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Abstract

Background: We assessed the effects of a nurse mentoring program on neonatal mortality in eight districts in India.

Methods: From 2012 to 2015, nurse mentors supported improvements in critical MNCH-related practices among
health providers at primary health centres (PHCs) in northern Karnataka, South India. Baseline (n = 5240) and endline
(n = 5154) surveys of randomly selected ever-married women were conducted. Neonatal mortality rates (NMR) among
the last live-born children in the three years prior to each survey delivered in NM and non-NM-supported facilities were
calculated and compared using survival analysis and cumulative hazard function. Mortality rates on days 1, 2–7 and 8–
28 post-partum were compared. Cox survival regression analysis measured the adjusted effect on neonatal mortality of
delivering in a nurse mentor supported facility.

Results: Overall, neonatal mortality rate in the three years preceding the baseline and endline surveys was 30.5 (95% CI
24.3–38.4) and 21.6 (95% CI 16.3–28.7) respectively. There was a substantial decline in neonatal mortality between the
survey rounds among children delivered in PHCs supported by NM: 29.4 (95% CI 18.1–47.5) vs. 9.3 (95% CI 3.9–22.3)
(p = 0.09). No significant declines in neonatal mortality rate were observed among children delivered in other facilities
or at home. In regression analysis, among children born in nurse mentor supported facilities, the estimated hazard ratio
at endline was significantly lower compared with baseline (HR: 0.23, 95% CI: 0.06–0.82, p = 0.02).

Conclusion: The nurse mentoring program was associated with a substantial reduction in neonatal mortality. Further
research is warranted to delineate whether this may be an effective strategy for reducing NMR in resource-poor settings.
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Background
Globally, the decline in neonatal mortality observed over
the last several years has been slower than the decline in
mortality for older children (1–59months) [1]. Achieving
faster reductions in neonatal mortality has therefore been
a key area of effort for the global health community. The
decline in neonatal mortality in India has also been slow
[2]. Nearly three-quarters of infant deaths in India occur
within 28 days of birth, and with a neonatal mortality rate
of 29 per 1000 in 2015, India accounts for almost one-
fourth of the estimated 2.8 million newborn deaths glo-
bally [3, 4]. Furthermore, one-third of neonatal deaths oc-
curs on the first day of life, when newborns are often still
in health facilities [5]. Karnataka state, South India, one of
the better performing Indian states with respect to neo-
natal mortality, experienced a greater decline in neonatal
mortality from 2000 to 2011 than all of India (40/1000 to
24/1000 versus 44/1000 to 31/1000) [6]. Within Karnataka
however, there are large geographical disparities in health
outcomes, particularly between the north and south [7, 8].
In 2012, eight districts in northern Karnataka were desig-
nated as high priority by the Government of India’s Na-
tional Rural Health Mission (NRHM), based on a
composite health index [9].
In October 2011, the University of Manitoba and the

Karnataka Health Promotion Trust, with other partners,
initiated a technical assistance project to improve mater-
nal, newborn and child health (MNCH) outcomes through
the NRHM in eight northern districts of Karnataka. The
goal was to improve MNCH outcomes through the devel-
opment and adoption of effective operational and health
system approaches within the NRHM umbrella. One key
project approach was the development of a nurse mentor-
ing (NM) program. We introduced on-site peer mentoring
of staff nurses (SN) and auxiliary nurse midwives (ANM)
responsible for labour, delivery and post-partum care in
primary health centres (PHC), where 24% of deliveries oc-
curred. The program focused on: enhancing clinical skills
and practices; improving quality of care through team col-
laboration and problem solving; and supporting initiatives
to address process-related issues, including improved in-
frastructure, supplies and referral logistics.
We have previously demonstrated that nurse mentoring

improves the MNCH-related knowledge and skills of pro-
viders in PHCs, as well as institutional readiness to pro-
vide quality care [10, 11]. These studies reported the
findings of a cluster randomized trial involving all func-
tional 24/7 PHCs in two districts of Karnataka. We used a
parallel, cluster randomized trial design in which 54 of
108 facilities received six onsite mentoring visits, along
with an initial training update and additional training and
support in the use of case sheets for labour and delivery.
Pre- and post-intervention surveys using facility audits,
provider interviews and case sheet audits indicated that:

(1) a higher number of facilities in the intervention arm
had all appropriate drugs, equipment and supplies to deal
with maternal and newborn complications; (2) the pro-
viders in the intervention arm had better knowledge of
labour and delivery care, including neonatal resuscitation
and low birth weight newborn care; and (3) the providers
in the intervention arm showed greater compliance with
the protocols during labour monitoring, delivery, and im-
mediate post-partum care for mothers and newborns. The
nurse mentoring model was subsequently scaled up in all
the control PHCs in these two districts, as well as in all
the PHCs in 6 other neighbouring districts. The cluster
randomized trial reported earlier did not collect data on
neonatal mortality. Data on the impact of quality improve-
ment efforts in improving outcomes is limited [12, 13],
and the impact on neonatal mortality is rarely measured
[14]. In this paper, we assess the potential contribution of
the NM program on neonatal mortality reductions.

Methods
The intervention
Of the 387 rural PHCs in the 8 districts that are open at
all hours (24 × 7 PHCs), 385 were included in the NM
program (two were not functioning during the study
period). Typically, the 24 × 7 PHCs in the project dis-
tricts had 2–3 Staff Nurses, two Medical Officers, one
Lab Technician, one Pharmacist, one Office Assistant
and around 3–4 Staff responsible for housekeeping.
These facilities were supported by 53 nurse mentors, each
responsible for 6–7 PHCs. The mentors had a basic quali-
fication in general nurse midwifery (GNM), had no or lit-
tle prior experience in conducting deliveries and were
recruited locally. The nurse mentors were trained for five
weeks in: essential clinical competencies; how to effect-
ively mentor PHC staff; team building and collaborative
problem solving; and service delivery improvement. Nurse
mentors worked in teams of two and visited assigned
PHCs for 2–3 days every two months initially and then
quarterly for a total of six visits per year, over a period of
16–28months. For continuity, the same nurse mentor
team was assigned to the same 6–7 PHCs over the dur-
ation of the intervention. Self-assessments, observations,
clinical audits, modeling of good practice, and bed-side
and small group teachings were used to address gaps in:
1) clinical competencies, specifically identification and ini-
tial management of MNCH complications, including es-
sential newborn care; 2) procurement of essential supplies;
and 3) facility preparedness and referral systems. In order
to improve newborn outcomes, the PHC staff were men-
tored to better manage birth asphyxia; to improve the
availability of equipment to clear airways effectively, in-
cluding bag and mask ventilators; improve the ability to
provide positive pressure ventilation; and improve new-
born care, particularly drying and swaddling the babies,
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and early initiation of breastfeeding and skin to skin con-
tact. The mentors themselves did not perform all resusci-
tation, but assisted the staff nurse. A more detailed
description of nurse mentor visit and what they did can be
found in one of our previous publications [15]. The nurse
mentors received about one and a half times more remu-
neration than the staff nurses in these facilities. The inter-
vention costed an additional $5.60 per delivery [10].

Conceptual framework
The factors associated with neonatal mortality were
grouped into four broad categories:

(1) maternal socio-demographic characteristics: age at
the time of birth; literacy; employment; caste/tribe;
religion; and socio-economic status (wealth
quintiles);

(2) pregnancy characteristics: pregnancy order;
presence of first antenatal care (ANC) visit in the
first trimester; number of ANC visits; whether
received two tetanus toxoid (TT) injections;
consumption of 100 iron and folic acid (IFA) tables;
presence of any pregnancy complication; frequency
of frontline community health worker interaction
(with accredited social health activist [ASHA]); and
transportation used to reach delivery site;

(3) delivery characteristics: birth order; sex of child;
delivery outcome (single/multiple); delivery place;
delivery type (normal/Caesarian-section/assisted);
delivery complication; and birth weight; and

(4) post-delivery characteristics: use of postnatal care at
home or at facility; and stay at the facility for at
least 48 h.

Information on these factors was collected from
household-based cross-sectional surveys that were con-
ducted before and after program implementation. Data
were collected on the last birth during the three years
prior to each survey.

The surveys
Baseline (March–June 2012) and endline (April–June
2015) cross-sectional surveys were carried out. A two-
stage systematic stratified sampling methodology was
used, with selection of villages, followed by households
and eligible women. In the first stage of each round, 167
of the 5190 villages were selected using probability pro-
portional to population size sampling. Villages were strati-
fied according to sub-districts and village size before
selection. In each survey round, lists of households with at
least one eligible woman, defined as ever-married woman
aged 15–34 years, were prepared separately for the Sched-
uled Caste (SC) or Scheduled Tribe (ST) households, and
for non-SC/ST households; these lists were used for the

selection of households in the second stage. From each se-
lected village, 30 households (15 each from the SC/ST and
non-SC/ST lists) were sampled by systematic sampling
with equal probability, and without replacement. “Sched-
uled caste” is the officially designated group in India to de-
note lower castes in the traditional Indian social hierarchy
based on caste. A large body of data exists in India to
show that caste and religion play an important role in
health outcomes including access and utilization of health
services. All eligible women within a selected household
were interviewed. A total of 5240 and 5154 ever-married
women aged 15–34 years were interviewed in the baseline
and endline surveys, respectively. The surveys were imple-
mented by the Population Research Centre, Dharwad, an
external, independent agency.

Statistical analyses
The primary study outcome variable was neonatal death,
defined as any death of a live-born child during the first
28 completed days of life. Baseline and endline data were
merged to form one database to allow analyses across
periods, and Stata 14 (StataCorp, Texas, USA) was used
for analysis. Baseline and endline neonatal mortality rate
(NMR) among the last live-born children in the three-
years prior to each survey were computed for the follow-
ing three groups, according to place of delivery: (1)
PHCs supported by an NM program; (2) sub-centres,
community health centres, sub-district hospitals, district
hospitals and private facilities not supported by an NM
program; and (3) home deliveries. Mortality rates on day
1 post-partum, days 2–7, and days 8–28 were estimated
separately for each delivery group. Survey data on date
of birth, whether the child survived, and the date of
death for those not surviving, were used to compute the
probabilities that the newborn died within 28 days of
birth. The unadjusted hazard ratios (HRs) were com-
puted using Cox survival regression [16].
We assessed whether the samples across different deliv-

ery sites, geographical locations and population groups dif-
fered in terms of known risk factors for neonatal mortality
between the two rounds, using the Pearson χ2 test. We also
explored whether these factors were associated with the dif-
ferences in the probability of dying within 28 days of birth
between the survey rounds, in each of the place-of-delivery-
groups, using multivariate Cox regression.

Results
Table 1 presents the distribution of births, estimated
NMR and HRs by place of delivery. Overall, 24% of the
births at baseline and endline occurred in PHCs sup-
ported by NM. Another 50% of births at baseline and
59% at endline were in non-NM supported facilities.
The remaining 26 and 18% of deliveries, at baseline and
endline respectively, occurred at home. While there was
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no significant change in the share of PHC deliveries, the
share of home deliveries decreased between survey
rounds.
There were no statistically significant differences in

neonatal mortality among the three place of delivery
groups at baseline (p = 0.90). The estimated NMR
among the 2331 and 2179 last-born children in the three
years preceding the baseline and endline surveys were
30.5 (95% CI 24.3–38.4) and 21.6 (95% CI 16.3–28.7) per
1000 live births. This overall declining trend was not sta-
tistically significant (HR 0.64, 95% CI 0.37–1.12, p =
0.12). There was a substantial decline however in neo-
natal mortality between the survey rounds among chil-
dren delivered in PHCs supported by NM: HRs of 29.4
(95% CI 18.1–47.5) vs. 9.3 (95% CI 3.9–22.3), p = 0·09.
There were no significant declines in NMR among chil-
dren delivered in non-NM facilities or at home.
Table 2 presents the NMR estimates and HRs for dif-

ferent periods of time after birth by place of delivery.
The maximum NMR reductions between baseline and
endline are seen on day 1 of birth in NM-supported fa-
cilities (12.8 at baseline to 1.9 at endline; HR 0.10, 95%
CI 0.01–0.90, p = 0.04). Differences in NMR after day 1
were not statistically significant for deliveries in non-
NM facilities or at home. There were no reported deaths
among those delivered in NM-supported facilities during
days 8–28 post birth, compared to NMRs of 4 and 8.5
among those delivered in unsupported facilities or at
home. Mortality during days 8–28 after birth went up
significantly at endline for home deliveries.
As the PHCs were not randomized for the intervention,

we examined changes between survey rounds in factors
that determine the choice of facility for delivery, which
may confound the effects of NM on neonatal mortality.
The socio-demographic profiles of women in each
delivery-place type did not differ significantly between the
two survey rounds. Although a greater proportion of liter-
ate women, women engaged in housework, non-SC/ST
women, and women in higher wealth index quintiles were
more likely to deliver in a non-NM facility (data not
shown), this pattern did not change between the two sur-
veys. Additionally, between survey rounds, there were no
significant differences in the overall sample profiles based
on these socio-demographic characteristics. Hence, the

socio-demographic differences in the choice of place of
delivery likely do not account for the change in estimated
NMR between surveys across delivery sites.
Table 3 examines the changes in known risk factors

associated with neonatal mortality between the two sur-
vey rounds, according to delivery place. There were no
significant differences in socio-demographic characteris-
tics. However, there were significant differences between
baseline and endline with respect to pregnancy charac-
teristics. These included increases in: timing of the first
ANC visit; number of ANC checkups; coverage with two
TT injections; consumption of 100 IFA tablets during
pregnancy; frequency of contact with an ASHA; and use
of ambulance transport to reach the delivery point.
There was also a decline in reported complications dur-
ing pregnancy. Similar trends for these characteristics
were observed among the two groups who delivered in
NM- supported and unsupported facilities. The differ-
ences between survey rounds for home deliveries were
significant only with regard to IFA consumption, fre-
quency of ASHA meetings and reporting of pregnancy
complications.
Except for an increase in the proportion having Cae-

sarean section or assisted deliveries (from 10 to 13%),
there were no significant differences overall between
baseline and endline according to delivery characteris-
tics. In NM facilities there was a significant increase be-
tween the rounds in the proportion of multiple births
(from 0 to 1%). In NM-supported facilities, a signifi-
cantly lower proportion of women at endline reported
delivery complications (13%) compared to baseline (21%).
None of the differences in delivery characteristics between
the two survey rounds were statistically significant for
those deliveries in a non-NM facility or at home. In all fa-
cilities, there was a significant improvement in the propor-
tion of women who received post natal care, either at
home or in a facility (53 to 80%). Similarly, there was a sig-
nificant increase in the overall proportion of women who
stayed at facilities for at least 48 h post delivery, from 46%
at baseline to 54% at endline.
Table 4 presents the results of the Cox multivariate re-

gression analysis, with the probability of a child dying
within 28 days of birth according to place of delivery as
the primary outcome, and the selected risk factors as

Table 1 Distribution of samples, neonatal mortality estimates and un-adjusted hazard ratios, by place of delivery

Deliveries in nurse
mentor supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

Baseline Endline Baseline Endline Baseline Endline Baseline Endline

N (%) 546 (23.8) 536 (23.7) 1185 (50.1) 1280 (58.6) 600 (26.2) 363 (17.6) 2331 (100.0) 2179 (100.0)

NMR [95%
CI]

29.4 [18.1–
47.5]

9.3 [3.9–22·3] 32.2 [23·5–
44.0]

25.8 [18.4–36.1] 28.3 [17.7–
45.2]

24.9 [13.0–47.3] 30.5 [24.3–
38.4]

21.6 [16.3–28.7]

Hazard ratio
[95% CI] p

Ref. 0.36 [0.11–1.16]
0.09

Ref. 0.61 [0.27–1.35]
0.22

Ref. 1.04 [0.43–2.54]
0.93

Ref. 0.64 [0.37–1.12]
0.12
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predictors, controlling for survey round. Only risk fac-
tors that differed significantly (p < 0.05) between the
survey rounds in any of the four survey groups analyzed
in Table 3 were included in the multivariate regression
model. For deliveries in NM facilities, delivery type and
type of gestation were excluded from the model due to
small numbers. Similarly, the model for the home deliv-
eries excluded delivery type, transportation to delivery
point and 48-h stay in the facility. The model for total
deliveries included delivery place and an interaction
term involving delivery place and survey round. Overall,
single births and births to mothers who had received
two TT injections during pregnancy were associated
with increased survival of the neonate, when the survey
round and place of delivery were controlled for. The risk
of dying within 28 days of birth was significantly greater
for neonates born to mothers who used an ambulance to
reach the delivery point. Neither the survey round nor
the interaction between survey round and delivery place
were significantly and independently associated with
neonatal mortality in the total sample.
Among children born in NM facilities, the estimated

HR for mortality at endline was significantly lower than
at baseline [HR: 0.23, 95% CI: 0.06–0.82, p = 0.02]. This
was not the case for children born at non-NM facilities.
Factors other than survey round that were significantly
associated with neonatal mortality among the NM facil-
ities included: whether consumed 100 IFA tablets during
pregnancy; whether met with an ASHA at least once a
month during pregnancy; whether an ambulance was
used to reach the delivery point; and whether the deliv-
ery had any complication. Among children born in non-
NM supported facilities, factors that were independently
associated with neonatal mortality included: whether re-
ceived two doses of tetanus toxoid injections during
pregnancy; whether an ambulance was used to reach the

delivery point; and whether the delivery was singleton.
In these facilities, the estimated hazard ratio at endline
compared to baseline was not statistically significant.
Among home deliveries, none of the risk factors consid-
ered were significantly associated with neonatal mortal-
ity, and the hazard ratio at endline compared to baseline
was also not statistically significant.

Discussion
Our findings suggest that the nurse mentoring program,
which was designed to improve the quality of care for
women and children during the labour, delivery and
post-partum periods, was associated with a significant
decline over time in neonatal mortality. There was a
three-fold reduction in the neonatal mortality rate over a
three-year period observed among deliveries in primary
heath care facilities with NM programs, with the greatest
reduction in mortality seen on the first day of life. This
corresponds to an average annual rate of reduction in
NMR of about 23%. No significant changes were ob-
served in the estimated NMR among newborns delivered
in facilities not supported by the NM program or at
home. Differences between place of delivery groups were
also observed in the late postnatal period, and no neo-
natal deaths were reported among infants who delivered
in NM facilities from day 8–28 post-birth.
Analysis of known risk factors for neonatal death that

may have acted as confounders suggests that they were
unlikely to have accounted for the large change in neo-
natal mortality in our study, as there were no significant
differences in socio-demographic characteristics between
the two survey rounds. Interestingly, a greater propor-
tion of more marginalized women utilized services at the
NM PHCs, suggesting that the NM program was able to
reach a population where a greater burden of neonatal
mortality has been documented [17–19]. Significant

Table 2 Neonatal mortality estimates and unadjusted hazard ratios for different periods since birth, by place of delivery

Mortality rates for
periods since birth

Deliveries in nurse mentor
supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

Baseline Endline Baseline Endline Baseline Endline Baseline Endline

Day 1 NMR [95% CI] 12.8 [6.1–
26.7]

1.9 [0.3–13.2] 4.2 [1.8–
10.1]

6.2 [3.1–12.5] 10.0 [4.5–
22.1]

5.5 [1.4–21.8] 7.7 [4.9–
12.2]

5.0 [2.8–9.1]

Hazard ratio [95% CI]
p

Ref 0.10 [0.01–0.90]
0.04

Ref. 0.99 [0.28–3.52]
0.99

Ref. 0.44 [0.08–2.45]
0.44

Ref. 0.58 [0.24–1.42]
0.23

Days 2–7 NMR [95%
CI]

11.1 [5.0–
24.6]

7.5 [2.8–19.8] 21.2 [14.4–
31.3]

15.7 [10.2–24.3] 16.8 [9.1–
31.1]

11.1 [4.2–29.3] 17.7 [13.1–
24.0]

12.9 [8.9–18.7]

Hazard ratio [95% CI]
p

Ref 0.98 [0.24–4.02]
0.97

Ref 0.50 [0.17–1.43]
0.20

Ref 0.58 [0.15–2.30]
0.44

Ref 0.59 [0.26–1.33]
0.20

Days 8-28 NMR [95%
CI]

5.7 [1.8–
17.5]

0.0 [NC] 7.0 [3.5–
14.0]

4.0 [1.7–9.6] 1.7 [0.2–
12.1]

8.5 [2.7–26.1] 5.3 [3.0–9.4] 3.8 [1.9–7.5]

Hazard ratio [95% CI]
p

NC Ref 0.79 [0.18–3.49]
0.76

Ref 42.05 [4.42–
399.76] 0.00

Ref 0.96 [0.33–2.84]
0.94

NC Not computed
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Table 3 Population and health care characteristics according to place of delivery, at baseline and endline

Characteristic Deliveries in nurse mentor
supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

Base-line End-line P Base-line End-line p Base-line End-line p Base-line End-line p

Maternal age

< 20 years 31.1 32.4 0.75 31.5 30.7 0.77 22.4 31.0 0.01 29.0 31.1 0.30

20+ years 68.9 67.7 68.6 69.3 77.6 39.3 71.0 68.9

Maternal literacy

Literate 47.5 47.9 0.93 58.9 60.9 0.47 28.0 30.0 0.60 48.1 52.4 0.09

Illiterate 52.5 52.1 41.2 39.1 72.0 70.0 51.9 47.6

Maternal work

Housework 51.1 44.8 0.14 58.7 59.0 0.94 39.5 34.3 0.24 51.9 51.3 0.80

Other 48.9 55.2 41.3 41.0 60.5 65.7 48.1 48.7

Caste/tribe

Scheduled caste/tribe 35.1 42.9 0.24 31.8 36.0 0.37 41.6 50.1 0.23 35.2 40.1 0.29

Other 64.9 57.1 68.2 64.0 58.4 49.9 64.8 59.9

Religion

Hindu 88.6 92.6 0.13 89.1 88.8 0.91 90.2 91.4 0.68 89.3 90.2 0.63

Other 11.4 7.4 10.9 11.2 9.8 5.6 10.7 9.8

Wealth index quintiles

4–5 32.7 29.3 0.42 26.3 21.7 0.11 40.5 43.0 0.72 31.6 27.3 0.11

3 31.3 35.9 29.2 33.3 34.0 30.9 30.9 33.5

1–2 36.0 34.8 44.5 45.0 25.5 26.1 37.5 39.3

First ANC

In 1st trimester 67.0 75.5 0.03 70.4 77.1 0.02 50.8 57.3 0.13 64.4 73.2 < 0.01

Later/never 33.0 24.5 29.6 22.9 49.2 42.7 35.6 26.8

# of ANC checkups

3 or more 77.9 87.1 < 0.01 86.1 90.3 0.01 64.1 69.2 0.18 78.4 85.8 < 0.01

< 3 or none 22.1 12.9 13.9 9.7 35.9 30.8 21.6 14.2

2 TT injections

Yes 90.1 93.9 0.17 9.0 95.5 0.01 83.5 85.6 0.50 89.3 93.4 < 0.01

No 9.9 6.1 8.0 4.5 16.5 14.4 10.7 6.6

Consumed 100 IFA tablets

Yes 14.0 24.2 < 0.01 17.8 28.8 < 0.01 10.0 18.7 < 0.01 14.9 25.9 < 0.01

No 86.0 75.8 82.2 71.2 90.0 81.3 85.1 74.1

ASHA1 meeting frequency (ANC)

At least once a month 44.4 55.0 0.03 41.6 52.5 < 0.01 34.4 43.5 0.02 40.4 51.5 < 0.01

Once in 3 months/ less 55.6 45.0 58.4 47.5 65.6 56.5 59.6 48.5

Pregnancy complication2

Any 50.6 43.4 0.06 58.3 48.3 < 0.01 47.7 36.2 0.01 53.7 45.0 < 0.01

None 49.4 56.6 41.7 51.7 52.3 63.8 46.3 55.0

Transportation to delivery facility

Ambulance 23.6 31.9 0.02 27.8 33.6 0.04 NA NA NA 26.4 33.1 0.01

Other 76.4 68.1 72.2 66.4 73.6 66.9

Delivery type

Normal 98.7 99.4 0.32 80.1 77.6 0.30 99.8 99.7 0.74 89.6 86.7 0.03
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improvements were seen in pregnancy-associated charac-
teristics between survey rounds, but this was similar in
both the NM and non-NM facility groups, and is similar
to trends in utilization of health services from other stud-
ies [20, 21]. With the exception of an increase in Caesar-
ean sections and assisted operative vaginal deliveries, there
were also no significant differences in delivery characteris-
tics between baseline and endline. Encouragingly, there
was a significant improvement between the two survey
rounds in the proportion of women who received postna-
tal care, either at home or in a facility (53 to 80%).
Although the study was not designed to establish causal

linkages between the NM program and reductions in neo-
natal mortality, several aspects of the NM program could
have contributed to the positive effect on newborn sur-
vival. These would include: a focus on improving diagno-
sis and management of MNCH complications through
enhanced skills, knowledge and practices; use of self-
check lists to identify system level gaps and develop action
plans to respond appropriately; and use of case sheets as
job aids to prompt appropriate treatment and referral to
ensure follow-up once complications are identified. We

have previously shown that this multipronged approach
resulted in improved quality of care at institutions sup-
ported by the NM program within the project area,
through improvements in facility readiness as well as pro-
vider preparedness, and improved knowledge and skills
around essential obstetric and neonatal care [10, 11].
From 2009 to 2011, the average annual rate of reduc-

tion in NMR for all of India was 4·6% [22]. The reduc-
tion in NMR observed in our study was much higher
than this, and several factors may have contributed to
this finding. One is timing, as the greatest reduction in
mortality observed in our program occurred on the first
day, when in India more than one-third of newborn
deaths occur [19, 22]. Inability to prevent early neonatal
death is a known contributor to slow progress in new-
born survival [22], and the nurse mentoring program
was designed to address MNCH care during this critical
period. Secondly, the context of being embedded in the
Government of India’s NRHM likely facilitated the accel-
erated mortality decline, as the program built on gains
already achieved by the NRHM. Demand for delivery in
health facilities was already high in the state (although

Table 3 Population and health care characteristics according to place of delivery, at baseline and endline (Continued)

Characteristic Deliveries in nurse mentor
supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

Base-line End-line P Base-line End-line p Base-line End-line p Base-line End-line p

Other3 1.3 0.6 19.9 22.4 0.2 0.3 10.4 13.3

Delivery outcome

Single 100.0 98.8 < 0.01 96.6 97.2 0.71 98.8 99.2 0.71 98.0 97.9 0.93

Multiple 0.0 1.2 3.4 2.8 1.2 0.8 2.0 2.1

Child’s sex

Male 50.8 49.9 0.82 51.2 52.9 0.51 55.2 49.1 0.16 52.2 51.5 0.77

Female 49.2 50.1 48.8 47.1 44.8 50.9 47.8 48.5

Delivery complication4

Any 20.5 13.3 0.03 24.5 23.1 0.56 11.5 10.7 0.76 20.1 18.6 0.39

None 79.5 86.7 75.6 76.9 88.5 89.3 79.9 81.5

Birth weight

< 2500 g 11.8 13.0 0.64 14.5 16.3 0.32 6.0 5.5 0.24 11.6 14.1 0.06

Other 88.2 87.0 85.5 83.7 94.0 91.5 88.4 85.6

Postnatal care either at home or at facility

Yes 54.6 84.8 < 0.01 59.2 89.2 < 0.01 39.4 42.1 0.57 52.9 79.8 < 0.01

No 45.4 15.3 40.8 10.8 60.6 57.9 47.1 20.2

48 h facility stay post delivery

Yes 29.6 34.5 0.26 53.7 61.9 0.01 NA NA NA 45.9 54.0 < 0.01

No 70.4 65.5 46.3 38.1 54.1 46.0
1Accredited Social Health Activist
2Swelling of hands/feet and face, excessive vomiting/giddiness, headache/visual disturbances, weakness/excessive fatigue, convulsions not with fever, weak or no
movement of fetus, abnormal position of fetus, jaundice, vaginal bleeding, vaginal discharge, malaria, abdominal pain, preterm/premature rupture of membrane,
preterm labour
3Includes Caesarean section and assisted deliveries
4Premature labour, preterm/premature rupture of membrane, prolonged labour (> 12 h), obstructed labour, breech/malpresentation
NA Not applicable

Banadakoppa Manjappa et al. BMC Pregnancy and Childbirth          (2020) 20:242 Page 7 of 11



Table 4 Results of the Cox multivariate regression analyses – probability of death within 28 days

Characteristic Deliveries in nurse mentor
supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

Survey round

Baseline Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Endline 0.23 0.06–0.82 0.02 0.67 0.37–1.22 0.19 1.23 0.48–3.19 0.67 1.05 0.41–2.69 0.91

First ANC

In 1st trimester 0.70 0.21–2.29 0.56 1.78 0.84–3.77 0.13 0.99 0.31–3.18 0.99 1.42 0.78–2.60 0.25

Later/never Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

# of ANC checkups

3 or more 0.38 0.07–1.95 0.25 1.90 0.58–6.25 0.29 2.50 0.55–11.32 0.23 1.86 0.73–4.73 0.19

< 3 or none Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

2 TT injections

Yes 1.72 0.23–13.09 0.60 0.22 0.10–0.47 < 0.01 1.78 0.28–11.20 0.54 0.34 0.13–0.83 0.02

No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Consumed 100 IFA tablets

Yes 4.53 1.40–14.69 0.01 1.62 0.91–2.91 0.10 0.34 0.03–3.86 0.38 1.33 0.80–2.20 0.27

No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

ASHA meeting frequency (ANC)

At least once a month/ week 3.60 1.03–12.60 0.05 0.72 0.42–1.25 0.25 0.47 0.16–1.39 0.17 0.82 0.53–1.26 0.35

Once in 3 months/ less Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Pregnancy complication1

Any 0.48 0.14–1.65 0.24 1.30 0.70–2.40 0.41 1.72 0.57–5.14 0.33 1.29 0.76–2.18 0.34

None Ref. Ref. Ref. Ref. Ref. Ref. Ref Ref. Ref. Ref. Ref. Ref.

Transportation to delivery facility

Ambulance2 2.82 0.98–8.06 0.05 1.99 1.12–3.54 0.02 NA NA NA 2.02 1.22–3.33 0.01

Other Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Delivery type

Normal NA NA NA Ref. Ref. Ref. NA NA NA Ref. Ref. Ref.

Other 1.63 0.66–4.01 0.29 1.67 0.70–3.96 0.24

Delivery outcome

Single NA NA NA 0.10 0.06–0.19 < 0.01 0.12 0.01–1.24 0.08 0.09 0.05–0.19 < 0.01

Multiple Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Delivery complication3

Any 5.58 1.76–17.66 < 0.01 1.02 0.50–2.08 0.96 1.08 0.34–3.45 0.90 1.33 0.76–2.33 0.31

None Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Postnatal care either at home or at facility

Yes 2.53 0.62–10.32 0.20 1.08 0.61–1.91 0.80 1.50 0.51–4.44 0.46 1.36 0.80–2.29 0.26

No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

48 h facility stay post delivery

Yes 0.34 0.09–1.30 0.11 1.28 0.72–2.29 0.41 NA NA NA 0.98 0.58–1.63 0.92

No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Place of delivery

NM supported facilities 0.81 0.35–1.86 0.61

Facilities not supported by NM 0.84 0.36–1.97 0.69
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lower in our program districts), and key infrastructure,
supplies, personnel and emergency transport were
already in place when our nurse mentoring program
began [23]. Furthermore, faster rates of decline in NMR
have been documented in more marginalized and vul-
nerable populations [17, 24], and our data indicate that a
large and increasing proportion of marginalized women
utilized services at the health facilities where the nurse-
mentoring program was implemented; and this may have
also contributed to an accelerated rate of decline.
We also attempted to identify predictors of newborn

survival for the overall sample population and sub-
populations by place of delivery. When survey round and
place of delivery were controlled for, single births and
births to mothers who had received two tetanus toxoid in-
jections during pregnancy were associated with increased
newborn survival. This is not surprising, as multiple gesta-
tion is recognized as a risk factor for neonatal morbidity
and mortality [25, 26], and the protective effect of maternal
vaccination for TT on neonatal mortality in India is well-
documented [27, 28].. Among newborns delivered in NM
facilities, factors that were significantly associated with neo-
natal mortality included: consumption of 100 IFA tablets
during pregnancy; meeting with an ASHA at least once a
month during pregnancy; use of an ambulance to reach the
delivery point; and presence of any delivery complication.
We hypothesize that these factors may represent proxies
for high-risk pregnancies, leading to adverse outcomes. Use
of an ambulance, for example, may be due to a pregnancy
or neonatal medical emergency. From 2012 to 2104, 40–
43% of the medical emergency trips in Karnataka were
pregnancy related [29]. A hospital-based study in Karnataka
observed that one-fifth of the patients arriving in hospitals
using government ambulance services had pregnancy-
related complications [30].
Recently, the Government of India has made provi-

sions for nurse mentors in several states and in high pri-
ority districts. For instance, the Government of India has
been supporting, since 2014, a set of 100 on-site nurse

mentors in 25 high priority districts of Uttar Pradesh, a
large north Indian state. Various elements of the NM
intervention were incorporated in the National Guide-
lines on Quality Assurance [31], strengthening
competency-based training of health care providers [32],
and strengthening pre-service education for nursing
[33].
We used household surveys to determine neonatal

mortality, which are often considered better sources of
data on neonatal mortality than either the civil registra-
tion data or the routine facility data [8, 34]. The civil
registration data is often incomplete [35]. Facility data
are limited by substantial selection bias since births and
deaths may occur outside the health system [36]. Data
from household surveys where calculations are based on
full birth history, date of birth of each child, whether
each child is alive and if not the age of death are hence
used for neonatal mortality estimates. In India, the Sam-
ple Registration System (SRS) and the household surveys
have been the major sources of data on neonatal mortal-
ity. India has completed 4 rounds of National Family
Health Survey (NFHS), designed and implemented on
the models of Demographic and Health Surveys. And
the SRS data on neonatal mortality has been made avail-
able since 1971. However, both the NFHS and the SRS
do not provide the neonatal mortality estimates for the
project area. And hence special surveys, at baseline and
end line were designed and implemented, similar to the
NFHS, in the project districts.
Our study has several limitations. We used a non-

randomized design to compare the health outcomes be-
tween different types of facilities and home deliveries,
and so we cannot directly attribute the observed decline
in neonatal mortality to the NM program. Moreover, we
have used population-level data to measure neonatal
mortality, rather than facility-level data, and thus there
are limitations in terms of assessing the effectiveness of
the NM program, which is a facility-based intervention.
The facilities have significant heterogeneity in terms of

Table 4 Results of the Cox multivariate regression analyses – probability of death within 28 days (Continued)

Characteristic Deliveries in nurse mentor
supported facilities

Deliveries in facilities not
supported by nurse mentors

Home deliveries Total deliveries

HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

Home deliveries Ref Ref. Ref.

Interaction between round and NM supported facilities 0.27 0.07–1.13 0.07

Facilities not supported by NM 0.59 0.20–1.73 0.34

Home deliveries Ref. Ref. Ref.
1Swelling of hands/feet and face, excessive vomiting/giddiness, headache/visual disturbances, weakness/ excessive fatigue, convulsions not with fever, weak or no
movement of fetus, abnormal position of fetus, jaundice, vaginal bleeding, vaginal discharge, malaria, abdominal pain, preterm/ premature rupture of membrane,
preterm labour
2Includes the Government-provided emergency transportation services
3Premature labour, preterm/premature rupture of membrane, prolonged labour (> 12 h), obstructed labour, breech/malpresentation
Ref Reference category
NA Not applicable

Banadakoppa Manjappa et al. BMC Pregnancy and Childbirth          (2020) 20:242 Page 9 of 11



institutional capacity and numbers of complicated cases.
While a randomized controlled trial among the PHCs
would have been ideal, this was not possible due to the
desire of the state government to institute rapid program
scale-up. Nevertheless, we believe that the comparisons
made between NMR at baseline and endline as a meas-
ure of program effect are suggestive, because partici-
pants in the surveys were randomly recruited; they had
no information about the NM intervention per se, and
thus had no bias for use of PHCs over non-PHCs as de-
livery points; and the NM intervention was implemented
in rapid succession in all PHCs in the project districts,
using similar processes and content. Another limitation
is that we do not have information on referral pathways,
so cannot know if those who delivered at non-PHC facil-
ities were first seen or referred from NM PHCs. How-
ever, as higher-level institutions also showed some
improvement in their NMR, it is unlikely that the rapid
decline in NMR at PHCs was only due to referral of
complicated cases, and shifting of place of newborn
death.

Conclusions
In summary, this study provides evidence supporting the
linkage between quality improvement strategies and im-
proved MNCH outcomes, evidence which to date has
been lacking [12–14]. Findings from the study suggest
that nurse mentoring may represent a successful strategy
to decrease NMR when implemented in the correct con-
text. Further research is required to prove its effective-
ness, but if confirmed, this strategy should be helpful in
guiding the development of quality improvement strat-
egies in labour, delivery and newborn health care that
are suitable for implementation and scale-up in settings
with high neonatal mortality.
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