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Abstract

Background The prevalence of low birth weight (LBW) has stagnated at approximately 12% for the past 15 years in
Nepal, significantly impacting newborn survival. While antenatal care (ANC) visits and iron-folic acid supplementation
are recognised as important interventions to reduce LBW, there is a lack of evidence regarding their combined effect.
This study aimed to explore the potential synergistic impact of ANC and iron-folic acid supplementation on LBW in
Nepal by analyzing data from two national surveys.

Methods The nationally representative Nepal Demographic and Health Surveys of 2016 and 2022 were used, and the
pooled dataset was analysed. Birth weight and the prevalence of LBW (i.e. birthweight < 2500 g) were reported using
descriptive statistics. The associations among LBW, ANC visits, and iron-folic acid supplementation were examined
using logistic regression analyses.

Results The mean birth weight was 3011 g, with an LBW prevalence of 11.2%. Not attending ANC (Adjusted Odds
Ratio (AOR): 1.49; 95% Confidence Interval (Cl): 1.14, 1.95) and not consuming iron-folic acid supplements (AOR:
1.43;95% Cl: 1.11, 1.84) were independently associated with a higher likelihood of having LBW. Furthermore, when
considering both factors together, mothers who attended less than four ANC visits and consumed iron-folic acid for
<90 days had the higher likelihood of having LBW (AOR: 1.99; 95% Cl: 1.35, 2.60) compared to those who did not.

Conclusions This study highlights that the individual and joint influence of ANC visits and iron-folic acid
supplementation on having LBW. These findings underscore the significance of ANC attendance and iron-folic acid
supplementation in preventing LBW. Traditionally, these two interventions were primarily considered as maternal
survival strategies. However, our findings indicate that these existing interventions could be utilised further for both
maternal and newborn survival. Given that these services are offered free of cost and are available near people’s
homes through the National Safe Motherhood Programme in Nepal, efforts to increase the uptake of these services
should be strengthened while emphasising their role in preventing LBW.
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Background

Low Birth Weight (LBW) is defined as a birth weight of
less than 2500 g regardless of gestational age [1]. LBW is
a significant global public health issue, which has both
immediate and long-term impacts on child’s health [2],
and developmental outcomes [3, 4]. Infants born LBW
have higher risk of mortality in neonatal and post neo-
natal phase [4]. These children also have stunted growth,
low IQ, and problem in catching up with height and
weight [5, 6]. These children are subjected to long-term
non-communicable diseases risk such as higher body
mass index, abdominal obesity, increased cholesterol
level, pre-diabetes, and metabolic syndrome [6—8].

Annually, an estimated 19.8 million babies are born
LBW globally, with nearly 91% reported in low- and
middle-income countries [6]. This has significant impli-
cations for achieving the Sustainable Development Goals
(SD@Gs) to “leave no one behind” [1, 9]. Therefore, the
World Health Assembly (WHA) targets to reduce LBW
by 30% by 2025 from the level of 2012 [10].

Nepal is a land locked country, located in South Asia
and is bordered by China to the north and India to the
south, east, and west with a population of about 30 mil-
lion as of 2021 [10, 11]. Nepal is administratively divided
into seven provinces (i.e. states). The three ecological
regions include the Terai, Hills, and Mountains, each
characterized by distinct geography, climate, and biodi-
versity [11]. These administrative divisions and ecological
regions play a significant role in shaping the accessibility
to essential services, livelihood opportunities and cul-
tural practices of the people in Nepal [12].

Despite Nepal’'s commitment to reduce the prevalence
of LBW by 30% by 2025 as part of Global Nutrition Tar-
gets [4, 13], the prevalence of LBW has remained stag-
nant at around 12% from 2011 to 2016, with a concerning
3 percentage point increase in 2023 [14-16]. In 2018, a
joint report by UNICEF and World Health Organiza-
tion (WHO) revealed [13], that approximately 2.5 million
newborns worldwide died within the first 28 days of life.
According to the WHO 2018 report, around 80% of these
deaths were among LBW infants, two-thirds of whom
were born prematurely [13]. Although newborn mortal-
ity in Nepal declined from 50 to 21 deaths per 1,000 live
births between 1996 and 2016, it remained at 21 deaths
per 1,000 during the 2022 survey [12, 17], indicating the
urgency of addressing this issue.

Various socioeconomic, pregnancy and maternal, ser-
vice-related, and infant-related factors have been linked
to LBW [3, 9, 18]. A recent study including data from six
South Asian countries indicated that LBW is more preva-
lent in the socioeconomically disadvantaged sections of
society [19]. While addressing socioeconomic disparities
and incorporating equity into health service delivery is
a long-term solution [20], mid and short-term solutions
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are also essential for immediate improvements, consider-
ing the urgency of this issue. Several interventions such
as folic acid, calcium, iron, vitamin D, and zinc supple-
mentation, have been studied for their impact on reduc-
ing LBW [21, 22]. Although some studies have suggested
the effectiveness of specific interventions, the overall evi-
dence on what effectively reduces LBW is not conclusive.
For example, some systematic reviews and meta-analysis
suggested that calcium and zinc supplementation were
effective in reducing LBW [21, 22]. Other observational
studies have suggested improving access to and com-
pliance with iron supplementation as a simple recom-
mended therapy [23, 24]. Conversely, da Silva et al. [21]
found little effect of nutrition education (within ANC
visits) and iron supplementation (with or without folic
acid). ANC visits can provide an opportunity for health
services to implement health promotion and additional
supplementation activities. The potential of antenatal
visits and iron-folic acid supplementation in addressing
LBW, which are already part of the Nepal’s national safe
motherhood programme, still needs to be explored [15,
25].

To the best of our knowledge, there has been insuffi-
cient contextual evidence to guide decision-makers in
preventing LBW in Nepal. The existing literature on the
impact of iron-folic acid supplementation and ANC vis-
its on LBW in Nepal is inconclusive [21, 23]. A recent
study [19], which included the demographic and health
surveys of six South Asian countries conducted between
2015 and 2022, revealed an association between iron-
folic acid supplementation and LBW. However, the study
did not report country-specific analyses. Inter-country
and intra-country contextual factors may influence such
associations due to significant differences in culture,
health systems, social services, and access to maternal
health services. Therefore, this study aimed to investi-
gate the combined effect of ANC visits and iron-folic acid
supplementation on LBW in Nepal, using pooled data
from nationally representative surveys conducted in 2016
and 2022. The findings of this study could provide valu-
able insights for policymakers to develop evidence-based
strategies for reducing LBW in Nepal.

Methods
Data source
We used datasets from the nationally representative
Nepal Demographic and Health Surveys (NDHS) of
2016 and 2022 [12, 17]. The NDHS is conducted every
five years based on globally validated and locally adapted
methodology. The pooled data for our analysis covered
the two survey periods spanning ten years (2012-2021).
Details of the sampling process have been published in
the official survey reports [12, 17]. The NDHS is a multi-
stage cluster survey. In the first stage, primary sampling



Khanal et al. BMC Pregnancy and Childbirth (2024) 24:612

units are selected. In the second stage, households are
selected by random sampling of households from the pri-
mary units. The respondents are women and men from
the households. Household (family) and individual-level
data are then collected during the surveys. Mothers
reported for themselves and their children. We used the
‘Children dataset (KR) based on the Guide to DHS sta-
tistics [26]. This dataset contained information on birth
weight based on interviews with mothers. The response
rates were 98.5% for the 2016 survey [17] and 99.7% for
the 2022 survey [12], respectively.

Variables

Outcome variable

Birth weights were retrieved based on the mother’s recall
and/or from a birth card, excluding missing values. The
continuous birth weight variable was then dichotomized
as LBW if<2500 g and ‘non-LBW’ if otherwise, in accor-
dance with the global standard [2, 27]. We only included
singleton births and last-born children for the binary
outcome variable. Multiple pregnancy is a known risk
factor of LBW and is likely to mask the effect of other
variables [28, 29].We chose to include only last-born
children for several reasons: first, information about the
most recent birth is likely to be more accurate and less
subject to recall bias compared to earlier births; second,
including more than one birth from one mother would
have included maternal and household variables more
than once, potentially biasing the results towards families
with multiple children, and third, the circumstances sur-
rounding the last birth are more likely to reflect the cur-
rent socioeconomic status of the household.

Factors

Although many socioeconomic and health services uti-
lization factors have been linked to LBW in the litera-
ture, their inclusion in the present study was guided by
our extensive literature review, study objective in the
Nepal context, and availability in the NDHS report. The
two independent variables of interest were ANC visits
and the number of days of iron-folic acid consumption,
which were the key services provided during pregnancy.
The Ministry of Health and Population [Nepal] recom-
mended that a pregnant woman attends four or more
ANC visits, and they start taking iron-folic supplements
from the second trimester till childbirth and 45 days of
postpartum. Although the WHO has recently revised
their recommendations for ANC visit to eight visits [30],
in Nepal, this recommendation came into place after
NDHS 2016 was conducted and was not fully imple-
mented during the data collection phase of NDHS 2022.
Therefore, we included four or more ANC visits as the
recommended number of visits [17]. The discrete ANC
variable was dichotomized as either > 4 visits’ or ‘< 4
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visits’ based on the widely practiced recommendations of
four or more ANC visits prior to 2016 [31]. The number
of days of taking iron-folic acid supplements, as reported
by the mothers, was categorized into ‘< 90 days’ and > 90
days’ [16]. To ascertain their synergistic association with
LBW, these two binary variables were also combined into
a new variable with the following categories:

+ >4 ANC visits and > 90 days of taking iron-folic acid.
+ 24 ANC visits and <90 days of taking iron-folic acid.
+ <4 ANC visits and > 90 days of taking iron-folic acid.
+ <4 ANC visits and <90 days of taking iron-folic acid.

Key confounding factors were also considered based on
the available literature, and data in the dataset, including
the timing of antenatal visit (early initiation: within the
first trimester; late: four months or later [31]), infant sex
(male; female), maternal age (15-19 years; 20—34 years; >
35 years), maternal education and paternal education (no
formal education; primary; secondary; higher), place of
residence (urban; rural), maternal smoking (yes; no), and
birth order (primipara; multipara). In addition, the type
of cooking fuel was categorized as either polluting (ker-
osene, coal, lignite, charcoal, wood, straw, agricultural
crop, animal dung) or non-polluting (biogas, electricity,
natural gases, LPG), while household wealth was classi-
fied according to family possession of assets (poorest;
poor; middle; richer; richest).

Statistical analysis

The mean birth weights (SD) and the prevalence of LBW
(percentages), along with their 95% confidence intervals
(ClIs) were reported using descriptive statistics. The uni-
variate association between each independent variable
and LBW was first assessed by the Chi-square test (x2).
Adjusted odds ratios (AORs), together with their corre-
sponding 95% Cls from the fitted multivariate models,
are reported in Table 3 and supplementary Table 1.

For the two key independent variables of interest,
namely ANC visits and iron-folic acid consumption, their
individual, as well as joint associations with LBW, were
estimated in separate models, adjusting for all indepen-
dent variables included in the study. All statistical analy-
ses were performed using Statistical Package for Social
Sciences (IBM Corp version 28.0, Armonk, NY, USA)
after accounting for the sampling weight of the pooled
data.

Results

Birth weight and LBW prevalence

Table 1 presents the descriptive statistics of the outcome
variable. Pooled data showed that the mean birth weight
was 3011 g, with an LBW prevalence of 11.2%. The prev-
alence of LBW was almost the same between the two
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Table 1 Prevalence of low birthweight in Nepal

Outcome Pooled data NDHS 2022 NDHS 2016
Number of reported birth weight: N 4935 2338 2597

Mean birth weight (in grams) 30112 3001.0 3019.1

(95% Cl) (2992.5,3029.9) (2977.8,3025.2) (2994.9,3043.2)
LBW:n 565 272 293

LBW prevalence* 11.2% 11.4% 11.1%

(95% Cl) (102,12.3) (10.0,13.0) (9.7,12.6)

Cl: Confidence Interval; LBW: low birth weight; NDHS: Nepal Demographic and Health Survey. * weighted analysis

surveys. Among the reported birth weights (n=4935),
17.8% were extracted from the card, and 82.2% were
based on the mother’s recall. Almost one in three moth-
ers (28.5%) reported that their babies were either not
weighed or they did not know the birth weight.

Characteristics of participants

Table 2 presents the characteristics of the participants,
the majority of whom were between 20 and 34 years old
(84.5%). Slightly more than half of the infants were male
(54.3%), with a small proportion of mothers (14.7%)
and fathers (17.3%) reporting attaining higher educa-
tion. About a third of the households were located in
rural areas (34.7%) and used non-polluting cooking fuel
(35.7%), whereas only about 4% of participants smoked
cigarette or tobacco. Almost one-quarter of women still
initiated their antenatal visits after the first trimester.
However, the majority attended four or more ANC vis-
its (84%) and consumed iron-folic acid supplements for
more than 90 days (79.4%). Table 2 also shows that infant
sex, maternal age, paternal education, birth order, and
type of cooking fuel were associated with LBW based on
Chi-square tests, in addition to ANC visits and iron-folic
acid consumption.

ANC visits, iron-folic acid consumption, and low birth
weight

Table 3 summarizes the results from logistic regression
analyses. Both ANC visits (AOR: 1.49; 95% CI: 1.14, 1.95)
and iron-folic acid consumption (AOR: 1.43; 95% CI:
1.11, 1.84) remained significantly and inversely associ-
ated with LBW after adjusting for infant sex, birth order,
maternal age, maternal education, paternal education,
household wealth, place of residence, type of cooking
fuel, and maternal smoking (Table 3; Model a). Figure 1
shows the distribution of LBW prevalence by combined
variables of ANC visits and iron-folic acid consump-
tion by mothers. The LBW prevalence was 16.4% among
mothers who had less than 4 ANC visits and <90 days
of iron-folic acid supplementation, compared to only
9.5% among those with four or more ANC visits and
more than 90 days of iron-folic acid consumption. Fur-
thermore, as shown in Table 1 (Model b), mothers who
attended less than four ANC visits and consumed<90
days of iron-folic acid supplements (AOR: 1.88; 95% CI:

1.35, 2.60) sustained the highest likelihood of giving birth
to LBW infants, when compared to their counterparts
with four or more ANC visits and more than 90 days of
iron-folic acid consumption. Full results of these two
models, including significant and non-significant factors,
are included in supplementary Table 1.

Discussion

The study found that adhering to at least four ANC vis-
its and consuming iron-folic acid for 90 days was pro-
tective against LBW compared to when adherence to
both was not met. These findings are consistent with
previous studies from Nepal and other low- and middle-
income countries [23, 24, 32]. Similar studies in Nepal,
India, and Bangladesh have also reported higher risks of
LBW among mothers who attended less than the recom-
mended number of ANC visits [24, 33—-35].

The evidence regarding the association with iron-
folic acid supplementation has been diverse. Previous
studies from Nepal [24], India [23], and a systematic
review of 49 trials from the Cochrane Database [36]
evaluating the effect of supplementation with iron or
iron and folic acid during pregnancy have reported
positive associations between iron-folic acid supple-
mentation and birth weight. Another systematic
review and meta-analysis [22] analysed 132 articles
from 101 trials, primarily conducted in Southeast
Asian (n=38) and African (n=26) countries. This
review focused on interventions for pregnant women
in low- and middle-income countries and examined
the impact of various interventions on outcomes
such as preterm birth (<37 weeks of gestational age),
low birth weight (<2500 g), and birth weight [22].
The findings indicated that the consumption of iron-
folic acid was associated with a higher birth weight,
showing a mean difference of 0.18 kg (95% CI: 0.00,
0.36 kg). Additionally, it also suggested a lower likeli-
hood of LBW with a relative risk of 0.85 (95% CI: 0.58,
1.38) among those women who had consumed iron-
folic acid. A 2015 Cochrane review including 15 ran-
domized controlled trials among 18, 590 participants
also summarized that there was an increase in mean
birth weight by 23.75 g (95% CI: 3.02, 50.51) among
the intervention group (taking iron) compared to
those taking placebo or no iron [37].
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Table 2 Prevalence of low birth weight by participant characteristics in Nepal (N=4935)
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Characteristic Distribution Low birth weight
N (%) N (%)
Infant sex p<0.001
Male 2705 (54.3) 270(9.9)
Female 2230 (45.7) 295 (12.8)
Birth order p<0.001
Primipara 2285 (46.5) 333(144)
Multipara 2650 (53.5) 232(8.5)
Maternal age p<0.001
15-19 years 492 (8.9) 89 (17.5)
20-34 years 4123 (84.5) 450 (10.8)
>35 years 320 (6.6) 26(7.7)
Maternal education p=0.386
No formal education 877 (17.9) 109 (12.0)
Primary 8(24.5) 148 (11.9)
Secondary 2169 (42.9) 247 (11.1)
Higher 671 (14.7) 61(9.3)
Paternal education p=0.004
No formal education 448 (9.7) 67 (14.8)
Primary 1393 (25.9) 164 (13.2)
Secondary 2378 (47.1) 252 (10.0)
Higher 6(17.3) 82(9.5)
Household wealth p:OO7
Poorest 1139 (16.3) 41(11.6)
Poor 985 (18.7) 2(124)
Middle 1020 (21.7) 31(12.7)
Richer 998 (22.4) 1(10.9)
Richest 793 (21.1) 70 (8‘7)
Place of residence p=0.89
Urban 2943 (65.3) 342 (11.3)
Rural 1992 (34.7) 223 (11.1)
Type of cooking fuel p=0.004
Non-polluting 1455 (35.7) 141 (9.2)
Polluting 3480 (64.3) 424 (12.3)
Maternal smoking p=0.506
Yes 210(3.9) 26 (9.8)
No 4725 (96.1) 539(11.3)
ANC visits p<0.001
>4 visits 4175 (84.0) 440 (10.3)
<4 visits 760 (16.0) 125(16.1)
Iron-folic acid consumption p<0.001
>90 days 3974 (794) 407 (10.1)
<90 days 961 (20.6) 158 (15.5)

p values from Chi-square test of association. * missing values present

Several causal mechanisms can explain the results of
our study that adhering to at least four ANC visits or con-
suming iron-folic acid for 90 days or both was protective
against LBW. Firstly, ANC visits provide opportunities
for health promotion, screening, and early intervention,
ultimately improving maternal and neonatal outcomes.
In Nepal, pregnant women during ANC visits typically
receive iron-folic acid supplements, tetanus and diphthe-
ria immunization, deworming tablets, as well as advice

on self-care (nutrition, rest, no smoking and drinking
alcohol) during pregnancy [31, 38, 39] and post-partum;
together with identification and prompt care-seeking
for danger signs during pregnancy, childbirth, and the
postpartum period [31, 40]. These interventions are cru-
cial to improving their general health, well-being, and
pregnancy outcomes, potentially contributing to foetal
growth.
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Table 3 Association of ANC visits and iron-folic acid consumption with low birth weight

Model AOR (95% CI)*
(a)

ANC visits

>4 visits 1.0

<4 visits 149 (1.14,1.95)
Iron-folic acid consumption

>90 days 1.0

<90 days 143(1.11,1.84)
(b)

ANC visits and iron-folic acid consumption

>4 visits and > 90 days 1.0

>4 visits and <90 days
<4 visits and > 90 days
<4 visits and <90 days

1.64 (1.23,2.20)
1.81(1.28,257)
1.88(1.35, 2.60)

AOR: adjusted odds ratio; Cl: confidence interval. * From logistic regression model adjusting for infant sex, birth order, maternal age, maternal education, paternal
education, household wealth, place of residence, type of cooking fuel, maternal smoking, and birth order. Full results are provided in supplementary file

Prevalence of low birth weight
=
o

2 4 ANC visits and > 90
days of iron-folic acid

2 4 ANC visits and < 90
days of iron-folic acid

< 4 ANC visits and > 90
days of iron-folic acid

<4 ANC visits and < 90
days of iron-folic acid

Fig. 1 Prevalence of low birth weight by joint ANC visit and iron-folic acid consumption in Nepal using Demographic and Health Survey Data

Iron-folic acid supplementation during pregnancy can
help reduce oxidative stress on the foetus. Inadequate
iron intake during pregnancy impedes the hormonal and
neuronal regulation of pregnancy as well as fetal oxygen-
ation [22]. Iron deficiency anaemia can lead to changes
in stress-related hormones, including norepinephrine,
cortisol, and corticotropin, resulting in oxidative stress
and foetal growth restriction. Iron supplementation helps
reverse such stress [41]. Moreover, iron-folic acid supple-
mentation can increase the mother’s appetite [42] which
is a crucial factor during pregnancy. A good appetite can
lead to a better intake of food, improved nutritional sta-
tus and, consequently, an improved foetal outcome. For
instance, a systematic review found that intake of local
food of 1500 kcal per day was associated with a reduced
likelihood of LBW (RR: 0.17; 95% CI: 0.09, 0.29) [22].

The study’s strengths lie in its utilisation of pooled data
from nationally representative samples, using interna-
tionally standardized methodology and locally validated
questionnaires, and having a high response rate. How-
ever, several limitations must be acknowledged. Missing

values were present for the birth weight outcome. For
instance, as noted earlier, 28.5% of mothers could not
report birth weight. For those whose birth weight was
reported, they were subject to recall bias by the mothers.
The maternal recall of number of antenatal visits [43],
birth weight [44, 45], and their consumption of iron-folic
acid [46] is subject to recall bias. We do not have further
data to report the sensitivity and specificity of such recall
in our study, but former studies from Nepal [44, 46] have
demonstrated inaccuracies due to recall bias. However,
in resource-poor settings such as Nepal, there are lim-
ited studies which can report better data. Therefore, this
data collection method is still employed in the country.
As mentioned in the methods section, other plausible
confounding factors were omitted in our analyses. Firstly,
we aimed to ascertain the joint association of ANC
visits and iron-folic acid consumption with the LBW
prevalence, accounting for the effects of established influ-
encing factors. Secondly, being part of a broad national
demographic and health survey, many specific pieces of
information on pregnancy and lifestyle, e.g., maternal
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morbidity, gestational diabetes, previous history of pre-
term birth, dietary intake, iron-folic acid tolerance dur-
ing pregnancy, air pollution, maternal stress factors, were
not collected that would otherwise have been useful for
inclusion in analyses. Thirdly, causal relationships could
not be determined due to the cross-sectional nature of
the NDHS.

Notwithstanding these limitations, the findings sug-
gest an opportunity within the existing service delivery
system to curtail the LBW problem by further promot-
ing the benefits of ANC visits and iron-folic acid supple-
mentation and strengthening their joint implementation.
Likewise, building on the findings from another system-
atic review [22], additional supplements such as calcium,
which have been reported useful in reducing the LBW
burden, can be added as packaged interventions along
with the existing ANC and iron-folic acid supplementa-
tions. Further longitudinal and life course research is
needed to explore the causal mechanisms underpinning
the higher incidence of LBW in Nepal and other low- and
middle-income countries.

Conclusion

This study highlights the individual as well as joint influ-
ence of ANC visits and iron-folic acid supplementation
on the prevalence of LBW. These interventions together
were associated with a lower prevalence of LBW. This
underscores the importance of strengthening the current
National Safe Motherhood Programme concerning ANC
and iron-folic acid supplementation. Traditionally viewed
as maternal survival strategies, our findings indicate that
these interventions can also enhance newborn survival.
Given that these services are provided free of cost and are
accessible within communities, there is a valuable oppor-
tunity for Nepal to leverage existing ANC and iron-folic
acid supplementation activities in a more assertive way
to improve birth outcomes. Efforts to increase the uptake
of these services should be intensified, along with rais-
ing awareness of their critical role in preventing LBW.
Further research should examine the opportunity to
address modifiable risk factors such as the quality of ser-
vices received during the ANC period and food security
of pregnant women. It should also examine the potential
for incorporating additional supplementations and inter-
ventions to better support mothers and families during
pregnancy.
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