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Abstract
Objectives  Antenatal care (ANC) is an essential part of 
primary healthcare and its provision has expanded worldwide. 
There is limited evidence of large-scale cross-country studies 
on the impact of ANC offered to pregnant women on child 
health outcomes. We investigate the association of ANC in 
low-income and middle-income countries with short- and 
long-term mortality and nutritional child outcomes.
Setting  We used nationally representative health and welfare 
data from 193 Demographic and Health Surveys conducted 
between 1990 and 2013 from 69 low-income and middle-
income countries for women of reproductive age (15–49 
years), their children and their respective household.
Participants  The analytical sample consisted of 752 635 
observations for neonatal mortality, 574 675 observations 
for infant mortality, 400 426 observations for low birth 
weight, 501 484 observations for stunting and 512 424 
observations for underweight.
Main outcomes and measures  Outcome variables are 
neonatal and infant mortality, low birth weight, stunting 
and underweight.
Results  At least one ANC visit was associated with a 1.04% 
points reduced probability of neonatal mortality and a 1.07% 
points lower probability of infant mortality. Having at least four 
ANC visits and having at least once seen a skilled provider 
reduced the probability by an additional 0.56% and 0.42% 
points, respectively. At least one ANC visit is associated with 
a 3.82% points reduced probability of giving birth to a low 
birth weight baby and a 4.11 and 3.26% points reduced 
stunting and underweight probability. Having at least four ANC 
visits and at least once seen a skilled provider reduced the 
probability by an additional 2.83%, 1.41% and 1.90% points, 
respectively.
Conclusions  The currently existing and accessed ANC 
services in low-income and middle-income countries are 
directly associated with improved birth outcomes and longer-
term reductions of child mortality and malnourishment.

Introduction
Despite strong international efforts to expand 
the worldwide coverage of basic primary 
health services for women, pregnancy and 
childbirth still represent a high-risk period 

for mother and child; especially in low-in-
come and middle-income countries. Reduc-
tions in maternal and early child mortality 
remain high on the global development 
policy agenda, which can be seen in its inclu-
sion in the Sustainabile Development Goal 
3.1 However, nearly 3 million babies die every 
year during their first month of life,  and in 
low-income and middle-income countries, 
many of those deaths and morbidities are due 
to easily preventable causes.2 3 Undetected 
infections during pregnancy, such as malaria, 
syphilis, tuberculosis, tetanus or HIV/AIDS, 
as well as high blood pressure, diabetes and 
other pre-existing health conditions often 
complicate or aggravate pregnancy and 
pose significant risk for mother and child. 
Antenatal care (ANC)—the services offered 
to mother and unborn child during preg-
nancy—is an essential part of basic primary 
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Research

Strengths and limitations of this study

►► This is the first study on the association of antenatal 
care (ANC) with child health and vital outcomes 
for all low-income and middle-income countries 
for which high-quality and comparable data are 
available.

►► This is the first study investigating the possible long-
term effects of the utilisation of ANC on children’s 
nutritional and vital status.

►► The study focuses on the association between the 
ANC services effectively available and accessible to 
women in low-income and middle-income countries 
and hence, generates knowledge on the current 
status quo and effect of the ANC services on child 
health.

►► The analysis does not allow a causal interpretation 
of the results.

►► Data availability limits the investigation of the 
association of more disaggregated quality indicators 
of ANC with the outcome variables.
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healthcare during pregnancy, and offers a mosaic of 
services that can prevent, detect and treat risk factors early 
on in the pregnancy. The detection of high-risk pregnan-
cies through the analysis of socioeconomic, medical and 
obstetrical factors represents a key element of ANC. It is 
also often used as a platform for additional interventions 
that have been shown to positively influence the maternal 
and child health status, such as immunisation and nutri-
tion programmes and breastfeeding counselling, or to 
educate women about the possibilities of family planning 
and birth spacing.4–13 In addition, ANC programmes 
are used to provide care and information that is not 
directly related to pregnancy but can reduce the possible 
maternal risk factors, such as promoting healthy life-
styles, tackle malnutrition or inform about gender-based 
violence.  Hence, ANC is a potentially important deter-
minant in reducing maternal and child morbidity and 
mortality.14–22

Within the last decades, the provision of ANC services 
has increased worldwide. During 2010–2015, the ANC 
coverage, defined as the percentage of women aged 
15–49 years who attended at least one ANC visit with a 
skilled provider, was around 85% globally and approxi-
mately 77% in the least developed countries.23 24 To our 
knowledge, there exists no global study for all low-income 
and middle-income countries, which analyses the associa-
tion of existing ANC services that are offered to pregnant 
women in low-income and middle-income countries on 
child health outcomes.

Numerous studies have helped to develop an interna-
tionally accepted set of so-called essential ANC services 
by evaluating the effects of single interventions, such 
as tetanus and malaria prevention programmes, on 
maternal and neonatal health25–30 or by studying the 
optimal number and content of ANC visits.31–34 However, 
the de facto offered and used set of ANC services can 
deviate greatly from the recommended ANC  interven-
tions. A couple of studies evaluate the relationship 
between the utilisation of ANC services and perinatal 
outcomes in individual low-income and middle-income 
countries. The majority have shown the positive effects 
of ANC on newborn mortality, the occurrence of still-
birth and preterm labour and low birth weight.35–43 
However, they exclusively focus on single countries, 
are often conducted at the clinic level and have small 
sample sizes. This limits their external validity. We iden-
tified only one study that focuses on a larger regional 
sample. Conde-Agudelo et al studied 837 232 births in 
Latin America between 1985 and 1997.44 One major 
risk factor associated with fetal death was the lack of 
ANC. We could not find a study that took into account 
the possible long-term effects of the utilisation of ANC 
services on children’s nutritional and vital status.

With up to 193 Demographic and Health Surveys 
(DHS) from 69 low-income and middle-income coun-
tries, we use the most comprehensive data for low-income 
and middle-income countries that currently exist. Specif-
ically, we investigate whether the attendance of mothers 

at ANC services was associated with improved short-term 
and long-term survival rates or reductions in the preva-
lence of low birth weight, stunting and underweight in 
their children.

Methods
Data
We used data from the DHS, which are publicly available 
online (http://​dhsprogram.​com). The DHS are cross-sec-
tional household surveys that use a harmonised question-
naire to facilitate between-country comparisons. The 
DHS collect nationally representative health and welfare 
data for women of reproductive age (15–49 years), their 
children and their respective household.

They have been conducted at different time intervals 
in 90 low-income and middle-income countries since 
1985. We included all surveys, which have information 
for the relevant outcome and explanatory variables. 
The final sample consists of pooled data from up to 193 
surveys in 69 low-income and middle-income countries 
worldwide, conducted between 1 January 1990 and 31 
December 2013. The DHS used a multistage stratified 
sampling. Countries were divided into regions, within 
which populations were stratified by area of residence 
and from which a random sample was taken according 
to the most recent population census. Those are the 
primary sampling units (clusters with an average of 250 
households), which are equally likely to be selected to 
the proportion of the specific cluster’s population that 
contributed to the total population. At the second stage, 
after a complete listing of all households within the 
cluster, an average of 20–30 households were randomly 
selected by equal probability. Sampling weights in 
order to calculate nationally representative statistics are 
provided by the DHS.

 Women were, among other things, asked for each live 
birth within 5 (or in some cases  3) years prior to the 
survey about date of birth, birth weight, vital status at the 
time of the interview and either current age or age at 
death of the child. Furthermore, the DHS collected infor-
mation on the height and weight of the children born 
during the last 3 or 5 years.

For each last-born live birth of the previous 3 or 5 years, 
there is information on the attendance rates and quality 
of ANC visits during the last pregnancy that led to a live 
birth. Considering the ongoing debates on the impor-
tance of the quality and number of ANC visits,31 45–48 we 
specified two different main explanatory variables. First, 
the mere attendance of ANC (a dummy variable indi-
cating whether the woman attended at least one ANC visit 
during her last pregnancy leading to a live birth) irrespec-
tive of the total number of visits and the type of provider. 
To proxy WHOrecommendations regarding prenatal care 
(at least four visits at a skilled provideri), we specified a 

i In 2016, WHO updated their recommendations to at least eight 
prenatal care visits at skilled providers.51
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variable indicating whether the woman saw at least once a 
skilled provider during her at least four ANC visits. Unfor-
tunately, we were unable to identify whether all ANC visits 
were provided by a skilled professional. ANC visits to a 
doctor, midwife, nurse, auxiliary midwife, obstetrician, 
health professional or trained (traditional) birth atten-
dant were considered as skilled ANC services,  whereas 
ANC with a traditional birth attendant, relatives, any 
other person or none of the mentioned was classified as 
unskilled ANC.

Outcomes
We analysed the data for short-term and long-term vital 
outcomes and low birth weight of all last-born live births 
as well as stunting and underweight for the last-born chil-
dren aged 0–59 months (in some surveys 0–36 months) 
at the time of the interview. Hence, each woman is repre-
sented only once in the dataset with the information 
of her last-born child (in case of a live birth). Mortality 
outcomes were neonatal death, defined as death of a 
live birth within the first month of life, and infant death, 
defined as death after the first month but within the first 
year of life. The latter excludes neonatal deaths and is 
restricted to children aged at least 1 year. Nutritional 
outcomes were low birth weight, stunting and under-
weight. We used WHO classification that defines low birth 
weight as a birth weight below 2500 g at birth. Following 
WHO and Unicef suggestions, we only included biologi-
cally plausible birth weights from 500 to 5999 g. To calcu-
late stunting and underweight, we used anthropometric 
data defined by WHO standards and classifications (using 
the Stata package ‘igrowup_stata’). Comparing the child’s 
height and weight to those of a well-nourished reference 
population of the same age and sex allows us to calculate 
the z-scores of height-for-age and weight-for-age. Stunting 
is defined by a height-for-age z-score of less than −2, and 
underweight is defined by a weight-for-age z-score of less 
than −2. Biologically implausible values of the z-scores 
were excluded following WHO guidelines.

Statistical analysis
We used linear probability regression models to investi-
gate the association between ANC services and short-term 
and long-term vital and health outcomes of children. We 
adjusted the regressions for confounding factors and 
controlled for primary sampling unit (PSU) fixed effects. 
The PSU fixed effects are survey specific and herewith, 
we control for common factors faced by households in 
the same PSU at one point in time, such as the local avail-
ability and quality of health providers and other local 
factors. SEs were clustered at the PSU level as respondents 
in the same PSU might experience common shocks. They 
capture characteristics of local enumeration areas that are 
common to all respondents from that area. We used sex, 
birth order (five categories: ranging from ‘first born’ to 
‘fifth or later born’ child), birth spacing (five categories: 
ranging from ‘no preceding birth’ to ‘equal or more than 
36 months’), birth month and whether the child was a 

multiple birth, the mother’s age at birth (five categories: 
ranging from ‘below 17’ to ‘equal or above 30’ years), 
education (five categories: ranging from ‘no education’ 
to ‘higher education’), work status, relation to the house-
hold head (dummy indicating whether the mother is the 
household head) and her marital status and household 
wealth quintile as covariates. The wealth quintile variable 
is constructed by using a principal component analysis, 
is based on the ownership of household assets (eg, elec-
tricity, television and quality of dwelling) and indicates the 
household’s wealth relative to other households within 
the respective country in that survey.  Additionally, by 
including variables indicating the place of delivery, mode 
of delivery (vaginal or caesarean), status of tetanus injec-
tion of mother before birth and if the mother breastfed 
at least 1 month after birth (several only applicable for 
long-term outcomes), we inspected the possible mediator 
variables, meaning that the uptake of ANC services might 
starkly influence those variables, which themselves might 
affect the outcome variables.

Using Stata (V.14.0) for all statistical analyses, we also 
took into account the stratified survey design by using the 
Stata svy command. We used sampling weights provided 
by the DHS in all our regressions.

Results
Our initial samples consisted of surveys for which the 
respective outcome variable and the information on ANC 
visits were collected and composed children between 0 
and 59 months at the time of the interview and who were 
permanent members of the respective household. The 
total sample for neonatal and infant mortality included 
observations for 1 019 463 children. In some survey 
rounds, data on birth weight and in others on anthro-
pometric measures were not systematically collected. 
This left us with data of 947 365 children, where infor-
mation on their birth weight could have potentially been 
recorded. For stunting, this amounted up to 865 959 chil-
dren and for underweight to 857 908 children.

Observations were lost due to missing data on outcome 
variables, missing data on the ANC variables (including 
the dummies indicating the mere attendance of ANC 
visits and the attendance of at least four ANC visits while 
the woman at least once saw a skilled provider) or missing 
data on covariates. The final analytical sample was 752 635 
for neonatal mortality, 400 426 for low birth weight, 
574 675 for infant mortality, 501 484 for stunting and 
512 424 for underweight (see figure 1 and online supple-
mentary table A1).

The prevalence of newborn death was higher among 
women who did not receive any ANC check-up (3.12%) 
compared with those attending at least one check-up 
(1.67%). For infant mortality, the respective numbers are 
4.23% and 2.21%. Prevalence of all outcome variables was 
higher among women not attending any ANC visit than 
those attending at least one ANC check-up and to  those 
who received at least four ANC visits while at least once 
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Table 1  Descriptive statistics

Outcome variable

Mother attended at 
least one ANC visit, % 
(n=616 347)

Mother attended at least four ANC 
visits and has seen skilled provider, % 
(n=416 350)

Mother did not attend 
ANC visit, % (n=136 288)

Neonatal mortality 1.67* 1.40* 3.12

Infant mortality 2.21* 1.81* 4.23

Low birth weight 9.69* 8.94* 14.35

Stunting 31.35* 27.18* 47.08

Underweight 15.70* 12.02* 30.72

n Values denote the number of observations in the neonatal mortality sample.
*Proportions to the group ‘mother did not attend ANC visit’ were significantly different from each other, p≤0.05 (Student’s t-test).
ANC, antenatal care.

Figure 1  Sample deduction. ANC, antenatal care; LMIC, low-income and middle-income countries.

having seen a skilled provider (table 1). Pregnant women 
who did not attend ANC visits were on average less 
educated and poorer than those women who attended at 
least one ANC check-up (see online supplementary table 
A2 appendix).

In table  2, we report the association between ANC 
take-up and short-term and long-term mortality 
outcomes. For each outcome, we show the results from 
three different specifications where PSU fixed effects are 
included in all three. The first column shows the mere 
association between the attendance of at least one ANC 
visit without controlling for any covariates. The second 
column shows the association adjusted for control vari-
ables, and the third column reports the coefficients while 
adding whether the mother has received at least four ANC 
visits during pregnancy while at least having once seen 
a skilled provider. The interpretation of this additional 
term follows the logic of an interaction term as it over-
laps in its definition with the variable indicating the mere 
attendance of ANC. Hence, it shows the additional effect 
if the mother followed more closely WHO recommenda-
tions. In supplementary table A2 and A4 appendix), we 
report the regression results where in addition to control 
variables, we also adjusted for potential transmission 
channels of ANC (place of delivery, mode of delivery, 

status of tetanus toxoid injection of mother before birth 
and whether the mother breastfed at least for 1 month 
after birth). We will focus on the second and third specifi-
cations adjusted for control variables and only refer to the 
other specifications for comparison purposes.

Women attending at least one ANC visit have a 1.04% 
points reduced probability of their newborn dying within 
the first month after birth and a 1.07% points lower prob-
ability of experiencing death of their child within the 
first year of life. Following the WHO recommendations 
on ANC visits is significantly related to lower mortality 
outcomes. Compared with the mere attendance of less 
than four ANC visits (irrespective of the quality of the 
provider), having at least four ANC visits and having at 
least once seen a skilled provider reduce the probability 
of neonatal deaths by an additional 0.56% points and are 
associated with an additional 0.42% points reduction in 
the probability of infant deaths.

The DHS dataset also provides information on several 
variables that are well-established in the literature to 
impact mortality and morbidity outcomes of children and 
that simultaneously are potentially influenced by ANC 
attendance. When controlling for these potential trans-
mission channels of ANC services, it can be seen that the 
majority of the ANC coefficients are somewhat attenuated 
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Table 2  Associations between antenatal care visits and mortality outcomes

Neonatal mortality Infant mortality

(1) (2) (3) (1) (2) (3)

At least one ANC visit −0.0107***
(0.001)

−0.0104*** 
(0.001)

−0.00783***
(0.001)

−0.0127*** 
(0.001)

−0.0107***
(0.001)

−0.00873***
(0.001)

At least four ANC visits and 
skilled ANC provider

−0.00557*** 
(0.001)

−0.00424***
(0.001)

N 752 635 752 635 752 635 574 675 574 675 574 675

Adjusted for confounding No Yes Yes No Yes Yes

All regressions include PSU fixed effects.
SEs in parentheses are clustered at PSU level.
Control variables include: mother’s age, marital status and educational achievement, whether she heads the household, child’s sex and birth 
order and spacing, month of birth, whether it was a multiple birth and household wealth quintile.
***, ** and * Significance at the 1%, 5% and 10% levels, respectively.
ANC, antenatal care.

Table 3  Associations between antenatal care visits and nutritional outcomes

Low birth weight (1) (2) (3)

 � At least one ANC visit −0.0428***(0.004) −0.0382*** (0.004) −0.0187*** (0.004)

 � At least four ANC visits and skilled ANC provider −0.0283*** (0.002)

 � N 400 426 400 426 400 426

Stunting (1) (2) (3)

 � At least one ANC visit −0.0677*** (0.003) −0.0411*** (0.003) −0.0345*** (0.003)

 � At least four ANC visits and skilled ANC provider −0.0141*** (0.002)

 � N 501 484 501 484 501 484

Underweight (1) (2) (3)

 � At least one ANC visit −0.0502*** (0.002) −0.0326*** (0.002) −0.0237*** (0.002)

 � At least four ANC visits and skilled ANC provider −0.0190*** (0.002)

 � N 512 424 512 424 512 424

Adjusted for confounding No Yes Yes

All regressions include PSU fixed effects.
SEs in parentheses are clustered at PSU level.
Control variables include: mother’s age, marital status and educational achievement, whether she heads the household, child’s sex and birth 
order and spacing, month of birth, whether it was a multiple birth and household wealth quintile.
***, ** and *Significance at the 1%, 5% and 10% levels, respectively.
ANC, antenatal care.

when controlling for these additional variables but not 
by much (online supplementary table A3). Results for 
all covariates are provided in online supplementary A5 
appendix.

In table 3, we report the association between ANC and 
short-term and long-term nutritional outcomes of the 
child. If the mother attends at least one ANC visit, this 
is associated with a 3.82% points reduced probability 
of giving birth to a low birth weight baby. Stunting and 
underweight outcomes are reduced by 4.11% and 3.26% 
points, respectively. Attendance at a skilled provider 
during at least one of at least four ANC visits further 
reduces the probability of having a low birth weight baby 
by 2.83% points, for stunting by 1.41% points and for 
underweight by 1.90% points.

Adding potential transmission channels of ANC services 
to the regression slightly attenuates the ANC coefficients 
in case of low birth weight and underweight (online 
supplementary table A4). Results for all covariates are 
provided in online supplementary table A5.

Discussion
Most existing evidence on the effect of ANC on child 
health is based on data from high-income countries, and 
their conclusions are not easily transferable to low-in-
come and middle-income settings. The existing studies 
for low-income and middle-income countries often focus 
on individual countries. Furthermore, the studied effects 
of ANC have been limited to direct short-term maternal 
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and child delivery outcomes. This is the first large-scale 
cross-country study for all low-income and middle-income 
countries with available comparable data for ANC, which 
systematically investigates the association of ANC with 
short-term and long-term mortality and nutritional child 
outcomes.

Using child vital data and child anthropometry from up 
to 193 surveys in 69 low-income and middle-income coun-
tries, we have shown that ANC is associated with reduc-
tions in neonatal and infant mortality, low birth weight, 
stunting and underweight. While we measure the average 
effects across countries and years, we find that this asso-
ciation remains relatively stable across survey rounds 
(online supplementary table A6) and can be seen for 
all outcomes in almost all world regions (online supple-
mentary figures A1 and A2); though it is especially strong 
in Latin America and Caribbean, Sub-Saharan Africa 
and South and Southeast Asia (which constitute about 
90% of our sample). Receiving prenatal care by skilled 
providers and attending at least four ANC visits is signifi-
cantly associated with additional prevalence reductions of 
all outcome variables and hence, plays an important role 
in the provision of ANC services. The magnitude of the 
association is quantitatively important, as it varies around 
−1.04% and −4.11% points.

Many pregnant women in low-income and middle-in-
come countries have no access to or do not attend ANC 
services regularly enough (more than four visits) and 
many do not see a skilled provider.23 49 50 According to 
our results, improving the coverage and uptake of ANC 
services could be an important tool to improve short-term 
and even long-term mortality and nutritional outcomes of 
children.

There are a couple of self-selection issues and limita-
tions  that we have attempted to address. Unfortunately, 
we do not have disaggregated information on the type 
of provider (skilled/unskilled) for each ANC visit. We 
try to proxy this by including whether the woman has at 
least once seen a skilled provider during her pregnancy. 
Furthermore, we controlled for mother’s education and 
household wealth, since more educated or more affluent 
mothers might be more likely to seek ANC and at the 
same time have a better overall health status. Similarly, we 
adjusted for PSU fixed effects to control for community 
characteristics, overall health status in the region and the 
local availability and quality of healthcare services as well 
as other characteristics that are common to the local area. 
However, there are a few maternal characteristics, which 
we did not observe and therefore were not able to control 
for. For instance, if pregnant women feel that there could 
be something wrong, they might be more likely to seek 
ANC. Similarly, if women had negative birth outcomes 
in the past, they might also be more likely to seek ANC 
to avoid the repetition of the negative birth outcome. 
Both cases would downward bias our estimates  and the 
true association would be even stronger than the associ-
ation, which we found in our analysis. It is important to 
point out again that we are only including the outcomes 

of live births. The attendance at ANC services might lead 
to better survival chances of those babies that would have 
otherwise died before birth. This might impose a down-
ward bias on our estimates. However, there are also poten-
tial selection issues, which could bias the results in the 
other direction. For instance, it is unclear how women 
would behave in case of an unwanted pregnancy.   They 
might be less likely to seek ANC and have worse overall 
health behaviour compared with women in planned preg-
nancies. In a robustness check, we controlled for an indi-
cator variable if the pregnancy was wanted, and this did 
not change the results. Additionally, we cannot further 
approximate the quality of care received by the women. 
As the quality of care will influence the effect of ANC, this 
limits our study. By including PSU level fixed effects, we 
absorb indicators that are similar across this geographical 
unit and survey. Assuming that the quality of ANC avail-
able to women within the same PSU is comparable, we 
successfully address this data limitation. We also assume 
that missing data in our sample was not systematically 
correlated with the true unobserved child health and vital 
outcomes and the availability and accessibility of ANC 
services.

In summary, our study provides evidence for the poten-
tial importance of ANC for improving child health and 
vital outcomes in low-income and middle-income coun-
tries and might be an important tool to reach the third 
Sustainable Development Goal by 2030.
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