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ABSTRACT

The annual mortality rate (per 1,000 live births) from 1960 to 2017 of Pakistan is the subject of this paper. As a
reason, in South Asia, Pakistan contributed the most to childhood mortality, including infant mortality. Despite
progress, child mortality has declined globally, but Pakistan is still struggling and far behind the targets of the
Sustainable Development Goals. There are several reasons for high childhood mortality, including
socioeconomic determinants and lack of effective implementation of health-related policies, particularly in
primary health care settings. In the present study, we use stochastic univariate models to uncover the trend of
infant mortality by using more than half a century of data from 1960—-2017. The secondary data related to the
mortality rate (per 1,000 live births) from 1960 to 2017 was extracted from the World Bank Dataset. Descriptive
and time series analysis (Box-Jenkins) are applied. The analysis is carried out using the R programming

language.
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1. INTRODUCTION

The world has made significant progress in reducing
child mortality, including infant mortality, over the
past quarter of a century. Globally, the infant
mortality rate (IMR) has dropped from an estimated
rate of 65/1,000 deaths per live birthin 1990 to
29/1,000 deaths per live birth in 2017 [1]. Annual
infant deaths in 1990 were 8.8 million and reduced to
4.1 million in 2017 [1]. The risk of a child dying
before completing the first year of age was highest in
the World Health Organization (WHO) African

Region (51 per 1000 live births), over six times higher
than in the European region (8 per 1000 live births)
[1]. According to the 2018 United Nations Inter-
agency Group for Child Mortality Estimation report,
an estimated 6.3 million children and young
adolescents died in 2017 [2]. The report also showed
that children under age 5 accounted for 5.4 million
deaths (with 2.5 million neonatal and 1.6 million
infants), a considerable portion of the total deaths of
6.3 million [2]. Five countries, including India,
Pakistan, Nigeria, the Democratic Republic of the
Congo, and Ethiopia, accounted for the highest
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number of newborn deaths, 39% of those occurred in
Southern Asia and 38% in sub-Saharan Africa [3].

Pakistan is the sixth most populated country in the
world, with a lower literacy rate, a higher proportion
of people living in rural areas, and limited health care
settings and quality of life. Pakistan is among the
countries that contribute to 50% of all newborn deaths
[3]. In South Asia, Pakistan placed at top with highest
IMR (64/1,000 live births) followed by the
neighboring border sharing country Afghanistan
(53/1,000), India (35/1,000), Bangladesh (28/1,000),
Nepal (28/1,000), Iran (13/1,000) and Sri Lanka
(8/1,000) [4]. According to the Pakistan Medical As
per the Pakistan Medical Association, unsafe delivery
practices are considered as one of the causes of high
infant and maternal mortality rates in Pakistan. Non-
hospital deliveries are not inherently bad, but in rural
areas, due to untrained dais and unsanitary practices,
maternal and infant mortality rates are higher.

Although the mortality rates have declined among
children of all age groups over the last couple of
decades, millions of children die every year, mostly of
preventable or treatable causes like lower respiratory
tract infections, malnutrition, diarrhea, pneumonia,
measles, fever, malaria, absence of breastfeeding
practices, and artificial feeding in infants.

Socioeconomic constraints are yet another important
concern in low and middle-income countries, where
infant mortality claims a considerable portion of total
deaths each year. Many authors contributed through
scientific ~ studies to  underline the  major
socioeconomic factors that have had a substantial
effect on higher child mortality, including infants.
Khadka, Lieberman [5] used the socio-economic
factors of infant mortality in Nepal and yielded that
poor and middle classes had higher infant mortality
compared to wealthier classes [4]. Liu and Chen [6]
used data from the World Bank of 114 countries to
underline the association of IMR with economic
strength and socioeconomic constraint. Government
health expenditure and female education are
negatively related to the infant mortality rate, but the
fertility rate is positively related to the infant mortality
rate. The mother's education, geographical area of
residence, place of delivery, low birth weight, both
parents working, mothers receiving blood transfusions
during their previous pregnancy, fertility rate with
short birth interval, delivery assistant type,
breastfeeding  status, antenatal care, child
immunization, and mother age were all linked to
infant deaths [5-7-11].

This study aimed to underline the trend and pattern of
infant mortality in Pakistan from 1960 to 2017 by
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using stochastic time series models. As developing
nations are facing a high mortality rate globally,
effective implementation of statistical tools increases
the likelihood of better understanding the pattern of
vital events so that timely intervention through
adequate planning can be ensured. This is a
significant concern for Pakistan.

2. METHODOLOGY

The present study uses secondary time series data
from 1960 to 2017 of the infant mortality rate taken
from the World Bank Data Infant Mortality Rate
(https://data.worldbank.org/indicator/SP.DYN.IMRT.
IN). The R programming language is employed in
order to complete descriptive and time-series analysis
[12].

Conventionally, the mortality pattern is understood
through various mortality measures, including death
rates, ratios, and life expectancy. Modeling the
mortality curve is a less conventional approach,
although it has been introduced in the literature quite
long ago with the pioneering work of Gompertz, who
identified an exponential increase in death rates with
age (Gompertz 1825). After that, many other
researchers made their contributions to these models
under different formulations [13 to 17]. The Box-
Jenkins model is used to explore the pattern of IMR
per 1,000 live births from 1960 to 2017 [18-19].

The descriptive analysis of annual infant mortality
rates (per 1,000 live births) from 1960 to 2017 is
illustrated by the box plot in Fig. 1. The median IMR
was 109 per 1,000 live births, whereas a higher
(188.5) IMR was reported in 1960. The constant
gradual decline in infant mortality rates from 1990 to
2017 was the first time since 1990 that the rate
remained at 61.2 per 1,000 live births in 2017. The
temporal analysis in Fig. 2 from 1960 to 2017 shows a
gradual reduction in infant mortality rates every year.
Also, it shows that the IMR was over 100 from 1960
to 1993 and remained below 100 from 1994 to
present. Figs. 3 and 4 illustrate the auto correlation
function (ACF) and partial auto correlation function
(PACF), respectively.

2.1 Time Series Analysis

In the present study, we use the R programming
language to uncover the trend of infant mortality
series from 1960 to 2017. The ARIMA(ZL, 2, 2) model
is found to be an adequate forecasting model using the
Auto ARIMA function with a root mean square error
of 0.1006. This model indicates that the actual series
turned out to be stationary after the second difference
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order with AR(1) and MA(2). The estimated
parameters along with standard error are illustrated in
Table 1. A five-year-ahead forecast is obtained and
yielded that an average 5.6% decline per year in IMR
is expected. The detailed description of the forecast,
along with the 80% and 95% confidence intervals
(C.1.), are shown in Table 2. Under the ARIMA(1,2,2)
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Fig. 1. Box plot of IMR

Fig. 3. A plot of ACF
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model, the time plot of actual and predicted values of
IMR shows good agreement between actual and
predicted values of IMR in Fig. 5. While Fig 6 shows
the plot of forecasts along with 80% and 95% of the
lower and upper C.I. The ACF and PACF are
presented in Fig. 7 and 8, respectively. A residual
analysis is displayed in Fig. 9.
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Fig. 4. A plot of PACF

Table 1. Detail of estimated parameters along with standard error (S.E) of the ARIMAC(L, 2, 2) model

Feature AR(1) MA(1) MA(2)
Parameters 0.9589 -0.8035 0.5029
S.E 0.0402 0.1231 0.1202
Table 2. Detail of estimated parameters along with S.E of the ARIMA(L, 2, 2) model
Time Forecast 80% C.I 95% C.I
Low High Low High
2018 59.54 59.41 59.67 59.34 59.73
2019 57.93 57.63 58.24 57.47 58.4
2020 56.39 55.8 56.98 55.48 57.3
2021 54.9 53.89 55.91 53.35 56.45
2022 53.47 51.89 55.04 51.05 55.88
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3. RESULTS AND DISCUSSION

Globally, mortality rates have declined among
children of all age groups over the past several years,
but at the same time, a large proportion of children are
still dying, mostly of preventable or treatable causes.
These mortalities indicate that there is no or limited
access to basic health care facilities by children and
communities due to weakened primary healthcare
systems. Many countries, including Pakistan, are
facing many challenges to their health systems. On
the other hand, demographic development needs to be
improved and their primary health care systems
strengthened. Low investment, poor planning, and a
lack of understanding, on the other hand, are major
causes that have led the foundation to ineffective
primary healthcare systems.

Aziz and Hanif [20] conducted a cross-sectional study
to underline the performance of the primary health
care system in district Multan, a less developed city in
Punjab, Pakistan, and concluded that a higher
proportion of the respondents had uncertainties about
the services provided by the basic health units. Due to
the poor performance of the primary health care
system, the current PDHS-2017-18 reflects higher
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death rates (neonatal 51/1,000, infant 73/1,000, and
under five years, 85/1,000 live births) of children of
all age groups in Punjab [10] million children can be
saved by effective implementation of primary health
care system-related policies and planning.

For instance, pneumonia and diarrhea are considered
the leading causes of infectious mortality among
children under five years old. In 2015, slightly less
than half (49%) of global pneumonia deaths occurred
in India, Nigeria, Pakistan, the Democratic Republic
of the Congo, and Ethiopia collectively [21]. While
26-93% of diarrheal deaths occurred among children
younger than 5 years, about 89-37% of diarrhoeal
deaths occurred in South Asia and sub-Saharan Africa
[22]. In Pakistan, 31% of children aged 6-11 months
are affected by diarrhea, and only 71% of those
children seek advice or treatment for diarrhea [10].

Nearly half of all deaths in children under 5 are
associated with undernutrition. In 2018, an estimated
40 million children under the age of five were stunted
(149 million), wasted (49 million), and overweight
(40 million) [23]. Higher proportion of children
belonging to Asia and Africa are stunted (55% in Asia
versus 39% in Africa), wasted (68% in Asia versus

1115



Nasir et al.; AJOAIR, 4(1): 1112-1121, 2021

Standardized Residuals

14012
[

T
18960

1990 2010

Time

ACF of Residuals

MF

Q202 06 10

pvalue
04 08

0o

Fig. 9. Plot of ACF residual, Standardized residual and p-value for Ljung- Box statistic

28% in Africa) and overweight (47% in Asia versus
24% in Asia) respectively [23]. According to the
2017-18 PDHS, the prevalence of malnutrition among
children in Pakistan is as follows: stunted 38%,
wasted 7% and overweight 3% [10].

Huffman, Zehner [24] conducted a review study to
underline the relationship between breast- feeding
practices in the first month of life and neonatal
mortality and found that breast- feeding helped to
prevent the initial deaths by hypothermia and
hypoglycaemia particularly among low birth weight
and premature babies. Furthermore, the study revealed
that most of the mortalities can be reduced by breast-
feeding, especially exclusive breast feeding in
developing countries, caused by acute respiratory tract
infections, sepsis, meningitis, omphalitis, and diarrhea
during the last neonatal period. Infants aged between
zero and five months with no breast feeding have
seven-fold increased risks of death from diarrhoea and
five-fold increased risks of death from pneumonia,
compared to their counterparts who are exclusively
breastfed [25].

Globally approximately 80% of newborns die every
year due to low birthweight and preterm or small for
gestational age or both [26,27]. In Pakistan low
birthweight are associated to child mortality, about
34% of live births to mother’s under age 20 had a low
birth weight compared 21% of births to mothers age
20-34. Punjab and Sindh have the highest percentage
of babies (24% and 23%) with birthweight of less
than 2.5 kilograms respectively [10].

In 2016, about 2.38 million deaths occurred from
lower respiratory infections in children of all ages
[22]. In Pakistan, more deaths are associated with
acute respiratory infections of children under age 5
than with any other infectious disease [10]. According
to PDHS-2017-18, the prevalence of symptoms of
acute respiratory infection was highest (17%) among
children of age six to eleven months. Children in
Balochistan with symptoms of acute respiratory
infection are less likely to seek advice or treatment
(62%) compared to other provinces of Pakistan [10].

The median infant mortality rate is 109 per 1,000 live
births, whereas a higher mortality rate (189.8) was
reported in 1960. Every year, the infant mortality rate
decreases gradually; it fell below 100/1,000 live births
in 1993 and remained at 61.2/1,000 in 2017. The
ARIMA(1, 2, 2) model is an adequate forecasting
model, selected by using the Auto ARIMA function
with a root mean square error of 0.1006. The infant
mortality rate is expected to remain unchanged in
2018[59.54, C.I (59.34 - 59.73)], 2019 [57.93, C.I
(57.47 - 58.40)], 2020 [56.39, C.I (55.48 - 57.30)],
2021 [54.90, C.1 (53.35 - 56.45)] and 2022 [53.47, C.1
(51.05 - 55.88)].

4. CONCLUSION

Although the mortality rate of all age groups among
children is continuing to fall, it is not enough to
achieve the targets of the Sustainable Development
Goals (SDG) agenda, particularly in low and middle-
income countries. On paper, Pakistan's health system
seems to be impressive, but it is placed at the top with
the highest mortality rate in the South Asian region.
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Pakistan should learn a lesson from Sri Lanka with
IMR 9/1,000 live births in the region. Pakistan needs
smart, effective, and proactive strategies to reduce
mortality caused by preventable and treatable
infections in order to achieve the proposed SDG 2030
target of reducing neonatal mortality to at least as low
as 12 deaths per 1,000 live births and under-5
mortality to at least as low as 25 deaths per 1,000 live
births. The ARIMA(L, 2, 2) model is an adequate
forecasting model with forecasting error 0.1006. A
decreasing trend is expected in IMR per 1,000 live
births in Pakistan. These statistical results will serve
as a guide to understanding the trend and pattern of
infant child mortality and timely intervention to
ultimately achieve better health outcomes as well as
the targets of SDG 2030.The authors refer [28-77] to
the readers for new developments in the field of
statistics.
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APPENDIX -A

R-Coding For Fitting ARIMA Model

library(forecast)

data<-read.csv(file.choose(),header=TRUE)

head(data)

data.ts<-ts(data$Value,start=min(data$year), end=max(data$year))

boxplot(data$Value, col=2, Iwd=2, lag=30, main="Fig.1: Box Plot of IMR")

plot(data.ts, main="Fig.2:A Plot of IMR per 1,000 live births", xlab = "Time(Year)", ylab = "Rate",
col=2,lwd=2,lty=1)

legend(“topright”, expression(data.ts=Actual),lty=1,col=2,lwd=2)

acf(data$Value, col=2, lwd=2, lag=30, main="Fig.3: A Plot of ACF")

pacf(data$Value, col=2, lwd=2, lag=30, main="Fig.4: A Plot of PACF")

fit<-auto.arima(data.ts)

fit

plot(data.ts, main="Fig.5:A Plot of Actual & Predicted ARIMA(1,2,2)", xlab = "Time(Year)", ylab = "Rate",
col=1,lwd=2,lty=1)

lines(fitted(fit), col=2,Iwd=2,Ity=2)

legend("topright", c(expression(data.ts=Actual),expression(fit=Fitted)),lty=c(1:2), col=c(1:2), lwd=c(2,2))
forecast<-forecast(fit,h=5)

forecast

plot(forecast, main="Fig.6:A Plot of Forecasted, ARIMA(1,2,2), C.I 80%, 95%" xlab = "Time(Year)", ylab =
"Rate", col=2,lwd=2)

fit_resid=residuals(fit)

Box.test(fit_resid, lag=10,type="Ljung")

acf(fit_resid,col=2, lwd=2, lag=30, main="Fig.7: A Plot of ACF")

pacf(fit_resid,col=2, Iwd=2, lag=30, main="Fig.8: A Plot of PACF")

accuracy(forecast)

tsdiag(fit, main="Fig 9”)

Augmented Dickey-Fuller Test for Stationary

Library (tseries)

adf.test(data.ts)
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