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Background. Child malnutrition in third-world countries is linked with a number of factors, including antenatal care services.
Objectives. This study attempts to examine the association between antenatal care services and child malnutrition in Bangladesh
through analyzing the data set extracted from the nationally renowned Bangladesh Demographic and Health Survey (BDHS) 2014.
Material and methods. The information was collected from ever married women who were 15 to 49 years of age. The total number
of observations was 6,965, and the response variable of our study, child’s nutritional status (severely malnourished, moderately mal-
nourished, nourished), was created by calculating the Z score for the anthropometric index weight-for-age. We conducted a chi-square
test of independence to identify the association between selected covariates and the nutritional status of children and applied the
cumulative logit model to assess the marginal effect of antenatal care services on child malnutrition.

Results. The results show that children whose mothers received antenatal care (ANC) from skilled ANC providers had a reduced risk
of falling into the malnourished category of nutritional status when we considered only two variables (ANC visit and ANC provider) as
covariates. Although the variable ANC visit was found significant (OR = 0.815, 95% Cl = 0.665, 0.972) after controlling demographic and
clinical covariates, the variable ANC provider appeared insignificant (OR = 1.025, 95% Cl = 0.880, 1.225) in affecting child malnutrition.
Conclusions. The study concludes that an antenatal care visit has a significant association with child malnutrition. Thus, antenatal care

visits could be beneficial in minimizing child malnutrition in Bangladesh.
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Background

Child malnutrition is one of the major health concerns in
Bangladesh. Inadequate nutrition and childhood infection are
the major causes behind this. Child malnutrition can be de-
fined as a pathological state resulting from inadequate nutri-
tion, including under-nutrition (protein-energy malnutrition),
over-nutrition (overweight and obesity) and deficiency diseases
due to insufficient intake of one or more specific nutrients [1].
According to UNICEF, household, food, security and healthy en-
vironment are essential factors for good child nutrition intake
and a healthy life. Child malnutrition estimates for the indica-
tors stunting (height-for-age), wasting (weight-for-height) and
underweight (weight-for-age) describe the magnitude and pat-
tern of under and over nutrition [2].

Studies suggest that child malnutrition is still one of the
major health concerns around the world [3-5]. There are many
regions in developing countries that are still below the poverty
line, or more specifically, the people living in those areas are the
poorest within the country. The children belonging to the poor-
est families are more prone to mortality and morbidity due to
child malnutrition, as they have less access to the basic needs
of life [6—8]. Since an antenatal care visit is medical surveillance
and reviews performed during pregnancy for the early detection
of possible complications of pregnancy, ANC service can reduce
child deaths in neonatal periods — the first four weeks of the
infants’ life to a noticeable extent [9]. Though the World Health
Organization (WHO) recommends a set of four antenatal care

visits during the entire pregnancy cycle, according to UNICEF,
only half of the total women worldwide get a regular ANC visit.

There is empirical evidence of significant relations between
a mother’s BMI and the malnutrition of their children [10, 11].
Women with low BMI are more likely to give birth to malnour-
ished children, and women with higher BMI (obese) are prone
to postpartum hemorrhaging and preterm delivery [12]. It is
evident that children aged six months or less face the lowest
prevalence of malnutrition (about 10%), and children aged 12
to 23 months face the highest prevalence of malnutrition (about
59%) [13]. Another study suggests that children who are small
in size at birth are two times more at risk of being malnour-
ished than the children who are of a larger size [14]. Alongside
this, the odds for malnutrition were higher in cases of illiterate
parents compared to literate parents [11], while women with
CMD (common mental disorders) are more likely to give birth to
malnourished children [15].

Malnutrition is a common phenomenon in third-world
countries, as it exists both in urban and rural areas, but the
prevalence of malnutrition is far higher in rural areas than ur-
ban areas [16]. A study suggests that the wealthiest people use
antenatal care and professional delivery care 80% of the time or
more, irrespective of the average level of the country [17]. It is
evident that the most important factors that affect a mother’s
health and the child’s nutritional status are the mother’s and
father’s education and the family’s financial status [18, 19].
Though the rate of chronic malnutrition in Bangladesh has de-
clined significantly over the last decade [20], this rate can be
decreased even more rapidly if people are made aware of ANC
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programs. Under such circumstance, studies on the link be-
tween child malnutrition and antenatal care become important
to avoid health risks for both mothers and their children.

Objectives

This study attempts to examine the association between ante-
natal care services and child malnutrition in Bangladesh through
analyzing the data set extracted from the nationally renowned
Bangladesh Demographic and Health Survey (BDHS) 2014.

Material and methods

Data and variables

For this study, a database consisting of the variables used
in our analyses were extracted from the nationally representa-
tive sample survey, Bangladesh Demographic and Health Sur-
vey (BDHS) 2014. The BDHS 2014 dataset was collected through
a joint effort of the National Institute of Population Research
and Training (Bangladesh), ICF International (USA) and Mitra
and Associates (Bangladesh). Since this survey uses samples
from a finite population, an estimation and test based on this
data requires adjustment using appropriate sampling weights.
In this paper, appropriate sampling weights were used in the
analyses so that statistically valid inferences could be made.

In literature, there are three anthropometric indices of
physical growth that are used to describe the nutritional status
of children: height-for-age (stunting), weight-for-height (wast-
ing) and weight-for-age (underweight). Among these indices,
weight-for-age is used as a composite index of height-for-age
and weight-for-height [20]. Therefore, in our study, we consid-
ered only weight-for-age for measuring the nutrition status of
children under five years of age in Bangladesh.

To investigate the nutritional status of children, we first cal-
culated the weight-for-age Z scores (WAZ) by using the formula:

WAZ (individual's weight) - (median value of reference population)

standard deviation value of reference population

On the basis of WAZ, the nutritional status of children was
divided into three ordinal categories to create the main re-
sponse variable of this study:

1. severely malnourished (< -3.0 WAZ)
Nutrition status { 2. moderately malnourished (-3.0 to -2.0 WAZ)
3. nourished (2 2.01 WAZ)

Note that, for simplicity, the WHO AnthroPlus Software (ver-
sion 3.2.2, 2011) [21] was used to calculate WAZ. After neces-
sary modification and discarding all missing observations, the
anthropometric data was available for 6,965 (weighed) children,
and the created ordinal variable (nutrition status) was consid-
ered to be the main response variable.

Besides the main response variable, a set of covariates was
considered, which are: antenatal care visit (yes, no), antenatal
care provider (skilled, unskilled), child’s age (0—11 months, 12—
—23 months, above 24 months), mother’s education (no educa-
tion, primary, secondary or higher), father’s education (no edu-
cation, primary, secondary or higher), wealth index (categorized
on the basis of terciles), residence (urban, rural), number of chil-
dren in the family (1-2, above 2) and mother’s BMI [thin (BMI
< 18.5), normal (BMI 18.5 to 24.9), over-weight (BMI > 24.9)].

Cumulative logit model

For subject i, let Y(i = 1, 2, ..., n) be the ordinal response
variable with categories 1, ..., j, ..., ¢,and x, = (x , x,,, x,.p)' be a col-
umn vector of the values of p explanatory variables. Then the
mathematical form of cumulative logit model can be written as:

logit[P(Y, < j)] = o+ 6'x forj=1,2,..,c-1.
In the above equation, logit[P(Y,<j)] = log [P(Y,<])) / (1 - P(Y,<j)].

Statistical analysis

The relationship between selected explanatory variables
and the child’s nutritional status was assessed in both a bivari-
ate and multivariate framework. In the bivariate setup, we con-
ducted the chi-square test of independence. Mathematically,
the chi-square statistic can be defined as:

n 2
zzz(oi“Ei) )
X E,

i=1

where O, and E, are the observed and expected frequency, re-
spectively. The statistic follows a chi-square distribution with
(m - 1) (n - 1) degrees of freedom (df), where m and n are the
number of categories of the covariates and response variable,
respectively.

Since the main objective of this study is to explore the asso-
ciation between child malnutrition and ANC service, we consid-
ered two cumulative logit regression models in the multivariate
framework. These are: Model I: considering only two covariates
related to ANC services (antenatal care visit and antenatal care
provider); Model II: covariate of Model | along with demograph-
ic and clinical variables (child’s age, mother’s education, father’s
education, wealth index, residence, mother’s BMI) to examine
the effect of ANC service after controlling the demographic, as
well as clinical variables.

All procedures performed in this study involving human par-
ticipants were in accordance with the ethical standards of the
national research committee and with the 1964 Helsinki Declara-
tion and its later amendments or comparable ethical standards.

Results
Bivariate analysis

The cross-classification of the selected explanatory vari-
ables by nutrition status are shown in Table 1. From the table,

Table 1. Cross-classification of nutrition status of children under five years of age by demographic and clinical covariates

Covariates Nutrition status Chi-square p
Severely malnourished Moderately malnourished  Nourished
n (%) n (%) n (%)
ANC visit
Yes 198 (6.2) 626 (19.6) 2,372 (74.2) |80.307 <0.001
No 110 (13.0) 233 (27.5) 505 (59.6)
ANC provider
Skilled 84 (4.4) 339 (17.9) 1,473 (77.7) |37.943 <0.001
Unskilled 114 (8.8) 287 (22.1) 899 (69.2)
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Table 1. Cross-classification of nutrition status of children under five years of age by demographic and clinical covariates

Covariates Nutrition status Chi-square p
Severely malnourished Moderately malnourished  Nourished
n (%) n (%) n (%)
Child’s age (months)
0-11 59 (4.4) 199 (14.8) 1,086 (80.8) | 152.534 <0.001
12-23 126 (8.7) 326 (22.4) 1,004 (69.0)
Above 24 381(9.1) 1164 (27.9) 2,620 (62.9)
Father’s education
Primary or below 340 (11.3) 886 (29.4) 1,784 (59.3) |179.01 <0.001
Secondary or higher 226 (5.7) 803 (20.3) 2,926 (74.0)
Mother’s education
Primary or below 424 (11.1) 1,088 (28.4) 2,324 (60.6) |211.68 <0.001
Secondary or higher 142 (4.5) 601 (19.2) 2,384 (76.2)
Wealth index
Poor 300 (13.1) 688 (30.1) 1,298 (56.8) | 0.322 <0.001
Middle 177 (7.5) 603 (25.5) 1,584 (67.0)
Wealthy 89 (3.8) 398 (17.2) 1,828 (79.0)
Place of residence
Urban 145 (6.6) 443 (20.2) 1,600 (73.1) | 44.187 <0.001
Rural 421 (8.8) 1246 (26.1) 3,110 (65.2)
No. of children in the family
1-2 338(7.1) 1112 (23.2) 3,341 (69.7) |38.641 <0.001
Above 2 228 (10.5) 577 (26.5) 1,369 (63.0)
Mother’s BMI
Thin 222 (14.2) 506 (32.2) 841 (53.6) 269.996 <0.001
Normal 291 (7.2) 961 (23.9) 2,774 (68.9)
Overweight 50(3.7) 210 (15.6) 1,085 (80.7)

Table 2. Cumulative logit regression coefficient (Reg. Coef.) and odds ratio (OR) with 95% confidence interval (95% Cl) of selected
covariates for the nutrition status of children under five years of age in Bangladesh

Covariates Model | Model I

Reg. Coef. OR (95%) CI Reg. Coef. OR (95%) CI
Intercept (a,) -2.823 - -2.067 -
Intercept (a,) -1.210 - -0.426 -
ANC visit
No (Ref.) - - - -
Yes -0.592 0.552 (0.463, 0.659)™"" -0.204 0.815 (0.665, 0.972)*
ANC provider
Unskilled (Ref.) - - - -
Skilled -0.321 0.725 (0.622, 0.844)™" 0.025 1.025 (0.880, 1.225)
Child’s age (months)
0-11 (Ref.) - —
12-23 0.728 2.071 (1.560, 2.538)***
Above 24 1.015 2.759 (2.253, 3.362)***
Father’s education g
Primary or below (Ref.) - - ;
Secondary or higher -0.225 0.798 (0.656, 0.934)** =
Mother’s education ';
Primary or below (Ref.) - - '%
Secondary or higher -0.282 0.754 (0.614, 0.887)** ':;
Wealth index 5
Poor (Ref.) - - E
Middle -0.326 0.722 (0.621, 0.869)*** £
Wealthy -0.576 0.562 (0.453, 0.716)*** ;‘;
Place of residence @
Urban (Ref) - - g
Rural 0.235 1.265 (0.948, 1.626) é’
No. of children in the family =
1-2 (Ref.) - - £

Above 2 0.074 1.077 (0.911, 1.271)
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Table 2. Cumulative logit regression coefficient (Reg. Coef.) and odds ratio (OR) with 95% confidence interval (95% Cl) of selected
covariates for the nutrition status of children under five years of age in Bangladesh

Covariates Model | Model 11
Reg. Coef. OR (95%) CI Reg. Coef. OR (95%) CI
Mother’s BMI
Thin (Ref.) - -
Normal -0.556 0.573 (0.468, 0.698)***
Overweight -0.935 0.393 (0.275, 0.483)***

*** p-value < 0.001, ** p-value < 0.01, * p-value < 0.05; Ref. — reference category.

it can be seen that the proportion of severely and moderately
malnourished children were found to be higher among children
above 24 months of age (9.1% and 27.9%), having a father with
primary or lower education (11.3% and 29.4%), having a moth-
er with primary or lower education (11.1% and 28.4%) and re-
ceiving no antenatal care visit (13.0% and 27.5%) during preg-
nancy, coming from a poor income family (13.1% and 30.1%),
having a thin mother (14.2% and 32.2%), living in a rural area
(8.8% and 26.1%) and a family having more than two children
(10.5% and 26.5%). This rate was also higher among children
having a mother who received ANC service from an unskilled
ANC provider (8.8% and 22.1%). All the selected covariates were
found significant considering the nutrition status of children
(p < 0.001).

Regression analysis

The main objective of this study was to assess the link be-
tween ANC services and child malnutrition in Bangladesh. For
this purpose, we considered two cumulative logit regression
models. The parameter estimates of these two models are
shown in Table 2. In Model |, only two covariates (ANC visit and
ANC provider) were considered to measure the unadjusted ef-
fects of ANC service. It can be observed that both the variables
had a significant (p < 0.01) effect on the nutritional status of
children. For example, the odds of staying in the worse state
of nutritional status (severely and moderately malnourished) is
[(1-0.552) x 100] = 45% lower for children with a mother who
received ANC service compared to a mother who received no
ANC service. These odds are 25% lower for a mother who re-
ceived ANC service from skilled ANC providers. Besides these
two covariates, we incorporated several demographic and clini-
cal covariates into Model Il (Table 2). From this model, it can
be observed that the effect of an ANC visit on child malnutri-
tion is still significant (p < 0.05). This implies that an ANC visit
during pregnancy is an important factor for child malnutrition
in Bangladesh, as it is found statistically significant even after
controlling the demographic and clinical variables. However, it is
surprising to see that in Model II, the nature of the ANC provider
had no significant effect on the nutrition status of children.

It is also evident from Model Il that the odds of remaining
within the severely and moderately malnourished category of
a child’s nutrition status is more than double for children be-
longing to the age group 12-23 months (OR = 2.071, p < 0.001)
and above 24 months (OR = 2.759, p < 0.001), when compared
to infants. These odds are significantly lower for fathers with
secondary or higher education (OR = 0.798, p < 0.01), mothers
with secondary or higher education (OR =0.754, p <0.01), com-
ing from a middle (OR = 0.722, p < 0.001) and wealthy (OR =
0.562, p < 0.001) income family, having a normal (OR = 0.573,
p < 0.001) or overweight (OR = 0.393, p < 0.001) mother. How-
ever, residential status (OR = 1.265, p < 0.05) and number of
children in the family (OR = 1.077, p > 0.05) were found to have
no significant effect on child malnutrition in this study.

Discussion

This study aimed at examining the relationship between
antenatal care services and the nutritional status of children

in order to determine the risk factors of child malnutrition in
Bangladesh. We found through our analyses that child malnutri-
tion had a potential association with the child’s age, mother’s
and father’s education, antenatal care visits, wealth index and
mother’s BMI, which is consistent with existing literature [2, 22,
23]. We observed that antenatal care visits had a significant ef-
fect on child malnutrition, as mothers who received antenatal
care visits gave birth to more nourished children compared to
mothers who did not receive any kind of antenatal care service.
This finding corresponds with previous works as well [24, 25].
We also found that a mother’s body mass index is linked with
the nourishment of children, which complies with similar types
of studies [10, 11].

Although a child’s nutritional status is associated with an-
tenatal care visits, whether a patient will receive maternal care
or antenatal care depends largely on different factors, such as
the family’s financial status, head of the family, partner’s educa-
tional status, the relationship that the mother shares with other
family members and the presence of a skilled birth attendant
during the delivery period [26—29]. Socio-demographic factors,
such as educational status of mothers and household income,
play a vital role in determining the nutritional status of children
as well [30, 31]. Our findings also imply that mothers who were
more educated and were comparably wealthier gave birth to
nourished children.

The provision of antenatal care (ANC) has been expanding
fast worldwide. It offers a range of diversified services which
can prevent, detect and treat risk factors early in pregnancy.
ANC is often used as a platform for additional interventions,
showing a positive influence on maternal and child health sta-
tus, such as nutrition programs and breastfeeding counselling,
or to educate women about the possibilities of family planning
and birth spacing [32—34]. In addition, ANC programs are used
to provide care and information that is not directly related to
pregnancy, but which can reduce possible maternal risk factors,
such as promoting healthy lifestyles, tackling malnutrition or in-
forming about gender-based violence. Hence, the knowledge of
ANC has become one of the most fundamental parts of basic
primary healthcare professionals. By addressing the importance
of primary health care, the government of Bangladesh has taken
initiatives to revitalize community clinics. One of such projects,
entitled ‘Revitalization of Community Health Care Initiatives in
Bangladesh’, is aimed at providing services including antenatal
care, integrated management of childhood illness, reproductive
health and family-planning, nutrition education, etc., where
healthcare professionals can contribute to a greater extent.

Both existing literature and the findings from the present
study suggest that antenatal care services can reduce child
malnutrition to a great extent. Besides this, providing women
with proper knowledge and counseling during pregnancy might
improve the child’s health and reduce delivery complexities. In
particular, emergencies during pregnancy, regular check-ups
and skilled delivery assistance should be emphasized. Public
education and awareness programs should be increased to pre-
vent women from seeking dangerous ANC alternatives. Though
ANC services are mostly available both in rural and urban areas
and do not differ much in terms of the child’s nutritional status,
these services should be made more affordable for the impov-
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erished. Alongside this, further research on ANC visits and child
nutrition need to be conducted in the future for a greater un-
derstanding of the potential link-ups between malnutrition and
other issues.

Limitations of this study

This study is based on data extracted from the Bangladesh
Demographic and Health Survey (BDHS) 2014, which exerts
certain limitations. We acknowledge that the study would have
even more value if we could obtain more information regard-
ing the effect of antenatal visits on the number of breastfed
children and the duration of breastfeeding. Unfortunately, this
information was not available in the BDHS dataset. We also did
not have disaggregated information on the type of provider
(skilled/unskilled) for each ANC visit. We attempted to proxy
this by considering the women who receive ANC service at least
once from a skilled provider during her pregnancy.

Conclusions

This study provides evidences of a significant link between
ANC visits and child malnutrition in Bangladesh. The study ex-

plores important association between the child’s age, parent’s
education, wealth index, mother’s BMI and child nutrition. The
findings are crucial to the formulation of strategies and inter-
ventions for reducing the prevalence of child malnutrition in
Bangladesh. More investment in the health sector and interven-
tions aimed at improving antenatal care services and a child’s
health is recommended to decrease child malnutrition and
maternal deaths. Improved education and income opportunity,
along with empowerment of women, are vital for long-term
results. The primary healthcare professional can play a greater
role here and should be facilitated more in antenatal care ser-
vices for better results. Antenatal care service should also be
made more available and affordable for the population.
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