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Use of antenatal and delivery 
care services and their association 
with maternal and infant mortality 
in rural India
Rajesh Kumar Rai1,2,3,4*, Anamitra Barik3,5 & Abhijit Chowdhury3,6,7

Optimum use of antenatal care (ANC) and delivery care services could reduce morbidity and mortality 
among prospective mothers and their children. However, the role of ANC and delivery services in 
prevention of both maternal and child mortality is poorly understood, primarily because of dearth 
of prospective cohort data. Using a ten-years population-based prospective cohort data, this study 
examined the use of ANC and delivery services and their association with maternal and infant 
mortality in rural India. Descriptive statistics were estimated, and multivariable logistic regression 
modelling was used to attain the study objective. Findings revealed that consumption of ≥ 100 
iron-and-folic acid (IFA) tablet/equivalent syrup during pregnancy had a protective association with 
maternal and infant mortality. Lack of maternal blood group checks during pregnancy was associated 
with increased odds of the death of infants. Caesarean/forceps delivery and delivery conducted 
by untrained personnel were associated with increased odds of maternal mortality. Findings from 
this study reemphasizes on increasing coverage and consumption of IFA tablets/equivalent syrup. 
Improved ANC and delivery services and increased uptake of all types of ANC and delivery care services 
are equally important for improvement in maternal and child survival in rural India.

Despite an estimated reduction in both maternal and child deaths since 1990, India still accounts for the high-
est number of maternal deaths1 and child mortality2 in the world. To achieve target 3.1 of the United Nations’ 
Sustainable Development Goals (SDGs), which aims to reduce the global maternal mortality ratio (MMR) to 
less than 70 per 100,000 live births, India must prioritize their effort to reduce its current MMR, which is 113 per 
100, 000 live births as estimated in 2016–20183. India’s infant mortality rate (per 1000 live birth) has decreased 
from 37/1000 in 2015 to 30/1000 in 20194; however, much is yet to be done to help achieve the target of reduc-
ing under-five mortality set in SDG (Target 3.2). To reap the benefit of key interventions designed to prevent 
maternal and child mortality, it is crucial to strengthen the continuum of reproductive, maternal, newborn and 
child health care (RMNCH) services5,6 proposed by the World Health Organization (WHO). A continued focus 
on RMNCH is essential to address the considerable burden of maternal and child mortality from unwanted 
pregnancies; high maternal, newborn, and child mortality and stillbirths; high rates of undernutrition; and fre-
quent communicable and noncommunicable diseases7. Within the continuum of RMNCH services, antenatal 
care (ANC) and delivery care are keys to provide a platform for crucial maternal and child health care functions 
including health promotion, screening and diagnosis, and disease prevention8.

Within the literature on the role of appropriate ANC and delivery care in improving maternal and child 
health, a systematic review9 which assessed the impact of different types of death audits and reviews in reduc-
ing maternal, perinatal and child mortality, highlighted the importance of using healthcare facilities to reduce 
maternal and child mortality. This review is suggestive of the protective effect of appropriate ANC and delivery 
care use in mitigating maternal and child mortality. Another review10 reiterated the importance of skilled delivery 
and facility-based services for maternal and newborn care in low- and middle-income countries (LMICs). A 
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systematic review and meta-analysis11 conducted for African countries identified the relative advantage of having 
ANC to give birth in health facilities. Two studies12,13 of pooled data from LMICs were also supported improve-
ment in the quality of ANC to reduce the risk of neonatal mortality. Few recent studies 14–16 also concluded that 
use of ANC services are critical factors in reducing the risk of infant and neonatal mortality.

India’s Ministry of Health and Family Welfare has adopted and implemented the WHO’s ANC8 and delivery 
care17 guidelines as part of the Reproductive, Maternal, Newborn Child plus Adolescent Health (RMNCH + A)5 
program. RMNCH + A runs under the ambit of the National Health Mission, a flagship programme of the 
Ministry of Health and Family Welfare, Government of India. ANC and delivery care services are part of the 
24 × 7 basic and comprehensive obstetric care services operationalized by the sub-centres (the lowest level of 
health care facility), Primary Health Centres, Community Health Centres and District Hospitals. As estimated 
in the 2019–2021 National Family Health Survey, only 58.1% women were reported to have made at least four 
ANC visits for their recent pregnancy in the preceding five years of the survey whereas 89.4% of deliveries were 
conducted by skilled health personnel18.

To date, a range of studies have documented various reasons of poor coverage and uptake of ANC services in 
India19–21, whereas an appreciable improvement in safe delivery care (delivery conducted by skilled personnel) 
was registered between 2015–2016 and 2019–202118. Select recent studies have empirically demonstrated that 
maternal mortality could be mitigated by addressing socio-economic barriers and by encouraging appropriate 
use of the healthcare infrastructure in India22–25. Although several studies have documented the relation between 
ANC uptake and child mortality 26,27, studies which assess the relationship between the use of ANC services and 
maternal mortality are scarce. A handful of studies28,29 which attempted to do so did not have the follow-up data 
to analyse the use of ANC services and its relationship with maternal death. Similarly, safe delivery care was 
found to be protective for neonatal mortality and infant mortality in India 30–32 whereas empirical analysis on 
linkages between safe delivery and maternal mortality is rare. To fill this research gap, this study uses a ten-years 
population-based prospective cohort data on pregnancies available from a health and demographic surveillance 
system located in rural India, to examine if the use of various components of ANC and delivery care services are 
associated with maternal and infant mortality in India.

Methods
Study setting and dataset.  For this study, all aspects of methods were followed in accordance with rel-
evant guidelines, regulations, and international practice of conducting scientific research. Data utilized for the 
study were retrieved from the Birbhum Population Project (BIRPOP), a health and demographic surveillance 
system (HDSS), located in the Birbhum district of eastern state of West Bengal in India33. Established under 
the ambit of Society for Health and Demographic Surveillance (https://​www.​shds.​co.​in) in 2008, BIRPOP is 
governed and financially supported by the Department of Health and Family Welfare, the State Government 
of West Bengal. BIRPOP’s survey area covers four administrative blocks, namely Mohammad Bazar, Rajnagar, 
Sainthia and Suri-1 (Fig. 1). The study area of BIRPOP represents nearly 16% of the total population of Birbhum 
district (as per the Census of India, 2011). Predominantly rural, the Birbhum district is recognized to have poor 
human development indicators by the NITI Aayog, an apex policy thinktank of the Government of India34. The 
primary objective of BIRPOP is to undertake research and gather evidence to inform the state- and national 
public health policies. In 2009, helped by experts from academic institutions, BIRPOP selected a self-weighted 
sample of 59,395 individuals from 13,053 households spread across 351 villages, and undertook various research 
programmes including continuous collection of information on vital events (birth, death, marriage, and migra-
tion)33.

To date, BIRPOP has carried out three rounds (2008–2009, 2012–2013 and 2017–2018) of follow-up surveys 
on various health and demographic indicators, and few cross-sectional surveys were also undertaken. A detailed 
overview of the BIRPOP-HDSS can be found in its published profile report33.

Tracking and gathering information on pregnancies is one of the ongoing flagship surveys of BIRPOP33. 
Although 13,053 households are the primarily sampled as part of the BIRPOP-HDSS, it collects information 
on all pregnancies reported in the BIRPOP survey area. This study uses pregnancies recorded between January 
01, 2012, and December 31, 2021, totalling a duration of 10 years. During this 10 years of pregnancy tracking, 
BIRPOP collected information on 42,040 pregnancies with complete information on ANC and delivery care, 
which was included in this study, whereas 37,183 children were included to analyse infant mortality. Pregnancies 
were followed from the day of reporting conception of pregnancy till one year after the delivery date. Collecting 
information on pregnancies is part of the regular survey activity of BIRPOP, and depending on the information 
collated, the database is updated continuously.

Tracking of pregnancies and definition of maternal and infant mortality.  The flagship pro-
gramme of tracking pregnancies in BIRPOP was launched in 2012, before the framework of RMNCH strategy 
was initiated by the Government of India35. BIRPOP designed a semi-structured questionnaire to follow and 
gather information on various components of ANC and delivery care services. Tracking of ANC and delivery 
care services and recording the obtained information is a mammoth endeavour but having 44 full-time salaried 
surveyors (individuals who are responsible for collecting data from each household) and stringent data collec-
tion and recording protocol help BIRPOP run this task successfully. Over 98% surveyors are females with at least 
an undergraduate degree (Bachelor’s degree), and they are proficient in the local language (Bengali or Santhali). 
Surveyors of BIRPOP are recruited from the communities being surveyed, which helps to track pregnancies 
in the survey area. After recruitment, the surveyors underwent rigorous training for collecting information on 
ANC and delivery care services by experienced physicians and social scientists. With their satisfactory perfor-
mance in collecting information on RMNCH, they are allowed to conduct household surveys on pregnancy 
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tracking. It is worth emphasizing that since the surveyors of BIRPOP are salaried employees, it is mandatory for 
them to pay a visit to every household at least once in a month, and while interacting with the household mem-
bers during their visit, they come to know if any married woman in a household has conceived. If conception 
is reported, the information on ANC is recorded time to time, which is followed by maternal delivery care and 
health outcomes of pregnancy (if the mother was healthy or experienced complications or died) and child health 
outcomes (if it was a live birth, if the newborn was underweight). If the pregnancy resulted into abortion or still-
birth, this information is recorded as well. It is worth mentioning that if any woman reported having moved to 
a different place after conceiving or delivering the baby, all related information on pregnancy tracking survey 
is collected via telephonic interviews and the information recorded is also confirmed by the family member. If 
there is any discrepancy found once the surveyor meets the woman upon her return, the pregnancy tracking 
database is amended accordingly.

BIRPOP defines maternal and infant mortality as per the guideline developed by the WHO. A maternal death 
is “female death from any cause related to or aggravated by pregnancy or its management (excluding accidental 
or incidental causes) during pregnancy and childbirth or within 42 days of termination of pregnancy, irrespec-
tive of the duration and site of the pregnancy”, and infant mortality is the death of a child before reaching the 
age of one year4.

Predictors of maternal and infant mortality.  While ANC and delivery care received during pregnancy 
were considered as the primary potential predictors of maternal and infant mortality, few other predictor vari-
ables were also developed using the pregnancy tracking database. Of the components of ANC, variables repre-
senting demographic characteristics are age at conception in completed years (< 18, 18–21, and ≥ 21) and gravida 
(1, 2, 3, and ≥ 4); whereas information on pregnancy registration (with primary health care centre, or with other 

Figure 1.   Study area of the Birbhum Population Project, Society for Health and Demographic Surveillance. 
Figure was developed using ArcGIS Software, Release 10: https://​www.​arcgis.​com.

https://www.arcgis.com
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establishments); whether blood pressure, weight, blood group, haemoglobin level, urine sugar, and urine protein 
were checked during the pregnancy; number of iron-and-folic-acid (IFA) tablet/equivalent syrup consumed 
(< 100 and ≥ 100) during pregnancy; and total number of ANC visits (< 4 and ≥ 4). A pregnancy registered with 
“other establishments” refers to all types of private clinics including pregnancy registration with informal health-
care providers and sub-centre. Marriage before 18 years of age is defined as child marriage in India, and it is 
illegal36. Child marriage could lead to pregnancy immediately after marriage which could lead to poor maternal 
and child health outcomes36. For healthy pregnancy outcome, WHO recommends ≥ 100 IFA consumption dur-
ing pregnancy, and encourages at least four ANC visits35.

On delivery care, information on the place of delivery (health care facility, and non-health care facility), the 
type of delivery (normal and caesarean/forceps) and the personnel who assisted in delivery (trained personnel 
and untrained personnel) were used as potential predictors of maternal and infant mortality. As predictors of 
infant mortality, sex of the child (male and female) and information on birthweight status (low birthweight and 
normal) were also considered. Babies weighing < 2.5 kg at birth were defined as having low birthweight37.

Statistical analysis.  Bivariate analysis was used to estimate the distribution of sample used for the study 
and the proportion of pregnancy resulted into maternal and infant mortality, by select background characteris-
tics. Univariable binary (coded “1” if maternal or infant mortality, otherwise “0”) logistic regression was run to 
examine the association between each predictor variable and maternal and infant death, whereas a multivariable 
binary logistic regression model was developed to understand the net association between predictor variables 
and outcome events—maternal and infant mortality. Variance inflation factors (VIF) were estimated to assess 
the presence of multicollinearity among the predictors38. The estimated VIF were < 5, indicating low probability 
of multicollinearity. The statistical software, Stata, version 1439 was used to analyse the data, and a p value (level 
of significance) of < 0.05 (two-tailed) obtained from the logistic regression modelling are the focus of discussion.

Ethics declarations.  Ethical approval was obtained from the institutional ethics review board of BIRPOP-
HDSS, appointed by the chairperson of the SHDS. Informed written consent was obtained from the respondent 
with a declaration from SHDS that individual identifiers will be removed if dataset is made public for the use by 
researchers.

Results
A description of the sample distribution is presented in Table 1. Of the total (n = 42,040) pregnancies included 
for analysing maternal mortality, nearly 8.7% were conceived before the age of 18 years, and 47.4% women were 
with their first gravida. Nearly 86% of pregnancies were delivered at a health facility; 79.8% pregnancies were 
delivered normal whereas caesarean/forceps delivery were 20.2%. Only 34.9% of women consumed ≥ 100 iron-
and-folic-acid tablets/ equivalent syrup during their pregnancies. Of the total 37,183 children, 51.7% were male. 
Nearly 19.5% of children weighted < 2.5 kg at their birth.

Burden and factors associated with maternal deaths is presented in Table 2. Overall, 0.088% (95% confidence 
interval or CI: 0.064–0.121%) maternal death was estimated. Similar to the univariable model, multivariable 
model revealed that caesarean/forceps delivery and delivery conducted by untrained professionals were associ-
ated with increased odds of maternal deaths—odds ratio (OR): 6.61, 95% CI: 3.19–13.31) p < 0 0.001 and OR: 
3.08 (95% CI: 1.02–9.28), p = 0.046, respectively. A protective association between ≥ 100 iron-and-folic-acid 
tablet/ equivalent syrup consumption and maternal deaths was observed (OR: 0.19, 95% CI: 0.06–0.54, p = 0.002).

The predictors of infant mortality are presented in Table 3. Overall, 2.33% (95% CI: 2.18%-2.48%) infant 
deaths were estimated. In both univariable and multivariable models, maternal blood group check-up and ≥ 100 
iron-and-folic-acid tablet/ equivalent syrup consumption had a protective association with infant deaths.

Discussion
Using a ten-years prospective cohort data from the BIRPOP-HDSS located in the state of West Bengal, India, this 
study examined the association of use of ANC and delivery care services with maternal and infant mortality. The 
findings revealed that ≥ 100 iron-and-folic acid (IFA) tablet/equivalent syrup consumption during pregnancy had 
a protective association with both maternal and infant death. No check-up of maternal blood-group during the 
pregnancy was associated with increased odds of the death of infants. Caesarean/forceps delivery and delivery 
conducted by untrained personnel were also found associated with increased odds of maternal mortality.

Findings revealed that ≥ 100 IFA consumption has a protective association with maternal and infant mortal-
ity. Consumption of IFA tablet/equivalent syrup during pregnancy is considered as an effective intervention to 
mitigate maternal and child mortality40. The National Iron Plus Initiative (NIPI) of India recommends that every 
pregnant woman should consume 100 mg of elemental iron and 500 mcg of folic acid daily for 100 days during 
pregnancy. Also, the current Anaemia-Mukt Bharat (Anaemia-Free India), a strategy launched in 2018, aims to 
achieve the targets of POSHAN Abhiyaan (POSHAN: Prime Minister’s Overarching Scheme for Holistic Nutri-
tion Mission), has taken every possible initiative to attain reduction of prevalence of maternal and child anaemia 
by three percentage points per year41. Therefore, finding of this study is consistent with the recommendation of 
IFA consumption to increase maternal and infant survival. Earlier studies conducted in India42–46 have discussed 
the coverage of IFA and possible pathways to improve maternal and child survival in India. A recent study37 in 
India analysed nationally representative data and showed that consumption of IFA by pregnant mothers could 
prevent neonatal mortality.

The results suggest that unchecked blood-group during pregnancy was associated with increased odds of 
infant mortality. During pregnancy, women could expect a range of physiological changes in their haematologi-
cal parameter which requires constant monitoring for a better maternal and child health outcome 47. Although 
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Table 1.   Sample distribution of total pregnancies used to measure maternal and infant mortality, by select 
background characteristics. Percentage distribution may not add to 100 due to rounding. n sample, na not 
applicable.

Maternal mortality n (%) Infant mortality n (%)

Age at conception

< 18 3659 (8.7) 3196 (8.6)

18–21 19,447 (46.3) 17,225 (46.3)

≥ 22 18,934 (45.0) 16,762 (45.1)

Gravida

1 19,921 (47.4) 17,664 (47.5)

2 15,631 (37.2) 13,837 (37.2)

3 4891 (11.6) 4310 (11.6)

≥ 4 1597 (3.8) 1372 (3.7)

Pregnancy registered with

Primary Healthcare Centre 33,770 (80.3) 30,057 (80.8)

Other establishment 8270 (19.7) 7126 (19.2)

Blood pressure was checked

Yes 41,376 (98.4) 36,916 (99.3)

No 664 (1.6) 267 (0.7)

Weight was checked

Yes 41,420 (98.5) 36,920 (99.3)

No 620 (1.5) 263 (0.7)

Blood group was checked

Yes 25,281 (60.1) 23,049 (62.0)

No 16,759 (39.9) 14,134 (38.0)

Haemoglobin level was checked

Yes 40,220 (95.7) 36,040 (96.9)

No 1820 (4.3) 1143 (3.1)

Urine sugar was checked

Yes 35,782 (85.1) 32,215 (86.6)

No 6258 (14.9) 4968 (13.4)

Urine protein was checked

Yes 35,165 (83.7) 31,663 (85.2)

No 6875 (16.4) 5520 (14.9)

Number of antenatal care visit

< 4 28,773 (68.4) 24,648 (66.3)

≥ 4 13,267 (31.6) 12,535 (33.7)

Place of delivery

Healthcare facility 36,144 (86.0) 32,650 (87.8)

Non-healthcare facility 5896 (14.0) 4533 (12.2)

Type of delivery

Normal 33,546 (79.8) 29,738 (80.0)

Caesarean/forceps 8494 (20.2) 7445 (20.0)

Delivery conducted by

Trained personnel 39,777 (94.6) 35,934 (96.6)

Untrained personnel 2263 (5.4) 1249 (3.4)

Number of iron-and-folic acid consumption

< 100 27,355 (65.1) 23,135 (62.2)

≥ 100 14,685 (34.9) 14,048 (37.8)

Sex of the child

Male Na 19,211 (51.7)

Female Na 17,972 (48.3)

Birthweight status

Low birthweight Na 7250 (19.5)

Normal Na 29,933 (80.5)

Overall 42,040 (100.0) 37,183 (100.0)
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detailed information on blood group is not available in this study, studies48 indicate that failure to do a routine 
blood check-up during pregnancy could be fatal for both prospective mothers and their babies. Checking of 
blood group is essential during pregnancy as a blood transfusion might be required (due to loss of blood, either 
in a surgery, delivery, or accident) to save the mother and the baby. Also, depending on mother’s blood type, 
babies may develop some life threatening complications49.

Table 2.   Factors associated with maternal mortality. CI confidence interval, OR odds ratio, p level of 
significance.

Maternal mortality Univariable model Multivariable model

% (95% CI) OR (95% CI), p OR (95% CI), p

Age at conception

< 18 0.082 (0.026–0.254) 1.00 (referent) 1.00 (referent)

18–21 0.046 (0.024–0.089) 0.56 (0.15–2.09), 0.391 0.57 (0.15–2.13), 0.400

≥ 22 0.132 (0.089–0.195) 1.61 (0.49–5.34), 0.435 1.52 (0.39–5.96), 0.550

Gravida

1 0.070 (0.042–0.119) 1.00 (referent) 1.00 (referent)

2 0.090 (0.053–0.151) 1.27 (0.61–2.67), 0.521 0.90 (0.37–2.16), 0.811

3 0.143 (0.068–0.300) 2.04 (0.82–5.05), 0.124 1.22 (0.41–3.62), 0.720

≥ 4 0.125 (0.031–0.500) 1.78 (0.40–7.85), 0.445 1.05 (0.21–5.31), 0.955

Pregnancy registered with

Primary Healthcare Centre 0.095 (0.067–0.134) 1.00 (referent) 1.00 (referent)

Other establishment 0.060 (0.025–0.145) 0.64 (0.25–1.64), 0.350 0.49 (0.18–1.32), 0.159

Blood pressure was checked

Yes 0.087 (0.063–0.121) 1.00 (referent) 1.00 (referent)

No 0.151 (0.021–1.063) 1.73 (0.24–12.65), 0.588 1.19 (0.03–53.78), 0.927

Weight was checked

Yes 0.087 (0.063–0.120) 1.00 (referent) 1.00 (referent)

No 0.161 (0.023–1.137) 1.86 (0.25–13.57), 0.542 1.41 (0.03–58.32), 0.855

Blood group was checked

Yes 0.071 (0.045–0.113) 1.00 (referent) 1.00 (referent)

No 0.113 (0.072–0.178) 1.59 (0.84–3.04), 0.157 1.59 (0.79–3.21), 0.197

Haemoglobin level was checked

Yes 0.087 (0.062–0.121) 1.00 (referent) 1.00 (referent)

No 0.110 (0.027–0.438) 1.26 (0.30–5.26), 0.748 1.15 (0.17–7.87), 0.889

Urine sugar was checked

Yes 0.095 (0.068–0.133) 1.00 (referent) 1.00 (referent)

No 0.048 (0.015–0.149) 0.50 (0.15–1.64), 0.256 0.22 (0.02–2.21), 0.200

Urine protein was checked

Yes 0.094 (0.067–0.132) 1.00 (referent) 1.00 (referent)

No 0.058 (0.022–0.155) 0.62 (0.22–1.75), 0.366 1.14 (0.17–7.74), 0.896

Number of antenatal care visit

 < 4 0.101 (0.070–0.145) 1.00 (referent) 1.00 (referent)

 ≥ 4 0.060 (0.030–0.121) 0.60 (0.27–1.31), 0.198 0.72 (0.32–1.64), 0.438

Place of delivery

Healthcare facility 0.089 (0.063–0.125) 1.00 (referent) 1.00 (referent)

Non-healthcare facility 0.085 (0.035–0.204) 0.96 (0.37–2.46), 0.929 0.57 (0.17–1.90), 0.364

Type of delivery

Normal 0.051 (0.032–0.082) 1.00 (referent) 1.00 (referent)

Caesarean/forceps 0.235 (0.152–0.365) 4.65 (2.44–8.89), < 0.001 6.51 (3.19–13.31), < 0.001

Delivery conducted by

Trained personnel 0.078 (0.055–0.111) 1.00 (referent) 1.00 (referent)

Untrained personnel 0.265 (0.119–0.589) 3.41 (1.42–8.18), 0.006 3.08 (1.02–9.28), 0.046

Number of iron-and-folic acid consumption

< 100 0.121 (0.086–0.170) 1.00 (referent) 1.00 (referent)

≥ 100 0.027 (0.010–0.073) 0.23 (0.08–0.64), 0.005 0.19 (0.06–0.54), 0.002

Overall 0.088 (0.064–0.121)
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Table 3.   Factors associated with infant mortality. CI confidence interval, OR odds ratio, p level of significance.

Infant mortality Univariable model Multivariable model

% (95% CI) OR (95% CI), p OR (95% CI), p

Age at conception

< 18 3.19 (2.64–3.86) 1.00 (referent) 1.00 (referent)

18–21 2.40 (2.19–2.64) 0.75 (0.60–0.93), 0.009 0.86 (0.69–1.08), 0.197

≥ 22 2.08 (1.88–2.31) 0.64 (0.52–0.81), < 0.001 0.81 (0.62–1.05), 0.115

Gravida

1 2.59 (2.37–2.84) 1.00 (referent) 1.00 (referent)

2 1.93 (1.71–2.17) 0.74 (0.63–0.86), < 0.001 0.78 (0.65–0.93), 0.006

3 2.11 (1.72–2.59) 0.81 (0.65–1.02), 0.070 0.81 (0.62–1.06), 0.129

≥ 4 3.57 (2.71–4.69) 1.39 (1.03–1.88), 0.031 1.31 (0.93–1.86), 0.125

Pregnancy registered with

Primary Healthcare Centre 2.41 (2.24–2.59) 1.00 (referent) 1.00 (referent)

Other establishment 1.96 (1.67–2.31) 0.81 (0.68–0.97), 0.025 0.88 (0.73–1.06), 0.193

Blood pressure was checked

Yes 2.32 (2.18–2.48) 1.00 (referent) 1.00 (referent)

No 2.62 (1.25–5.40) 1.13 (0.53–2.40), 0.748 0.84 (0.31–2.33), 0.741

Weight was checked

Yes 2.32 (2.18–2.48) 1.00 (referent) 1.00 (referent)

No 2.66 (1.27–5.48) 1.15 (0.54–2.44), 0.717 0.87 (0.32–2.38), 0.787

Blood group was checked

Yes 2.04 (1.87–2.23) 1.00 (referent) 1.00 (referent)

No 2.79 (2.53–3.07) 1.37 (1.20–1.57), < 0.001 1.21 (1.04–1.40), 0.012

Haemoglobin level was checked

Yes 2.29 (2.15–2.45) 1.00 (referent) 1.00 (referent)

No 3.32 (2.43–4.54) 1.46 (1.05–2.04), 0.024 1.28 (0.88–1.87), 0.193

Urine sugar was checked

Yes 2.32 (2.16–2.49) 1.00 (referent) 1.00 (referent)

No 2.40 (2.00–2.86) 1.04 (0.85–1.26), 0.729 1.26 (0.76–2.07), 0.371

Urine protein was checked

Yes 2.33 (2.17–2.51) 1.00 (referent) 1.00 (referent)

No 2.28 (1.92–2.71) 0.98 (0.81–1.18), 0.815 0.71 (0.44–1.15), 0.165

Number of antenatal care visit

< 4 2.50 (2.31–2.70) 1.00 (referent) 1.00 (referent)

≥ 4 1.99 (1.76–2.25) 0.79 (0.68–0.92), 0.002 0.90 (0.77–1.05), 0.182

Place of delivery

Healthcare facility 2.16 (2.00–2.32) 1.00 (referent) 1.00 (referent)

Non-healthcare facility 3.55 (3.05–4.13) 1.67 (1.40–1.99), < 0.001 1.63 (1.31–2.02), < 0.001

Type of delivery

Normal 2.45 (2.28–2.64) 1.00 (referent) 1.00 (referent)

Caesarean/forceps 1.81 (1.53–2.14) 0.73 (0.61–0.88), 0.001 0.96 (0.79–1.16), 0.663

Delivery conducted by

Trained personnel 2.27 (2.12–2.42) 1.00 (referent) 1.00 (referent)

Untrained personnel 4.08 (3.12–5.33) 1.84 (1.38–2.45), < 0.001 1.24 (0.88–1.74), 0.225

Number of iron-and-folic acid consumption

< 100 2.78 (2.58–3.00) 1.00 (referent) 1.00 (referent)

≥ 100 1.57 (1.38–1.79) 0.56 (0.48–0.65), < 0.001 0.70 (0.59–0.82), < 0.001

Sex of the child

Male 2.63 (2.41–2.86) 1.00 (referent) 1.00 (referent)

Female 2.00 (1.81–2.22) 0.76 (0.66–0.87), < 0.001 0.71 (0.62–0.82), < 0.001

Birthweight status

Low birthweight 5.63 (5.12–6.18) 1.00 (referent) 1.00 (referent)

Normal 1.53 (1.39–1.67) 0.26 (0.23–0.30), < 0.001 0.26 (0.23–0.30), < 0.001

Overall 2.33 (2.18–2.48)
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Findings from multivariable analysis further suggested that maternal mortality was higher among women 
who underwent caesarean section delivery. Earlier studies50,51 have discussed the pervasive and increased burden 
of caesarean section delivery in India and this trend could be detrimental for maternal health. Delivery through 
caesarean sections could lead to significant and sometimes permanent complications, disability or death, par-
ticularly in settings that lack the facilities and/or capacity to properly conduct safe surgery and treat the surgical 
complications arising from it. Caesarean section should ideally be undertaken only when medically necessary52. 
A recent study 53 empirically demonstrated that elective caesarean section delivery could lead to excess weight 
and possibly reduced linear growth at one year of age in children in India. Generally, women or doctors in rural 
India opt for caesarean/forceps delivery if there are some pregnancy or birth complications and any pregnancy 
or birth complication can also be a reason for maternal death. Since the information on experience of pregnancy/
birth complications is not available, this study calls for further research of this relationship.

In addition, multivariable regression results indicate that delivery conducted by untrained personnel could 
lead to maternal death. This finding is consistent with previous studies54,55, which document that delivery assisted 
by health professionals are safe and all efforts should be made to deliver the baby at the health facility only, and if 
it is not possible to conduct a delivery at the health facility, the delivery should be conducted by a trained health 
professional. Evidence from India56 suggests that well trained and dedicated personnel in home-based delivery 
care could also be effective in improving maternal and child health outcome.

Findings of this study should be interpreted considering its possible limitations. First, not all potential predic-
tors of maternal and infant mortality were available to control in the multivariable logistic regression analysis. 
For example, further information on social indicators (for example: religion, caste, wealth, parental education, 
and parental occupation); information on role of the Anganwadi (synonymous to courtyard shelter), type of 
health facility (public/private), distance to the nearest health facility, and transport facility used for reaching the 
hospital at the time of delivery, breastfeeding status of children; detailed information on measurements taken 
during ANC; and detailed information on post-natal care provided to mother and children could have been 
helpful in ushering further details on importance of ANC and delivery care in mitigating maternal and infant 
mortality. Second, although all pregnant mothers were paid a visit at least once a month by the surveyor to 
gather necessary information on ANC and delivery care services accessed by them, there is always a chance of 
recall errors and/or social desirability bias in reporting. Third, this study does not analyse a causal relationship 
between ANC and delivery care and maternal and infant mortality, thus caution in interpretation of results is 
urged. Fourth and final, findings of this study are applicable to the BIRPOP-HDSS population only, thus gen-
eralization of the study findings is not encouraged. Despite these limitations, this study is first of its kind that 
uses 10 years’ data on pregnancies and ANC and delivery care services and investigates how they are linked with 
improving maternal and infant mortality.

Findings from this study emphasizes on increasing coverage and consumption of IFA tablets/equivalent syrup. 
With improved ANC and delivery services, increased uptake of all types of ANC and delivery care services are 
equally important for improvement in maternal and child survival in rural India. However, two urgent measures 
should be prioritized to reduce maternal and infant mortality. First, although India is celebrating the increased 
uptake of ≥ 100 IFA (from 30.3% during 2015–16 to 44.1% during 2019–21)18, it still needs an appropriate method 
of anaemia measurement. More research is needed on required dose of iron and long-term effect of iron overdose 
among pregnant mothers46. Second, the Government of India should more stringently monitor and reprehend 
unnecessary caesarean section delivery, as its high and growing prevalence is concerning57.

Data availability
The datasets generated and/or analysed for the current study are available from the corresponding author upon 
reasonable request.
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