W) Check for updates

Received: 26 September 2020 Revised: 17 April 2021 Accepted: 6 May 2021
DOI: 10.1111/mcn.13217

ORIGINAL ARTICLE I‘ WILEY

Determinants of maternal low mid-upper arm circumference
and its association with child nutritional status among poor and
very poor households in rural Bangladesh

Md Ahshanul Haque® ® | Nuzhat Choudhury! ©® | Fahmida Dil Farzana® |
Mohammad Ali? | Mohammad Jyoti Raihan? | S. M. Tanvir Ahmed? |

Sheikh Shahed Rahman? | Towfida Jahan Siddiqua® | Abu Syed Golam Faruque® |
Tahmeed Ahmed

INutrition and Clinical Services Division, icddr,
b, Dhaka, Bangladesh Abstract

2Child Poverty Sector, Save the Children Malnutrition among women is a long-standing public health concern that has
Bangladesh, Dhaka, Bangladesh oA .
angladesh, Dhaka, banglades significant adverse consequences on the survival and healthy development of
Correspondence children. Maternal mid-upper arm circumference (MUAC) could potentially represent
Nuzhat Choudhury, Nutrition and Clinical
Services Division, icddr,b, 68 Shaheed
Tajuddin Ahmed Sarani, Mohakhali, Dhaka gate the factors associated with low maternal MUAC (as an indicator of being
1212, Bangladesh.
Email: nuzhat@icddrb.org

a simpler alternative to traditional nutritional indicators. This study aimed to investi-
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with maternal underweight status and explore whether maternal underweight status
is significantly associated with children's nutritional status. The prevalence of
maternal underweight status was 46.7%, and the prevalence of wasting, stunting and
underweight among children under two were 10.5%, 44.4% and 31.9%, respectively.
After controlling for various socio-economic and demographic characteristics,
maternal MUAC was significantly associated with children's nutritional status in rural
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1 | INTRODUCTION

Women of child-bearing age are often nutritionally susceptible
(Lartey, 2008). Although maternal and child nutrition have improved
much globally, the prevalence of maternal and child malnutrition still
remains very high in low-resource settings. Despite the successful
implementation of many nutritional policies at the national and
international level, maternal malnutrition still represents a major public
health concern that has adverse consequences on the survival and
healthy advancement of women, especially in low- and middle-income
countries (Black et al., 2013; National Institute of Population
Research and Training - NIPORT/Bangladesh, Mitra and Associates, &
ICF International, 2016). Previous studies have shown maternal
malnutrition is commonly associated with childhood malnutrition and
contributes to low birth weight, suggesting new avenues of research
and novel interventions are required to reduce maternal and child
malnutrition (Ajieroh, 2009; Bhutta et al, 2008; Choudhury
etal., 2017; Islam et al., 1994; Lartey, 2008).

The situation of maternal undernutrition in Bangladesh is no
better than in other low- and middle-income countries. The Food
Security Nutritional Surveillance Project reported that 18% of women
are undernourished nationally based on mid-upper arm circumference
(MUAC) measurements, with an alarmingly high prevalence of 40% in
Sylhet region (HKI and JPGSPH, 2014). Sylhet is one of the most
vulnerable regions in northeast Bangladesh and includes diverse
terrain such as plains, hills, Haor (wetlands) and areas prone to flash
flooding (HKI and JPGSPH, 2014). Several important indicators
of healthcare, maternal nutrition and socio-economic status are
low in this region of the country (HKI and JPGSPH, 2014;
NIPORT/Bangladesh et al., 2016). In contrast to the national decrease
observed in Bangladesh overall, child malnutrition has increased in
Sylhet in recent years (NIPORT/Bangladesh et al., 2016).

Numerous factors are associated with women's undernutrition,
including socio-economic and demographic characteristics, smoking
habits, household food insecurity status, decision-making autonomy
and the area of residence (Balarajan & Villamor, 2009; Corsi
et al, 2011; Hasan et al, 2017; Kamal et al, 2015; Khan &
Kraemer, 2009). Nationally representative studies in Bangladesh have
reported associations between child or maternal malnutrition and the
wealth index, which is a composite indicator of several household
socio-economic characteristics (NIPORT/Bangladesh et al., 2016).
However, it remains unclear whether specific socio-economic
indicators—such as the type of latrine, source of drinking water,
household construction materials or the number of children—influence
the nutritional status of women, especially those from poor and very
poor households.

Household food security status is a critical factor associated with
childhood malnutrition that contributes to maternal malnutrition
(S. L. Young et al., 2014). However, only a small number of studies
have tested this association nationally or among the general
Bangladeshi population, and no studies have been conducted among
vulnerable populations living in specific regions of Bangladesh. In

addition to the household food security status, biological factors also
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Key messages

e Low maternal MUAC may indicate worsening nutritional
status among children.

e To reduce maternal underweight status, public health
strategies should focus on water, sanitation and hygiene
(WASH), household food insecurity and optimal maternal
healthcare practices.

o MUAC measuring tapes are cheap and widely available
and enable underweight women to be easily identified in

low-resource settings.

affect child malnutrition, and the mother plays a significant role in the
interaction between children and the environment (Victora
et al, 2008). Intrauterine nutritional deficiency and a lack of
handwashing reduce the energy balance of the child (Sawaya &
Roberts, 2003), which may have harmful effects during the late prena-
tal stages and lead to short height due to long-term nutritional deficits
(Victora et al., 2008). However, many other factors have also been
associated with maternal and child nutrition, including poor maternal
reproductive healthcare-related indicators, experience of domestic
violence and a lack of handwashing with soap (Adhikari et al., 2020;
Chattopadhyay et al., 2019; Nguyen et al., 2017; Nkoka et al., 2019).
The nutritional indicator body mass index (BMI) is calculated
using weight (kg)/height (m)? (Ajieroh, 2009; Choudhury et al., 2017;
Islam et al.,, 1994; Lartey, 2008; NIPORT/Bangladesh et al., 2016).
However, there are some practical limitations to the use of BMl as a
rapid assessment tool, as it can be difficult to measure the height and
weight of debilitated, disabled or acutely ill individuals. Moreover,
the instruments used to measure weight and height/length are not
always precise. High-precision instruments are very costly in
resource-poor settings or population-based surveys and require
trained personnel, which is not always possible. MUAC represents a
sensible alternative in such situations and is the most common
anthropometric measure used to assess the nutritional status of
children (Briend et al., 1987; Sultana et al., 2015; WHO Working
Group, 1986), particularly in emergency and crisis settings. Therefore,
MUAC is considered as a reliable method for determining the
nutritional status of women (Sultana et al., 2015). Several studies
have been conducted to assess the association between maternal
MUAC and children's nutritional indicators in various settings and
populations (Assefa et al., 2012; Gewa et al, 2012; Kpewou
et al., 2020; Vasundhara et al., 2020). These studies measured the
nutritional status of either lactating or pregnant women (representing
the general population) in facilities or households but did not specifi-
cally focus on women from poor or very poor households. Thus,
there is a lack of research on the relationships between maternal
underweight status determined using MUAC and the multiple factors
mentioned above in rural Bangladesh, particularly among women

belonging to vulnerable households.
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To address this knowledge gap, this paper aimed to identify the
factors associated with maternal MUAC and investigate whether
these indicators are significantly associated with children's nutritional
status among a socio-economically deprived population in rural
Bangladesh. To our knowledge, this is the first study of maternal
MUAC among poor and very poor communities. The results of this
study are expected to inform the formulation of appropriate strategies
to reduce the worsening nutritional status of babies yet to be born in
the Sylhet region of Bangladesh based on the MUAC of pregnant

women.

2 | METHODS

21 | Source of data

Data for this study were extracted from the baseline cross-
sectional survey of the Suchana programme, a large-scale
development programme that is currently ongoing in Sylhet division
(Choudhury et al., 2020; Haque et al., 2020). The baseline survey
was conducted between November 2016 and February 2017 and
covered 640 villages from 80 unions (the smallest administrative
unit) in the northeast of Bangladesh (HKI and JPGSPH, 2014). The
80 unions were randomly selected from a list of the 157 unions in
Moulvibazar and Sylhet districts of Sylhet division. For implementa-
tion purposes, vulnerable villages in each union were selected by
the programme staff based on vulnerability (e.g., frequency of
flooding/submerging, low or no intervention by other development
programmes, poverty/household living conditions, remoteness/
difficulty to reach and superstitions/high prevalence of social
taboos). This selection process was finalized after discussion with
local government officials, elected representatives, local elites and
field visits. Eight vulnerable villages were randomly selected from
each union for the baseline survey.

A household wealth ranking was completed; all listed households
were verified as per the Suchana programme inclusion criteria and, if
selected, given an identification number. Finally, households with a
mother-child pair were selected for the baseline survey using a
systematic sampling method (Choudhury et al., 2020); the age range
for mothers was 15-49 years and children 0-23 months. If any
selected households were unavailable due to non-response or other
reasons (Figure S1), we replaced the household with the next immedi-
ate household from the sampling frame in an anti-clockwise direction
(Haque et al., 2020) to survey the required number of households
by phase and age group, according to our randomly generated listing.
In this analysis, cases were excluded when the maternal age was
<20 years.

Survey data collection was conducted using Android tablets com-
plemented with custom-developed Java software. Separate standard
operating procedures were followed for interviewing and anthropom-
etry. The survey team underwent 40 days of training, including
field-testing and adjustment of the data collection tools. The training

included a brief programme overview; general rules, norms and
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guidance on survey implementation; the survey methodology, such as
team composition, sampling and household selection process; a
detailed discussion of the questionnaire form, interview techniques,
administration of questionnaires and handling the Android PDAs; role
play exercises aided by demonstrations to better understand
techniques for asking sensitive questions and methods of ensuring
the quality of the data. The dedicated anthropometry team was
trained on anthropometric measurements and how to assemble,
calibrate and maintain their tools, as well as the key points to check
while taking measurements. A master trainer was involved in training

the anthropometric team.

2.2 | Variables of interest

The conceptual framework of factors influencing the association
between maternal undernutrition and child nutrition is depicted in
Figure 1. The outcome variables for this study were indicators of child
nutritional status, such as wasting, stunting and underweight. The
length of children was measured using seca 416 infantometers (seca,
Hamburg, Germany) with a precision of 0.1 cm. Seca 874 weight
scales with a precision of 1 gm were used to measure maternal and
child weight. Maternal MUAC was measured at the mid-point
between the tip of the shoulder and the tip of the elbow (olecranon
process and acromion process; Mehranfar et al., 2020). The left arm
was bent to a right angle, the wide end of the tape was placed on the
shoulder and the length to the elbow was measured. The midpoint of
the left upper arm was determined (and ideally, marked with a pen).
Then, the arm was straightened, and the tape was placed at the
mid-point to measure MUAC, ensuring the tape was not too tight or
too loose. Three readings were taken, and the average was computed
using commands in the database. Low maternal MUAC was defined as
a MUAC < 23 cm, which correlates closely with low BMI (Ghosh
et al., 2019; Sultana et al., 2015). Length-for-age (LAZ), weight-for-age
(WAZ) and weight-for-length (WLZ) Z scores were calculated as
indicators of child nutritional status according to the 2006 WHO
Standards For Children, using Z-score scale = (observed value —
average value of the reference population)/standard deviation value
of reference population (Haque et al., 2019; Onis & Bloessner, 1997).
Stunting was defined as a LAZ < —2, wasting as a WLZ < -2 and
underweight as a WAZ < —2.

Several variables were considered as explanatory variables based
on an extensive literature review and previous descriptive studies.
The variables relevant to maternal nutrition included current age, age
at marriage and first pregnancy, formal schooling (at least 1 year), at
least four antenatal care check-up visits during last pregnancy,
attendance by qualified health personnel during last delivery, use of
contraceptives, type of delivery (vaginal or caesarean section), experi-
ence of domestic violence and handwashing with soap and water
before eating food and after defecation or handling domestic animals.
The household demographic variables included household size, the
sex and education of the household head, religion, type of latrine

(improved or non-improved), washing utensils with tube well water in
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’ Maternal age

‘ Maternal education

‘ Antenatal care check-up

‘ Attendant during last delivery

‘ Type of delivery

‘ Use of contraception

\ Experience of domestic violence
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‘ Number of children %

- nutrition

‘ Type of latrine

Washes utensils with tube well
water in all seasons

’ Type of floor

‘ Hand washing with soap }*’

‘ Household head’s education /

‘ Religion

‘ Household food insecurity status

FIGURE 1

all seasons, type of floor (improved or non-improved) and household
food insecurity status.

Maternal experience of domestic violence was defined as a
husband threatening to divorce or remarry, or verbal or physical abuse
by their husband or other family members (Haque et al., 2020). The
Household Food Insecurity Access Scale (HFIAS) was employed to
define food insecurity according to the Food and Nutrition Technical
Assistance's guidelines and categorized as food secure, mildly food
insecure, moderately food insecure or severely food insecure (Coates
et al., 2007; Haque et al., 2017).

2.3 | Quality control

The team supervisors were responsible for responding to critical
questions on use of the Android tablets and also verified that the
respondents from non-responsive households were truly unavailable
or had opted out of participation. The precision of all instruments was
checked every morning, and weighing scales were calibrated daily.
The supervisors cleaned all instruments before going to the field sites,
and the anthropometric team cleaned the instruments carefully after
each use. In addition to the data collection team, an independent
quality control team of four quality control officers made random

visits to the data collection teams to observe the data collection,

e Maternal N

Child nutrition Union as cluster

Child’s sex

Conceptual framework of factors associated with maternal and child nutritional status

sampling and re-interviewing processes for a randomly selected
sub-sample of respondents.

2.4 | Statistical analysis

All statistical analyses were performed using Stata 14 (StataCorp,
College Station, TX, USA). Data were visualized using box plots,
histogram, pie charts, bar diagrams or scatter plots. Descriptive
statistics such as the mean/standard deviations for quantitative
variables and frequencies/proportions for qualitative variables were
used to summarize the data and segregated by maternal nutritional
status. The chi-square test was used to assess the association
between two categorical variables; independent t tests were used
to determine the significance of the differences between the
means of two groups for normally distributed data. Primarily,
simple logistic regression analysis was used to establish the
strength of associations between low maternal MUAC and other
variables. Multiple logistic regression analysis was employed to
identify the factors potentially associated with maternal under-
weight status and assess the association between maternal under-
weight status and indicators of child nutritional status after
controlling for union as a cluster. Covariates with a p < 0.25 in the

bivariate analysis were included in the multiple regression model
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via a stepwise forward selection method (Bursac et al., 2008;
Haque et al., 2020). P < 0.05 was considered as the level of signifi-
cance, and 95% confidence intervals were calculated to assess the

directions and strength of the effects.

2.5 | Ethical considerations

This study was approved by the Research Review Committee and
Ethical Review Committee, the two obligatory components of the
institutional review board of icddr,b. Informed written consent was

obtained from study participants.

3 | RESULTS

A total of 7,723 households were visited. Of these, 2,283 households
were not surveyed for various reasons (Figure S1). Moreover,
371 households were not included in the analysis, as maternal age
was <20 years, because this adolescent age still has potential to grow
further. In total, 5,069 households with mother-child pairs were
analysed in this study. Overall, 2,367 (47%) mothers had a MUAC
< 23 cm (Figure 2). Among the mothers with a low MUAC, the
prevalence of stunting among their children was 48.8%, wasting was
13.4% and underweight was 38.9%. The descriptive findings for
this dataset segregated by maternal nutritional status are shown in
Table 1.

The adjusted and unadjusted odds ratios computed from logistic
regression are shown in Table 2. The factors significantly associated
with maternal undernutrition based on MUAC were a maternal age of
20-29 [vs. 30-59-years-old; aOR: 1.24 (95% Cl: 1.08, 1.42);
p = 0.002], less than four antenatal care check-ups during last
pregnancy [aOR: 1.33 (95% Cl: 1.10, 1.61); p = 0.004], attended by an
unqualified birth attendant during last delivery [aOR: 1.29 (95% Cl:
1.13, 1.47); p < 0.001], having a single child [vs. multiple children;

521
479
45
30
15
0

Age: 20-29 years

FIGURE 2  Age-stratified
prevalence of maternal underweight
status based on a maternal low mid-
upper arm circumference <23 cm
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aOR: 1.21 (95% CI: 1.03, 1.44); p = 0.024], no use of contraceptives
[aOR: 1.56 (95% Cl: 1.41, 1.74); p < 0.001], maternal experience of
domestic violence [aOR: 1.20 (95% Cl: 1.07, 1.34); p = 0.001], use of
non-improved latrines [aOR: 1.16 (95% Cl: 1.02, 1.30); p = 0.019], the
household not having water and soap in their handwashing place
[aOR: 1.27 (95% Cl: 1.10, 1.46); p = 0.001], religious status other than
Muslim [aOR: 1.96 (95% Cl: 1.56, 2.45); p < 0.001], moderately/
severely insecure households [vs. food secure/mildly insecure; aOR:
1.23 (95% ClI: 1.06, 1.42); p = 0.007], not washing utensils with tube
well water in all seasons [aOR: 1.23 (95% Cl: 1.08, 1.40); p = 0.002]
and having an unimproved floor as a construction material [aOR: 1.40
(95% Cl: 1.14, 1.73); p = 0.002].

After adjusting for covariates (maternal age in years, received
post-natal care [PNC] visits after last delivery, type of latrine, type of
floor, household food insecurity status, household size, source
of drinking water, child's sex, child's age, whether the child was given
colostrum and age-appropriate breastfeeding) and union as a cluster
in the multiple logistic regression model, maternal MUAC < 23 cm
was associated with wasting [OR: 1.78 (95% Cl: 1.5, 2.12); p < 0.001],
underweight [OR: 1.77 (95% ClI: 1.61, 1.96); p < 0.001] and stunting
[OR: 1.32 (95% Cl: 1.19, 1.47); p < 0.001] among children (Table 3).

4 | DISCUSSION

This study examined data collected during the baseline survey of the
Suchana programme to identify factors significantly associated with
maternal underweight status, as indicated by MUAC, and indicators of
child nutritional status. After controlling for many relevant covariates,
which were available in our data set, maternal MUAC < 23 cm was
significantly correlated with wasting, stunting and underweight status
among children. These findings are consistent with results from other
settings (Assefa et al., 2012; Gewa et al., 2012; Kpewou et al., 2020;
Vasundhara et al, 2020), suggesting that maternal MUAC is a
significant predictor of childhood malnutrition.

55.9
533
46.7
441

Age: 30-59 years Overall
BMUAC>23cm @ MUAC<23cm
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TABLE 1 General characteristics of the participants

Indicator
Child's characteristics
Sex
Female
Male
Age in months
0-5
6-11
12-23
Consumed colostrum
No

Yes

Age-appropriate infant and young child feeding practices

No
Yes
Length-for-age Z-score®
Weight-for-age Z-score®
Weight-for-length Z-score?
Stunting
Wasting
Underweight
Maternal characteristics
Age in years
30-59
20-29
Maternal education
No schooling
Primary incomplete
Primary complete or above
Antenatal care check-ups during last pregnancy
Less than four
At least four
Attendant during last delivery
Qualified
Unqualified
Type of delivery
Vaginal
Caesarean
Received post-natal care
No
Yes
Number of children
1
2-3
4+

HAQUE ET AL.

Maternal mid-upper arm circumference (MUAC)
MUAC 2 23 cm MUAC < 23 cm Overall
n= 2,702 n = 2,367 n = 5,069
50.19 (1,356) 48.12 (1,139) 49.22 (2,495)
49.81 (1,346) 51.88 (1,228) 50.78 (2,574)
18.39 (497) 17.74 (420) 18.09 (917)

21.1(570) 22.1(523) 21.56 (1,093)
60.51 (1,635) 60.16 (1,424) 60.35 (3,059)
12.03 (325) 18.59 (440) 15.09 (765)
87.97 (2,377) 81.41 (1,927) 84.91 (4,304)
10.25 (277) 11.53 (273) 10.85 (550)
89.75 (2,425) 88.47 (2,094) 89.15 (4,519)
-1.71+1.26 —1.98 +1.33 —-184+13
-1.33+1.13 -1.73+1.17 —-1.52+1.16
-0.53+1.12 -0.88 £1.13 —-0.69 +1.14
40.45 (1,093) 48.80 (1,155) 44.35 (2,248)

7.85(212) 13.43 (318) 10.46 (530)
25.68 (694) 38.91 (921) 31.86 (1,615)
33.57 (907) 30.21 (715) 32.00 (1,622)
66.43 (1,795) 69.79 (1,652) 68.00 (3,447)
21.69 (586) 26.66 (631) 24.01 (1,217)
21.47 (580) 22.73 (538) 22.06(1,118)
56.85 (1,536) 50.61 (1,198) 53.94 (2,734)
84.27 (2,277) 89.44 (2,117) 86.68 (4,394)
15.73 (425) 10.56 (250) 13.32 (675)
35.23 (952) 27.21 (644) 31.49 (1,596)
64.77 (1,750) 72.79 (1,723) 68.51 (3,473)
87.05(2,352) 92.82(2,197) 89.74 (4,549)
12.95 (350) 7.18 (170) 10.26 (520)
64.15 (1,709) 69.92 (1,634) 66.85 (3,343)
35.85 (955) 30.08 (703) 33.15 (1,658)
16.28 (440) 18.29 (433) 17.22 (873)
44.49 (1,202) 44.36 (1,050) 44.43 (2,252)
39.23 (1,060) 37.35(884) 38.35 (1,944)
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TABLE 1 (Continued)
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Maternal mid-upper arm circumference (MUAC)

MUAC 2 23 cm

Indicator n= 2,702
Use of contraception

No 40.08 (1,083)

Yes 59.92 (1,619)
Experience of domestic violence

No 67.25(1,817)

Yes 32.75 (885)
Household characteristics

Type of latrine

Improved 38.45 (1,039)
Non-improved 61.55 (1,663)

Water and soap available in handwashing place

No 68.76 (1,858)

Yes 31.24 (844)
Wash utensils with tube well water in all seasons

No 51.78 (1,399)

Yes 48.22 (1,303)
Religion

Non-Muslim 6.74 (182)

Muslim 93.26 (2,517)
Type of floor

Improved 13.66 (369)

Non-improved 86.34 (2,333)
Household food insecurity status

Food secure 15.91 (430)

Mildly food insecure 11.99 (324)

Moderately food insecure 45.23 (1,222)

Severely food insecure 26.87 (726)
Household size

<7 74.32 (2,008)

>7 25.68 (694)
Source of drinking water

Other 11.32(306)

Tube well 88.68 (2,396)

®Mean and standard deviation.

Our analysis revealed that younger maternal age, not receiving
antenatal care check-ups during the last pregnancy, not having a
skilled attendant during the last delivery, the number of children,
not using of contraception, experience of domestic violence, having
unimproved latrine, no availability of water and soap in the
handwashing place, religion, household food insecurity, not washing
utensils with tube well water in all seasons and having unimproved
flooring material were significantly associated with maternal
underweight status. The associations between maternal under-

weight status and general characteristics such as age, education

MUAC < 23 cm Overall
n = 2,367 n = 5,069
52.56 (1,244) 45.91 (2,327)
47.44 (1,123) 54.09 (2,742)
62.10 (1,470) 64.85 (3,287)
37.90 (897) 35.15(1,782)
30.33 (718) 34.66 (1,757)
69.67 (1,649) 65.34 (3,312)
77.65 (1,838) 72.91 (3,696)
22.35(529) 27.09 (1,373)
60.12 (1,423) 55.67 (2,822)
39.88 (944) 44.33 (2,247)
11.33 (268) 8.89 (450)
88.67 (2,097) 91.11 (4,614)
7.44 (176) 10.75 (545)
92.56 (2,191) 89.25 (4,524)
11.79 (279) 13.99 (709)
9.17 (217) 10.67 (541)
47.95(1,135) 46.5 (2,357)
31.09 (736) 28.84 (1,462)
76.05 (1,800) 75.12 (3,808)
23.95 (567) 24.88 (1,261)
16.18 (383) 13.59 (689)
83.82(1,984) 86.41 (4,380)

and the number of children are broadly consistent with the obser-
vations of previous studies in Bangladesh (Balarajan &
Villamor, 2009; Hasan et al., 2017; Kamal et al., 2015; Khan &
Kraemer, 2009). Similarly, the results of several nationally represen-
tative studies indicated that mothers belonging to households in
low socio-economic strata are significantly more vulnerable to
being underweight (Balarajan & Villamor, 2009; Khan &
Kraemer, 2009; Oddo et al., 2012). These studies used the house-
hold wealth index as an indicator of socio-economic status, which

reflects a number of important indicators of economic status such
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TABLE 2 Factors associated with

Unadjusted OR Adjusted OR maternal underweight

Indicator (95% Cl) P value (95% Cl) P value
Maternal age in years

30-59 Reference Reference Reference

20-29 1.17(1.03, 1.33) 0.017 1.24 (1.08, 1.42) 0.002
Antenatal care check-up during the last pregnancy

At least four Reference Reference Reference

Less than four 1.58(1.31,1.91) 0.000 1.33(1.10, 1.61) 0.004
Attendant during last delivery

Qualified Reference Reference Reference

Unqualified 1.46(1.29,1.64) 0.000 1.29 (1.13,1.47) 0.000
Number of children

Multiple Reference Reference Reference

Single 1.15(0.98, 1.35) 0.077 1.21(1.03, 1.44) 0.024
Use of contraception

Yes Reference Reference Reference

No 1.66(1.48,1.86) 0.000 1.56 (1.41,1.74) 0.000
Maternal experience of domestic violence

No Reference Reference Reference

Yes 1.25(1.12, 1.40) 0.000 1.20(1.07, 1.34) 0.001
Type of latrine

Improved Reference Reference Reference

Unimproved 1.43(1.27,1.62) 0.000 1.16 (1.02, 1.30) 0.019
Water and soap available in handwashing place

Yes Reference Reference Reference

No 1.58 (1.39,1.79) 0.000 1.27 (1.10, 1.46) 0.001
Religion

Muslim Reference Reference Reference

Non-Muslim 1.77 (1.38,2.26) 0.000 1.96 (1.56, 2.45) 0.000
Household food insecurity status

Food secure/mildly insecure Reference Reference Reference

Moderately/severely insecure 1.46 (1.27, 1.68) 0.000 1.23 (1.06, 1.42) 0.007
Washes utensils with tube well water in all seasons

Yes Reference Reference Reference

No 1.40(1.23,1.61) 0.000 1.23(1.08, 1.40) 0.002
Type of floor material

Improved Reference Reference Reference

Non-improved 1.97 (1.60, 2.43) 0.000 1.40(1.14,1.73) 0.002

Note: Union was adjusted as a cluster.

as the type of latrine, source of water and construction material.
We found a large number of socio-economic indicators were
significantly associated with maternal underweight status, in
agreement with other studies conducted in India and Cambodia
(Chattopadhyay et al, 2019; Janmohamed et al, 2016; M. F.
Young et al, 2020). However, as far as we are aware, those
studies did not assess the indicators simultaneously in a single

model after controlling for other important indicators.

Several hypotheses may be proposed to explain the factors
associated with maternal underweight status. For instance, having a
non-improved toilet facility, non-improved floor, using tube well
water to wash utensils, and handwashing without soap before
taking food or after defecation or nurturing domestic animals
increase the chances of exposure to pathogens. Being underweight
is linked to infections in both developing and developed countries

(Katona & Katona-Apte, 2008). Moreover, faecal contagion during
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TABLE 3 Association of maternal low MUAC with childhood wasting, underweight and stunting

Wasting

Underweight Stunting

Adjusted OR (95% ClI) P value

Adjusted OR (95% ClI) P value Adjusted OR (95% ClI) P value

Maternal nutritional status

Underweight (MUAC < 23 cm) Reference

Normal (MUAC 2 23 cm) 1.78 (1.5, 2.12) 0.000
Maternal age in years

30-59 Reference

20-29 1.25(1.04, 1.5) 0.019
Had post-natal care visits after last delivery

Yes Reference

No 1.22(0.99, 1.51) 0.060
Type of latrine

Improved Reference

Non-improved 1.34 (1.08, 1.66) 0.007
Type of floor

Improved Reference

Non-improved 0.78 (0.56, 1.09) 0.148
Household food insecurity status

Food secure/mildly insecure Reference

Moderately/severely insecure 1.04 (0.82, 1.34) 0.731
Household size (HH size)

<7 Reference

>7 1.11(0.88, 1.40) 0.364
Source of drinking water

Other Reference

Tube well 1.07 (0.81, 1.41) 0.649
Child's sex

Female Reference

Male 1.29 (1.08, 1.55) 0.006
Child's age in months

0-5 Reference

6-11 2.02 (1.46, 2.80) 0.000

12-23 1.67 (1.14, 2.47) 0.009
Child was given colostrum

Yes Reference

No 1.16 (0.95, 1.41) 0.147
Age-appropriate breastfeeding

Yes Reference

No 1.57 (1.10, 2.22) 0.012

Reference Reference
1.77 (1.61, 1.96) 0.000 1.32(1.19,1.47) 0.000
Reference Reference
1.46 (1.27,1.67) 0.000 1.24 (1.1, 1.40) 0.000
Reference Reference
1.31(1.15, 1.50) 0.000 1.27 (1.13, 1.44) 0.000
Reference Reference
1.19 (1.02, 1.37) 0.024 1.20 (1.06, 1.36) 0.004
Reference Reference
1.25(1.00, 1.56) 0.048 1.26 (1.03, 1.55) 0.024
Reference Reference
1.23(1.08, 1.41) 0.002 1.33(1.19, 1.48) 0.000
Reference Reference
1.24(1.09,1.42) 0.002 1.09 (0.97, 1.24) 0.158
Reference Reference
1.08 (0.89, 1.30) 0.441 1.22(1.05, 1.42) 0.010
Reference Reference
1.28(1.11, 1.48) 0.001 1.29 (1.14, 1.4¢6) 0.000
Reference Reference
2.01 (1.64, 2.46) 0.000 2.73(2.24, 3.34) 0.000
1.20(0.94, 1.53) 0.151 1.24(1.01, 1.54) 0.042
Reference Reference
1.17(1.01, 1.35) 0.042 1.11(0.95, 1.30) 0.171
Reference Reference
1.23(0.98, 1.54) 0.073 1.10(0.88, 1.38) 0.397

Note: Union was adjusted as a cluster.

children's play and feeding children in polluted environments have
been reported as constant, cumulative health risks during the vital
window of child growth and development (Ngure et al., 2014). Our
findings of moderate and severe food insecurity at the household
level and the significant association between household food

insecurity and maternal undernutrition are in agreement with earlier

reports (Kamal et al., 2015) that these variables are predictors of
malnutrition in children (Choudhury et al., 2017; Corsi et al., 2011).
In terms of the maternal health outcomes associated with
undernutrition in this study, receiving ANC during pregnancy, the
type of birth attendant during the last delivery and contraceptive
use have been widely scrutinized as factors that contribute to both
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maternal and child health (Choudhury et al, 2017; Perry
et al, 2017; Rahman et al., 2016; Seward et al., 2017; Siddique
et al., 2018).

This study suggests that a better understanding of several
factors—including water, sanitation and hygiene (WASH), household
food insecurity and indicators of maternal healthcare practice—is
essential to design appropriate interventions to reduce maternal
underweight status. Moreover, the strong correlation between
maternal nutrition and growth of the children supports the need to
invest more on maternal nutrition to achieve positive changes in
children's nutritional status. This study was based on MUAC data,
which were obtained carefully by trained analysts. MUAC measure-
ments are less costly, simpler, easier-to-obtain and more precise
than other anthropometry tools. Thus, MUAC tapes could be useful
in other low-resource settings where precise weight and height
scales would be expensive. Furthermore, mothers or other house-
hold members can receive appropriate training in measuring MUAC
from local healthcare providers, such as community clinics, family
welfare centres or Upazila health complexes. Thus, mothers or
household member or local healthcare providers could measure
MUAC to easily assess current nutritional status and encourage
adolescents and pregnant or lactating women within the commu-
nity to adopt healthier lifestyle. Assessment of maternal MUAC
may also help to predict the future nutrition status of newborn
babies and enable the necessary initiatives to be taken to reduce
undernutrition in the corresponding household. In the broader
context, MUAC could also be employed at the national level
to assess maternal and child nutritional status in population
surveillance programmes.

We used the globally recommended cut-off value of 23 cm for
MUAC,; however, it is uncertain whether this cut-off is appropriate
for this resource-poor setting. Additional research is necessary to
determine the optimal cut-off to establish maternal MUAC as a
predictor of child nutritional status. Moreover—as a major limitation of
maternal MUAC—if the mother is an adolescent, that is, still growing
and developing, their MUAC may not be comparable to older women's
MUAGC; thus, further research is required to identify age-specific cut-
off values for maternal MUAC.

41 | Strengths and limitations

The strengths of this research include the large sample size and strong
methodology, including appropriate sampling techniques, adequate
training, precise anthropometry tools and intensive quality control.
Though this analysis indicates an association between maternal
underweight status based on MUAC and childhood malnutrition, a
causal relationship cannot be assumed due to the cross-sectional
design of this study. Moreover, the data may be subject to recall bias;
thus, caution is necessary when drawing conclusions, especially for
indicators such as household food insecurity, domestic violence and

maternal healthcare.

HAQUE ET AL.

5 | CONCLUSION

The socio-economic and demographic characteristics of the study
participants and other indicators, including household food security
status, pregnancy-related healthcare and domestic violence, were
found to be significantly correlated with maternal underweight, as
indicated by MUAC < 23 cm. After controlling for the effects of these
indicators, maternal MUAC was significantly associated with indica-
tors of nutritional status among children from vulnerable households
in rural Bangladesh. Comprehensive socio-economic, environmental
and educational interventions are required to address this issue. In
order to curb undernutrition among individuals living in poor house-
holds in rural Bangladesh, policy makers must take the initiative to

build a platform to develop multidisciplinary interventions.

ACKNOWLEDGMENTS

The study analysed baseline survey data of Suchana; the intervention
has been implemented by the consortium led by Save the Children,
with support from Foreign, Commonwealth and Development Office
(FCDO) and European Union (EU). icddr,b acknowledges with grati-
tude the commitment of Save the Children, FCDO and EU to its
research efforts. We acknowledge with gratitude the commitment of
the Government of the People's Republic of Bangladesh to icddr,b's
research strength. We also acknowledge the following donors for pro-
viding unrestricted support to icddr,b's effort and advancement to its
strategic plan: Canada, Sweden and the United Kingdom. We grate-
fully acknowledge our core donors for their support and commitment
to icddrb's research efforts. We would like to acknowledge the
invaluable contributions of Save the Children as lead agency, our tech-
nical partners Helen Keller International, World Fish and International
Development Enterprises and the implementing partners Friends In
Village Development Bangladesh (FIVDB), Rangpur Dinajpur Rural
Services (RDRS) and the Center for Natural Resource Studies (CNRS)
who played critical roles in generating and refining the data collection
tools. We would also like to acknowledge Kazi Istiaque Sanin, Assis-
tant Scientist as an internal reviewer and Andrea Devlin of Science
Editing Experts for editing and linguistic revision of the manuscript.
This study was made possible by the committed contribution of
FCDO.

CONFLICTS OF INTEREST
The authors have declared that no conflict of interest exists.

CONTRIBUTIONS

TA and NC originated the idea for the study and led the protocol
design. NC, MJR and SMTA drafted the protocol. SMTA, SSR, MJR,
MAH, NC, FDF and TA contributed on survey design. MAH, FDF,
ASGF and NC conceptualized the manuscript. MAH performed statis-
tical analysis and drafted the manuscript. MAH and FDF contributed
to literature review and selection of variables. NC and ASGF super-
vised the work and critically reviewed and provided feedback for

revising the manuscript. NC oversaw the statistical analysis and

85U801 7 SUOLULLOD A1) 3[cedl|dde auy Ag peusenob a1e saoiie YO ‘SN JO Sa|ni o} Akeidi8UlJUQ AB]IAA UO (SUOIPUOO-PUR-SLUIB)WIO A8 | 1M Ale.q U1 Uo//Sdiy) SUONIPUOD pue sws 1 841 88S *[£202/80/ST] U0 AkeiqiTauliuo ABim ‘AseAIUN DV E ONVE - dSVYNI AQ LTZET UOW/TTTT OT/I0pA0D" A3 1M AleIq1jul JUO//SANY Wolj pepeo|umod ‘v ‘TZ0Z ‘60/807LT



HAQUE €T AL I ‘

suggested necessary improvements from statistical point of view as
well as public health perspective. MAH, NC, MJR, FDF, MA, TJS,
ASGF, TA and SSR contributed to the revision of the final draft for
submission. All authors are responsible for the final content of the

manuscript.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Md Ahshanul Haque "= https://orcid.org/0000-0003-3452-8367
Nuzhat Choudhury "= https://orcid.org/0000-0001-8345-5278
REFERENCES

Adhikari, R. P., Yogi, S., Acharya, A., & Cunningham, K. (2020). Intimate
partner violence and nutritional status among Nepalese women: An
investigation of associations. BMC Womens Health, 20(1), 127. https://
doi.org/10.1186/s12905-020-00991-x

Ajieroh, V. (2009). A quantitative analysis of determinants of child and
maternal malnutrition in Nigeria. Retrieved from International Food
Policy Research Institute (IFPRI).

Assefa, N, Berhane, Y., & Worku, A. (2012). Wealth status, mid upper arm
circumference (MUAC) and antenatal care (ANC) are determinants for
low birth weight in Kersa, Ethiopia. PLoS ONE, 7(6), €39957. https://
doi.org/10.1371/journal.pone.0039957

Balarajan, Y., & Villamor, E. (2009). Nationally representative surveys show
recent increases in the prevalence of overweight and obesity among
women of reproductive age in Bangladesh, Nepal, and India. The
Journal of Nutrition, 139(11), 2139-2144. https://doi.org/10.3945/jn.
109.112029

Bhutta, Z. A., Ahmed, T., Black, R. E., Cousens, S., Dewey, K., Giugliani, E.,
Haider, B. A, Kirkwood, B., Morris, S. S., Sachdev, H. P. S, &
Shekar, M. (2008). What works? Interventions for maternal and child
undernutrition and survival. Lancet, 371(9610), 417-440. https://doi.
org/10.1016/S0140-6736(07)61693-6

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P., de
Onis, M., Ezzati, M., Grantham-McGregor, S., Katz, J., Martorell, R., &
Uauy, R. (2013). Maternal and child undernutrition and overweight in
low-income and middle-income countries. The Lancet, 382(9890),
427-451. https://doi.org/10.1016/50140-6736(13)60937-X

Briend, A., Wojtyniak, B., & Rowland, M. G. (1987). Arm circumference and
other factors in children at high risk of death in rural Bangladesh. Lan-
cet, 2(8561), 725-728. https://doi.org/10.1016/s0140-6736(87)
91084-1

Bursac, Z., Gauss, C. H., Williams, D. K., & Hosmer, D. W. (2008). Purpose-
ful selection of variables in logistic regression. Source Code for Biology
and Medicine, 3, 17. https://doi.org/10.1186/1751-0473-3-17

Chattopadhyay, A., Sethi, V., Nagargoje, V. P., Saraswat, A., Surani, N.,
Agarwal, N., Bhatia, V., Ruikar, M., Bhattacharjee, S., Parhi, R. N,
Dar, S., Daniel, A., Sachdev, H. P. S., Singh, C. M., Gope, R., Nath, V.,
Sareen, N., de Wagt, A., & Unisa, S. (2019). WASH practices and its
association with nutritional status of adolescent girls in poverty
pockets of eastern India. BMC Womens Health, 19(1), 89. https://doi.
org/10.1186/s12905-019-0787-1

Choudhury, N., Raihan, M. J., Ahmed, S. M. T, Islam, K. E., Self, V.,
Rahman, S., Schofield, L., Hall, A., & Ahmed, T. (2020). The evaluation
of Suchana, a large-scale development program to prevent chronic
undernutrition in north-eastern Bangladesh. BMC Public Health, 20(1),
744, https://doi.org/10.1186/s12889-020-08769-4

—WI LEY 11 0f 12

Choudhury, N., Raihan, M. J,, Sultana, S., Mahmud, Z., Farzana, F. D,
Haque, M. A, Rahman, A. S., Waid, J. L, Chowdhury, A. M. R,
Black, R. E., & Ahmed, T. (2017). Determinants of age-specific under-
nutrition in children aged less than 2 years-the Bangladesh context.
Maternal & Child Nutrition, 13(3), e12362. https://doi.org/10.1111/
mcn.12362

Coates, J., Swindale, A., & Bilinsky, P. (2007). Household food insecurity
access scale (HFIAS) for measurement of food access: Indicator guide
(v. 3). Washington, D.C: Food and Nutrition Technical Assistance Pro-
ject, Academy for Educational Development.

Corsi, D. J., Kyu, H. H., & Subramanian, S. V. (2011). Socioeconomic and
geographic patterning of under- and overnutrition among women in
Bangladesh. The Journal of Nutrition, 141(4), 631-638. https://doi.org/
10.3945/jn.110.131599

Gewa, C. A, Oguttu, M., & Yandell, N. S. (2012). Maternal nutrition in rural
Kenya: health and socio-demographic determinants and its association
with child nutrition. Maternal & Child Nutrition, 8(3), 275-286. https://
doi.org/10.1111/j.1740-8709.2011.00322.x

Ghosh, S., Spielman, K., Kershaw, M., Ayele, K., Kidane, Y., Zillmer, K.,
Wentworth, L., Pokharel, A., Griffiths, J. K. Belachew, T. &
Kennedy, E. (2019). Nutrition-specific and nutrition-sensitive factors
associated with mid-upper arm circumference as a measure of
nutritional status in pregnant Ethiopian women: Implications for pro-
gramming in the first 1000 days. PLoS ONE, 14(3), e0214358. https://
doi.org/10.1371/journal.pone.0214358

Haque, M. A,, Choudhury, N., Ahmed, S. M. T., Farzana, F. D., Ali, M,,
Rahman, S. S., Faruque, A. S., Raihan, M. J.,, & Ahmed, T. (2020).
Factors associated with domestic violence in rural Bangladesh. Journal
of Interpersonal Violence, 886260520922353.

Haque, M. A,, Farzana, F. D., Sultana, S., Raihan, M. J., Rahman, A. S,
Waid, J. L., Choudhury, N., & Ahmed, T. (2017). Factors associated
with child hunger among food insecure households in Bangladesh.
BMC Public Health, 17(1), 205. https://doi.org/10.1186/s12889-017-
4108-z

Haque, M. A,, Platts-Mills, J. A, Mduma, E., Bodhidatta, L., Bessong, P.,
Shakoor, S., Kang, G., Kosek, M. N., Lima, A. A. M., Shrestha, S. K,
Alam, M. A, Havt, A., Samie, A., Guerrant, R. L., Lang, D., Mahfuz, M.,
Bhutta, Z. A.,, Houpt, E. R, & Ahmed, T. (2019). Determinants of
Campylobacter infection and association with growth and enteric
inflammation in children under 2 years of age in low-resource settings.
Scientific Reports, 9(1), 17124. https://doi.org/10.1038/s41598-019-
53533-3

Hasan, M., Sutradhar, I., Shahabuddin, A., & Sarker, M. (2017). Double
burden of malnutrition among Bangladeshi women: a literature review.
Cureus, 9(12), €1986.

Helen Keller International (HKI) and James P. Grant School of Public
Health (JPGSPH). (2014). State of food security and nutrition in
Bangladesh 2013. Retrieved from HKI and JPGSPH.

Islam, M. A., Rahman, M. M., & Mahalanabis, D. (1994). Maternal and
socioeconomic factors and the risk of severe malnutrition in a child: A
case-control study. European Journal of Clinical Nutrition, 48(6),
416-424.

Janmohamed, A., Karakochuk, C. D., McLean, J., & Green, T. J. (2016).
Improved sanitation facilities are associated with higher body mass
index and higher hemoglobin concentration among rural Cambodian
women in the first trimester of pregnancy. The American Journal of
Tropical Medicine and Hygiene, 95(5), 1211-1215. https://doi.org/10.
4269/ajtmh.16-0278

Kamal, S. M., Hassan, C. H., & Alam, G. M. (2015). Dual burden of
underweight and overweight among women in Bangladesh: patterns,
prevalence, and sociodemographic correlates. Journal of Health,
Population and Nutrition, 33(1), 92-105.

Katona, P., & Katona-Apte, J. (2008). The interaction between nutrition
and infection. Clinical Infectious Diseases, 46(10), 1582-1588. https://
doi.org/10.1086/587658

85U801 7 SUOLULLOD A1) 3[cedl|dde auy Ag peusenob a1e saoiie YO ‘SN JO Sa|ni o} Akeidi8UlJUQ AB]IAA UO (SUOIPUOO-PUR-SLUIB)WIO A8 | 1M Ale.q U1 Uo//Sdiy) SUONIPUOD pue sws 1 841 88S *[£202/80/ST] U0 AkeiqiTauliuo ABim ‘AseAIUN DV E ONVE - dSVYNI AQ LTZET UOW/TTTT OT/I0pA0D" A3 1M AleIq1jul JUO//SANY Wolj pepeo|umod ‘v ‘TZ0Z ‘60/807LT


https://orcid.org/0000-0003-3452-8367
https://orcid.org/0000-0003-3452-8367
https://orcid.org/0000-0001-8345-5278
https://orcid.org/0000-0001-8345-5278
https://doi.org/10.1186/s12905-020-00991-x
https://doi.org/10.1186/s12905-020-00991-x
https://doi.org/10.1371/journal.pone.0039957
https://doi.org/10.1371/journal.pone.0039957
https://doi.org/10.3945/jn.109.112029
https://doi.org/10.3945/jn.109.112029
https://doi.org/10.1016/S0140-6736(07)61693-6
https://doi.org/10.1016/S0140-6736(07)61693-6
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/s0140-6736(87)91084-1
https://doi.org/10.1016/s0140-6736(87)91084-1
https://doi.org/10.1186/1751-0473-3-17
https://doi.org/10.1186/s12905-019-0787-1
https://doi.org/10.1186/s12905-019-0787-1
https://doi.org/10.1186/s12889-020-08769-4
https://doi.org/10.1111/mcn.12362
https://doi.org/10.1111/mcn.12362
https://doi.org/10.3945/jn.110.131599
https://doi.org/10.3945/jn.110.131599
https://doi.org/10.1111/j.1740-8709.2011.00322.x
https://doi.org/10.1111/j.1740-8709.2011.00322.x
https://doi.org/10.1371/journal.pone.0214358
https://doi.org/10.1371/journal.pone.0214358
https://doi.org/10.1186/s12889-017-4108-z
https://doi.org/10.1186/s12889-017-4108-z
https://doi.org/10.1038/s41598-019-53533-3
https://doi.org/10.1038/s41598-019-53533-3
https://doi.org/10.4269/ajtmh.16-0278
https://doi.org/10.4269/ajtmh.16-0278
https://doi.org/10.1086/587658
https://doi.org/10.1086/587658

2o2] WiLey-|

Khan, M. M., & Kraemer, A. (2009). Factors associated with being
underweight, overweight and obese among ever-married non-
pregnant urban women in Bangladesh. Singapore Medical Journal,
50(8), 804-813.

Kpewou, D. E., Poirot, E., Berger, J., Som, S. V., Laillou, A., Belayneh, S. N.,
& Wieringa, F. T. (2020). Maternal mid-upper arm circumference dur-
ing pregnancy and linear growth among Cambodian infants during the
first months of life. Maternal & Child Nutrition, 16(S2), e12951. https://
doi.org/10.1111/mcn.12951

Lartey, A. (2008). Maternal and child nutrition in Sub-Saharan Africa:
Challenges and interventions. Proceedings of the Nutrition Society, 67
(1), 105-108. https://doi.org/10.1017/50029665108006083

Mehranfar, S., Jalilpiran, Y., Surkan, P. J., & Azadbakht, L. (2020). Associa-
tion between protein-rich dietary patterns and anthropometric mea-
surements among children aged 6 years. Nutrition and Dietetics, 77(3),
359-367. https://doi.org/10.1111/1747-0080.12609

National Institute of Population Research and Training - NIPORT/-
Bangladesh, Mitra and Associates, & ICF International. (2016).
Bangladesh Demographic and Health Survey 2014. Retrieved from
NIPORT, Mitra and Associates, and ICF International.

Ngure, F. M., Reid, B. M., Humphrey, J. H., Mbuya, M. N., Pelto, G., &
Stoltzfus, R. J. (2014). Water, sanitation, and hygiene (WASH), envi-
ronmental enteropathy, nutrition, and early child development: Making
the links. Annals of the New York Academy of Sciences, 1308, 118-128.
https://doi.org/10.1111/nyas.12330

Nguyen, P. H., Kim, S. S., Sanghvi, T., Mahmud, Z., Tran, L. M., Shabnam, S.,
Aktar, B., Haque, R., Afsana, K., Frongillo, E. A, Ruel, M. T.,, &
Menon, P. (2017). Integrating Nutrition Interventions into an Existing
Maternal, Neonatal, and Child Health Program Increased Maternal
Dietary Diversity, Micronutrient Intake, and Exclusive Breastfeeding
Practices in Bangladesh: Results of a Cluster-Randomized Program
Evaluation. The Journal of Nutrition, 147(12), 2326-2337. https://doi.
org/10.3945/jn.117.257303

Nkoka, O., Ntenda, P. A. M., Senghore, T., & Bass, P. (2019). Maternal
overweight and obesity and the risk of caesarean birth in Malawi.
Reproductive Health, 16(1), 40. https://doi.org/10.1186/s12978-019-
0700-2

Oddo, V. M,, Rah, J. H., Semba, R. D., Sun, K., Akhter, N., Sari, M., de
Pee, S., Moench-Pfanner, R., Bloem, M. & Kraemer, K. (2012).
Predictors of maternal and child double burden of malnutrition
in rural Indonesia and Bangladesh. The American Journal of
Clinical Nutrition, 95(4), 951-958. https://doi.org/10.3945/ajcn.111.
026070

Onis, M. d., & Bloessner, M. (1997). WHO global database on child growth
and malnutrition. Geneva: WHO.

Perry, H. B., Rassekh, B. M., Gupta, S., Wilhelm, J., & Freeman, P. A.
(2017). Comprehensive review of the evidence regarding the effec-
tiveness of community-based primary health care in improving mater-
nal, neonatal and child health: 1. Rationale, methods and database
description. Journal of Global Health, 7(1), 010901. https://doi.org/10.
7189/jogh.07.010901

Rahman, M., Yunus, F. M., Shah, R, Jhohura, F. T., Mistry, S. K,
Quayyum, T., Aktar, B., & Afsana, K. (2016). A controlled before-and-
after perspective on the improving maternal, neonatal, and child
survival program in rural Bangladesh: An impact analysis. PLoS ONE,
11(9), e0161647. https://doi.org/10.1371/journal.pone.0161647

Sawaya, A. L., & Roberts, S. (2003). Stunting and future risk of
obesity: Principal physiological mechanisms. Cadernos de Satde
Publica, 19(Suppl 1), S21-S28. https://doi.org/10.1590/s0102-
311x2003000700003

HAQUE ET AL.

Seward, N., Neuman, M., Colbourn, T., Osrin, D., Lewycka, S., Azad, K,
Costello, A, Das, S., Fottrell, E., Kuddus, A., Manandhar, D., Nair, N.,
Nambiar, B., Shah More, N., Phiri, T., Tripathy, P., & Prost, A. (2017).
Effects of women's groups practising participatory learning and action
on preventive and care-seeking behaviours to reduce neonatal mortal-
ity: A meta-analysis of cluster-randomised trials. PLoS Medicine, 14(12),
€1002467. https://doi.org/10.1371/journal.pmed.1002467

Siddique, A. B., Perkins, J., Mazumder, T., Haider, M. R, Banik, G,
Tahsina, T., Islam, M. J., Arifeen, S. E.,, & Rahman, A. E. (2018).
Antenatal care in rural Bangladesh: Gaps in adequate coverage and
content. PLoS ONE, 13(11), e0205149. https://doi.org/10.1371/
journal.pone.0205149

Sultana, T., Karim, M. N., Ahmed, T., & Hossain, M. I. (2015). Assessment
of under nutrition of Bangladeshi adults using anthropometry: Can
body mass index be replaced by mid-upper-arm-circumference?
PLoS ONE, 10(4), e0121456. https://doi.org/10.1371/journal.pone.
0121456

Vasundhara, D., Hemalatha, R., Sharma, S., Ramalaxmi, B. A., Bhaskar, V.,
Babu, J., Kankipati Vijaya, R. K., & Mamidi, R. (2020). Maternal MUAC
and fetal outcome in an Indian tertiary care hospital: A prospective
observational study. Maternal & Child Nutrition, 16(2), €12902. https://
doi.org/10.1111/mcn.12902

Victora, C. G., Adair, L., Fall, C., Hallal, P. C., Martorell, R., Richter, L., &
Sachdev, H. S. (2008). Maternal and child undernutrition:
Consequences for adult health and human capital. Lancet, 371(9609),
340-357. https://doi.org/10.1016/50140-6736(07)61692-4

WHO Working Group. (1986). Use and interpretation of anthropometric
indicators of nutritional status. Bulletin of the World Health Organiza-
tion, 64(6), 929-941.

Young, M. F., Nguyen, P., Tran, L. M., Avula, R., & Menon, P. (2020). A
double edged sword? Improvements in economic conditions over a
decade in India led to declines in undernutrition as well as increases in
overweight among adolescents and women. The Journal of Nutrition,
150(2), 364-372. https://doi.org/10.1093/jn/nxz251

Young, S. L., Plenty, A. H., Luwedde, F. A., Natamba, B. K., Natureeba, P.,
Achan, J., Mwesigwa, J., Ruel, T. D., Ades, V. Osterbauer, B,
Clark, T. D., Dorsey, G., Charlebois, E. D., Kamya, M., Havlir, D. V., &
Cohan, D. L. (2014). Household food insecurity, maternal nutritional
status, and infant feeding practices among HIV-infected Ugandan
women receiving combination antiretroviral therapy. Maternal and
Child Health Journal, 18(9), 2044-2053. https://doi.org/10.1007/
5s10995-014-1450-y

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Haque, M. A., Choudhury, N., Farzana,
F. D, Ali, M, Raihan, M. J., Ahmed, S. M. T., Rahman, S. S.,
Siddiqua, T. J., Faruque, A. S. G., & Ahmed, T. (2021).
Determinants of maternal low mid-upper arm circumference
and its association with child nutritional status among poor
and very poor households in rural Bangladesh. Maternal &
Child Nutrition, 17(4), e13217. https://doi.org/10.1111/mcn.
13217

85U801 7 SUOLULLOD A1) 3[cedl|dde auy Ag peusenob a1e saoiie YO ‘SN JO Sa|ni o} Akeidi8UlJUQ AB]IAA UO (SUOIPUOO-PUR-SLUIB)WIO A8 | 1M Ale.q U1 Uo//Sdiy) SUONIPUOD pue sws 1 841 88S *[£202/80/ST] U0 AkeiqiTauliuo ABim ‘AseAIUN DV E ONVE - dSVYNI AQ LTZET UOW/TTTT OT/I0pA0D" A3 1M AleIq1jul JUO//SANY Wolj pepeo|umod ‘v ‘TZ0Z ‘60/807LT


https://doi.org/10.1111/mcn.12951
https://doi.org/10.1111/mcn.12951
https://doi.org/10.1017/S0029665108006083
https://doi.org/10.1111/1747-0080.12609
https://doi.org/10.1111/nyas.12330
https://doi.org/10.3945/jn.117.257303
https://doi.org/10.3945/jn.117.257303
https://doi.org/10.1186/s12978-019-0700-2
https://doi.org/10.1186/s12978-019-0700-2
https://doi.org/10.3945/ajcn.111.026070
https://doi.org/10.3945/ajcn.111.026070
https://doi.org/10.7189/jogh.07.010901
https://doi.org/10.7189/jogh.07.010901
https://doi.org/10.1371/journal.pone.0161647
https://doi.org/10.1590/s0102-311x2003000700003
https://doi.org/10.1590/s0102-311x2003000700003
https://doi.org/10.1371/journal.pmed.1002467
https://doi.org/10.1371/journal.pone.0205149
https://doi.org/10.1371/journal.pone.0205149
https://doi.org/10.1371/journal.pone.0121456
https://doi.org/10.1371/journal.pone.0121456
https://doi.org/10.1111/mcn.12902
https://doi.org/10.1111/mcn.12902
https://doi.org/10.1016/S0140-6736(07)61692-4
https://doi.org/10.1093/jn/nxz251
https://doi.org/10.1007/s10995-014-1450-y
https://doi.org/10.1007/s10995-014-1450-y
https://doi.org/10.1111/mcn.13217
https://doi.org/10.1111/mcn.13217

	Determinants of maternal low mid-upper arm circumference and its association with child nutritional status among poor and v...
	1  INTRODUCTION
	2  METHODS
	2.1  Source of data
	2.2  Variables of interest
	2.3  Quality control
	2.4  Statistical analysis
	2.5  Ethical considerations

	3  RESULTS
	4  DISCUSSION
	4.1  Strengths and limitations

	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	  CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


