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Summary
Background Adopted in 2015, the sustainable development goals (SDGs) have set specific targets (SDG 3.2) for
countries to reduce their neonatal mortality rate (NMR) to below 12 deaths per 1000 live births and under 5 mortality
rate (U5MR) to below 25 deaths per 1000 live births by 2030. For Pakistan to achieve these targets, there is a need to
measure these rates and understand the predictors of child mortality at sub-national level. Launched in 2016, the
Umeed-e-Nau (UeN) or New Hope project is based on scaling up proven and effective Maternal and Newborn
Child Health (MNCH) interventions in 8 of the highest burden districts of the country, using existing public
sector platforms in Pakistan at both the community and facility level. The primary aim of the project is to reduce
perinatal mortality in these districts by 20% from baseline.

Methods We report overall neonatal and post neonatal mortality rates for the two years preceding the UeN baseline
household survey. Rates were calculated using the synthetic cohort probability method and predictors of neonatal and
post neonatal mortality examined using Cox regression. To investigate spatial variations in the mortality rates, we
calculated Moran’s I at the district level using predicted probabilities of mortality. Finally, we create district level maps
of predicted under 5 child mortality using a stochastic partial differentiation approach.

Findings A total of 26,258 children contributed to the analysis of mortality with 838 deaths in the neonatal period and
2236 under-5 deaths during the observation period from March 1, 2015 to March 17, 2017. Overall, we estimated the
NMR to be 29.2 per 1000 live births (95% CI: 26.9–31.4) and the U5MR to be 86.1 per 1000 live births (95% CI: 85.5–
86.8). We found evidence of within-district geospatial clustering of under 5 mortality (P < 0.0001) and that social
factors (poverty, illiteracy, multiparity), poor coverage of community health workers and distance from health
facilities were strongly associated with child mortality.

Interpretation Important factors associated with neonatal and post-neonatal mortality in our study population
included maternal education, parity, household size and gender. Additionally, antenatal care coverage (at least 4
visits) was specifically associated with neonatal mortality only, whereas, LHW coverage and distance to health
facility were strongly associated with post-neonatal mortality. These findings emphasise the need for
comprehensive, multisectoral strategies to be implemented for future maternal and child health programs and
outreach services in rural areas.

Funding The study was funded by an unrestricted grant from the Bill & Melinda Gates Foundation to the Aga Khan
University (Grant OPP 1148892).
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Introduction
The first twenty-eight days of life (the neonatal period)
are critical for child survival. Of the 5.2 million under
five deaths estimated for the year 2019, 2.4 million
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occurred in the neonatal period. Children in low- and
middle income countries (LMIC) are nine times more
likely to die in the first month of life than children in
high income country (HIC) settings.1,2
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Research in context

Evidence before this study
We undertook a systematic review of published studies and
reports evaluating newborn and under 5 child mortality in
Pakistan using broad review terms such as ‘newborn”, “child”,
“under 5 child”, “mortality”, “deaths”, “drivers” and “risk
factors”. In the absence of vital registration systems, much of
the information on newborn and child mortality in Pakistan is
derived from national surveys such as demographic and
health surveys and for infants, multiple indicator cluster
surveys, and maximally provides information at provincial
level. Two additional studies of risk factors were conducted in
selected populations over three decades ago and highlighted
the contribution of poverty and lack of health services as
important contributors to neonatal deaths. There are no
recent studies evaluating patterns and drivers of newborn or
child mortality at sub-provincial or district level. Available
information identifies the importance of poverty, lack of
maternal education, rurality, lack of health services and poor
care seeking patterns as important predictors of child
mortality.

Added value of this study
Our baseline study of newborn and child mortality patterns at
district level shows important variations in mortality patterns

between and within the eight high-burden districts of rural
Pakistan. We corroborated the important correlations
between lack of maternal education, higher parity, and
household size as well as poor antenatal care coverage (at
least 4 visits) with respective newborn and under 5 child
deaths at population level. Additionally, poor LHW program
coverage in respective households and longer distance to
health facilities were strongly associated with excess under
five mortality in these districts.

Implications of all the available evidence
These findings further strengthen the need for
comprehensive, multi-sectoral strategies to reduce the high
rates of neonatal and under 5 child mortality in Pakistan.
These should include strategies to alleviate poverty, improve
maternal education and empowerment, especially
reproductive health services and family planning. The baseline
study also corroborates the design of the UeN project to
address community-based demand-creation and quality of
maternal and child health outreach services through the LHW
program in high burden rural areas of Pakistan including
antenatal care, childhood immunizations and care seeking for
illnesses.
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Pakistan has a neonatal mortality rate (NMR) of 41
deaths per 1000 live births, one of the highest in the
world, and an under-5 child mortality rate (U5MR) of 67
deaths per 1000 live births.2 Previous studies reveal large
socioeconomic disparities, as well as an urban-rural
divide,3–5 with evidence of an association between low
levels of maternal education and high neonatal mortality.6

Adopted in 2015 by United Nations member states,
the Sustainable Development Goals have set a target for
countries to reduce their NMR to below 12 deaths per
1000 live births and reduce their U5MR to below 25
deaths per 1000 live births by 2030 (SDG 3.2). The
majority of U5 and neonatal deaths are preventable and
both health facility-based and community-based in-
terventions have been shown to reduce these deaths in
high-risk populations.6–9 For Pakistan to achieve the
SDG targets, there is a need to understand the factors
associated with child mortality and how mortality varies
within districts.10

While interventions such as vaccinations, improved
nutrition, and access to healthcare have helped reduce
both neonatal and U5 mortality rated globally, the trends
in responsiveness to interventions differ between neo-
nates and older children under 5 (U5). Improved ob-
stetric care during delivery, and management of
preterm birth complication are particularly important in
reducing neonatal deaths. Post neonatal U5 deaths are
more responsive to vaccinations, access to clean water
and sanitation and improved nutrition. Thus, to reduce
U5 mortality a multifaceted approach to prevention and
management is required.11,12

Initiated in 2016, the Umeed-e-Nau (UeN) program is
being conducted in 8 high-burden rural districts of
Pakistan. It involves the roll-out of proven, effective
Maternal, Newborn and Child Health (MNCH) in-
terventions at scale, at both the community and facility
level, using existing health system platforms. The
impact of the program is being evaluated using a quasi-
experimental design13 (Clinicaltrials.gov identifier:
NCT04184544). The objective of this paper is to analyze
data from the UeN baseline survey to obtain district-
level estimates of NMR and U5MR for the 8 districts.
Additionally, we investigate the factors associated with
child mortality and investigate the spatial distribution of
child mortality within each district.
Methods
The sample size for the survey was estimated based on
mortality rates from the Pakistan Demographic Health
Survey 2012–2013 for the rural population,2 (Perinatal
Mortality Rate (PMR) = 75 per 1000 total births; post-
neonatal mortality rate (PNMR) = 19 per 1000 live
births). To detect a potential 20% reduction in perinatal
mortality from baseline to the end of study with a power
of 80%, a type I error of 5%, design effect of 1.515 and
assuming a 90% response rate, we estimated that a
sample size of 38,792, households was required for the
www.thelancet.com Vol 15 August, 2023
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survey at each time point (for details of the methodology
refer to the UeN published protocol).13 The survey used
a two-stage, stratified, cluster sampling design and
included only households in the targeted districts with a
married woman of reproductive age (MWRA, 15–49
years old). All sampled women were interviewed to re-
cord their full pregnancy history as most pregnancies in
Pakistan mainly occur within wedlock.14 In each
household, the woman with the youngest surviving
under-5 child was selected to answer questions related
to MNCH knowledge and practices. The survey
excluded households that had lived in the target district
for less than three months as well as those that did not
intend to live in the district for a prolonged time.

Clusters were defined as Lady Health Worker (LHW)
covered areas of approximately 1000 population or
equivalent populations in non-LHW covered areas, with
information on the sampling frame obtained from the
district health authorities. At the first sampling stage,
clusters were randomly selected from the list of all
clusters in each study district. At the second stage,
households with MWRAs were identified and 20 such
households sampled using systematic random sampling
technique. A total of 250 clusters per district with 20
households sampled per cluster provided the required
sample size. Of the 250 clusters, 150 had LHW
coverage, and 100 were uncovered. To ensure data
quality and reliability, all the information was gathered
using handheld electronic devices (Samsung model SM-
T285). Data collection was undertaken, after obtaining
verbal consent, by trained data collectors supervised by a
technical team and supervisors, independent of the
intervention implementing team. Data from handheld
devices were directly uploaded to the main server of the
data management unit at AKU. GIS co-ordinates of
households were auto generated. The data gathering
application had real time monitoring of the location of
the data points, timing of the data collection, and
duration for each form. Information was displayed on
the project specific dashboard only accessible to survey
data managers. In the case of outlying measurements,
queries were sent back to the team leader and relevant
data collector for necessary action within 24 hours. The
analyses conducted for this manuscript are within the
remit of the ethical approval provided and participant
consent. The Ethical review committee (ERC) of the Aga
Khan University provided the ethical approval for this
study. Additionally, clearance was obtained from Na-
tional Bioethics Committee (NBC) of the Government of
Pakistan.

This survey data included full pregnancy histories
from all MWRA in each household, from which U5MR
and NMR were estimated. Data was collected between
May 16, 2017 and July 17, 2017. We used data from all
children under 5 years age for at least some of the
period between March 1, 2015 and March 17, 2017, to
estimate U5MR for the two years preceding the survey.
www.thelancet.com Vol 15 August, 2023
Rates were calculated using the synthetic cohort method
used by the Demographic and Health Surveys (DHS). In
this method the overall probability of dying is calculated
by combining the probability of death for each age
specific interval.15,16 We also report U5MR and NMR
disaggregated by district, LHW coverage, gender, size of
household, maternal age, maternal education, parity,
distance to a district headquarters hospital (DHQ) or
taluk (sub district) headquarters hospital (THQ) and
wealth tercile. Wealth terciles and distance to facility
were estimated from the raw dataset, and details of the
methods can be found in the Appendix.

Factors associated with neonatal and post-neonatal
mortality were investigated using Cox regression.
Time-at-risk was measured from the latest of either the
beginning of the observation period (March 1, 2015) or
the child’s date of birth until the earliest of either date of
death, date of interview, or 28 days of age or from 29th
day to fifth birthday (for NMR and PNMR, respectively).

Maternal age was analysed as a dichotomous vari-
able; under 18 years or 18 years and over. Maternal
education was categorized as none (reference category),
primary (1–5 years) or secondary (≥6 years of educa-
tion). Parity was categorized as primipara (women who
had given birth once), multipara (women who had given
birth two, three or four times) or grand multipara
(women who had given birth five or more times).
Wealth tertiles were generated by principal component
analysis using households’ characteristics and house-
hold assets. Household size was analysed as a dichoto-
mous variable; 6 or fewer members versus 7 or more
members. Antenatal coverage (ANC4) was categorized
as less than four antenatal care visits or four or more
than four antenatal care visits.

The model-building process involved estimating
univariate associations for each covariate, and initially
retaining all those with P-values less than 0.2. We used
backwards elimination with a P-value threshold of 0.1 to
determine which variables to retain in the final model.
Estimates of mortality rates and analyses of predictors of
child mortality were conducted using STATA 15.1 and
all analyses account for the survey design including
cluster sampling and sampling weights.

To investigate systematic spatial variations in the
mortality rates, we analyzed the predicted probability of
mortality. For each district we used Moran’s I to test if
deaths were randomly distributed through space, or if
there was evidence of spatial clustering. To calculate
Moran’s I, we aggregated individual-level observations,
calculating the mean for each survey cluster and
assigning coordinates based on the centroid of that
cluster’s household-level observations. Survey clusters
were defined as neighbours if their centroids were
within 15 km of each other. Positive values of Moran’s I
indicate that observations that are geographically closer
have more similar values compared to those from
clusters further away. We simulated the distribution
3
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under the null hypothesis (I = 0) using a Monte Carlo
permutation method. Using a Bonferroni adjustment to
account for multiple comparisons and α = 0.05, we used
a threshold for statistical significance of P (I = 0) < α/
n = 0.05/8 = 0.00625.

Finally, to evaluate geographic disparities within
districts, we mapped the predicted mortality rates from
our survival models, aggregated at the survey-cluster
level, using a stochastic partial differentiation approach
(SPDE). Details of these methods can be found in the
Appendix. The geospatial analysis was conducted using
R 3.6.1.

Role of funding source
The funding agency had no role in the data collection
and analysis. The funding agency had no role in writing
and decision to submit this paper.
Results
The cross-sectional data was collected from eight dis-
tricts in three of the four provinces in Pakistan:
Muzaffargarh and Rahim Yar Khan in Punjab; Jaffer-
abad, Nasirabad and Lasbella in Baluchistan; and Badin,
Sanghar, and Qambar Shahdadkot in Sindh (Fig. 1). The
overall response rate was 92.7%. All the eligible house-
hold were visited for the survey, but the remaining re-
spondents did not participate because they were not
available during the interview). The analysis included
only the completed households.

A total of 26,258 children contributed to the analysis
of mortality with 838 deaths in the neonatal period and
2236 under-5 deaths during the observation period from
March 1, 2015 to March 17, 2017. Table 1 presents the
estimated neonatal and under-5 mortality rates by dis-
trict and socio-demographic factors.

Overall, we estimated the NMR as 29.2 per 1000
livebirths (95% CI: 26.9–31.4) and the U5MR to be 86.1
(95% CI: 85.5–86.8). Lasbella district had the lowest
estimated NMR (23.0, 95% CI: 12.6–33.4), while
Fig. 1: Map of the UeN study area.
Jaffarabad district had the highest NMR (40.7, 95% CI:
39.9–41.4). Sanghar district had the lowest estimated
U5MR (65.9, 95% CI: 60.7–71.0), while Lasbella district
had the highest U5MR (111.7, 95% CI: 98.5–125.0).
Table 2 shows the perinatal mortality rates by district.
Overall, we estimated the perinatal mortality rate of 51.3
(95% CI: 47.8–55.0).

The results of the univariate analysis of factors
associated with mortality are shown in Fig. 2a and b.
Results of the final Cox regression models are in
Tables 3 and 4. The final models for neonatal and post
neonatal mortality both included five covariates. Both
models included maternal education, parity, and
gender. In addition, the neonatal model included wealth
tercile and ANC4 coverage. While the post neonatal
model included distance to facility and LHW coverage.
Lack of maternal education was associated with higher
mortality rates. Compared to mothers with secondary
education, mothers with no education had a neonatal
mortality hazard ratio (NMHR) of 1.56 (95% CI:
1.09–2.251) and a post neonatal mortality hazard ratio
(PNMHR) of 1.60 (95% CI: 1.15–2.22). Higher parity
was associated with increasing mortality rates.
Compared to children of primiparous women, children
of multiparous women had an NMHR of 2.89 (95% CI:
1.99–4.21) and a PNMHR of 2.87 (95% CI: 2.13–3.88).
Those in the middle wealth tercile had higher neonatal
mortality than those in poor tercile (NHR: 1.47, 95% CI:
1.16–1.87. Female newborns had lower mortality than
males (NMHR: 0.77, 95% CI: 0.64–0.93). Conversely, in
the post-neonatal period mortality was higher in female
children than males (PNMHR: 1.18, 95% CI: 1.02–1.37).

Neonatal mortality was higher among mothers who
reported fewer than four antenatal care visits, compared
to those who reported at least four ANC visits (NMHR:
1.51, 95% CI: 1.17–1.95; Households with no LHW
coverage had higher post neonatal mortality (PNMHR:
1.48, 95% CI: 1.24–1.78), but no evidence of an associ-
ation was seen for neonatal mortality. Finally, house-
holds farther than 1 km from a DHQ or THQ had
higher post neonatal mortality compared to those who
lived closer (PNMHR: 2.06, 95% CI 1.23–3.46).

In assessing the geospatial distribution of mortality
within each district, the calculated Moran’s I for the
predicted probability of mortality was positive in all
districts for the U5 models, indicating strong evidence
of spatial variations in mortality rates (P < 0.0001 for all
districts). For neonatal mortality, the geospatial varia-
tions were less pronounced that for U5 mortality in
most districts, with smaller values of Moran’s I and
larger P-values. Full details of Moran’s I estimates are in
the Appendix Table A2.

Fig. 3a and b shows maps of the mortality pre-
dictions for the districts with the highest and lowest
U5MR. Maps for all districts can be found in the
Appendix. From these maps we can see that predicted
child mortality was mostly, but not always, lower in
www.thelancet.com Vol 15 August, 2023
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Item Neonatal mortality count Neonatal estimated
mortality rates (95% CI)

U5 mortality count Under 5 estimated
mortality rates (95% CI)

District

Jafferabad 87 40.7 (39.9–41.4) 199 92.8 (79.3–106.3)

Nasirabad 68 36.0 (31.1–40.9) 162 93.2 (66.4–119.9)

Lasbella 63 23.0 (12.6–33.4) 274 111.7 (98.5–125.0)

Muzaffargarh 108 25.5 (19.3–31.6) 384 110.7 (101.4–119.9)

Rahim Yar Khan 110 28.6 (25.7–31.6) 260 69.0 (59.1–78.9)

Badin 160 35.6 (29.4–41.7) 297 70.4 (65.8–75.1)

Sanghar 103 26.3 (22.8–29.7) 244 65.9 (60.7–71.0)

Qambar Shahdadkot 145 39.9 (34.0–45.8) 306 85.6 (79.7–91.5)

Variables

Maternal age

Under 18 6 38.0 (4.7–71.3) 23 68.0 (24.4–111.6)

18 and over 776 29.1 (26.0–32.2) 2087 86.7 (83.2–90.2)

Maternal education

None 630 31.3 (29.9–32.6) 1783 95.1 (94.5–95.8)

Primary 77 29.9 (24.3–35.4) 165 69.7 (62.9–76.6)

Secondary+ 69 18.0 (17.3–18.7) 159 49.2 (49.2–49.3)

Parity

Primipara 75 14.5 (11.4–17.6) 182 34.9 (32.2–37.6)

Multipara 418 31.1 (30.2–32.0) 1158 96.3 (91.4–101.3)

Grand multipara 290 37.4 (30.7–44.1) 771 115.8 (107.0–124.7)

Gender

Boy 442 32.4 (32.3–32.6) 1078 84.5 (83.8–85.1)

Girl 338 25.7 (21.9–29.5) 1030 87.9 (86.9–88.8)

Wealth tercile

Poor 218 24.6 (20.3–28.9) 649 81.8 (66.7–97.0)

Middle 292 33.9 (31.7–36.0) 741 93.1 (92.5–93.7)

Rich 272 29.2 (27.9–30.5) 718 83.5 (74.5–92.6)

Household size

6 and under 360 25.9 (20.5–31.3) 926 76.6 (71.4–81.7)

7 or more 415 33.7 (32.4–34.9) 1177 98.6 (86.1–111.0)

Distance to facility

Less than 1 km 35 25.0 (0.3–49.7) 60 47.8 (41.2–54.3)

1 km or greater 728 29.9 (28.6–31.2) 1950 87.2 (84.7–89.7)

LHW status of household

LHW uncovered 303 28.3 (25.2–31.4) 1008 105.9 (104.9–106.9)

LHW covered 472 29.7 (27.8–31.6) 1101 74.2 (71.6–76.9)

ANC4

No 570 31.1 (27.7–34.5) 1552 91.7 (87.5–96.0)

Yes 144 20.6 (13.5–27.7) 424 72.7 (65.5–79.9)

Overall 29.2 (26.9–31.4) 86.1 (85.5–86.8)

Table 1: Estimated neonatal and under 5 mortality rates (deaths/1000 live births).

Articles
more populous urban areas of districts and those closer
to main hospitals.
Discussion
Our analysis confirms that substantial disparities in
neonatal and child mortality exist between and within
provinces at the district level in rural Pakistan. Our es-
timates of U5MR were higher than national estimates
www.thelancet.com Vol 15 August, 2023
but NMR estimates were lower.2 This may reflect po-
tential under-reporting of neonatal deaths as well as the
possibility that these high burden districts are still at a
higher level of under-5 mortality than the national
average. In either case these rates are well above SDG
targets.

Several strengths and limitations should be recog-
nized in our analysis. Although this survey was not
nationally representative it is representative at
5
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District Perinatal mortality
counts

Estimated perinatal
mortality rates (95% CI)

Jafferabad 149 64.6 (54.4–76.5)

Nasirabad 157 77.3 (61.9–96.2)

Lasbela 188 53.7 (45.0–64.0)

Muzaffargarh 216 46.5 (39.9–54.1)

Rahim YK 207 48.2 (40.1–57.8)

Badin 284 64.8 (55.9–75.1)

Sanghar 195 45.8 (39.1–53.4)

Qambar Shahdadkot 301 64.3 (55.8–74.0)

Overall 1697 51.3 (47.8–55.0)

Table 2: Estimated perinatal mortality rates (deaths/1000 total
births).
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population level of some of the highest burden districts
in Pakistan and reveals both higher mortality rates and
substantial sub-district disparities as compared to na-
tional average. Our findings suggest that both neonatal
mortality and U5 mortality vary within districts them-
selves with noticeable clustering patterns. These spatial
variations within districts are consistent with other
findings suggestive of higher mortality risk in some
rural populations.17,18 Nevertheless, predictors identified
in our study are generally consistent with those found in
other analyses of national and district level data.

Several limitations should also be recognized in the
analysis or interpretation of these data. Given limited
time available for the baseline assessment, we could
not collect information on coverage for all potential
interventions and the source of interventions (such as
public or private sector), as a separate province specific
demographic and health survey was also underway.
Other limitations of this study include the retrospec-
tive pregnancy history data which may be subject to
recall errors, and limited information on location and
causes of deaths. Furthermore, there was insufficient
information from this baseline survey to identify pre-
dictors of mortality such as quality of care and health
system functionality. Additionally the population
living in the area for less than three months was
excluded from the survey and hence we lack infor-
mation on high-risk migratory populations in the
districts. Moreover, the study didn’t include children
whose mothers had died, who are also likely to be at
increased risk of death. The survey was undertaken
before the COVID-19 pandemic, however, after the
initial stringent measures, there have been no major
changes in health service provision and hence we
believe that these findings are quite relevant to the
present status.

Factors associated with higher mortality include lack
of maternal education, higher parity, lack of antenatal
care, poorer LHW coverage and residence at a greater
distance from the main district hospital. Mothers with
more than five years of education reported lower
neonatal and U5 mortality rates, consistent with evi-
dence in the literature that health knowledge, attitudes
and practices are likely directly associated with maternal
education.19 These are consistent with findings that
educated mothers have better care seeking patterns such
as more frequent ANC, preparation for delivery in a
health facility, and positive care seeking behaviours for
child diarrhea and pneumonia as well as higher uptake
of scheduled immunizations.4,20,21 Maternal education
may also be associated with improved understanding of
danger signs among children, as well as decision mak-
ing capacity for care seeking.22

Previous research has also shown higher mortality
rates in rural areas of Pakistan, attributed to a number
of causes including larger household sizes in rural
areas23,24 and low coverage of modern family planning
methods and health services.25 The finding of higher
mortality rates among children of multiparous women
in our survey is also consistent with other findings.4,26

Distance to district referral hospital was a strong pre-
dictor of U5 mortality and could relate to compromised
accessibility and socioeconomic conditions in rural
areas. Additionally, poor hygiene practices, and differ-
ences in breast feeding patterns could be associated with
increased risk of respiratory diseases, diarrhea, and
other injuries among U5 children.27,28

Our results indicate that male neonates had higher
mortality compared to females. Probable causes in the
literature include male neonates being more vulnerable
to infections, congenital abnormalities and immune
deficiency.29 These findings are consistent with other
local and regional studies showing comparatively higher
neonatal mortality among males, reflecting a biological
disadvantage.4,30 However, this soon reverses and post-
neonatal mortality rates are higher among females
than males. Social and cultural norms preferences for
boys are known to exist in rural areas of Pakistan, which
could lead to better health care and attention being paid
to boys than girls. Furthermore, while we don’t have
direct evidence, female infants are known to be at a
higher risk of malnutrition due to gender discrimina-
tion and low social status.31,32

The LHW program in Pakistan is the mainstay of
primary health care services in rural areas and provides
a link between the community and basic healthcare fa-
cilities. LHWs principally focus on health promotion at
primary care level and family planning services.33 Other
studies have shown that community-based interventions
in Pakistan involving LHWs can contribute to improved
neonatal and other childhood health indicators.7–9 These
studies are consistent with other studies in LMICs
including India, Bangladesh, Uganda, South Africa,
Mexico and the Philippines.34 However, there are limits
to what LHWs and other community health workers can
achieve in terms of reducing neonatal mortality in
community settings, and the importance of strong
referral pathways and quality care in facilities has been
www.thelancet.com Vol 15 August, 2023
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Fig. 2: a) NMR estimates by subgroup (deaths/1000 live births). b) U5MR estimates by subgroup (deaths/1000 live births).
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Variable Unadjusted Adjusted

HR (95% CI) P-value HR (95% CI) P-value

Distal level

Maternal age

Under 18 Ref. 0.471

18 and over 1.54 (0.48–4.94) na na

Maternal education

Secondary+ Ref. 0.006 Ref. 0.053

Primary 1.69 (1.07–2.67) 1.59 (1.00–2.52)

None 1.77 (1.24–2.51) 1.56 (1.09–2.25)

Parity

Primipara Ref. <0.0001 Ref. <0.0001

Multipara 2.35 (1.71–3.24) 2.89 (1.99–4.21)

Grand multipara 2.84 (2.06–3.91) 3.39 (2.30–5.00)

Gender

Male Ref. 0.008 Ref. 0.006

Female 0.78 (0.66–0.94) 0.77 (0.64–0.93)

Wealth tercile

Poor Ref. 0.015 0.006

Middle 1.39 (1.11–1.74) 1.47 (1.16–1.87)

Rich 1.18 (0.93–1.49) 1.32 (1.02–1.71)

Intermediate level

Distance to facility

Less than 1 km Ref. 0.449

1 km or greater 1.21 (0.74–1.99) na na

Household size

6 and under Ref. 0.005

7 or more 1.33 (1.09–1.62) na na

Proximal level

LHW status of household

LHW covered Ref. 0.925

LHW uncovered 0.99 (0.81–1.21) na na

Facility based delivery

Yes Ref. 0.076

No 1.19 (0.98–1.45) na na

ANC4

≥4 Ref. <0.0001 Ref. 0.002

<4 1.55 (1.22–1.98) 1.51 (1.17–1.95)

Overall p-value reported in parenthesis for multi-category variables. na: Not included in final model (Excluded in model building process).

Table 3: Results of Cox regression model for neonatal mortality.
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underscored as a key factor in reducing perinatal and
neonatal mortality.35,36

Our study did not find evidence of a difference in
neonatal mortality in the study districts between areas
with adequate LHW coverage and those without. Possible
reasons for this finding may be infrequent attendance of
LHWs during pregnancy, lack of training in newborn
survival interventions (such as those for birth asphyxia
and preterm care) and low quality of care in primary care
settings.35,36 Other reasons could relate to under utiliza-
tion of the services for the newborns.37 Our study did,
however, find that LHW coverage was associated with
lower risk of child mortality. In addition to supporting the
uptake of common childhood vaccines, LHWs do play a
major role in screening for danger signs and referring
high risk children to the health facilities and maintaining
a system for follow up visits until complete recovery.6

However, we cannot completely exclude the possibility
that uncovered areas differed in some systematic way
from LHW covered areas including feudal and social
systems and the status of women.

In summary, the baseline survey of the UeN project
identified a number of opportunities for improving
targeting of key interventions to address social de-
terminants of health such as poverty, female literacy and
other factors affecting empowerment and autonomy of
www.thelancet.com Vol 15 August, 2023
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Variable Unadjusted Adjusted

HR (95% CI) P-value HR (95% CI) P-value

Distal level

Maternal age

Under 18 Ref. 0.533

18 and over 1.31 (0.56–3.07) na na

Maternal education

Secondary+ Ref. <0.0001 Ref. 0.0007

Primary 1.37 (0.91–2.06) 1.10 (0.73–1.66)

None 2.14 (1.56–2.93) 1.60 (1.15–2.22)

Parity

Primipara Ref. <0.0001 Ref. <0.0001

Multipara 3.13 (2.32–4.22) 2.87 (2.13–3.88)

Grand multipara 3.74 (2.75–5.08) 3.13 (2.29–4.27)

Gender

Male Ref. 0.060 Ref. 0.027

Female 1.15 (0.99–1.33) 1.18 (1.02–1.37)

Wealth tercile

Poor Ref. 0.6332

Middle 1.05 (0.89–1.24) na na

Rich 0.96 (0.81–1.15) na na

Intermediate level

Distance to facility

Less than 1 km Ref. <0.0001 Ref. 0.006

1 km or greater 2.88 (1.75–4.73) 2.06 (1.23–3.46)

Household size

6 and under Ref. <0.0001

7 or more 1.38 (1.19–1.62) na na

Proximal level

LHW status of household

LHW covered Ref. <0.0001 Ref. <0.0001

LHW uncovered 1.65 (1.39–1.96) 1.48 (1.24–1.78)

Facility based delivery

Yes Ref. <0.0001

No 1.33 (1.13–1.55) na na

ANC4

≥4 Ref. 0.032

<4 1.21 (1.02–1.45) na na

Overall p-value reported in parenthesis for multi-category variables. na: Not included in final model (Excluded in model building process).

Table 4: Results of Cox regression model for post neonatal mortality.

Articles
decision-making. There is clearly great potential for
scaling up measures to reduce poverty, especially among
rural women. This is indeed the focus of the Benazir
Income Support Program (BISP) of the Government of
Pakistan to provide basic support to women in the
poorest households.38 Other conditionalities, like
collaboration with education sectors and existing vertical
health programs to support female school enrollment,
antenatal care, immunizations, and nutrition can be
added in due course. The current LHW program has the
potential to link up with the BISP program and reach
households at greater risk. There is emerging evidence
that a number of factors can be identified that assist in
www.thelancet.com Vol 15 August, 2023
triaging such at-risk children for specific care39 as well as
opportunities to increase referrals and facilitate trans-
fers for those living at some distance from district
facilities.

Our population-based survey in several high-risk dis-
tricts in Southern Pakistan confirmed known predictors
of neonatal and post neonatal mortality including
maternal illiteracy, high parity and household size and
gender. Additionally, antenatal care coverage (at least 4
visits) was specifically associated with lower neonatal
mortality only. However, LHW coverage and distance to
health facility were also specifically associated with under
five mortality. These findings underscore the need for a
9
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Fig. 3: a) U5MR in Lasbela (Highest). b) U5MR in Sanghar (Lowest).
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comprehensive, multisectoral strategy to be implemented
for future maternal and child health programs and pol-
icies, particularly in rural areas of Pakistan.
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