892, 0-921;
P <0-001; Fig. 1). The higher the area under the curve
(>0-5), the better the model is at distinguishing between
mothers with wasting and no wasting.

The receiver-operating characteristic curve analysis
showed that MUAC cut-off of <232 mm has 84-4 % sensitiv-
ity and 80-7 % specificity. As per the Youden analysis, the
best MUAC cut-off to detect wasting (BMI < 18-5 kg/m?) is
<232 mm, with a Youden index of 0-652; however, for pro-
grammatic purposes, we can consider an MUAC cut-off of
<235 mm or <23-5cm for identifying cases of maternal
wasting. Table 3 shows the sensitivity, specificity and
Youden index of different MUAC cut-offs for identifying
maternal wasting.

Mid-upper arm circumference cut-off to detect severe
wasting among adult women

The area under the curve was 0-941 (95 % CI 0-920, 0-963;
P < 0-001; Fig. 2), which again shows that the model is good
at distinguishing between mothers with and without severe
wasting.

The receiver-operating characteristic curve analysis
showed that MUAC cut-off of <214-5 mm has 88-0 % sensitiv-
ity and 86-8 % specificity. As per the Youden analysis, the best
MUAC cut-off to detect severe wasting (BMI < 16-0 kg/m?)
among women is <214-5 mm, with a Youden index of 0-748;
however, from a programmatic perspective, an MUAC of
<215 mmor <21-5 cm would be a good cut-off for identifying
cases of severe wasting among women. Table 4 shows the
sensitivity, specificity and Youden index of different MUAC
cut-offs for identifying maternal severe wasting.

Discussion and conclusion
The results of the present study show that MUAC serves as

significant predictor of BMI. The study concludes that, for
non-pregnant adult women, MUAC cut-offs of <232 mm
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Table 3 Sensitivity, specificity and Youden index of different mid-
upper arm circumference (MUAC) cut-offs to identify maternal
wasting (BMI < 185 kg/m?) among non-pregnant adult women
with children <5 years of age (n 1538) from five high-burden
pockets of four Indian states, 2015-2017

2551

Table 4 Sensitivity, specificity and Youden index of different
mid-upper arm circumference (MUAC) cut-offs to identify maternal
severe wasting (BMI<16-0 kg/m?) among non-pregnant
adult women with children <5 years of age (n 1538) from five
high-burden pockets of four Indian states, 2015-2017

MUAC cut-off Sensitivity Specificity Youden MUAC cut-off Sensitivity Specificity Youden
(mm) (%) (%) index (mm) (%) (%) index
<220 53-0 95.0 0-479 <2045 63-0 96-3 0-593
<225 66-8 90-3 0-570 <209.5 80-0 93.3 0-732
<230 79-6 84-6 0-642 <214.5 88-0 86-8 0-748
<232 84-4 80-7 0-652 <2195 90-0 80-1 0-701
<235 90-2 74.9 0-651 <2245 97.0 716 0-686
<240 94.5 642 0.587
<245 97-3 53-6 0-508
introduction of MUAC as a criterion for identifying maternal
wasting and severe wasting with the said cut-offs, similar to
10 identifying child wasting, would be ideal in a low-resource
setting for easy and quick identification and timely and effec-
tive treatment.
0-8
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Fig. 2 (colour online) Receiver-operating characteristic curve
(——) of mid-upper arm circumference to identify maternal
severe wasting (BMI < 16-0 kg/m?) among non-pregnant adult
women with children <5 years of age (n 1538) from five high-bur-
den pockets of four Indian states, 2015-2017. Diagonal seg-
ments are produced by ties; represents the line of no
discrimination

and <2145 mm are good predictors to detect wasting
(BMI < 185 kg/m?) and severe wasting (BMI < 16:0 kg/m?)
respectively. In a population setting, where height and
weight measurements of women are difficult to take due
to non-availability of weight and height measurement scales
and logistic challenges, as well as having high chance of
measurement and calculation errors, MUAC measurement
for identifying maternal wasting could serve as a practically
viable alternative. It can also complement the identification
of cases using BMI and work as a substitute if BMI measure-
ment would be difficult in a particular situation. Several other
studies have also shown a strong correlation between MUAC
and BMI in different settings'>'>. MUAC also proved to be a
better predictor of mortality compared with BMI?. Our
study was spread across five high-burden pockets of four
Indian states and reflects true population characteristics of
high-burden pockets of these states. Hence, we believe that
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