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Abstract

Background: Skilled birth attendance and institutional delivery have been advocated for reducing maternal,
perinatal and neonatal mortality (PMR and NMR). India has successfully implemented various strategies to promote
skilled attendance and incentivize institutional deliveries in the last 5 years.

Objectives: The study evaluates the trends in institutional delivery, PMR, NMR, and their risk factors in two Eunice
Kennedy Shriver NICHD Global Network for Women’s and Children’s Health Research sites, in Belgaum and Nagpur,
India, between January 2010 and December 2013.

Design/methods: Descriptive data stratified by level of delivery care and key risk factors were analyzed for 36
geographic clusters providing 48 months of data from a prospective, population-based surveillance system that
registers all pregnant permanent residents in the study area, and their pregnancy outcomes irrespective of where
they deliver. Log binomial models with generalized estimating equations to control for correlation of clustered
observations were used to test the trends significance

Results: 64,803 deliveries were recorded in Belgaum and 39,081 in Nagpur. Institutional deliveries increased from
92.6% to 96.1% in Belgaum and from 89.5% to 98.6% in Nagpur (both p<0.0001); hospital rates increased from
63.4% to 71.0% (p=0.002) and from 63.1% to 72.0% (p<0.0001), respectively. PMR declined from 41.3 to 34.6
(p=0.008) deaths per 1,000 births in Belgaum and from 47.4 to 40.8 (p=0.09) in Nagpur. Stillbirths also declined,
from 22.5 to 16.3 per 1,000 births in Belgaum and from 29.3 to 21.1 in Nagpur (both p=0.002). NMR remained
unchanged.

Conclusions: Significant increases in institutional deliveries, particularly in hospitals, were accompanied by
reductions in stillbirths and PMR, but not by NMR.

Background
Of the 7.6 million annual deaths worldwide in children
under 5 years of age, 3.1 million occur in the first
28 days of life [1]. India accounts for more of these neo-
natal deaths and the 2.6 million annual stillbirths than
any other country [1,2]. While remarkable progress has
been made in reducing mortality in children under five
years old, many countries have not met the Millennium
Development Goal (MDG) 4 target to reduce child mor-
tality by two-thirds by 2015 because similar success has

not been achieved in reducing peri- and neonatal mor-
tality (PMR and NMR) [1,3].
Most maternal, perinatal and neonatal complications

and mortality occur at or shortly after labor and delivery
[4-6]. Skilled birth attendance and an institutional envir-
onment capable of providing effective obstetric and neo-
natal care are needed to significantly reduce maternal
deaths, stillbirths and early neonatal deaths. In support of
the United Nations MDGs to reduce child mortality and
improve maternal health worldwide [7], increasing skilled
birth attendance and births in hospitals and health cen-
ters have been recommended [8,9]. Some countries, such
as India, where home birth was common until recently,
have taken successful steps aimed to implement this
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strategy through programs such as Janani Suraksha
Yojana (JSY), a conditional cash transfer scheme the
Government of India uses to incentivize deliveries in gov-
ernment health facilities [10]. Simultaneously, efforts are
underway to improve the delivery and newborn care
practices of birth attendants working at these health facil-
ities [11,12]. However, to date, few studies have assessed
the potential impact of these activities on maternal, peri-
natal and maternal mortality.[10,13-15]
In a prospective study, we sought to evaluate the trends

in institutional delivery and perinatal and neonatal mor-
tality rates in two regions, Belgaum and Nagpur, over a
four-year period from January 2010 to December 2013.
Belgaum is located in Karnataka State, in Southern India.
Nagpur is located in Maharashtra State in Central India.
While Belgaum and Nagpur districts have similar popula-
tion sizes, 4.8 and 4.6 million, [16,17] respectively, the
two sites have distinct population characteristics. Over
one-third of reproductive age women in Karnataka have
no formal education, and 54% of reproductive age
women and 10% of men had no employment in the
12 months prior to the most recent National Family
Health Survey [18]. In comparison, 24% of reproductive
age women in Maharashtra have no formal education,
and 52% of reproductive age women and 13% of men had
no employment in the 12 months prior to the most
recent National Family Health Survey [18]. The adult lit-
eracy rate in Belgaum is 73% compared with 88% in Nag-
pur, and the male: female population ratio is 1.03 in
Belgaum and 1.05 in Nagpur [16,17]. The sample age and
parity were also distinct, with more young but fewer nul-
liparous women in Belgaum than Nagpur (Table 1).

Methods
This study was conducted in Belgaum, Karnataka State
and Nagpur, Maharashtra State, India in the Eunice
Kennedy Shriver Global Network for Women’s and Chil-
dren’s Health Research study clusters as part of the
Maternal Newborn Health Registry (MNHR) study [13].
The MNHR is a prospective, population-based surveil-
lance system of pregnant women and their pregnancy
outcomes. Study clusters are distinct geographical areas,
which were defined initially with approximately 300-500
births per year. All consenting pregnant women who are
permanent residents of the clusters are prospectively
enrolled into the registry irrespective of their delivery
location (99.9% of eligible women in both populations
consent to participate). Study visits are completed at deliv-
ery and 42 days postpartum to record outcomes by Regis-
try Administrators, who are medical officers or health
workers working at the Primary Health Centers for the
Ministry of Health. The MNHR 2010-2013 data exclude
deliveries in women lost to follow up prior to delivery, or
those with deliveries resulting in miscarriages/medically

terminated pregnancies and those weighing <1000g at
birth.
The Belgaum and Nagpur sites also benefit from an

annual household survey to enroll all married women of
reproductive age (i.e. 15-49 years) residing within the
clusters, which is an adaptation of the Ministry of
Health (MOH) survey but administered independently
under the supervision of the site investigators. This
household surveillance enables identification of women
who are currently pregnant, have undergone steriliza-
tion, as well as those who are likely to conceive in the
ensuing year. It is also used to estimate the crude birth
rate and projected enrollment for the forthcoming year.
Completeness of coverage of the registry enrollment
from the catchment area is assessed by comparing the
projected and actual enrollments. The surveillance sys-
tem has been previously described in detail [19].
Institutional birth was defined as delivery at either a

hospital or clinic (primary health center or community
health center). Community births included those deliv-
ered at home (generally the mother’s home or birth
attendant’s home). Stillbirth rates were defined as deaths
prior to delivery among all births ≥ 20 weeks gestation.
We also examined neonatal death rates, including early
(< 7 day) neonatal deaths and 28-day (deaths <28 days),
per 1000 live births. The present analysis includes 16 of
the 24 study clusters in Belgaum that contributed data to
all 48 months included in the analysis and 20 clusters in
Nagpur (all of which contributed 48 months of data).
Descriptive statistics were performed. Analyses were stra-
tified by level of delivery care and key risk factors. We
modeled mortality risk and the prevalence of delivery
location and calculated point and interval estimates of
risk ratios using multivariable generalized linear regres-
sion models with a binomial distributional assumption
and a log link; we used generalized estimating equations
to account for correlation of outcomes within clusters to
assure appropriately sized p-values and confidence inter-
vals. To evaluate changes over time, we modelled year of
delivery as a categorical value and tested for changes
between Year 2010 and Year 2013 with a simple differ-
ence contrast and tested for trends across time with an
orthogonal polynomial linear contrast. All analyses were
conducted using SAS v.9.3 (Cary, NC).

Results
Between January 2010 and December 2013, 64,803 deliv-
eries were recorded in the 16 clusters providing 48
months of data in MNH Registry in Belgaum and
39,081 in the 20 Nagpur clusters (Table 1). Of these
deliveries, 99.8% had follow-up visits available. During
this time period, fewer women with no formal education
gave birth in Belgaum (22.7% to 14.7%) with a similar
trend in Nagpur, dropping from 3.9% to 2.5%. There
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was a steady decrease in births to women of parity
greater than 2 in both sites (Belgaum: 7.2% to 5.8% and
Nagpur: 3.0% to 2.5%). Maternal age at birth increased
in Belgaum, with births among women below the age of
20 years steadily decreasing from 10.6% to 9.4%, whereas
there was no change in maternal age at birth in Nagpur.
The proportion of deliveries with at least 1 antenatal
care visit was consistently greater than 99% each year
for deliveries registered in both sites.
Institutional delivery (hospital and clinic) increased from

92.1% to 96.0% in Belgaum and from 89.7% to 98.7% in
Nagpur. The increase in hospital deliveries (63.6% to
71.6% in Belgaum, and 64.1% to 73.0% in Nagpur)
accounted for most of this shift, with clinic deliveries
remaining stable or declining (Table 2, Figure 1). Home
births declined by about 50% in Belgaum (7.9% to 4.0%)
and by nearly 90% in Nagpur (10.3% to 1.3%). Consistent
with the shift in birth location, in 2013 more births were
attended by physicians or nurses/nurse midwives than in
2010 in both sites (Belgaum: 2010: 92.8%; 2013: 96.6%;
Nagpur: 2010: 91.0%; 2013: 98.9%). Physician attended
deliveries increased (Belgaum: 2010: 59.2%; 2013: 61.0%;
Nagpur: 2010: 56.1%; 2013: 64.3%). Deliveries attended by
a traditional birth attendant decreased, from 3.6% in
Belgaum and 7.4% in Nagpur in 2010 to less than 1% in
both locations in 2013, while the percent attended by
nurse midwives was fairly stable. Home deliveries with no
health provider or a family member fell from 3.6% to 2.6%
in Belgaum and declined from 1.6% to 0.6% in Nagpur.
The increase in institutional deliveries and skilled birth

attendance was accompanied by an increase in cesarean
sections in Belgaum (2010: 9.9% to 2013: 18.6%) and in
Nagpur (2010: 17.6% to 2013: 23.0%).
The percent of multiple gestation births remained

<1%. The sex ratio (male/female) for both sites was rela-
tively stable during this period with Nagpur experien-
cing a slight decrease from 1.14 to 1.06 (Table 3).
The perinatal mortality, stillbirth, and neonatal mortal-

ity rates overall and stratified by location are illustrated
in figures 1 and 2. These rates were substantially higher
in the community than in institutional deliveries.
Community PMR increased from 60.7 to 76.7 per 1000
births in Belgaum and from 114.1 to 400.0 deaths per
1000 births in Nagpur; however the number of commu-
nity births was small in Nagpur. Among institutional
deliveries, PMR declined in Belgaum from 39.9 to 32.6
deaths per 1000 births; the decline was observed in both
hospital and clinic deliveries. The PMR fluctuated
between 38.9 (2010) and 35.3 (2013), in hospitals and in
clinics, in Nagpur. Neonatal mortality (through 28 days
of life) remained stable in institutional births in Belgaum
and Nagpur but increased in community births in both
sites, and in clinic births in Nagpur.
Adjusted risk estimates for trends in deliveries and

mortality stratified by location are presented in Table 4.
There was a steady decline in the perinatal mortality rate
in Belgaum, from 41.3 to 34.6 deaths per 1,000 births
(p=0.008) and in Nagpur from 47.4 to 40.8 deaths per
1,000 births (p=0.09) between 2010 and 2013 (Table 4).
The stillbirth rate also declined for both sites, from 22.5

Table 1. Maternal demographic and clinical characteristics

Belgaum Nagpur

2010 2011 2012 2013 2010 2011 2012 2013

Deliveries, N 16,345 16,909 17,356 14,193 10,097 9,572 9,521 9,891

Maternal age, N (%) 16,321 16,909 17,355 14,193 10,089 9,571 9,512 9,881

< 20 1,731 (10.6) 1,686 (10.0) 1,719 (9.9) 1,334 (9.4) 211 (2.1) 178 (1.9) 192 (2.0) 189 (1.9)

20-35 14,557 (89.2) 15,186 (89.8) 15,609 (89.9) 12,836 (90.4) 9,861 (97.7) 9,368 (97.9) 9,286 (97.6) 9,660 (97.8)

> 35 33 (0.2) 37 (0.2) 27 (0.2) 23 (0.2) 17 (0.2) 25 (0.3) 34 (0.4) 32 (0.3)

Maternal education, N (%) 16,160 16,755 17,283 14,181 10,093 9,571 9,497 9,872

No formal education 3,666 (22.7) 3,398 (20.3) 2,981 (17.2) 2,085 (14.7) 391 (3.9) 288 (3.0) 268 (2.8) 250 (2.5)

Primary 5,751 (35.6) 5,556 (33.2) 5,474 (31.7) 4,394 (31.0) 1,845 (18.3) 1,633 (17.1) 1,613 (17.0) 1,692 (17.1)

Secondary 5,560 (34.4) 6,275 (37.5) 7,009 (40.6) 5,986 (42.2) 6,009 (59.5) 5,793 (60.5) 5,686 (59.9) 5,753 (58.3)

University + 1,183 (7.3) 1,526 (9.1) 1,819 (10.5) 1,716 (12.1) 1,848 (18.3) 1,857 (19.4) 1,930 (20.3) 2,177 (22.1)

Parity, N (%) 16,318 16,906 16,918 14,192 10,097 9,571 9,517 9,888

0 6,738 (41.3) 7,257 (42.9) 7,473 (44.2) 6,153 (43.4) 4,897 (48.5) 4,707 (49.2) 4,612 (48.5) 4,598 (46.5)

1-2 8,407 (51.5) 8,496 (50.3) 8,392 (49.6) 7,214 (50.8) 4,902 (48.5) 4,621 (48.3) 4,667 (49.0) 5,047 (51.0)

> 2 1,173 (7.2) 1,153 (6.8) 1,053 (6.2) 825 (5.8) 298 (3.0) 243 (2.5) 238 (2.5) 243 (2.5)

At least one ANC visit, N (%) 16,341 16,901 17,215 14,148 10,096 9,556 9,518 9,883

Yes 16,308 (99.8) 16,886 (99.9) 17,205 (99.9) 14,142 (100.0) 10,095 (100.0) 9,556 (100.0) 9,516 (100.0) 9,869 (99.9)

No 33 (0.2) 15 (0.1) 10 (0.1) 6 (0.0) 1 (0.0) 0 (0.0) 2 (0.0) 14 (0.1)
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to 16.3 per 1000 births in Belgaum and from 29.3 to 21.1
per 1000 births in Nagpur (both p=0.002). In Belgaum, the
early neonatal mortality rate (within 7 days of delivery)
declined marginally over this period from 19.3 deaths per
1000 live births to 18.6 deaths per 1000 live births
(p=0.62). In contrast, at the Nagpur site, the rate of early
neonatal mortality rose from 18.7 deaths per 1000 live
births in 2010 to 20.4 deaths per 1000 live births in 2013
(p=0.03). The 28-day neonatal mortality rate remained
relatively stable in both Belgaum (2010: 24.2; 2011: 22.6;
2012: 21.4; 2013: 23.8 per 1000 live births) and in Nagpur
(2010: 24.5; 2011:19.0; 2012: 24.0; 2013: 24.4).
In Belgaum, the highest proportion of neonatal deaths

was attributed to birth asphyxia (with a range of 31.8%
to 38.7%), followed by low birth weight/prematurity, and
other causes (Table 5). In Nagpur, low birth weight/pre-
maturity was recorded as the leading cause of neonatal
death (with a range of 34.8% to 44.4%), followed by
birth asphyxia, and other causes. In contrast, at the Nag-
pur site, NMR associated with birth asphyxia and low
birth weight/prematurity increased over this period from
20% and 34.8% to 28.8% and 44.2% respectively.

Discussion
The MNHR represents a large prospective population-
based study conducted in two districts in India. The

results from Belgaum and Nagpur indicate a significant
increase in institutional delivery that was accompanied
by a substantial decline in perinatal mortality between
2010 and 2013 (Figure 3). Substantial declines in still-
births in both Belgaum and Nagpur were also observed
over this period. In Belgaum, the large reduction in peri-
natal mortality is primarily attributed to the decline in
the stillbirth rate, as the early neonatal mortality rate
declined only marginally during this period. Some of the
reduction in stillbirths and perinatal mortality may be
associated with socio-demographic changes that were
observed over time, including the shift in age and parity,
higher education and fewer deliveries that occurred over
time. We posit that some of the decline in stillbirth and
perinatal mortality, however, may be attributed to more
direct causes, including the resuscitation training of
birth attendants, both as part of the Global Network’s
Emergency Obstetric and Neonatal care (EmONC), trial
and the American Academy of Pediatrics Helping Babies
Breathe (HBB) studies, and the Ministry of Health’s
initiative of Navajat Shishu Suraksha Karyakram (NSSK)
national basic newborn care and resuscitation program
[20-23]. With stimulation and resuscitation, we posit
that these programs improved the survival of newborns
with simple birth asphyxia, and thus fewer newborns
were classified as stillbirths. Birth asphyxia remains a

Table 2. Delivery characteristics

Belgaum Nagpur

2010 2011 2012 2013 2010 2011 2012 2013

Deliveries, N 16,345 16,909 17,356 14,193 10,097 9,572 9,521 9,891

Delivery location, N (%) 16,317 16,902 17,350 14,189 10,092 9,565 9,514 9,885

Institutional 15,032 (92.1) 15,935 (94.3) 16,524 (95.2) 13,616 (96.0) 9,048 (89.7) 9,213 (96.3) 9,324 (98.0) 9,757 (98.7)

Hospital 10,381 (63.6) 11,316 (67.0) 12,851 (74.1) 10,154 (71.6) 6,464 (64.1) 6,483 (67.8) 6,388 (67.1) 7,215 (73.0)

Clinic 4,651 (28.5) 4,619 (27.3) 3,673 (21.2) 3,462 (24.4) 2,584 (25.6) 2,730 (28.5) 2,936 (30.9) 2,542 (25.7)

Community (Home or other) 1,285 (7.9) 967 (5.7) 826 (4.8) 573 (4.0) 1,044 (10.3) 352 (3.7) 190 (2.0) 128 (1.3)

Birth attendant, N (%) 16,342 16,903 17,350 14,189 10,092 9,565 9,516 9,885

Physician 9,668 (59.2) 9,602 (56.8) 10,712 (61.7) 8,649 (61.0) 5,659 (56.1) 5,521 (57.7) 5,849 (61.5) 6,356 (64.3)

Nurse/Midwife/HW 5,496 (33.6) 6,420 (38.0) 5,895 (34.0) 5,046 (35.6) 3,525 (34.9) 3,731 (39.0) 3,486 (36.6) 3,416 (34.6)

TBA 586 (3.6) 352 (2.1) 227 (1.3) 126 (0.9) 750 (7.4) 206 (2.2) 95 (1.0) 52 (0.5)

Family/Other 592 (3.6) 529 (3.1) 516 (3.0) 368 (2.6) 158 (1.6) 107 (1.1) 86 (0.9) 61 (0.6)

Delivery mode, N (%) 16,342 16,903 17,350 14,189 10,052 9,538 9,493 9,864

Vaginal 14,658 (89.7) 14,707 (87.0) 14,647 (84.4) 11,466 (80.8) 8,184 (81.4) 7,753 (81.3) 7,517 (79.2) 7,361 (74.6)

Vaginal assisted 61 (0.4) 41 (0.2) 54 (0.3) 80 (0.6) 103 (1.0) 28 (0.3) 66 (0.7) 236 (2.4)

C-section 1,623 (9.9) 2,155 (12.7) 2,649 (15.3) 2,643 (18.6) 1,765 (17.6) 1,757 (18.4) 1,910 (20.1) 2,267 (23.0)

Bag and mask resuscitation, N (%) 16,063 16,824 17,271 14,118 10,092 9,501 9,395 9,913

Yes 785 (4.9) 842 (5.0) 741 (4.3) 447 (3.2) 241 (2.4) 359 (3.8) 364 (3.9) 400 (4.0)

No 15,278 (95.1) 15,982 (95.0) 16,530 (95.7) 13,671 (96.8) 9,851 (97.6) 9,142 (96.2) 9,031 (96.1) 9,513 (96.0)

Multiple birth, N (%) 16,337 16,903 17,350 14,189 10,092 9,564 9,500 9,861

Yes 100 (0.6) 115 (0.7) 137 (0.8) 104 (0.7) 84 (0.8) 61 (0.6) 71 (0.7) 83 (0.8)

No 16,237 (99.4) 16,788 (99.3) 17,213 (99.2) 14,085 (99.3) 10,008 (99.2) 9,503 (99.4) 9,429 (99.3) 9,778 (99.2)
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leading cause of death in both sites, and indicates further
efforts to improve obstetric care and to provide first min-
ute bag and mask resuscitation are needed. Yet, very
early and early neonatal mortality rates rose in Nagpur,
and thus there was a smaller decline in perinatal mortal-
ity in Nagpur than in Belgaum. Still, unlike the quasi-
experimental comparisons of India’s Janani Suraksha
Yojana conditional cash transfer program [13], virtually
no improvement was observed in early or 28-day neona-
tal survival in either location. The decline in stillbirth but
not neonatal mortality rates may be mediated by the
increase in cesarean sections, responsive to fetal distress,
and is consistent with observations from Bangladesh [15].
In Bangladesh, the demand side financing program was

associated with an increase in cesarean section rates, but
otherwise with little or no improvement in quality of
care. Low birth weight remains a leading cause of neona-
tal death, and the lack of effect on neonatal mortality is
consistent with persistent high mortality rates observed
for very low birth weight infants [24] and the need to
improve quality of care for newborns.
The trends of lower stillbirth rates associated with

increasing cesarean rates in lower and middle income
countries is also consistent with observations from
multi-country World Health Organization data [25,26].
Improving obstetric care is critical to prevention of birth
asphyxia [27-30]. The EmONC research trial that both
the Belgaum and Nagpur sites as well as the other

Figure 1 PMR, stillbirths and NMR <28 days: Belgaum

Table 3. Infant characteristics

Belgaum Nagpur

2010 2011 2012 2013 2010 2011 2012 2013

Births, N 16,445 17,024 17,497 14,295 10,178 9,633 9,590 9,975

Gender, N (%) 16,431 17,006 17,483 14,287 10,113 9,572 9,539 9,925

Male 8,434 (51.3) 8,896 (52.3) 9,101 (52.1) 7,361 (51.5) 5,380 (53.2) 4,964 (51.9) 5,002 (52.4) 5,109 (51.5)

Female 7,997 (48.7) 8,110 (47.7) 8,382 (47.9) 6,926 (48.5) 4,733 (46.8) 4,608 (48.1) 4,537 (47.6) 4,816 (48.5)

Sex ratio (M/F) 1.05 1.10 1.09 1.06 1.14 1.08 1.10 1.06
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Global Network sites participated in also found limited
influence on institutional quality of care and concluded
that improving pregnancy outcomes requires more
infrastructural preparedness than provider training and
community mobilization alone can provide [27]. The
observed reduction in stillbirth rates may also be asso-
ciated with more babies receiving resuscitation. The
decline in asphyxia related mortality in Belgaum sup-
ports this speculation. Even though there was a decline
in bag and mask resuscitation in Belgaum, resuscitative
stimulation, which is not assessed in the registry, likely
increased in the area’s HBB projects [19]. While the
increase in cesarean section rates suggests that more
women are being identified with pregnancy complica-
tions through institutional delivery, the increase in com-
munity NMR indicates the continued delivery of high
risk or complicated cases in home births. Caste dispari-
ties continue to exist, with women of lower castes conti-
nuing to have higher rates of home birth [31].
The increase in health care facility deliveries is consis-

tent with the patterns observed in all 20 Belgaum clus-
ters of which only the 16 providing 48 months of data
were included in the analyses presented. The increase in
institutional deliveries is also similar to that observed in

other countries using various schemes to increase insti-
tutional delivery. Unlike the special community and
facility-based surveys to assess their program effects
[32,33], the MNHR provides standardized high-quality
data from a prospective, surveillance system that cap-
tures over 99% of permanent resident pregnancies and
their outcomes [19].

Conclusions
The MNHR data from Belgaum and Nagpur, in Southern
and Central India, indicate a significant increase in institu-
tional, and particularly hospital, deliveries between 2010
and 2013. This was accompanied by substantial reductions
in perinatal mortality, stillbirth, and, in Belgaum, a declin-
ing trend in very early and early neonatal mortality. We
posit that some of this decline was associated with increas-
ing caesarean section rates and neonatal resuscitation.
With increased emphasis on stimulation and resuscitation,
it is likely that resuscitation training programs, besides
improving survival of newborn babies with birth asphyxia,
may also have improved recognition that some non-
breathing infants are not stillbirths. Thus, fewer newborns
may have been classified as stillbirths. Birth asphyxia
remains a leading cause of death in both sites, and

Figure 2 PMR, stillbirths and NMR <28 days: Nagpur
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Table 4. Trends in Deliveries and Mortality Rates by Location

Adjusted Risk Estimate (95% CI)

2010 2011 2012 2013 P-value for 2010 - 2013 trend test

Belgaum

Institutional Deliveries, n (%) 92.6 (90.2, 95.0) 94.6 (92.8, 96.4) 95.5 (94.0, 97.0) 96.1 (94.8, 97.4) <.0001

Hospital Deliveries, n (%) 63.4 (54.7, 73.5) 66.3 (58.6, 75.1) 73.6 (66.5, 81.4) 71.0 (63.8, 78.9) 0.0020

Perinatal mortality, rate/1000 births 41.3 (36.1, 47.3) 39.0 (33.4, 45.5) 38.5 (34.8, 42.7) 34.6 (31.8, 37.6) 0.0078

Stillbirths, rate/1000 births 22.5 (19.0, 26.7) 20.9 (17.4, 25.1) 20.8 (18.6, 23.3) 16.3 (14.2, 18.7) 0.0017

NMR < 7 days, rate/1000 live births 19.3 (16.6, 22.4) 18.5 (15.5, 22.1) 18.1 (15.7, 20.8) 18.6 (16.7, 20.6) 0.6226

Neonatal mortality < 28 days, rate/1000 live
births

24.2 (21.0, 27.8) 22.6 (18.3, 27.8) 21.4 (18.5, 24.8) 23.8 (21.5, 26.3) 0.6496

Nagpur

Institutional Deliveries, n (%) 89.5 (86.0, 93.2) 96.3 (95.5, 97.1) 97.9 (97.4, 98.5) 98.6 (98.3, 98.9) <.0001

Hospital Deliveries, n (%) 63.1 (57.4, 69.4) 66.9 (61.8, 72.5) 66.1 (60.5, 72.2) 72.0 (66.6, 77.8) <.0001

Community Deliveries, n (%)

Perinatal mortality, (rate/1000 births) 47.4 (41.9, 53.6) 36.8 (32.7, 41.4) 40.7 (36.6, 45.4) 40.8 (37.1, 45.0) 0.0913

Stillbirths, (rate/1000 births) 29.3 (25.6, 33.5) 21.5 (18.6, 24.9) 21.8 (19.1, 25.0) 21.1 (18.6, 23.8) 0.0024

NMR < 7 days, (rate/1000 live births) 18.7 (15.4, 22.6) 15.7 (12.4, 19.8) 19.4 (15.3, 24.6) 20.4 (16.9, 24.6) 0.0280

Neonatal mortality < 28 days, (rate/1000 live
births)

24.5 (20.7, 29.0) 19.0 (15.6, 23.2) 24.0 (19.3, 29.9) 24.4 (20.8, 28.5) 0.3139

Table 5. Cause of neonatal mortality by site

Belgaum Nagpur

2010 2011 2012 2013 2010 2011 2012 2013

Cause of Neonatal Deaths < 28 Days, N (%) 390 377 367 333 230 169 214 226

Birth Asphyxia 151 (38.7) 138 (36.6) 130 (35.4) 106 (31.8) 46 (20.0) 41 (24.3) 43 (20.1) 65 (28.8)

Low Birth Weight/Prematurity 113 (29.0) 107 (28.4) 108 (29.4) 105 (31.5) 80 (34.8) 75 (44.4) 82 (38.3) 100 (44.2)

Infection 31 (7.9) 33 (8.8) 27 (7.4) 30 (9.0) 30 (13.0) 15 (8.9) 21 (9.8) 12 (5.3)

Malformation 8 (2.1) 12 (3.2) 17 (4.6) 16 (4.8) 9 (3.9) 6 (3.6) 10 (4.7) 7 (3.1)

Other 73 (18.7) 74 (19.6) 79 (21.5) 67 (20.1) 31 (13.5) 15 (8.9) 39 (18.2) 37 (16.4)

Don’t Know 14 (3.6) 10 (2.7) 6 (1.6) 8 (2.4) 34 (14.8) 17 (10.1) 18 (8.4) 5 (2.2)

Figure 3 Trends of Institutional Delivery (%) and Perinatal Mortality (per 1000 births)
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indicates further efforts to provide quality obstetric care
and first minute bag and mask resuscitation are needed.
However, the lack of improvement in 28 day neonatal
mortality indicates that further efforts are needed to
improve quality of care and, perhaps, to ensure that all
women experiencing complications seek and receive
timely appropriate skilled birth attendance and institu-
tional delivery to further advance perinatal and neonatal
survival.
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