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Although antenatal care (ANC) interventions have been in place for a long time,
there is hardly any systematic evidence on the association between ANC
interventions and neonatal mortality in India. The present study attempts to
investigate the association between ANC interventions and neonatal mortality in
India using data from the District Level Household Survey conducted in India
during 2007-8. The ANC interventions included in the analysis are at least four
antenatal visits, consumption of 90 or more iron—folic acid (IFA) tablets, and
uptake of two or more tetanus toxoid (TT) injections. We have used discrete-time
logistic regression models to investigate the association between ANC interven-
tions and neonatal mortality. Risk of neonatal mortality was significantly lower for
infants of mothers who availed four or more antenatal visits [odds ratio (OR):
0.69; 95% confidence interval (CI): 0.60-0.81], consumed 90 or more IFA tablets
(OR: 0.85; 95% CI: 0.73-0.99), received two or more TT injections (OR: 0.73; 95%
CI: 0.63-0.83). When we analysed different combinations of antenatal visits, IFA
supplementation and TT injections, TT injections provided the main protective
effect—the risk of neonatal mortality was significantly lower in newborns of
women who received two or more TT injections but did not consume 90 or more
IFA tablets (OR: 0.69; 95% CI: 0.60-0.78), or who received two or more TT
injections but did not avail four or more antenatal visits (OR: 0.75; 95%
CI: 0.66-0.86). In the statistical model, 6% (95% CI: 4-8%) of the neonatal deaths
in India could be attributed to a lack of at least two TT injections during pregnancy.
Indian public health programmes must ensure that every pregnant woman
receives two or more TT injections during antenatal visits.

Antenatal visits, iron—folic acid supplementation, tetanus toxoid injections,
neonatal mortality, discrete-time logistic regression model, India
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e Maternal vaccination for TT provided the main protective effect, among the ANC interventions, on neonatal mortality in

e Six per cent of the neonatal deaths in India could be attributed to a lack of at least two TT vaccinations during
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Introduction

Antenatal care (ANC) interventions, including ANC visits, iron—
folic acid (IFA) supplementation, tetanus toxoid (TT) injections,
other diagnostic tests, advice and counselling, have been
recommended for a long time and have been accepted by
most of the countries in the world. ANC interventions are
generally thought to be effective in improving maternal and
infant outcomes (Adam ef al. 2005; Darmstadt et al. 2005;
Coimbra et al. 2007, Wehby et al. 2009; Hollowell ef al. 2011).
The WHO recommends that all pregnant women should avail at
least four antenatal visits, with the first antenatal visit
preferably in the first trimester (WHO 2006). In India, the
Government guidelines on maternal health recommend, among
other things, that every pregnant woman must have at least
three antenatal visits and that the first visit is preferably in the
first trimester. Guidelines further suggest that, every pregnant
woman must consume 90 or more IFA tablets and must receive
at least two TT injections (Maternal Health Division 2005). ANC
is provided free of charge in public healthcare facilities such as
Primary Health Centres and Health Sub-Centres. However,
women can also obtain these services from private providers.
Although ANC interventions have been in the government
policies and programmes for the last two to three decades,
many ANC interventions have not been subjected to systematic
and rigorous evaluation for their effectiveness in reducing
neonatal mortality (Villar and Bergsjo 1997).

Studies carried out on the impact of ANC interventions on
maternal and child health outcomes have provided inconclusive
evidence. A recent systematic review in high-income countries
found insufficient evidence of adequate quality to recommend
implementation of any of the ANC interventions as a means of
reducing neonatal or infant mortality in disadvantaged/vulner-
able women (Hollowell ef al. 2011). A study carried out by
Carroli et al. (2001) also showed a lack of strong evidence on
the effectiveness of the content, frequency and timing of visits
in standard ANC programmes on maternal and child health.
However, studies conducted in Finland, Indonesia and India
have found significant negative association between frequency
of antenatal visits and neonatal mortality (Shah et al. 2000;
Raatikainen ef al. 2007; Ibrahim et al. 2012).

Studies have also examined the impact of specific compo-
nents of ANC on maternal and child health outcomes. Two
important ANC interventions directly linked to neonatal health
outcomes are IFA and TT. IFA supplementation during preg-
nancy can reduce pre-term delivery, increase infant birth
weight and prevent birth asphyxia (Cogswell et al. 2003;
Siega-Riz et al. 2006; Zeng et al. 2008). Studies carried out in
developing countries have reported that pre-term births and
low infant birth weight are two prominent contributors to
neonatal mortality (Yasmin ef al. 2001; Lawn ef al. 2005; Ngoc
et al. 2006). Maternal TT injection provides passive protection
against tetanus during the neonatal period (Ray ef al. 2013).
Neonatal tetanus is found to contribute significantly to
neonatal mortality in low- and middle-income countries
(Lawn ef al. 2005). Studies from China and Indonesia reported
significant reductions in early neonatal mortality among neo-
nates whose mothers received IFA supplements compared with
those whose mothers did not receive IFA or only received folic
acid (Zeng et al. 2008; Titaley et al. 2010; Titaley et al. 2012).
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Although the TT vaccination of pregnant women was intro-
duced in early mid-1970s under the WHO’s Expanded Program
on Immunization (EPI), the evidence base to support mortality
effect in newborns is extremely limited. A recent systematic
review yielded only one randomized controlled trial and one
well-controlled cohort study. The review showed that immun-
ization of pregnant women or women of childbearing age with
two doses of TT was estimated to reduce mortality from
neonatal tetanus by 94% (Blencowe et al. 2010). However, the
main limitation identified in the review, that could influence
the resulting effect estimate, was the dearth of high-quality
trials. For India, two small-scale studies examined the effect of
immunization of pregnant women with TT on neonatal mor-
tality (Kumar ef al. 1988; Dutt and Srinivas 1997).

Published literature also showed a lack of robustness in
research carried out in understanding the association between
ANC interventions and neonatal mortality. For example, the
majority of the studies did not examine the independent effect of
ANC interventions on neonatal mortality. Shah ef al. (2000), for
example, included frequency of antenatal visits in the analysis,
but did not include IFA supplementations or TT vaccinations in
the analysis. Moreover, a number of studies did not include the
recommended number of antenatal visits or the amount of IFA
consumed in their analysis. These studies had mostly utilized
information on whether or not the women had availed ANC or
whether or not the women received IFA supplementation from
the health system during antenatal visits.

In the Indian context, where neonatal mortality rates are
high, studies on the protective effect of ANC on neonatal
mortality are particularly limited. Although the neonatal mor-
tality rates in India have declined significantly in the last two
decades, from as high as 49 per 1000 live births in 1992-93, to
39 per 1000 live births in 2005-6, the rates are still very high
(IIPS & ORCMacro 1995; IIPS & ORCMacro 2007). Moreover,
within India there are considerable variations in neonatal
mortality rates across the different states and socio-economic
groups. Examining the association between ANC interventions
and neonatal mortality is particularly important in a poor
resource setting like India, where there is an urgent need to
prioritize the interventions that yield maximum benefit in
terms of neonatal and maternal health outcomes. Given the
lack of systematic evidence on the impact of ANC interventions
on neonatal mortality, the objective of this article is to
investigate those associations using data from the 2007 to
2008 District Level Household Survey.

Data and methods
Data

We used data from the District Level Household Survey round three
(DLHS-3) which was conducted in 2007-8, in 601 districts from
34 states and union territories of India (IIPS 2010). The DLHS-3
was designed to provide estimates on maternal and child
health, family planning and other reproductive health indica-
tors at the district level. The data were collected using a
multistage stratified systematic sampling design, which resulted
in national and state-representative samples, after applying
appropriate sampling weights that were designed to control for
the complex survey design (IIPS 2010). The main instrument
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for collection of data in DLHS-3 was a set of structured
questionnaires. In all 643 944 ever married women aged 15-49
years and 166260 unmarried women aged 15-24 years were
interviewed during the survey. The household and ever married
woman response rates were 94% and 89%, respectively. There
were only small variations in the household and eligible woman
response rates across different states of the country. The
questions on ANC were asked only to those women who had
live/still births in the 3 years preceding the DLHS-3 survey and
were restricted to the most recent birth.

The analysis presented in this article is based on most recent
singleton first births to women during the 3 years preceding the
survey. This was done to reduce the residual effect of TT injections
as TT injections are found to have long-term effects (Ray ef al.
2013). Since DLHS-3 used a multistage sampling design,
sampling weights are required to make the estimates represen-
tative. We used appropriate sampling weights for generating
bivariate results presented in the article. The details of the
sampling weight are given in the DLHS-3 report (IIPS 2010).

Outcome variable

The outcome variable of interest is neonatal mortality. Neonatal
mortality is defined as the death of a live-born baby within 28
days of birth. The information on age at death for the live
births taken place in 3 years preceding the DLHS-3 was utilized
to identify neonatal deaths.

Exposure variables

We included three exposure variables in the analysis. The first
exposure variable was whether or not women had availed four
or more antenatal check-ups during their most recent preg-
nancy. This variable was created based on the new recommen-
dations of the World Health Organization that every woman
should have a minimum of four antenatal check-ups in one
pregnancy (WHO 2006). The second exposure variable was
whether or not women had consumed 90 or more IFA tablets.
The third exposure variable was whether or not women had
received two or more TT injections during their antenatal visits.

Control variables

A number of other socio-economic, demographic- and residence-
related variables have also been shown to have a significant
impact on mortality during the neonatal period (Singh ef al.
2012a). Accordingly, we included mother’s age at the birth of the
newborn (<20 years; 20-24 years; >24 years), mother’s schooling
(<5 years; 5-8 years; 9-12 years; >12 years), sex of the newborn,
wealth status, religion (Hindu; Muslim; others), caste (scheduled
castes; scheduled tribes; other backward classes; others), urban—
rural residence and region of residence (north; central; east;
northeast; west; south) as control variables in the statistical
models. We used asset-based wealth quintiles to measure the
wealth status of households. The wealth quintiles, which are
already computed in the DLHS dataset, were generated through
a principal components analysis conducted on a set of variables
based on the ownership of household assets as has been used
in similar studies (Filmer and Pritchett 2001; Vyas and
Kumaranayake 2006; Rutstein 2008; Howe et al. 2009). Indian
states can be broadly classified into six geographic regions namely
north, central, east, northeast, west and south. Accordingly, we

classified different states into their geographic regions and
created ‘region of residence’ (for details see IIPS & ORCMacro
2007).

A number of earlier studies have also included ‘type of
supervision at delivery (skilled/unskilled)” and ‘mode of delivery
(vaginal/caesarean)’ to explain neonatal mortality (Pradhan
and Arokiasamy 2006; Titaley ef al. 2010; Singh ef al. 2012e).
Skilled supervision at the time of delivery is known to have a
protective effect (WHO 2005). In contrast, caesarean deliveries
in Asia are known to be associated with increased risk of
neonatal mortality (Lumbiganon ef al. 2010). Accordingly, we
also controlled for type of supervision at delivery and mode of
delivery in the statistical models.

Methods

We used discrete-time logistic regression models to examine the
association between the outcome variable and the exposure
variables after adjusting for selected control variables. The
outcome variable for the discrete-time logistic model was the
binary indicator of occurrence of neonatal death. Discrete-time
logistic regression analysis treats ‘time’ not as a continuous
variable, but as being divided into intervals of the same length.
Then hazard associated with any specific time interval is taken
to be of the form of a logistic function including a number of
covariates (Maul 1994). The discrete-time logistic regression
model can be mathematically expressed as

hi(t)

logit [h;i(H)] = log[I o
j

] = a(t) + Bx;(t).

The covariates x;(f) can be constant over time or time-varying. a(f)
is a function of time, called the logit of the baseline hazard
function (Singer and Willett 1993; Allison 1995; Steele 2007) and
hj(t) is the hazard function. A couple of recent studies have used
this approach to model neonatal mortality (Singh ef al. 2012a,b).

We estimated two separate sets of models. Model I included
only the frequency of antenatal visits along with other control
variables to examine the association between the frequency of
antenatal visits and neonatal mortality in India. In Model II, we
included TT injections and IFA supplementation along with
other control variables to examine the association of these two
interventions with neonatal mortality. We estimated two
separate models because the information on TT injections and
IFA supplementation were collected only from those women
who availed ANC for their most recent birth in the 3 years
preceding the DLHS-3. Finally, we examined the effect of
different combinations of antenatal visits, IFA supplementation
and TT injections on neonatal mortality.

Having found a significant relationship between TT injections
during pregnancy and risk of neonatal mortality, we further
estimated the population attributable risk (PAR). The PAR is
given by
aHR — 1

aHR
where w = proportion of women who did not receive >2 tt.

aHR = adjusted hazard ratio for neonatal death in neonates
born to women who did not receive >2 tt.

All the control variables were tested for possible multi-
collinearity before putting in the regression models. We used
STATA 11.0 for statistical computations.

PAR =w x
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Results

Table 1 presents the frequency of antenatal visits, the amount
of IFA supplements consumed and the frequency of TT
injections in 3 years preceding DLHS-3. Findings suggest that
only 48% of the mothers of infants born in 3 years preceding
DLHS-3 had made four or more antenatal visits. Only 33% of
the mothers consumed 90 or more IFA tablets. TT injections
were more prevalent compared with four or more antenatal
visits or IFA supplements. Approximately, 78% of the mothers
reported receiving two or more TT injections during pregnancy.
About 17% of mothers reported that they did not receive any TT
injection during their recent pregnancy. Skilled supervision
at birth was far from universal; only 65% of the recent first
births were delivered under the supervision of a skilled birth
attendant. A majority of deliveries were normal vaginal
deliveries (84%). Around 51% of the first births were delivered
by mothers in the age of 20-24 years, and 32% of the births
were delivered by mothers who were <20 years of age.
Discrete-time logistic regression results are shown in Table 2.
Results adjusted for the specified control variables suggest that
newborns whose mothers availed four or more antenatal visits
were significantly less likely to die during the neonatal period
compared with newborns whose mothers did not avail four or
more antenatal visits [odds ratio (OR): 0.69; 95% confidence
interval (CI): 0.60-0.81]. Likewise, newborns whose mothers
received two or more TT injections were only 0.73 (95% CI:
0.63-0.83) times as likely as newborns whose mothers did not

Table 1 The prevalence of ANC services and other birth-related
characteristics of most recent singleton first births in 3 years preceding
DLHS-3, India, 2007-8

Pregnancy healthcare service
ANC

N (weighted) (%)

<4 ANC visits 30297 (52.4)

Four or more ANC visits 27488 (47.6)
IFA supplements

Consumed <90 IFA tablets 39377 (67.2)

Consumed 90 or more IFA tablets 19232 (32.8)
TT injections

No injection 9873 (16.7)

1 injection 2706 (4.6)

>2 injections 46026 (78.5)
Type of supervision at delivery

Unskilled 20649 (35.2)

Skilled 37951 (64.8)
Mode of delivery

Vaginal 49482 (84.4)

C-section 9111 (15.6)
Mother’s age at the birth of the baby

<20 years 18561 (31.7)

20-24 years 29988 (51.2)

>24 years 10053 (17.1)

Note: Total number varies between categories because some values are
missing.
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receive two or more TT injections to die during the neonatal
period. Consumption of 90 or more IFA tablets was also
significantly associated with neonatal mortality—neonatal
mortality reduced significantly in newborns of women who
consumed 90 or more IFA tablets (OR: 0.85; 95% CI: 0.73-0.99).
To check the robustness of the regression results, we also
estimated two more regression models without controlling for
the intra-partum control variables (i.e. type of supervision at
delivery and mode of delivery). The results from these two
regressions were exactly similar to those reported above. For
example, the OR for four or more antenatal visits was 0.70
(95% CI: 0.60-0.81). Similarly, the OR for two or more TT
injections was 0.74 (95% CI: 0.65-0.85).

When we analysed a combination of IFA supplementation, TT
injections and antenatal visits, TT injections provided the main
protective effect (Table 3). The risk of neonatal mortality was
significantly lower in newborns of women who received two or
more TT injections but did not consume 90 or more IFA tablets
(OR: 0.69; 95% CI: 0.60-0.78). But there was no significant
reduction in the risk of neonatal mortality in newborns of
women who consumed 90 or more IFA tablets but did not
receive two or more TT injections. Again the risk of neonatal
mortality was significantly lower in newborns of women who
received two or more TT injections but did not avail four or
more antenatal visits (OR: 0.75; 95% CI. 0.66-0.86). By
comparison, there was no significant reduction in the risk of
neonatal mortality in newborns of mothers who availed four or
more antenatal visits but did not receive two or more TT
injections. The risk reduction was found to be highest among
those mothers whose antenatal visits had also included two or
more TT injections (OR: 0.57; 95% CI: 0.47-0.68).

Considering the plausible association between TT injections
during pregnancy and neonatal mortality, we computed the
PAR. The PAR indicates that 6% of the neonatal deaths in India
could be attributed to a lack of at least two doses of TT
injection during pregnancy (PAR: 0.06; 95% CI: 0.04-0.08).

Table 2 Discrete-time logistic regression results for neonatal mortality,
India, 2007-8

Pregnancy health- OR (95% CI)
care service Model 1

Model II

ANC
<4 ANC visits (reference)
Four or more ANC visits 0.69 (0.60-0.81)*
IFA supplements

Consumed <90 IFA
tablets (reference)

Consumed 90 or more IFA
tablets

0.85 (0.73-0.99)*

TT injections
No injection (reference)
1 injection 1.19 (0.94-1.50)

>2 injections 0.73 (0.63-0.83)*

*P < 0.05.
Control variables include type of supervision at delivery, mode of delivery,
mother’s age at birth of the newborn, mother’s schooling, sex of the
newborn, wealth status, religion, caste, urban-rural residence, region of
residence.
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Table 3 The effect of different combinations of ANC, IFA supplementation and TT injections on neonatal

mortality, India, 2007-8

Variable N (weighted) (%) Adjusted ORs? (95% CI)
Combination of IFA and TT
<90 IFA tablets and <2 TT 11573 (19.8)
>90 IFA tablets and <2 TT 1006 (1.7) 0.65 (0.38-1.11)
<90 IFA tablets and >2 TT 27802 (47.4) 0.69 (0.60-0.78)*
>90 IFA tablets and >2 TT 18224 (31.1) 0.60 (0.50-0.73)*
Combination of ANC and TT
<4 ANC and <2 TT (reference) 10894 (18.8)
4 or more ANC and <2 TT 1533 (2.7) 0.72 (0.47-1.11)
<4 ANC and >2 TT 19402 (33.6) 0.75 (0.66-0.86)*
4 or more ANC and >2 TT 25952 (44.9) 0.57 (0.47-0.68)*

*P < 0.05.

?Control variables include type of supervision at delivery, mode of delivery, mother’s age at birth of the newborn,
mother’s schooling, sex of the newborn, wealth status, religion, caste, urban-rural residence, region of residence.

Discussion

Our findings suggest that among the three ANC interventions
considered (four or more antenatal visits, IFA supplementation
and TT injections), TT injections provided the main protective
effect on neonatal mortality in India. The findings show that
6% of the neonatal deaths in India could be attributed to a lack
of at least two doses of TT injections. These findings, perhaps
for the first time, have demonstrated the impact of recom-
mended TT injections to pregnant women on the survival of
their newborns during the neonatal period, using a large-scale
household survey. The findings are consistent with various
small-scale studies that documented protective effect of mater-
nal TT vaccinations on neonatal mortality.

The findings related to maternal TT vaccinations are not at all
surprising, given that a significant number of neonatal deaths
in India occur because of neonatal infections. Recent estimates
from the Million Death Study revealed that 32000 neonatal
deaths in India in 2005 were from tetanus (Million Death Study
Collaborators 2010). These figures, when converted to percent-
ages, suggest that ~3% of the neonatal deaths in India in 2005
were because of tetanus. Two studies conducted in rural Uttar
Pradesh attributed 4% and 6% of the total of neonatal deaths to
tetanus (Nandan ef al. 2005; Baqui et al. 2006). Globally, around
7% of neonatal deaths are due to neonatal tetanus (Lawn ef al.
2006). In the light of the evidence presented above, our
estimate of PAR (6%) seems plausible.

In India, the main mortality burden is concentrated in the
northern states (Roper ef al. 2007; Singh et al. 2011). Estimates
from 2008 (www.indiastat.com) suggest that 56% of neonatal
deaths in India due to neonatal tetanus occurred in the
northern states of Rajasthan, Uttarakhand, Uttar Pradesh,
Madhya Pradesh, Chattisgarh and Jharkhand. Of these, the
state of Uttar Pradesh alone contributed 28% of the deaths
followed by Rajasthan 16% (www.indiastat.com). In the
northern states, uptake of two or more TT injections is far
below the national average (IIPS 2010). Clearly, there is a need
to provide TT injections to pregnant women in these states.

In complete contrast to the finding of Titaley ef al. (2010), we
found a lower protective effect of IFA supplements compared

with TT injections on neonatal mortality. The lower protective
effect of IFA on neonatal mortality in our study may be affected
by the omission of important variables such as prevalence of
maternal infections and dietary nutrient intake in our analysis,
due to non-availability of such data. Dietary intake and
maternal infections are particularly relevant in poor rural
settings, where maternal education is generally low (Kawai
et al. 2011). Further, an apparent bias during antenatal visits in
India is observed towards medical interventions as opposed to
nutritional supplementation (Pallikadavath ef al. 2004; Singh
et al. 2012c). Further research is required to examine the role of
IFA on neonatal health outcomes in settings that bear a higher
burden of poor maternal nutrition and infections.

The findings of this study have important implications for the
maternal and child health programmes being run in India and
other countries with similar social contexts and maternal and
child health services. As the Government of India’s guidelines
suggest that every pregnant woman must avail three or more
antenatal visits, we re-estimated all the models presented in
this article using three or more antenatal visits to examine
whether or not the results vary according to the number of
antenatal visits. The OR and the 95% CIs for three or more
antenatal visits were very close to those obtained for four or
more antenatal visits. The two CIs overlapped, indicating that
the protective effect of three or more antenatal visits is similar
to that obtained for four or more antenatal visits. Results
further show that the maximum protective effect is obtained
when women received two or more TT injections during
antenatal visits. Thus, this study clearly demonstrates that
Government of India’s policy of minimum three antenatal visits
provides similar protective effect on neonatal mortality as four
or more ANC visits would have.

Recent estimates in India suggest that only 50% of currently
married women in the age group of 15-49 years availed three or
more antenatal visits (IIPS 2010). Moreover, only 67% of the
currently married women in the age group of 15-49 received two
or more doses of TT injections. There is, therefore, a need to ensure
that every pregnant woman must avail the recommended
antenatal visits, and receive two or more TT injections. Women
can be provided with TT and other ANC interventions only when
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they have made antenatal visits. Therefore, increasing ANC
attendance remains an important priority for the primary health-
care system in India, to increase the uptake of various antenatal
services. Providing at least two TT injections to pregnant women
should be a priority in northern states, where neonatal deaths are
disproportionally high. Innovative methods, including private—
public partnerships, need to be explored to deliver TT injections to
pregnant women in India, particularly in areas and population
groups that under-represent ANC users.

The strengths and limitations of our study must also be
noted. One of the key strengths of our study is the use of a
large-scale population-based dataset particularly in a diverse
and large country like India. The availability of DLHS-3
provided us with a great opportunity to examine the association
between specified ANC interventions and neonatal mortality in
a detailed manner. The information collected in DLHS-3 are of
optimal quality and have been widely used for examining
maternal and child health issues in India (Singh ef al. 2012d,e).
The DLHS-3 is also widely used for monitoring the reproductive
and child health programme sponsored by the Government of
India. Furthermore, DLHS-3 for the first time provided us with
better measure of IFA supplementation in India. Earlier studies
on a similar topic have relied heavily on whether or not the
pregnant women received IFA supplementation during their
antenatal visits. In complete contrast to the earlier studies, we
have utilized information on the amount of IFA consumed
during the pregnancy. Limitations of our study must also be
noted. An obvious limitation of our study is that we could not
control for birth weight or size of the newborn at birth in
regression analysis. This was due to the unavailability of
information on birth weight and size of the newborn at birth in
DLHS-3. A second limitation could be of reporting or recall bias
on the part of mothers. However, the chances of reporting or
recall bias are low in DLHS-3 as information on ANC
interventions were collected only for most recent birth in
3 years preceding survey date. The chances of such bias are also
low because the survey teams receive specialized training of
3 weeks duration, and quality control measures are in place.

To conclude, this research showed that TT injections provided
the main protective effect, among the ANC interventions, on
neonatal mortality in India. Provision of at least two TT injections
to pregnant women has the potential to avert 6% of neonatal
deaths in India. Further research is needed to investigate the
reasons for lower protective effect of IFA supplementation on
neonatal mortality in India. More research is also required to
establish whether or not four or more ANC visits have any impact
on other maternal and child health outcomes.
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