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Abstract

Background The infant mortality rate was very high in Pakistan until the early 1990s, at 86 deaths/1000 live births. It has
decreased 24 points and declined to 62 deaths/1000 in the last 3 decades, but Pakistan is still in the group of countries with
highest infant mortality rate. The present study aimed to assess the magnitude of infant mortality in Pakistan and its causes and
associated risk factors.

Methods For this study, data from the 2018 Pakistan Demographic and Health Survey were used. Risk factors for infant mortality
were first examined in bivariate analyses. Chi-square test was employed to understand the significance level of the categorical
difference of independent variables. The Cox proportional hazard model was used to account for potential confounders that
function as risk factors for infant deaths.

Results Large differentials in infant survival by socioeconomic and demographic factors indicate poor coverage of social and
health schemes for the public. Mothers who did not use the ANC services experienced about 1.5 times higher infant mortality
than those who did (52 vs. 36/1000 LB; p = 0.007). The hazard model shows that rich households experienced about 30% (HR =
0.735; 95% CI=0.614-0.878) less infant mortality than poor ones. The rural-urban differential in public health services and
gender inequities are the underlying causes of the stagnation of infant mortality in Pakistan.

Conclusion The low status of women’s education, poor economic conditions and low level of using public health care services
are closely tied to higher infant death rates in Pakistan. Health interventions in Pakistan should be designed to reach the most
under-served—women and children—especially in rural areas.
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Introduction three-fourth of all deaths of children < 5 years old, occurring

within the first year of life in 2017. In Pakistan, the same infant

Globally, the annual infant death rate has declined from 8.8
million (65 deaths per 1000 live births) in 1990 to 4.1 million
(29 deaths per 1000 live births), which contributed about
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death rates declined from 90 to 65/1000 live births for the
same duration (The World Bank 2017; World Health
Organization 2017). The number of babies in Pakistan who
died before completing the first year of life was about
330,479, which is one of highest infant mortality rates (64
per 1000 live births), over eight times higher than the rate in
the WHO European Region, which was 8 per 1000 live births
(World Health Organization 2017).

Significant declines in infant mortality occurred in Pakistan
between the 1950s and early 1960s, when large-scale public
health programs were implemented. The decline in infant
mortality slowed down between the early 1960s and late
1970s (Alam and Cleland 1984; Cleland and Sathar 1984;
Irfan 1986; Sathar 1995; Sathar and Mallick 1991; Agha
2000). By the late 1980s and early 1990s, the decline in infant
mortality appeared to have stagnated (Agha 2000): two inde-
pendent national sample surveys showed that the infant
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mortality rate (IMR) in 1989 and 1992 was 101 per 1000 live
births. These infant mortality levels are consistent with other
estimates of the IMR for this period (United Nations
Development Program 1994). However, the infant mortality
stagnation in Pakistan appears to have occurred when the IMR
was at a very high level and at a time when provincial and
urban-rural differentials were large (Irfan 1986). Provincial
differentials in infant mortality levels reflect distributional
problems and are a source of political instability.

High infant mortality rates also have implications for rapid
population growth: parents who fear that their newborns are
not going to survive to older ages are likely to have more
children. At 208 million (UNICEF 2018), Pakistan is already
the sixth most populous country in the world. It scores poorly
on all indexes of human development, and its political stability
is threatened, in part, by unequal access to the limited eco-
nomic resources. Socioeconomic inequalities have resulted
from the concentration of political power in the powerful rural
elite, poor economic and political management and the belief
among the upper classes that rapid economic growth will
trickle down to the poor. Lack of attention to distributional
issues (Naseem 1981; Zaidi 1985) has contributed to substan-
tial differences in access to income, nutrition, education, hous-
ing, water and sanitation within and between regions and to
the slowdown in infant mortality decline.

Women’s autonomy and their social and economic status
have important implications for their children’s health. Gender
inequities remain an important determinant of women’s and
children’s health in Pakistan. Relative to men, Pakistani wom-
en have always scored poorly on the United Nations Human
Development Index. Most women in Pakistan are poor, illit-
erate and have low social and legal status (Patel 1991). The
level of maternal mortality is among the highest in the world
(Midhet et al. 1998). There were some improvements in the
legal status of women in the early 1960s, but these advances
were reversed because of a government-encouraged
“Islamization” process that started during the late 1970s and
continued through the 1980s.

Although infant mortality is extremely high, there is rela-
tively little in the published literature about factors associated
with infant survival in Pakistan. A few studies have been
conducted on infant and child survival in Pakistan, but these
have employed a limited range of variables in the analysis and
have lacked a clearly defined conceptual framework. These
studies have generally not used nationally representative data.
Besides, several published studies did not use appropriate sta-
tistical methods (Agha 2000). The present study tried to access
the significant risk factors of infant mortality and execute a
more comprehensive analysis of factors related to infant sur-
vival in Pakistan than available in the published literature. The
specific objective of this study was to investigate and assess
the magnitude of infant mortality in Pakistan and its causes
and associated risk factors. It utilizes the nationally

@ Springer

representative, good-quality data of DHS Pakistan (Agha
2000), includes a spectrum of variables affecting child health
and employs appropriate statistical methodology.

Data source and methodology
Data source

The Pakistan DHS (Demographic and Health Survey) was
conducted in 1991, 2007, 2013 and 2018. This survey is a
periodic, cross-sectional survey administered at the household
level. For this study, data from the 2018 Pakistan
Demographic and Health Survey were used. The survey col-
lects information on different aspects of demographic indica-
tors such as fertility, mortality (child and infant), fertility pref-
erences and regulations, health status of mother and child,
nutritional health status of mother and child, and awareness
and attitude towards HIV/AIDS at the national level.
Households in Pakistan were selected using two stages strat-
ified using random sampling. In the first stage, 580 enumera-
tion areas (EAs) were selected using a population proportion-
ate to the EAs listed by the Census, and of these, 561 were
successfully surveyed. In the second stage, 28 households per
cluster (EAs) were selected to provide the key demographic
and health variables with statistically reliable estimates for the
country. For the total sample, approximately 16,240 house-
holds were selected for the survey. The target group was wom-
en aged 15-49 years. These women, who were the usual res-
idents of the houschold or had stayed in the household the
night before, were eligible to be interviewed for the survey.
For stigmatization at the national level, all data of the survey
were weighted, and interviews were conducted with 12,364
women aged 15-49 years.

Variables

In the present study, the variables were categorized as re-
sponse and predictor variables.

Dependent variable

Infant mortality (1q0) is the probability of infant death before
the first birthday. It was estimated as the probability of an
infant dying before the first birthday.

Independent variables

The independent variables were divided into three categories:
mother, child and household-related covariates.

1. Mother-related variables: These variables consisted of
the mother's education level (not educated; educated),
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occupation (not working; working), age at first birth (< 18
and > 18 years), institutional delivery (no; yes) and ante-
natal checkups (no antenatal care; at least one) and
accessed postnatal care.

2. Child-related variables: These included the birth interval
(< 2 years; 2 to 3 years; > 3 years), birth size (average or
larger; small or very small) and the child's sex (male;
female).

3. Household-related variables: The household variables
were wealth index (poor; middle; rich), sanitation facili-
ties (no; yes) and type of residence (rural; urban).

Statistical analysis

Bivariate and multivariate analyses were applied to estimate
the association between infant mortality and its covariates.
Bivariate analysis was performed to estimate the distribution
of infant mortality in different groups of predictors.
Multivariate analysis such as the Cox proportional hazard
model was used to examine the impact of the mother, child
and socioeconomic factors on the survival of infants during
the first year of life. In this study, the Cox proportional hazard
model was used as it is suitable for analyzing time-specific
censored observations (D’agostino et al. 2008). The Cox pro-
portional hazard regression model is useful for accessing the
impact of lifetime-related factors on the hazard function. This
model plays a significant role in the analysis of lifetime data.

Results

Figure 1 shows the trends of infant mortality in Pakistan for
the last 3 decades. In 1990, infant mortality was recorded as 86
deaths per 1000 live births, which was close to the rate in
African countries, and it decreased only 24 points over about
3 decades. The IMR was 62 for the recent round of the
Pakistan DHS 2017-18. The graph shows that the highest
pace of declining infant mortality was recorded during

1990-91 2006-07 2012-13 2017-18

Fig. 1 Trend of infant mortality per 1000 live births in Pakistan

2013-2018, although 62 infant deaths per 1000 live births
(LBs) was far from the UN's Millennium Development
Goals (MDGs) and Sustainable Development Goals (SDGs).

Infant mortality risk factors

Table 1 shows the infant mortality risk factors according to the
background characteristics in Pakistan. The risk factors were
divided into three categories: mother-, child- and household-
related factors. Of these factors, the most significant ones that
influence the status of infant deaths were the occupational and
educational status of the mother, the mother’s utilization of
antenatal care, the birth interval and birth size and sex of the
newly born baby, place of residence and wealth indices of the
household.

In educated women, only 43 infant deaths were reported,
while in non-educated mothers, the infant mortality was about
60/1000 live births (LB). Similarly, about 20 additional infant
deaths per 1000 live births occurred in working mothers com-
pared with mothers who were not working (68 to 49 deaths/
1000 LB; p=0.001). The results also revealed that mothers
who had antenatal care during pregnancy had greater chances
of survival of their respective infants. About 1.5 times more
infant deaths occurred in the mothers who did not use the
ANC services (52 deaths/1000 LB) compared with their coun-
terpart women (36/1000 LB; p =0.007).

In the child-related factors, birth interval and birth size
played a significant role in controlling infant deaths.
Newborns with a > 2 year difference in birth interval had
about 50% less probability of dying than those born in < 2
year birth intervals (35 vs. 78/1000 LB) with a high level of
significance (p = 0.001). A similar pattern of infant mortality
has been observed for the birth size variable. The rate was
significantly higher among babies born to women who had a
history of small or very small birth sizes compared with aver-
age or large birth size (77 vs. 46/1000 LB; p =0.001).

For household risk factors, wealth index and urban place of
residence were significant factors improving the infant death
rate in Pakistan. The rate of infant deaths among the poor (60/
1000 LB) was significantly higher than that among women
who had a rich household index (42/1000 LB; p = 0.001).
Similarly, in rural households, about 30% more infant deaths
(57 per 1000 LB) were reported compared with their counter-
parts (44 infant deaths per 1000 LB) in urban resident house-
holds (»p =0.001).

Survival functions of major infant mortality
controlling variables

Graph 2a, b and c represents the survival functions of infant
mortality for the wealth index, birth interval and sex of the
child, respectively. These survival graphs indicate that wealth
indices of households, birth interval and sex of the child are
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Table 1 Db is.tributiion of infant mortality by selected background Graph 2 a Survival functions of infant mortality for the wealth index. b P>
characteristics in Pakistan, 2017-2018 Survival functions of infant mortality for the birth interval. ¢ Survival
. . functions of infant mortality for sex of child
Background characteristics Infant mortality
(N=654) % p-value sex of child variable. These results show that infant mortality
was less in the economically middle class and wealthy fami-
Mother-related factors lies than in their counterparts. Not surprisingly, the birth inter-

Mother's education val played an important role in infant deaths. The maximum
Not educated 386 59 0.001 birth interval that controls infant deaths in Pakistan was 2
Educated 268 43 years. Graph 2b shows that if the duration of the birth interval

Mother’s employment status was > 2 years, then it had a similar impact on infant mortality.
Not working 539 4.9 0.001
Working 115 6.8

Age at first birth . . .
<18 years 199 5 0,053 Results of survival analysis (Cox proportional hazard

> 18 years 455 49 model)

Institutional delivery
No 251 57 0.054 Table 2 shows the results of the multivariate Cox model.
Yes 403 49 Generally, the magnitude of effect for the factors considered

Antenatal care (N= 322) here was stronger for the child- and household-related factors
No antenatal care 67 52 0.007 than mother-related factors. In terms of the hazard ratio, the
At least one 255 3.6 important factors were the duration of the birth interval, birth

Postnatal care (N= 322)* size and wealth index of households. Although the working
No 222 4.0 0.731 status of the mother is an important variable, it plays both
Yes 100 3.8 positive and negative rolls. Results illustrated that educated

Child-related factors mothers were about 30% less likely to experience infant

Birth interval (N = 496)" deaths .than uneducated mothers as the hazard rgtio for infant
<2 years 274 78 0.001 mortality (IM) was 0.741 [95% confidence interval (CI)
2-3 years 106 3.8 =0.545-1.006]. Working mothers also experienced increased
>3 years 116 35 mortality risk. The hazard ratio for IM was 1.307 (95% CI =

Birth size 0.951-1.795) and about 30% less likely for non-working
Average or larger 477 4.6 0.001 mothers. The utilization of antenatal care services and institu-
Small or very small 177 7.7 tional delivery were also shown to be strongly associated with

Child's sex infant mortality. The mothers who had institutional delivery
Male 366 5.6 0.012 were less likely (HR =0.959; 95% CI=0.823-0.995) to ex-
Female 288 4.6 perience infant deaths compared with their counterparts.

Similarly, mothers who utilized antenatal care services were
Household-related factors about 30% less likely to have infant mortality.

Wealth index The time between the births of children and the birth size
Poor 349 6.0 0.001 were strongly associated with mortality. However, because
Mlddle 120 48 mortality within the family is correlated with birth spacing,
Rl_Ch ) - 185 42 our results must be considered with caution. Newborn babies

Sanitation facility whose birth spacing was > 3 years to their previous siblings
g:s 223 2(3) 0.043 was about 60% more likely to survive than those who had < 2

Residence years birth spacing (HR =0.433; 95% CI=0.476-0.839).

Rural 249 57 0.001 Both the birth size and sex of a child have a significant inde-

Urban 405 44 pendent impact on mortality. These two variables are strongly

# Information only for recent birth
® First birth has been excluded

the most significant social and demographic tools affecting
infant mortality in Pakistan. While the gap in survival was
highest for the birth interval, the lowest was recorded for the
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correlated. Being male and having small or very small birth
size of the infant were associated with increased infant mor-
tality. Female infants were about 16% (HR = 0.844) less likely
to suffer infant mortality, with 95% CI (0.723-0.984).
Similarly, infants whose birth sizes were small or very small
were 60% more likely to die before completion of 1 year of
life than their counterparts.
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Graph 2a: The survival functions of infant mortality for wealth index
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Graph 2b: The survival functions of infant mortality for birth

Graph 2c: The survival functions of infant mortality for sex of child
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Table2  Result of survival analysis (Cox proportional hazard model) of
infant mortality by selected background characteristics in Pakistan, 2017—
2018

Background characteristics Hazard ratio 95.0% CI

Mother-related factors
Mother's education

Not educated® 1.000

Educated 0.741%** (0.545-1.006)
Mother’s employment status

Not working® 1.000

Working 1.307%* (0.951-1.795)
Age at first birth

< 18 years® 1.000

> 18 years 0.802* (0.632-1.016)
Institutional delivery

No® 1.000

Yes 0.959%* (0.823-0.995)
Antenatal care (ANC)*

No antenatal care® 1.000

At least one 0.742%* (0.562-0.978)
Postnatal care (PNC)?*

No® 1.000

Yes 1.102 (0.865-1.402)

Child-related factors

Birth interval®

<2 years® 1.000

2-3 years 0.599% (0.435-0.824)

> 3 years 0.433%% (0.406-0.839)
Birth size

Average or larger® 1.000

Small or very small 1.578%** (1.188-2.094)
Child sex

Male® 1.000

Female 0.844%* (0.723-0.984)

Household-related factors

Wealth index

Poor® 1.000

Middle 0.817%* (0.663-1.004)

Rich 0.735%* (0.614-0.878)
Sanitation facility

No facility® 1.000

Facility 0.907 (0.720-1.142)
Residence

Rural® 1.000

Urban 0.867%%* (0.670-0.965)

 ® Information only for recent birth, ® reference category, **#p <0.01,
*#p < 0.05, *p<0.10
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Household factors had a significant effect on infant mortal-
ity, especially the wealth index and locality of residence.
Urban residents had better opportunities for employment and
health facilities; therefore, this could reduce the mortality rate.
The hazard model shows that for the wealth index, rich house-
holds have about 30% (HR =0.735; 95% CI=0.614-0.878)
less probability of infant mortality compared with the refer-
ence category. The households in urban regions had less prob-
ability of infant mortality compared with rural resident house-
holds (HR =0.867; 95% CI=0.670-0.965). Overall, we ob-
served a highly significant reduction in mortality over the
observed covariates in Pakistan.

Discussion

Available data on infant mortality in Pakistan were obtained
from the Demographic Health Surveys, which collect retro-
spective data on infant mortality based on interviewing a sam-
ple of women of reproductive age. Infant mortality is often
used as a critical indicator of the level of health care in coun-
tries. Neonatal deaths account for the majority of infant deaths
(Baticha et al. 2016).

Main findings

The study found that a birth interval of < 2 years, smaller than
average birth size, infants belonging to the poor household,
wealth index quintile and being a rural resident were signifi-
cantly associated with a higher risk of infant mortality in
Pakistan. Other factors associated with infant mortality were:
the mother's education level, non-utilization of antenatal care,
non-institutional delivery and the sex of the infant. The find-
ings are significant because the level of infant mortality in
Pakistan is unacceptably high at 62/1000 live births. The cur-
rent rate of decline is not sufficient for the country to reach its
child survival MDG. Detection of these risk factors for infant
deaths will help to formulate strategies and program innova-
tions to improve infant survival.

Comparison with other studies

In agreement with a number of previous studies on infant
deaths, inadequate antenatal care (Vintzileos et al. 2002),
low birth size and weight (Sharma et al. 2008), male gender
(Batieha et al. 2016; Sharma et al. 2008; World Health
Organization 2014) and the birth interval (Batieha et al.
2016; Ronsmans 1996) were among the most prominent risk
factors observed in this study. For this study, we tried to refrain
from discussing the proposed mechanisms by which each of
these factors contributes to infant mortality.

However, two observations in this study differ from what
has been found in other studies and have implications for the
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potential effect of spacing programs on mortality. First, pre-
ceding birth intervals of 1-2 years did not affect neonatal or
post-neonatal mortality. The latter finding merits attention
since it is generally believed that children throughout the de-
veloping world experience a higher prevalence of mortality if
they are born < 2 years after their mother’s previous birth
(Boerma and Bicego 1992; Hobcraft et al. 1985; Preston
2013). Second, short succeeding birth intervals, in contrast,
have significant adverse consequences for child survival,
and the size of the effect was more substantial than those
found by other authors (Boerma and Bicego 1992; Hobcraft
et al. 1985; Sweemer 1984). Sufficient birth spacing has been
promoted through mother-child health programs in many
countries, as this is perceived to be beneficial for the health
and well-being of both mother and child (Batieha et al. 2016;
Binka et al. 1995; Defo 1997; Ronsmans 1996).

The current study illustrated that smaller than average birth
size is an independent risk factor for infant mortality in
Pakistan. The findings agree with several other studies that
have identified low birth weight as a risk factor for infant
mortality (Lawn et al. 2005; Richardson et al. 1993; Titaley
et al. 2008; Yasmin et al. 2001). Low birth weight occurs
because of either premature birth or in utero growth restric-
tion, or both (Kramer 1987). An in-depth analysis of the
PDHS data of 2006-2007 by the NIPS (National Institute of
Population Studies) of Pakistan showed a strong association
between small birth size and infant mortality. In a hospital-
based retrospective study from Pakistan, 68% mortality in
newborns was contributed by low birth weight. Furthermore,
it suggested high mortality among low-birth-weight preterm
infants (Tariq and Kundi 1999). Smaller birth size with com-
plications is considered the leading cause of infant deaths in
Pakistan (Khan et al. 2012; Liu et al. 2012).

For antenatal care, however, the variation depending on
their level of health care was acknowledged (World Health
Organization 2014). In agreement with the available literature,
over three-fourths of infant deaths in our study were either
preventable or possibly preventable. According to a WHO fact
sheet (World Health Organization 2014), effective care can
prevent three-fourths of infant deaths. The package of essen-
tial care includes antenatal care and the birth attendant’s ability
to resuscitate newborns at birth. This is further supported by
the findings showing that mothers who experience fewer in-
fant deaths have received optimal medical care as ante- and
postnatal care (Lau et al. 2013). Infants whose mothers had
non-institutional delivery had a higher risk of infant death in
our sample. The delivery needs to be managed by a skilled
birth attendant in a well-equipped health facility. Studies have
shown that deliveries in a health facility with a skilled birth
provider reduce infant deaths (Mélqvist et al. 2008).

The study illustrated that males are more prone to infant
mortality in Pakistan. Similarly, many scholars have identified
male gender as a risk factor for infant death (D’Souza and

Chen 1980; Green 1992; Gupta 1987; Hobcraft et al. 1985;
Muhuri and Preston 1991; Titaley et al. 2008). Biologically,
male children have a higher risk of getting infectious diseases
because of the higher prevalence of immune deficiency, respi-
ratory illnesses and congenital malformations of the urogenital
system due to late maturity, with probably all of these leading
to higher neonatal mortality among males (Green 1992).

Being in the poorest household wealth index was identified
as a risk factor for infant mortality in our analysis. Similar to
our finding, secondary analysis in different countries and re-
gions has also found a lower household wealth index to be a
risk factor for poor infant and child health and higher infant
mortality rates (Agha 2000; Batieha et al. 2016; Chauhan and
Rai 2015; Knowles 1982; Nisar and Dibley 2014; Sastry
1997; Tariq and Kundi 1999; Titaley et al. 2008). Household
poverty has been reported to increase infant mortality by re-
ducing access to adequate care (Lawn et al. 2005).

In the current study infants whose mothers were not work-
ing had a lower risk of mortality in the infant period than those
whose mothers were working (Agha 2000; Chauhan and Rai
2015; Curtis et al. 1993; Nisar and Dibley 2014; Sathar 1995).
Others have reported increased odds of infant deaths due to
lack of personal and timely care of infants born to working
mothers. However, the mother’s employment status in PDHS
only showed working during the last 12 months preceding the
survey.

The present study attempts to analyze the infant mortality
from children's file data in the Pakistan Demographic and
Health Survey at the national level. Although the Pakistan
Demographic and Health Survey provides accurate and de-
tailed demographic information, this information is limited
to the national level, urban and rural areas, and at most to
the regional level because of the nature of sample surveys.
This may cause an issue of sample size related to accurate
prediction of results. On the other hand, this national-level
analysis may not give the best result for small regions of the
country when the sample size is representative at the national
level. The other limitation of the present study is that it uses
retrospective birth history information to analyze infant mor-
tality and is likely to suffer from mothers' recall bias. The
effect of memory bias can limit data quality.

Conclusion

Our study of Pakistan confirms the importance of all three
major risk groups for infant mortality, that is, child-, mother-
and houschold-related factors, including the socioeconomic
status, social behavior, environmental conditions and use of
health services. These findings showed the need for a broader
approach to future child health programs to enable further
reductions in infant mortality in Pakistan, especially in rural
and poor areas. Such programs need to include improvements
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of accessibility to formal health services, specific attention to
infants during their first year of life, emphasis on educating
whole families about birth spacing and efforts to improve the
accessibility of antenatal care, institutional delivery and post-
natal services to mothers as well as continuing with improve-
ments in the economic status of households. The infant mor-
tality trends in Pakistan indicate that infant mortality declined
slightly in the 28 years between 1990 and 2017. (The major
contribution to this decline occurred in the extremes of the
education of women, increased birth spacing and the econom-
ic status of households.) This decline may have resulted from
the development programs carried out in the area during this
period, specifically, the “Women’s Education and Home
Development and Family Planning’ programs.
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