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Abstract

Objective To evaluate the Indian Integrated Management of Neonatal
and Childhood lliness (IMNCI) programme, which integrates improved
treatment of iliness for children with home visits for newborn care, to
inform its scale-up.

Design Cluster randomised trial.
Setting 18 clusters (population 1.1 million) in Haryana, India.

Participants 29 667 births in intervention clusters and 30 813 in control
clusters.

Intervention Community health workers were trained to conduct
postnatal home visits and women’s group meetings; physicians, nurses,
and community health workers were trained to treat or refer sick
newborns and children; supply of drugs and supervision were
strengthened.

Main outcome measures Neonatal and infant mortality; newborn care
practices.

Results The infant mortality rate (adjusted hazard ratio 0.85, 95%
confidence interval 0.77 to 0.94) and the neonatal mortality rate beyond
the first 24 hours (adjusted hazard ratio 0.86, 0.79 to 0.95) were
significantly lower in the intervention clusters than in control clusters.
The adjusted hazard ratio for neonatal mortality rate was 0.91 (0.80 to
1.03). A significant interaction was found between the place of birth and
the effect of the intervention for all mortality outcomes except
post-neonatal mortality rate. The neonatal mortality rate was significantly
lower in the intervention clusters in the subgroup born at home (adjusted
hazard ratio 0.80, 0.68 to 0.93) but not in the subgroup born in a health
facility (1.06, 0.91 to1.23) (P value for interaction=0.001). Optimal
newborn care practices were significantly more common in the
intervention clusters.

Correspondence to: N Bhandari CHRD@sas.org.in

Conclusions Implementation of the IMNCI resulted in substantial
improvement in infant survival and in neonatal survival in those born at
home. The IMNCI should be a part of India’s strategy to achieve the
millennium development goal on child survival.

Trial registration Clinical trials NCT00474981; ICMR Clinical Trial
Registry CTRI/2009/091/000715.

Introduction

Approximately 28% of all deaths of newborns and 23% of all
infant deaths in the world occur in India.' Many of these deaths
could be prevented by greater access to and use of high quality
healthcare in combination with improved newborn and infant
care practices in families.’

India adapted the Integrated Management of Childhood Illness
(IMCI) strategy,’ aiming to reduce its newborn and infant
mortality burden and renamed the revised strategy Integrated
Management of Neonatal and Childhood Illness (IMNCI).* In
addition to treatment of sick newborns and children, it
incorporates home visits for early newborn care, which have
been shown to reduce mortality among newborns in Gadchiroli,
India.’ The home visits focus on improving newborn and infant
care practices and care seeking for illness.

Implementation of IMNCI started in India in 2003. By June
2010, it had been implemented in 223 of India’s 640 districts
and more than 200 000 workers had been trained. Evaluating
the effect of this strategy was identified as a priority for research
in the Lancet’s newborn series,’ a priority shared by the Ministry
of Health of India. The evaluation is also expected to provide
insights for accelerating the scale-up of IMNCI, supporting
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efforts to achieve the millennium development goal on child
survival.

This cluster randomised controlled trial, assessing the
effectiveness of the strategy when delivered to a population of
more than a million, was conducted in Haryana, India. This
paper reports on the effect on newborn and infant mortality and
on newborn care practices.

Methods
Setting

We carried out the trial in communities with a population of 1.1
million served by 18 primary health centres in the district of
Faridabad, Haryana, India. Although contiguous, the 18 clusters
are large and the way healthcare and worker responsibilities are
organised within a primary health centre area makes the risk of
contamination low. The population of each primary health centre
ranged from 10 694 to 72 059. About half the mothers had never
been to school, and two thirds of the births took place at home.
Previous studies in the same area showed that 35% of newborns
are of low birth weight and 60% of sick children are taken for
care to medically unqualified private practitioners.” *

Baseline survey

We did a baseline survey in all 18 primary health centres
(clusters) from June to October 2006 to ascertain information
for randomisation. Trained study workers did a door to door
survey. Study managers and coordinators provided oversight.
We arranged the 18 clusters in alphabetical order and used Stata
software to generate a “random” number between 0 and 1 for
each cluster in the list. We then reordered the primary health
centres on the basis of the random numbers (ascending order
of random numbers). The clusters were visited in sequence
according to this reordered list.

Information gathered was limited to characteristics needed for
randomisation—that is, proportion of home births, proportion
of mothers who had never been to school, population per cluster,
and neonatal and infant mortality rates. After obtaining consent,
we interviewed all women in a household in the reproductive
age group to obtain their pregnancy history, which included the
outcome of all pregnancies and, in the case of live births, the
date of birth and the vital status of the child at the time of survey.
For all infant deaths, we documented the date of death. Repeat
visits were made to all households where families were not
available.

Randomisation

Health workers who implement IMNCI are supervised by and
report to primary health centres. We therefore used the
catchment areas of the 18 primary health centres in the district
as the clusters for this trial. We divided the clusters into three
strata containing six clusters each according to their baseline
neonatal mortality rate. An independent epidemiologist
generated 10 stratified randomisation schemes to allocate the
clusters to intervention or control groups. We excluded three
of these schemes, which had large differences in neonatal
mortality rate, proportion of home births, proportion of mothers
who had never been to school, and population size. We selected
one of the remaining seven allocation schemes by a computer
generated random number.

Intervention

The intervention was designed according to the IMNCI
guidelines defined by the Government of India.”'* It was

implemented from January 2007 to April 2010. It consisted of
three activities (table 1).

Training health workers to implement IMNCI

All community health workers, auxiliary nurses, and physicians
working in the nine intervention areas were trained in improving
case management skills by using the Government of India’s
IMNCI training modules.” Anganwadi workers (village based
child development and nutrition workers, 601 in number) and
their supervisors, accredited social health activists (village based
health workers, 488 in number), and auxiliary nurse midwives
(128 in number) were trained with the eight day IMNCI Basic
Health Worker Course."’ All 14 government sector physicians
involved in child care were trained with the 11 day IMNCI
Course for Physicians."" The trainers subsequently visited
trainees at their place of work to review their performance,
overcome challenges to implementation, and support the use of
skills learnt.

The 13 medically qualified private providers practising in the
intervention areas were offered participation in a single session
of six hours adapted from the IMNCI Course for Physicians.
Private practitioners who were not medically qualified were
also invited for orientation sessions that took place on two
consecutive days for about three hours. Orientation sessions
covered neonatal conditions requiring referral, pre-referral
treatment, problems that can be managed at home, and
components of essential newborn care.” '* The orientation also
included management of diarrhoea and pneumonia and
appropriate complementary feeding practices in older children.
Of a total of 973 non-qualified private providers practising in
the intervention areas, 614 attended IMNCI orientation.
Traditional birth attendants in the intervention areas were invited
for a four hour orientation on clean delivery, cord care, and
newborn care.”"

Strengthening the health system to implement
IMNCI

Consistent with the Government of India’s policy,'” and in
consultation with the district health authorities, three sets of
activities were implemented. Firstly, supervision of community
health workers and nurses was strengthened in the intervention
clusters. Vacant supervisor positions (21 in number) were filled
through temporary hiring. Supervisors were trained in IMNCI
and supervision skills."’ "’ Secondly, task based incentives were
expanded to include IMNCI activities. Community health
workers routinely get incentives for promoting institutional
births (100 rupees; £1.27; €1.52; $2.00) and immunisation (100
rupees). In the intervention clusters, they received additional
incentives for doing postnatal home visits (75 rupees), treating
sick newborns and children (35 rupees), and running women’s
group meetings (35 rupees). Thirdly, drug depots were
established in villages to ensure regular supply of IMNCI drugs
to community health workers for treating newborns and older
children.

Implementing IMNCI

Health workers in intervention clusters started implementing
the following IMNCI activities from January 2008 (table 1/)).
Community health workers (Anganwadi workers) made
postnatal home visits on days 1, 3, and 7 to promote early and
exclusive breast feeding, delaying bathing, keeping the baby
warm, cord care, and care seeking for illness. They assessed
newborns for signs of illness at each visit and treated or referred
them.'’ They additionally visited low birthweight infants on
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days 14, 21, and 28. Community health workers (accredited
social health activists), nurses, and physicians treated sick
newborns and older children according to IMNCI guidelines.
Community health workers (accredited social health activists)
ran women'’s group meetings in every village every three months
to raise awareness about newborn care practices.

Community health workers, nurses, and physicians continued
to provide their routine services in both intervention and control
areas (table 11)).

Outcomes and their ascertainment

The primary outcomes were neonatal mortality (deaths between
birth and day 28 of life), mortality beyond the first 24 hours of
birth (deaths between day 2 and day 28 of life), and infant
mortality (deaths between birth and day 365 of life). Outcomes
were ascertained in a cohort of infants born to women identified
through pregnancy surveillance. The secondary outcomes
included newborn care practices and process of delivery of the
intervention. In this paper, we report results on all primary
outcomes and on newborn care practices. We also report on two
additional mortality outcomes, perinatal mortality (stillbirths
and deaths between birth and day 7 of life)'® and post-neonatal
mortality (deaths between day 29 and day 365 of life), for
comparison with previous studies. Results on the process of
intervention delivery will be reported separately.

We allocated all households in the intervention and control areas
to one of the 110 study field workers who were not involved
with IMNCI implementation. The workers visited the allocated
households every month to identify new pregnancies and inquire
about the outcome of previously identified pregnancies. All
households with live births were visited on day 29 and at ages
3, 6,9, and 12 months to document the vital status of the infant.
The surveillance team comprised workers who resided in or
near to the areas allocated to them. The surveillance team was
not told the intervention status of the community they were
visiting. The follow-up procedures were identical in all the
clusters. A separate team of research assistants interviewed a
randomly selected sub-sample of mothers at 29 days to ascertain
newborn care practices and exposure to the intervention.

An independent team visited each household with a death as
soon as possible to do a verbal autopsy, a technique for
ascertaining the probable cause of death used in settings lacking
vital registration and medical certification of deaths. An
interview was carried out with family members of the deceased
by using a structured questionnaire to elicit signs and symptoms
and other pertinent information, which was used to assign a
probable cause of death."”

Sample size estimates

Using data from the baseline survey, we estimated that we would
need 40 500 infants in intervention and control clusters to detect
a 20% reduction in neonatal mortality rate. We revised these
estimates upwards after one year of the study on the basis of
two factors. Firstly, although the mortality was observed to be
higher than in the baseline survey, the variation across clusters
was greater. Secondly, we added neonatal mortality after 1 day
(day 2 to 28 day mortality) as a primary outcome because we
found that more than 40% of deaths were occurring in the first
24 hours of life (higher than expected),' ' on which the
intervention was unlikely to have an effect. The required sample
size was based on the following assumptions: neonatal mortality
rate in study area 40/1000, neonatal mortality rate after 1 day
24/1000, and infant mortality rate 60/1000; coefficient of
variation between clusters (k) about 0.11; 80% power and 5%

significant level. As the number of clusters available in the study
district was fixed (nine per group), we calculated the number
of live births per cluster needed to detect a difference between
the intervention and control groups of 20% in neonatal mortality
rate, 20% in neonatal mortality rate after 1 day, and 18% in
infant mortality rate.” * This worked out to be 3330 births per
cluster. Assuming an attrition of 10%, 3700 births per cluster
would have to be recruited, giving a total of approximately 66
600 births. As the attrition rates were much lower than
anticipated (about 2%), the Data Safety Monitoring Board
considered that the required sample size had been completed in
March 2010 after recruitment of 60 702 live births.

Statistical analysis

We analysed the data according to intention to treat by using
Stata software version 10.0. We included births between 1
January 2008 and 31 March 2010 from pregnancies identified
through the surveillance. As the follow-up visits were stopped
six weeks after 31 March 2010, enrolled infants had a variable
follow-up ranging from one to 12 months. We calculated days
of follow-up for each infant by subtracting the date of birth from
the date of last follow-up visit or the date of death.

We compared time until death between the intervention and
control clusters by using a Cox proportional hazard model. We
used the shared frailty option to account for cluster
randomisation (except for neonatal deaths beyond first 24 hours
of birth and post-neonatal deaths, for which we adjusted for
cluster design with robust standard errors as the shared frailty
option failed). We adjusted the resulting hazard ratios for
important cluster level and individual level differences by
including these as covariates in the model. Potential cluster level
confounders identified in the baseline survey were the distance
between the primary health centre facility and the nearest point
on the highway and the proportion of home births in the cluster.
Individual level characteristics for which the results were
adjusted were illiterate mother, toilet inside the house, schedule
caste or tribe, possession of mobile phone, and possession of a
below poverty line card by the family.

As we expected the intervention to have a greater benefit in
infants born at home, we had made an a priori decision to do a
subgroup analysis to examine the effect of the intervention in
the population of infants born at home and those born in a health
facility. We assessed whether place of birth (home or facility)
modified the effect of the intervention by including tests of
interaction in the Cox models. We analysed newborn care
practices (secondary outcomes) by using logistic regression
models adjusting for cluster randomisation and all the potential
confounders listed above.

Results

Table 2| shows the characteristics of the intervention and control
clusters; the top half of the table shows the characteristics
obtained from the baseline survey done in 2006. Whereas the
proportion of mothers who had never been to school and the
population of the clusters were similarly distributed between
intervention and control groups, the intervention clusters were
further away from the highway (15.3 v 7.0 km, P=0.045) and
had a somewhat higher proportion of home births (71.9% v
65.9%, P=0.272) than the control clusters. The bottom half of
the table shows the characteristics of the families of recruited
births. These were similar in the intervention and control groups,
except that a higher proportion of families in the intervention
group had a below poverty line card (18.4% v 10.6%, P=0.004)
and fewer had a toilet in the house (37.7% v 46.0%, P=0.168),
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suggesting a lower economic status, and the proportion of
illiterate mothers was lower in the intervention group (37.8%
v 41.7%, P=0.374).

During the outcome assessment period (January 2008 to March
2010), we registered a total of 77 587 pregnancies, of which the
outcomes were not known in 10 239 (13.2%). Of these, 9954
women were still pregnant when recruitment of live births in
the trial was stopped; few pregnant women (285) had left the
area or died. We recorded 5147 (6.6%) miscarriages/abortions,
1499 (1.9%) stillbirths, and 60 702 (78.2%) live births in the
study area. According to plan, follow-up ended six weeks after
recruitment was completed. Consequently, although almost all
recruited live born infants were followed for the newborn period
(97.8%), only 75.4% were followed for six months and 52.6%
until the end of infancy (figure || and web appendix).

Exposure to components of intervention

In the sub-sample of infants whose families were interviewed
when they were aged 29 days, 5582 (90%) of the 6204
caregivers in the intervention clusters reported being visited at
home by a community health worker at least once in the first
10 days after the child’s birth, 4557 (73.5%) were visited at
least twice, and 2642 (42.6%) had the recommended three visits.
An early visit in the first two days after birth was reported by
3514 (56.6%) caregivers. Two thousand eight hundred and
twenty eight (45.6%) mothers in the intervention clusters
reported having attended at least one women’s group meeting
in the previous three months. The proportion of neonates with
severe illness who were taken to an appropriate healthcare
provider (defined as a physician, nurse, auxiliary nurse midwife,
accredited social health activist, or Anganwadi worker) was
542/1010 (53.7%) in the intervention clusters and 432/1269
(34.0%) in the control clusters.

Effect of intervention on primary outcomes

The infant mortality rate was significantly lower in the
intervention clusters than in the control clusters (adjusted hazard
ratio 0.85, 95% confidence interval 0.77 to 0.94). The adjusted
hazard ratio for neonatal mortality rate was 0.91 (0.80 to 1.03)
in the intervention compared with the control clusters. However,
neonatal mortality rate beyond the first 24 hours was
significantly lower in the intervention clusters (adjusted hazard
ratio 0.86, 0.79 to 0.95) (table 3()).

We found a significant interaction between the place of birth
and the effect of the intervention for all primary outcomes. The
neonatal mortality rate was significantly lower in the
intervention clusters in the subgroup born at home (adjusted
hazard ratio 0.80, 0.68 to 0.93) but not in the subgroup born in
a health facility (1.06, 0.91 to 1.23) (P value for
interaction=0.001) (table 4|). Infant mortality (adjusted hazard
ratio 0.77, 0.69 to 0.87) and neonatal mortality beyond the first
24 hours (0.76, 0.65 to 0.90) were also significantly lower in
the intervention clusters than in the control clusters among home
births but not among facility births (table 41)).

Effect of intervention on other mortality
outcomes

The perinatal and post-neonatal mortality rates were significantly
lower in the intervention clusters (table 3(/). Whereas the effect
of the intervention on perinatal mortality rate was seen only
among home births, the intervention led to a reduction in
post-neonatal mortality rate both among home births (adjusted
hazard ratio 0.73, 0.63 to 0.84) and among facility births (0.81,
0.69 to 0.96).

Effect of intervention on newborn care
practices

Table 5| shows that caregivers in the intervention areas reported
considerably higher levels of optimal newborn care practices
than did mothers in the control areas. Almost 41% of the
caregivers in the intervention clusters reported starting breast
feeding within an hour of birth, compared with 11.2% in the
control clusters (odds ratio 5.21, 4.33 to 6.28). The proportion
of infants exclusively breast fed at 4 weeks of age in the IMNCI
clusters was more than twice that in the control clusters (77.6%
v 37.3%; odds ratio 6.32, 5.29 to 7.55). More caregivers in the
intervention group (84.5%) delayed bathing neonates for at least
24 hours than in the control group (46.2%; odds ratio 6.35, 4.65
to 8.68), and more reported having complied with the
recommended practice of applying nothing or only gentian violet
on the umbilical cord than in the control clusters (84.1% v
39.5%; odds ratio 8.20, 6.43 to 10.45). Two practices did not
differ much between intervention and control areas: appropriate
clothing of the infant on the first day of life, which was almost
universally practised in both groups (97.5% v 97.9%) and
skin-to-skin contact on the first day of life, which was practised
for only 1.7% of the newborns in the intervention clusters and
0% in the control clusters.

We found a significant interaction between the place of birth
and effect of the intervention on several newborn care practices:
breast feeding started within one hour, pre-lacteal feeds not
given, exclusive breast feeding at 4 weeks of age, infant given
the first bath 24 hours or more after birth, and nothing or only
gentian violet paint applied on the infant’s cord (P<0.001 for
all) (table 6]}). The recommended newborn practices were
improved in the intervention group in home born as well as
facility born babies, but the magnitude was higher in the home
born subgroup (table 6l)).

Discussion

This is one of the largest trials evaluating complex child survival
interventions and the first evaluating the Indian Integrated
Management of Neonatal and Childhood Illness programme.
The main finding of this study is that IMNCI, implemented
according to the Indian government’s plan, resulted in a
significant reduction in infant deaths, neonatal deaths beyond
24 hours of life, and perinatal deaths. We did not find a
significant reduction in neonatal mortality, largely because a
significant interaction occurred between the intervention and
place of birth. As hypothesised, neonatal mortality was
significantly reduced in babies born at home born but not in
those born in health facilities. Post-neonatal mortality was,
however, reduced in both home born and facility born infants.

The attribution of the observed effect to IMNCI is highly
plausible given the randomised controlled trial design and the
observed effect of the intervention on intermediate outcomes.
The intervention group had a higher prevalence of optimal
newborn care practices, including starting breast feeding within
an hour of birth, not giving pre-lacteal feeds, exclusive breast
feeding, delayed bathing, and applying nothing or gentian violet
paint on the umbilical cord. Many of these practices have been
shown to reduce morbidity and thereby neonatal and infant
mortality.” We also observed that the intervention increased
timely seeking of healthcare from appropriate sources for sick
newborns and infants, which could have resulted in reduced
severity of illness and ultimately reduced mortality (details of
results on effect on morbidity and care seeking will be published
separately).
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The prevalence of stillbirths was significantly reduced in the
intervention clusters, even though we did not expect IMNCI to
have an effect on stillbirths. On the other hand, we did not see
any effect of the intervention on neonatal deaths in the first 24
hours after birth. We believe that this could have resulted from
a differential misclassification between stillbirths and day 1
deaths in intervention and control groups. Fewer neonatal deaths
are likely to be misclassified as stillbirths when a newborn
focused intervention such as IMNCI is implemented. This could
have led to an apparent reduction in the number of stillbirths
and a corresponding increase in the number of very early
neonatal deaths in the intervention clusters. Such an unexpected
reduction in the number of stillbirths has been reported in
previous trials of newborn interventions (for example, the First
Breath Study).' The observed effect on perinatal mortality in
our trial is not likely to have been affected by this differential
misclassification, but it could have reduced the observed effect
on neonatal and infant mortality, thus making the corresponding
effectiveness figures underestimates of the true effects.

Strengths and weaknesses of study

Among the strengths of this study are the cluster randomised
study design, independent and similar measurement of outcomes
in intervention and control areas, large size of the study
population, and delivery of the intervention by the district health
system.

A few potential limitations of the trial should be noted. Firstly,
the trial included only 18 clusters, even though the cluster size
was very large. Only 18 primary health centres were available
in the study district. Choosing a smaller unit of randomisation,
such as a sub-centre that covers a fifth of the population of a
primary health centre, would have given us a larger number of
clusters and improved randomisation and statistical efficiency.
However, this would have resulted in a high risk of
contamination because health workers in a primary health centre
share mechanisms for supervision, monitoring, and supply of
drugs. Secondly, some important baseline differences between
the intervention and control groups remained despite the
randomisation; the intervention areas were less accessible, had
alower proportion of births in health facilities, and had families
with lower economic status but higher literacy. We have adjusted
for these differences in the analysis. Thirdly, not all the
newborns and their families received the intervention. As we
wanted to do a study relevant to the programme, in which the
intervention was delivered by the district health system, and not
an efficacy study in which the delivery of intervention is fully
controlled by the research team, a less than optimal coverage
by the intervention could not be prevented.

Findings in context of similar trials

Our study is different from other trials evaluating community
based newborn care interventions and IMCL>*? because the
former focused only on the newborn period and the latter did
not include the first week of life. Our study evaluates a
comprehensive strategy with a focus on newborns as well as
infants and children, delivered within a district health system
on a large scale.

Previous evaluations of community based newborn care
interventions, with the exception of one study,” showed 30-61%
reductions in neonatal mortality.” *** In our study, we observed
a reduction in neonatal mortality only in babies born at home.
The factors that may explain findings across studies include the
proportion of home births in different settings, characteristics
of the populations, and the way the intervention was actually

delivered. Also, most of the previous studies were in smaller
populations, had a highly resource intensive delivery of the
intervention, and did not include interventions beyond the
neonatal period. A recently published large effectiveness study
conducted in Pakistan almost concurrently with our study
showed that community interventions in the antenatal and
neonatal period resulted in a 15% (95% confidence interval 4%
to 24%) reduction in neonatal mortality.”’” Our study evaluates
the more comprehensive IMNCI strategy on an even larger
scale.

The evaluations of IMCI in Bangladesh and Tanzania show a
significant 13% reduction in child mortality in Tanzania but no
significant effect in Bangladesh.” * These two trials differed
from our study, which found a 15% reduction in infant mortality,
by not including interventions during the first week of life.
Notably, in our trial post-neonatal mortality was reduced both
in home born and facility born infants.

Policy implications

This study provides several lessons for implementers of child
health programmes. Firstly, implementation of IMNCI, as
envisioned in the government’s strategic plan,' is feasible in
India at scale and results in improved infant survival.
Furthermore, neonatal survival is improved substantially in
those born at home. IMNCI thus has a particularly good effect
in locations where a high proportion of births occur at home.
In our study, implementation of IMNCI improved newborn care
practices in both home born and facility born infants, but the
effect was substantially greater in those born at home. In the
control group, the prevalence of critical newborn care practices
such as starting breast feeding early was low in facility born
infants, similar to that in home born infants. We therefore
believe that the overall effect on neonatal mortality could be
enhanced by increasing the emphasis on essential newborn care,
including promotion of optimal newborn care practices (as in
IMNCI) in facilities during the initial hours and days after birth.
Secondly, we believe that high quality training, ensuring
adequate supervision, timely supplies, and task based incentives
to community health workers, as provided in this study, was
critical for the observed effect.

Thirdly, home visits during the first week after birth, a critical
component of IMNCI, can be implemented with high coverage.
More than half (56%) of the newborns were visited during the
first two days after birth, a time when a home visit has been
shown to be most effective.”® We believe that the proportion of
newborns who receive an early postnatal visit could be increased
by including home visits during pregnancy in the design of the
IMNCI programme. This would improve the rapport of
community health workers with families and facilitate the
achievement of early postnatal visits. Finally, we found that
referral facilities that offer high quality care were not readily
accessible to families of severely ill children. Again, the IMNCI
programme does not include an emphasis on improved referral
care for sick newborns and children and does not have specific
interventions to link communities with referral facilities. The
effect of IMNCI might be even greater than seen in this study
if the proportion of early home visits, essential newborn care
in health facilities, and access to quality referral care can be
increased.

Conclusions

The findings of this study have major implications for India and
other countries where neonatal and infant mortality are high,
particularly in settings where most births occur at home.
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Comprehensive integrated strategies such as IMNCI are feasible
to deliver and significantly affect infant mortality; neonatal
mortality is substantially improved among those born at home.
Implementation of such strategies at scale, in combination with
improved quality of maternal and newborn care in health
facilities, should be a major approach for achievement of
millennium development goal 4.
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What is already known on this topic

Evaluation of Integrated Management of Childhood lliness in Tanzania showed a 13% reduction in childhood mortality beyond the first
week of life, whereas evaluation in Bangladesh showed no significant effect

Previous evaluations of community based newborn care interventions showed a 15% to 61% reduction in neonatal mortality

Most of these evaluations were in relatively small populations, and none included interventions beyond the neonatal period

What this study adds

Evaluation of Integrated Management of Neonatal and Childhood lliness, a programme with increased focus on newborn and infant
care, showed a reduction in infant mortality

In the subgroup of babies born at home, neonatal mortality was also reduced

Integrating neonatal and child health interventions at community and health facility level is feasible on a large scale for implementation
by a district health system

Tables

| Comparison of Intervention-related activities in the intervention and control clusters

Intervention clusters Control clusters
Intervention components (put in place January to December 2007)
(1) Improving skills to promote newborn care practices:
Training of community health workers (Anganwadi workers ) to conduct postnatal 8 day IMNCI training for basic health workers No
home visits
Training of community health workers (accredited social health activists) for women’s Training in content and method of conducting No
group meetings meetings
(2) Improving case management skills:
Training of community health workers (accredited social health activists) 8 day IMNCI training for basic health workers No
Training of nurses (auxiliary nurse midwives ) 8 day IMNCI training for basic health workers No
Training of physicians in government health system 11 day IMNCI training course for physicians No
Orientation of private healthcare providers Orientation in IMNCI: 6 hours No
Orientation of traditional birth attendants Orientation in newborn care: 4 hours No

(3) Strengthening health system to implement IMNCI:

Supervision of community health workers (Anganwadi workers, accredited social ~ Temporary contractual hiring to fill vacant positions, No

health activists) and nurses IMNCI training, effective supervision training
Task based incentives for community health workers (Anganwadi workers, accredited Incentives for community health workers for home No
social health activists) for IMNCI activities visits, women’s group meetings, sick child contacts
Ensuring supply of drugs to community health workers Establishing drug depots in villages No

Tasks performed by health workers (January 2008 to March 2010)

Community health workers (Anganwadi workers):

Routine activities—preschool education, supplementary nutrition, growth monitoring, Yes Yes
basic medicines

IMNCI activities—home visits after birth for newborn care Yes No

Community health workers (accredited social health activists):

Routine activities—promote hospital deliveries, optimal feeding practices, Yes Yes
contraception, immunisation, treat using essential drugs

IMNCI activities—assess, classify, and treat children according to IMNCI, conduct Yes No
women’s group meetings

Nurses (auxiliary nurse midwives):

Routine activities—immunisation, family planning, first level treatment of children,  Yes Yes
participation in village level committee, promotion of institutional deliveries, conduction
of deliveries

IMNCI activities—assess, classify, and treat children according to IMNCI Yes No
Physicians:

Routine activities—treat sick children and adults Yes Yes

IMNCI activities—assess, classify, and treat children according to IMNCI Yes No

IMNCI=Integrated Management of Neonatal and Childhood lliness.
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| Cluster level and individual level characteristics of intervention and control areas

Intervention Control
Cluster level characteristics from baseline survey (2006) (9 clusters, 12 028 women) (9 clusters, 12 585 women)
Mean (SD) home births (%) 71.9 (8.9) 65.9 (13.4)
Mean (SD) illiterate mothers (%) 50.1 (9.0) 51.5(13.9)
Median (interquartile range) population per cluster, 38 295 (30 140-65 332) 40 539 (38 250-49 869)
Mean (SD) distance between cluster primary health centre and nearest point on highway (km) 15.3 (11.7) 7.0 (5.2)
Mean (SD) neonatal mortality rate 32.6 (8.1) 32.4 (9.1)
Mean (SD) infant mortality rate 44.9 (14.7) 43.9 (10.7)
Characteristics of families of recruited births (2008-10) (n=29 667) (n=30 813)
No (%) illiterate mothers 11 220 (37.8) 12 846 (41.7)
No (%) schedule caste or tribe 7680 (25.9) 7188 (23.3)
Median (interquartile range) No of family members 7 (5-9) 7 (5-9)
No (%) mothers working outside home 1151 (3.9) 979 (3.2)
Median (interquartile range) annual income (rupees) 60 000 (36 000-100 000) 50 000 (36 000-80 000)
No (%) toilet inside house 11179 (37.7) 14 165 (46.0)
No (%) family below poverty line card 5449 (18.4) 3254 (10.6)
No (%) possess mobile phone 21785 (73.4) 23199 (75.3)
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| Effect of intervention on mortality outcomes in intervention and control clusters

All live births* Intervention (9 clusters; n=29 667*) Control (9 clusters; n=30 813*) Hazard ratio (95% Cl)t
Infant deaths (1-365 days) 1925 2136 0.85 (0.77 to 0.94)
Neonatal deaths (1-28 days) 1244 1326 0.91 (0.80 to 1.03)
Neonatal deaths beyond first 24 hours after 635 709 0.86 (0.79 to 0.95)%
birth (2-28 days)

Perinatal deaths (stillbirths and 1-7 day 1630 1850 0.89 (0.78 to 1.00)
deaths)§

Post-neonatal deaths (29-365 days) 681 809 0.76 (0.67 to 0.85)

*Live births to women identified during pregnancy whose vital status at day 29 was known.

TCox proportional hazard model adjusted for cluster design (shared frailty option, random effects model) and potential confounders (toilet inside house, illiterate
mother, schedule caste or tribe, possession of mobile phone, family with below poverty line card, distance from primary health centre to nearest point on highway,
percentage of home births in cluster).

FAdjusted for cluster design with robust standard errors rather than shared frailty option (as model failed to yield estimates) and potential confounders (as above).
§Total number in intervention and control clusters included live births (29 667 and 30 813) and stillbirths (663 and 836).
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| Effect of intervention on mortality outcomes in intervention and control clusters by place of birth

Home births* Facility birthst
Intervention/control Intervention/control P value for test
All live births (n=18 536/15 827) Hazard ratio (95% Cl)+ (n=11131/14 986) Hazard ratio (95% Cl)$  of interaction
Infant deaths (1-365 days) 1146/1143 0.77 (0.69 to 0.87) 779/993 0.98 (0.87 to 1.10) <0.001
Neonatal deaths (1-28 668/643 0.80 (0.68 to 0.93) 576/683 1.06 (0.91 to 1.23) 0.001
days)
Neonatal deaths beyond 356/366 0.76 (0.65 to 0.90)§ 279/343 1.01 (0.90 to 1.14)§ 0.012
first 24 hours (2-28 days)
Perinatal deaths (stillbirths 799/787 0.80 (0.69 to 0.92) 831/1063 0.99 (0.87 to 1.13) 0.002
and 1-7 day deaths)q
Post-neonatal deaths 478/500 0.73 (0.63 to 0.84)§ 203/309 0.81 (0.69 to 0.96)§ 0.325

(29-365 days)

*Live births born at home to women identified during pregnancy whose vital status at day 29 was known.

tLive births born at health facilities to women identified during pregnancy whose vital status at day 29 was known.

1 Cox proportional hazard model adjusted for cluster design (shared frailty option, random effects model) and potential confounders (toilet inside house, illiterate
mother, schedule caste or tribe, possession of mobile phone, family with below poverty line card, distance from primary health centre to nearest point on highway,
percentage of home births in cluster).

§Adjusted for cluster design with robust standard errors rather than shared frailty option (as model failed to yield estimates) and potential confounders (as above).
fTotal number in intervention and control clusters included live births and stillbirths.
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| Newborn care practices reported by mothers of enrolled infants four weeks after birth in intervention and control clusters. Values
are numbers (percentages) unless stated otherwise

Practices Intervention clusters (n=6204) Control clusters (n=6163) Odds ratio (95% CI)*
Breast feeding started within 1 hour 2527 (40.7) 689 (11.2) 5.21 (4.33 t0 6.28)
Pre-lacteal feeds not given 4977 (80.2) 2006 (32.6) 8.24 (5.68 to 11.95)
Exclusively breast fed at 4 weeks 4811 (77.6) 2300 (37.3) 6.32 (5.29 to 7.55)
Skin-to-skin contact any time on day of birth 108 (1.7) 2(0.0) 175.94 (14.69 to 2107.67)
Infant clothed appropriately on first day of lifet 6048 (97.5) 6036 (97.9) 0.76 (0.46 to 1.24)
Infant bathed 224 hours after birth 5243 (84.5) 2848 (46.2) 6.35 (4.65 to 8.68)
Nothing or gentian violet paint applied on cord 5219 (84.1) 2436 (39.5) 8.20 (6.43 to 10.45)

*Logistic regression adjusted for cluster design and potential confounders (toilet inside house, illiterate mother, schedule caste or tribe, possession of mobile phone,
family with below poverty line card, distance from primary health centre to nearest point on highway, percentage of home births in cluster).
TWore at least three layers in winter (November to February) and at least two in other months.
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| Newborn care practices reported by mothers of enrolled infants four weeks after birth in intervention and control clusters by place
of birth. Values are percentages unless stated otherwise

Home births* Facility birthst
Intervention/control Intervention/control
Practices (n=3979/3197) Odds ratio (95% Cl)} (n=2225/2966) Odds ratio (95% Ch)t P value
Breast feeding started within 49.0/8.9 9.61 (7.2510 12.75) 25.9/13.7 2.30 (1.7510 3.01) <0.001
1 hour
Pre-lacteal feeds not given 86.9/25.2 19.87 (14.19t0 27.81) 68.1/40.4 3.15(2.21 to 4.51) <0.001
Exclusively breast fed at 4 78.65/33.75 7.52 (6.14 t0 9.22) 75.7/41.2 4.98 (4.14 to 6.00) <0.001
weeks
Skin-to-skin contact any time 1.85/0.0 136.70 (8.89 to 2100.64) 1.7/0.0 208.26 (10.32 to 0.783
on day of birth 4204.46)
Infant clothed appropriately 98.9/99.2 0.81 (0.42 to 1.57) 94.8/96.6 0.70 (0.38 to 1.30) 0.679
on first day of life§
Infant bathed 224 hours after 86.9/33.8 12.86 (9.19t0 17.99) 80.3/59.6 2.59 (1.80to 3.74) <0.001
birth
Nothing or gentian violet 87.7/35.3 13.50 (10.20 to 17.87) 77.7/441 4.50 (3.01t06.71) <0.001

paint applied on cord

*Live births born at home to women identified during pregnancy.

tLive births born at health facilities to women identified during pregnancy.

FUsing logistic regression adjusted for cluster design and potential confounders (toilet inside house, illiterate mother, schedule caste or tribe, possession of mobile
phone, family with below poverty line card, distance from primary health centre to nearest point on highway, percentage of home births in cluster).

§Wore at least three layers in winter (November to February) and at least two in other months.
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Figure

Clusters randomised (pregnancy surveillance:

1Jan 2008 to 31 Mar 2010) (n=18)

Y

9 intervention clusters
Pregnancies identified (n=37 741)

Pregnant woman died (n=8)

Pregnant woman left area

= permanently (n=23)

Still pregnant when recruitment
stopped (n=4619)

Pregnancy outcome known (n=33 091)

Stillbirths (n=663)
Miscarriages (n=2646)

Live births (n=29 782)

Left area permanently between birth
and 29 days (n=28)

Refused to participate (n=1)

Temporarily away (n=86)

Day 29 vital status known (n=29 667)

Died during neonatal period (n=1244)

Left area permanently (n=393)

= Refused to participate (n=1)

Not completed 12 months at end of
study (n=12 140)

12 month vital status known (n=15 889)

{

9 control clusters
Pregnancies identified (n=39 846)

Pregnant woman died (n=12)
Pregnant woman left area
—= permanently (n=242)
Still pregnant when recruitment
stopped (n=5335)

Pregnancy outcome known (n=34 257)

Stillbirths (n=836)
Miscarriages (n=2501)

Live births (n=30 920)

Left area permanently between birth
and 29 days (n=34)

Refused to participate (n=3)

Temporarily away (n=70)

Day 29 vital status known (n=30 813)

Died during neonatal period (n=1326)
Left area permanently (n=770)
— Refused to participate (n=3)
Not completed 12 months at end of
study (n=12 659)

12 month vital status known (n=16 055)

Trial profile. All recruited live births whose vital status was known at 29 days of age were included in analysis
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