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Achieving Infant Mortality SDG 3 Target
in South Asia and Sub-Saharan Africa: Does
Carbon Emission Matter?
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Abstract: This study is necessitated by the high rate of infant mortality in South Asia (SA) and Sub-Saharan Africa (SSA) and the need to
enhance the chances of these regions achieving SGD 3. The endemic nature of infant mortality in these regions constitutes a threat to attaining
the 2030 sustainable development goal (SDG) 3 target. This study examined whether carbon emission matters and how other socioeconomic
factors militate against the attainment of the infant mortality target in SA and SSA for the period 1981–2019. The study analyzed annual panel
series using the robust least squares estimator. The result revealed that carbon emission per capita is the most critical impediment to attaining
the SDG 3 target (25 infant mortality rate per 1000 in 2030) in SA and SSA. Fortunately, an increment in per capita income would be the
strategic action to attaining the infant mortality target in these regions, and it is imperative to promote maternal education through
improvement in female school enrollment rates. While the South Asian economies could afford to rely on foreign direct investment
(FDI) inflows in addition to the aforementioned strategies, the SSA countries should not strongly depend on FDI to address the menace
of infant mortality, rather improved social spending that is devoid of corruption and other systemic encumbrances would be more
productive in arresting infant mortality in this region. Also, policymakers in Sub-Saharan African economies are encouraged to rely less
on FDI and are strongly advised to improve government social spending and to implement pollution abatement policies and
environmental regulations in line with international treaties and best practices.
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The endemic nature of infant mortality in developing regions
without comparative attention in the literature constitutes a threat
to attaining the 2030 sustainable development goal (SDG) 3
target. Therefore, this public health concern in developing
economies requires a multi-disciplinary approach from a social,
economic, and environmental perspective.

1. Introduction

The millennium development goals initiative has evolved into
the sustainable development goals (SDGs) as a global call for action
to address the challenges related to health, environment, social, and
economic issues. The SDGs aim to foster a partnership to achieve
optimal health and education, promote sustainable economic
growth, mitigate climate change, and conserve natural resources,
such as oceans and forests. In addition, they are set to target
sound health and well-being for people of all ages across all
member states and regions by the year 2030. In specific terms, the
World Health Organization targets zero incident of preventable
demise of less than 5-year-old children and newborns.

It further aimed at reducing neonatal and under-5 death rates to a
maximum of 12/1000 and 25/1000 live births, respectively, by 2030.

Notably, the progress made toward achieving this goal has been
positive, as indicated by a consistent decrease in global infant
mortality rates (IMRs) over time. In particular, data from 1950 to
2021 show that infant mortality reduced from 146.687 deaths per
1000 live births to 27.334 deaths per 1000 live births,
highlighting significant strides in promoting and ensuring the
health and well-being of infants worldwide.

Although there has been an overall decrease in IMRs globally,
a closer examination at the regional level highlights significant
disparities. Specifically, Sub-Saharan Africa (SSA) and South
Asia (SA) have been experiencing much higher IMRs than other
regions such as the European Union, North America, OECD
Members, East Asia and Pacific, Europe, and Central Asia,
Latin America Caribbean, Middle East, and North Africa, and
Arab World, as indicated by statistical evidence presented in
Figure 1 [1].

The World Bank [1] reports that the SSA region has been
recording a slow decline in infant deaths, with the IMR
dropping from 57.2 per 1000 live births in 2015 to 51.7 per
1000 live births in 2019. This raises questions about the
factors responsible for the poor performance of this region in
meeting infant mortality targets, given that the global average
was 31.5 per 1000 live births in 2015 and 28.2 per 1000 live
births in 2019.

IMRs are not solely attributable to poverty, as indicated
by studies [2, 3] and World Development Indicators (WDI) data
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(2021) revealing a meager decline of 16.4% in poverty rates from
58.4% in 2000 to 42% in 2015. Rather, a plethora of factors, as
suggested in health literature, are responsible for the slow rate of
infant mortality reduction. Among these, maternal literacy and
health have been identified as significant determinants of IMRs
[4–8]. Globally, there was a 7.68% increase in maternal literacy
rates between 2000 (75.344%) and 2019 (83.024%), while in SSA
region, the rate increased by 12%, from 15% in 2000 to 27% in
2019, as per WDI data (2021).

Despite the horrendous challenge of infant mortality in SSA and
SA, recent studies in these regions have shown little or no attention to
this issue. Rather, studies in these areas have focused on factors such
as profitability, financial development, trade, and export composition
[9–12]. In addition, recent studies in these regions have not paid
adequate attention to the significant roles of maternal literacy and
income as mediators, as they have focused on pregnancy loss due to
open fire [13] and how carbon emission affects infant mortality and
energy consumption in Asia countries [14]. These gaps in empirical,
methodological, and theoretical literature motivated this study.
Specifically, previous studies on infant mortality determinants in SSA
have focused more on economic and demographic variables [2, 3]
and healthcare expenditure [15–19], while neglecting the considerable
impact of environmental factors. Methodologically, earlier panel data
studies on infant mortality did not employ comparative analysis
between the worst-performing regions on infant mortality.
Theoretically, this study extended Grossman’s health stock theory to
incorporate environmental factors as a determinant of health outcomes.

In SSA and SA, IMRs are influenced by several factors such as
pollution, illiteracy, and poor economic growth and development. Air
pollution, for instance, is a significant risk factor in these regions [20,
21]. However, according to Heft-Neal et al. [22], pollution is not
caused solely by local economic activity, which is relatively low
compared to developed regions. Instead, exposure to particulate
matter 2.5 μm (PM2.5) driven by distant dust export from the
Saharan across the region is a significant risk factor for infant
mortality. This implies that the dust export from the Saharan region
could be a critical cause of the high IMRs in SSA and SA.

Inadequate economic growth and maternal illiteracy
are other factors that contribute to the high IMR [23–26].
Benshaul-Tolonen [27] reported a decline of over 50% in infant
mortality with a concurrent swift rise in economic growth. Similarly,
other studies found an adverse relationship between growth and
infant death rate [26, 28, 29]. Nonetheless, the question remains
whether industrial development results in trade-offs that could either
improve or harm health and well-being, such as reducing infant

mortality or exposing people to harmful pollution. Benshaul-Tolonen
[27] and Osawe [26] suggested that African and Asian governments
should prioritize economic growth and development and invest more
in quality healthcare services and education to achieve a rapid fall in
IMRs. One of the sources of the investible funds to drive down
infant death is the inflow of foreign direct investment (FDI).

FDI is a long-term transnational investment [30]. It is a crucial
variable that influences infant mortality especially in less-developing
economies by complementing domestic investment attracting foreign
technology and spurring development [31]. Interestingly, since the
spillover effect of technology transfer is notable in emerging
economies, then, the positive impact of FDI on health outcome is
more pronounced in the developing economies than in their
developed counterparts [32, 33]. Another channel through which FDI
affects health is through employment, improved working conditions,
wages, and growth. These factors enhance patients ability to pay,
which is a crucial determinant of healthcare in the developing
countries [34].

Despite the above contributions, the impact of FDI on
development indicators such as infant mortality remains inconclusive.
Considerable studies suggest that FDI may be associated with the
reduction of infant mortality in Africa [32, 35–41]. This is because
an increase in FDI impacts the level of per capita income, resulting
in improved access to healthcare and, subsequently, enhanced health
indicators. However, on the other hand, FDI may also contribute to
infant mortality [42, 43] or have no significant effect on infant
mortality [44]. For instance, Burns et al. [34] revealed that a 1%
increase in FDI as a share of GDP led to a 0.08% decline in
mortality rates of adults, while for child mortality there was no
evidence of a significant linkage.

This study analyzed the factors responsible for the
comparatively elevated infant mortality in SSA and SA and the
degree of their influences to ensure a decline in infant in line with
the SDGs target. In particular, this study examined whether
carbon emission matters and how other socioeconomic factors
behave toward achieving this goal in SA and SSA countries.

2. Literature Review

Pollution and its relationship with infant mortality have been
widely studied in various economies. Although there is general
agreement regarding the connection between pollution and infant
mortality, the size of its effect continues to be a subject of debate.
Given the significance of policy implications and potential
benefits, resolving these controversies is critical. To adequately
determine the size of the effect, prior studies did not account for
growth episodes and literacy rates simultaneously in their analyses
of how pollution and infant death are related.

An illustration of this can be observed in the study conducted by
Greenstone and Hanna [45], which employed a difference-in-
differences approach to examine the effect of environmental
regulation on air pollution and infant mortality in India. Their
research revealed that government intervention in air pollution had
a direct correlation with a significant reduction in IMRs,
indicating a clear relationship between air pollution and infant
mortality. Similarly, Cesur et al. [46] found that the adoption of
natural gas usage by residents in a city in Turkey resulted in a
substantial decline in IMRs. Specifically, a 1% rise in natural gas
subscriptions by residents, indicating a decrease in air pollution,
resulted in a 4% decrease in IMRs.

Similarly, Goyal et al. [47] analyzed the association between
neonatal mortality and pollution across 43 low- and middle-income
countries spanning the period from 1998 to 2014. Their regression

Figure 1
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analysis on a pool of data revealed that exposure to carbonaceous
PM2.5–10.9 μg/m3, a type of air pollution, was responsible for 50%
of infant deaths within the first 28 days of birth, indicating a direct
correlation between pollution and infant mortality. Furthermore,
Anwar et al. [48] utilized a fixed effect model (FEM) to examine
panel data from 12 highly vulnerable Asian countries between 2000
and 2017 and discovered a positive correlation between air
pollution, temperature, and infant mortality. The findings indicated
that severe respiratory infections resulting from air pollution had
negatively impacted income and education, while also leading to a
higher population density due to the deaths of infants. This implies
that air pollution can cause a decrease in the infant population,
which in turn negatively affects the standard of living due to low
income and education.

In analyzing the impact of rising industrial pollution on infant
mortality, Tavassoli et al. [49] used full-count decennial censuses to
determine that the IMR in the USA increased significantly during the
late 19th and early 20th centuries due to a rise in industrial activities
and subsequent pollution. This indicates a positive relationship
between pollution and infant mortality. Looking at African
economies, Heft-Neal et al. [20] concluded that a 1% increase in
air pollution leads to a 14% increase in infant mortality in Africa.
However, Heft-Neal et al. [22] estimated the impact of air
pollution on infant mortality at 24%.

Several studies have examined the relationship between health and
education expenditure and infant mortality. Alemu [16] utilized a FEM
to analyze this relationship and found that a 1% increase in education
expenditure and health expenditure as a ratio to the gross domestic
product resulted in a 3.2 and 2.5 per 1000 live births decrease in
IMRs, respectively. van Malderen et al. [50] and Abbuy [51] both
found that maternal literacy had a significant negative effect on
infant mortality in SSA and WAEMU countries, respectively.
Similarly, Zewdie and Adjiwanou [52] found that maternal education
was negatively associated with infant mortality in South Africa, with
an increase in women’s participation in education leading to a 21%
reduction in the odds of infant death. Bado and Sathiya Susuman
[53] discovered that government policies on maternal education have
contributed to the steady decline in IMRs over the past two decades
in selected SSA countries by increasing maternal awareness about
child healthcare and hygiene. These studies suggest that improving
maternal literacy and increasing health and education expenditure are
crucial steps toward reducing IMRs. Moreover, government
healthcare expenditure has also been linked to a reduction in IMRs
in Nigeria, as demonstrated by Matthew et al. [54], who used the
fully modified ordinary least square method, Lu et al. [55], and
Edeme et al. [17] who found public health expenditure to be a
significant determinant of IMRs.

Furthermore, Bernet et al. [56] conducted a study in Florida that
confirms previous research conducted in SSA countries,
demonstrating a positive correlation between the effectiveness of
public health spending and infant mortality. Their findings revealed
that an increase of 10% in targeted public health spending per
infant resulted in a 2.07% reduction in IMRs. Also, the study found
that targeted spending was more effective in reducing infant deaths
among black infants than white infants. Langnel and Buracom [19]
conducted a study that explored the effect of health expenditure on
infant mortality across 32 SSA countries between 2000 and 2015.
Their results showed that although health expenditure did not
directly impact infant mortality, the coefficient of the interaction
between health expenditure and infant mortality was significant,
demonstrating a negative relationship between the two.

Female literacy has been found to have a significant negative
relationship with an IMR in South Asian countries, as demonstrated

by Maqsood et al. [57]. This is in line with the findings of Naz
and Patel [58] who used the Cox proportional hazards model to
analyze infant mortality in Sierra Leone, and Tagoe et al. [59],
who used a predictive model. Kiross et al. [18] also found
attending primary or higher education to be associated with a
decrease in the likelihood of infant mortality in Ethiopia. In
addition, Shapiro and Tenikue [60] found that increased
women’s education attainment can lead to a significant decrease
in IMRs in high-risk areas such as SSA.

Popoola [61] conducted a study on selected SSA countries to
investigate the main factors contributing to infant deaths. Their
findings showed that the quality and availability of water supplies
and sanitation facilities have a negative and statistically significant
effect on newborn deaths, while pollution levels have a positive
and statistically significant effect. Alemu [16] also investigated
the impact of access to improved sanitation on infant mortality in
Africa using the FEM. They found that access to improved
sanitation, including clean water, was significantly and negatively
associated with IMRs in SSA. Kalbessa [62] similarly found that
water and sanitation have a significant effect on decreasing infant
mortality in the SSA region. Pickering et al. [63] identified a
strong correlation between access to improved water supply and
sanitation facilities and child health in Mali.

Despite the abundance of studies conducted on the topic, the
empirical evidence concerning the relationship between CO2

emissions and infant mortality remains inconclusive. Some studies,
such as those by Erdoğan et al. [64], Matthew et al. [54], and
Jerumeh et al. [65], have indicated a positive association between
CO2 emissions and infant mortality. However, other studies,
including those by Ahmad et al. [66], Bayati et al. [67], and Yang
and Liu [68] have contradicted these findings by either reporting a
negative correlation or no significant relationship at all.

Aliyu and Ismail [69] conducted a study that utilized data from35
African countries to explore the impacts of PM10 and carbon dioxide
emissions on human mortality. Their results indicated that both PM10
and carbon dioxide levels had a significant impact on the increase in
mortality rates of infants, children under-5 years old, and adults. In a
similar vein, Heft-Neal et al. [20] investigated the relationship between
air quality and infant mortality in Africa and found that higher
concentrations of PM2.5 were positively associated with IMRs.
Specifically, a 10 μg/m3 increase in PM2.5 concentrations was
linked to a 9% increase in IMRs. Furthermore, Hill et al. [70]
explored the negative effects of air pollution on health in the USA
from 2000 to 2010 while taking income inequality into account.
They discovered that areas with higher income inequality had a
more substantial negative effect of air pollution on life expectancy.

Matthew et al. [54] utilized time-series data from 1985 to 2016 to
investigate the association between greenhouse gas (GHG) emissions,
including CO2, and health outcomes in Nigeria. They employed the
autoregressive distributed lag (ARDL) economic approach to co-
integration and discovered that an increase in GHG emissions
reduces life expectancy by 0.0422% for every 1% increase, leading
to a significant rise in infant mortality by 146.6%. The study
findings suggest that implementing measures to reduce CO2

emissions can have a positive impact on health outcomes.
Erdoğan et al. [64] established a long-term co-integration

relationship between carbon emissions and health indicators. Their
study revealed that this relationship harmed life expectancy, with a
negative effect observed. Another study by Mohamoud et al. [3]
examined the causal relationship between human development,
healthy life expectancy, and carbon dioxide emissions in the top 10
countries in terms of carbon dioxide emissions between 1991 and
2014. The outcomes of the research exhibited a robust association
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between the human development index, healthy life expectancy, and
carbon dioxide emissions inmost countries studied. Jerumeh et al. [65]
conducted a study aimed at assessing the influence of carbon dioxide
emissions on life expectancy using data collected fromNigeria over the
period between 1971 and 2011. The findings showed that a negative
relationship existed, which consequently contributed to an increase
in IMRs.

Fotourehchi [71] conducted a research study that aimed to
examine the impact of PM10 and carbon dioxide emissions on
infant mortality and life expectancy at birth in 60 developing
nations between 1990 and 2010. The study results revealed that the
positive impact of socioeconomic improvements on health was
negated by pollutants such as PM10 and carbon dioxide emissions.
The study also showed that pollutants have weaker effects on health
than socioeconomic conditions, but their negative impact cannot be
overlooked in health policy implementation. As such, to realize the
benefits of high socioeconomic levels on health, it is crucial to
consider the influence of pollutants and implement policies that
address their negative impact.

The empirical analyses of the reviewed studies did not include
controls for the roles of adult female literacy and income per capita.
Earlier studies have shown that the female literacy rate is a critical
socioeconomic factor in determining infant mortality [72–75],
while economic growth has been reported to significantly impact
infant mortality indicators globally [23, 76, 77].

The research gaps are that recent studies in these regions have
shown little or no attention to the horrendous challenge of infant
mortality in SSA and SA. Rather, studies in these areas have focused
on factors such as profitability, financial development, trade, and
export composition [9–12]. In addition, recent studies in these regions
have not paid adequate attention to the significant roles of maternal
literacy and income as mediators, as they have focused on pregnancy
loss due to open fire [13] and the mediating role of carbon emission
in infant mortality and energy consumption nexus in Asia [14]. These
gaps in empirical, methodological, and theoretical literature informed
the motivation for this study. Specifically, previous studies on infant
mortality determinants in SSA have focused more on economic and
demographic variables [2, 3] and healthcare expenditure [15–19],
while neglecting the considerable impact of environmental factors.
Methodologically, earlier panel data studies on infant mortality did
not employ comparative analysis between the worst-performing
regions on infant mortality. Theoretically, this study extended
Grossman’s health stock theory to incorporate environmental factors
as a determinant of health outcomes.

A diagrammatic conceptual framework presenting the nexus
among environmental, social, and economic factors that determine
infant mortality is shown in Figure 2.

2.1. Theoretical framework

The research is based on the principles of the Grossman’s
demand for health theory, which was introduced by Grossman in
1972. This theory posits that the quality of health outcomes is
dependent on various factors such as health expenditure, the cost
of medical care, education, and other variables that impact the
quality of health. Accordingly, Grossman [78] has formulated a
theoretical model, as presented below.

HO ¼ h iHi�1; . . . :; nHn; Zi�1; . . . ; Znð Þ (1)

where HO represents the current level of a specific health outcome,
such as infant mortality. The symbol h indicates the functional
relationship between the current outcome and other variables. Hi-1 is

the lagged value of the health outcome, while i is the coefficient that
shows how much the variables influence the outcome per unit. Zi-1
represents the lags of other factors that affect health outcomes.

The variable HO represents the infant mortality rate (IFM),
while the variable Zi-1 is composed of several factors, namely
environmental pollution (measured by CO emissions), FDI,
government social expenditure (GSEXP), per capita income
(GDPPC), and female school enrollment rate (FSR), which is
considered a proxy for maternal literacy.

The inclusion of the aforementioned variables in Grossman’s
theoretical framework is supported by previous research. For instance,
the impact of CO emissions on health outcomes has been justified by
several studies, such as Arceo et al. [79], Cesur et al. [46], Lee et al.
[80], Gouveia et al. [81], Goyal et al. [47], Pullabhotla [82], and Yin
et al. [83]. In addition, Nagel et al. [32] have provided evidence for
the influence of FDI, while Sede and Ohemeng [84] have rationalized
the relationship between government social expenditure, per capita
income, and school enrollment rate (represented by FSR in the
model) and health outcomes. Consequently, Equation (1) is
transformed into Equation (2) with the inclusion of pertinent control
variables, which has important theoretical implications. Moreover, the
environmental Kuznets curve and pollution haven theories have
provided further theoretical justifications for the proposed model.

IFMt ¼ f COt ; FDIt;GSEXPt ; GDPPCt ; FSRtð Þ (2)

The econometric models employed in this study are derived from the
theoretical framework presented in Equation (2). The first model
seeks to determine the individual effects of socioeconomic and
environmental factors on infant mortality, while the second model
captures the joint effect of environmental and economic factors on
infant mortality. The model specification in this study represents
an improvement over earlier econometric models, such as
those estimated by Anwar et al. [48], Heft-Neal et al. [22], and
Goyal et al. [47]. Previous studies neglected to account for the
impact of environmental pollution and its interaction with
socioeconomic variables in achieving the United Nations SDG 3
of promoting good health and well-being and reducing IMRs.

IFMt ¼ β0 þ β1COt þ β2FDIt þ β3GSEXPt þ β4GDPPCt

þ β5FSRt þ µt (3)

where IFMit represents infant mortality rate, CO depicts carbon emis-
sion (a proxy for environmental pollution), FDI captures foreign direct
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investment, GSEXP is the government social expenditure on health and
education, GDPPC represents gross domestic product per capita, FSR
represents female school enrollment rate (a proxy for female literacy
rate), µ denotes the white noise variable, and t represents the time.

Although earlier studies [4–8, 72–75] have validated the significant
impact of maternal and female literacy on IMRs, it is unclear as to
whether the presence of carbon emission would worsen or reduce its
effect on IMRs. Therefore, this study focused on the impact of carbon
emission on infant mortality and controlled for other economic
variables that included FDI, government social expenditure, and GDP
per head to analyze a more robust model than earlier studies.

3. Research Methodology

3.1. Research design

This study employed an ex-post facto research design and
utilized annual panel data from the WDI 2020 publications by the
World Bank as indicated in Table 1. The data cover the period
from 1981 to 2019 and focus on the SA and SSA regions. The
study includes all economies in these regions that are recognized
by the IDA and IBRD according to the WDI 2020.

3.2. Description of variables

3.3. Results

Table 2 depicts the summary result of the descriptive
statistics for these regions. The point estimate of the mean
indicates that the average rate of infant mortality in SA and
SSA is 50.67 and 69.26 per 1000 live births, respectively,
between 1981 and 2019, which is the highest average
combination of 59.96 per 1000 live births for any other two

regions globally. Thus, infant mortality remains a significant
socioeconomic and health challenge in both regions. More so,
carbon emission per capita in metric tons stands at 1.1 mt and
0.79 mt for SA and SSA; the record is worrisome when
compared with the 0.05 metric ton per capita global average. In
addition, the female school enrollment rate, a proxy variable for
maternal literacy, shows an average of 53.86% and 51.77%,
respectively, which implies maternal illiteracy of 46.14% and
48.23% for SA and SSA, the highest amongst other regions of
the world. Beyond these, the preliminary result further reveals
that income is low in these regions, per capita income, current
domestic government expenditure on health is weak and grossly
inadequate, and FDI into the health sector, as a ratio of GDP, is
also weak at 1.52% and 2.50%, respectively, for SA and SSA.
These appalling socioeconomic conditions in SA and SSA
economies are necessary conditions to believe that the lack of
obvious improvement in IMRs requires comparative empirical
attention, which this study provided. Also, the Jarque-Bera
statistics with non-statistically significant p-values support the
non-normality characteristics of the variables.

As indicated in Table 3, the correlational analysis and results
revealed the orthogonal relationship among the variables in the
empirical model. The correlation coefficients imply a minimal
level of multicollinearity among the explanatory variables.
Specifically, the correlation matrix estimates reveal that the
IMR has a negative relation with carbon emission, FDI, income
per capita, and government social expenditure in both regions.
However, while the female enrollment rate is inversely related
to infant mortality in SA, a direct relationship was observed
for SSA.

Table 4 depicts the regression estimates of the determining
factors of infant mortality in SA and SSA countries, respectively.
The use of the robust least square estimator is rationalized by
its ability to capture and model more complex socioeconomic
interactions using available data with minimal errors [85].
Alternative estimation techniques include the panel least
square, dynamic least square, and panel ARDL estimator,
which do not minimize errors in estimates as much as the
robust lease square.

These estimates for both regions are not reinforcing. This claim
is reflected in the significant difference in the factors that accounted
for the scourge of infant mortality in these regions. For SA, the results
indicated that the IMR is significantly impacted by carbon emission,
FDI, maternal literacy, income per capita, and government social
expenditure. Specifically, carbon emission, a proxy for
environmental pollution, had a strong positive impact on infant
mortality. By implication, as environmental quality degrades,
infant death increases in SA. The estimate is such that for every
metric ton increase in carbon emission, infant mortality increases
by 8.83 deaths per 1000 live births per annum.

However, in the SSA region, carbon emission is not a
significant determinant of infant mortality as revealed by the
regression estimate. This outcome is consistent with the pre-test
estimation result that indicated a higher environmental degradation
level in SA compared to the SSA region where economic
activities that emit carbon particles are at a low ebb. The result is
further justified by the fact that rising carbon emissions due to
economic expansion and foreign capital inflows without concerns
for strong regulations are the key reasons for the significant infant
mortality impact of the environmental variable in SA as earlier
documented by existing studies in the literature [45–47].

Table 1
Description of variables

Variable Description Source

IFM The infant mortality rate is
determined by the number of
infant deaths per 1000 live
births

World
Development
Indicator (2021)

CO Carbon emission per capita as a
measure of air pollution and
environmental quality

World
Development
Indicator (2021)

FDI Foreign direct investment is
measured in million of US$

World
Development
Indicator (2021)

GSEXP Government social expenditure is
the combination of health and
education expenditure measured
in US$. This variable captures
health input

World
Development
Indicator (2021)

GDPPC Gross domestic product per capita
serves as an economic indicator
to gauge the economic well-
being of countries

World
Development
Indicator (2021)

FSR Female school enrollment is a
measure of female literacy

World
Development
Indicator (2021)
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In congruence with the foregoing argument, the estimate
also reveals an inverse relationship between FDI in health and
infant mortality in the SA region. The estimated coefficient is
such that for every 1% increase in FDI inflow into the health
sector, the IMR declines significantly by 0.709 deaths per
1000 live births at a 5% significance level. But, in SSA, a
direct relationship was observed between FDI and IMR. The
estimated coefficient of 0.5454 implies that FDI contributes to
the high rate of infant mortality in the region. Although FDI is
significantly attracted to the SSA than the SA region, its
misallocation, weak regulation, and a lack of environmental
impact assessment are fundamental reasons for its adverse
effects on infant mortality in SSA, an empirical finding
spectacle that agrees with Bugelli et al. [86].

Nevertheless, there exists a conflicting empirical disposition
on how government social expenditure influenced infant
mortality in SA and SSA. In SA, estimates revealed that the
1% significance level, government social expenditure
accentuates the infant mortality scourge in the SA region.
Conversely, the result for the SSA region indicated that
GSEXP ameliorates the scourge of infant mortality, but not
significantly. The evidence that government social expenditure
reduces infant mortality in SSA, but does not in SA is in
concord with the summary statistics which showed a higher
average of $53.88 million for SSA and $35.54 million for SA.
The estimates for SA did not in conformity with theoretical
expectations. Thus, government expenditure on the social
sector worsens infant mortality in SA. Although, in SSA, the a
priori expectation of a positive relationship was obtained, the
estimate was not statistically significant. Thus, in this region,
weak health infrastructure and poor human capital, slow
technological advancement [87], and corruption in public
expenditure are the essential reasons for government
expenditure to have had a strong positive and weak negative
impact on infant mortality in SSA and SSA, respectively.

Besides, income per capita has a significant negative
relationship with the IMR in both regions. The results implied
that the IMR is significantly addressed by rising income per
head. The result further shows that efforts toward curbing the
menace of infant mortality in these regions should strategically
focus on improving income per capita.

Finally, the maternal literacy rate proxy by female school
enrollment rate had a notable negative impact on infant
mortality in SA, but its impact on infant mortality in the SSA
region was not statistically significant. Despite the contentious
positions of our findings, what is obvious is that maternal
literacy has a significant impact on infant mortality in SA and
an insignificant effect on infant mortality in SSA. This shred of
empirical evidence is supported by the high rate (46% SA and
49% SSA) of maternal illiteracy in both regions investigated by
the study.

In addition, the model fitness is significantly high, with 99%
changes in IMR accounted for by variations in the exogenous
variables in the model for both regions. Key findings from the
study summarized that environmental, social, and economic
conditions are critical factors to be considered if the attainment
of the infant mortality target of the SDGs in SA and SSA
countries would be realized. In specific terms, in both regions,
exposure to a hostile environment is the most critical variable
with the highest impact size, and the pursuant of higher GDP
per capita is another panacea to the scourge of infant mortality
in these regions.
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4. Conclusion and Recommendations

The study examined the role of carbon emission in the
attainment of the SDGs infant mortality target in SA and SSA
countries between 1981 and 2019. The study is motivated by the
high rate of infant mortality in these regions, which requires
concerted efforts and policy direction to enable these regions to
achieve SDGs. The study concluded that carbon emission has a
positive effect on the IMR, while per capita income and female
literacy had negative impact on infant mortality.

The conclusion implies that carbon emission is the most critical
impediment to attaining SDG 3 target (25 IMR per 1000 in 2030) in
SA and SSA. Fortunately, an increment in per capita income would
be the strategic action to attain the infant mortality target in these
regions. The study further concludes that it is imperative to
promote maternal education by improving female school
enrollment rate and access to affordable quality education.

More so, the government in Sub-Saharan African regions
should not rely on public social expenditure as the panacea to
the menace of infant death. Rather than having the SDGs office
under the presidency for improved financing, the empirical
evidence suggests that bold economic policies that could amplify
per capita income, reduce environmental pollution, and
encourage female education are the way forward. Also, while the
South Asian economies could afford to rely on FDI inflows in
addition to the aforementioned strategies, unfortunately, SSA
countries should not depend so much on FDI to address the
menace of infant mortality, rather improved social spending that
is devoid of corruption and other systemic encumbrances would
be more productive in arresting infant mortality in the region.

Thus, to actualize the 2030 target, SDG 3 target on infant mortality
in SA and SSA, the study proposed the following policy pathways:

1) Based on the result of this study, it is imperative for South Asian
and Sub-Saharan African policymakers to not depend on public
spending on social sectors as the panacea to addressing the

scourge of infant mortality. Rather, the strategic action should
be a profound economic and political will to improve per
capita income by enhancing economic growth and
development that is mindful of carbon emissions.

2) Also, policymakers have to devise ways to encourage female
literacy, which requires accessibility, affordability, safety, and
quality of education. This would assist present and potential
mothers to play their roles in the war against infant mortality
in Africa and Asia at large.

Moreover, there exists evidence of pollution haven for SA and SSA
countries based on the observed effects of carbon emission and FDI
on infant mortality. Thus, policymakers in SSA economies are
encouraged to rely less on FDI in health sector financing and
strongly advised to implement pollution abatement policies and
environmental regulations in line with international treaties and best
practices.

Going forward, future studies could analyze the determinants of
infant mortality from the perspective of entire developing countries,
which would generate more robust empirical evidence to aid
generalization.
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Table 3
Correlation matrix in South Asia and Sub-Saharan Africa

Variable IFM GSEXP GDPPC FSR FDI CO

IFM 1.0000 −0.9910 −0.9965 0.2735 −0.8961 −0.1791
GSEXP −0.9501 1.0000 0.9896 −0.2431 0.8885 0.1808
GDPPC −0.9912 0.9799 1.0000 −0.2725 0.8993 0.1491
FSR −0.3597 0.2048 0.3012 1.0000 −0.4485 0.2435
FDI −0.9870 0.9694 0.9900 0.2525 1.0000 −0.0668
CO −0.9869 0.9688 0.9932 0.2926 0.9915 1.0000

Note: Yellow for Sub-Saharan Africa; green for South Asia; red for joint estimates

Table 4
Regression estimates of the determinants of infant mortality in South Asia and Sub-Saharan Africa

Dependent variable: infant mortality rate

Predictor South Asia (SA) Sub-Saharan Africa (SSA)

GSEXP 0.310690 (0.0004***) −0.183088 (0.1892)
GDPPC −0.009692 (0.0001***) −0.014638 (0.0001***)
FSR −0.790618 (0.0057***) −0.071704 (0.3310)
FDI −0.709201 (0.0494**) 0.545422 (0.6994)
CO 8.833562 (0.0000***) −13.35061 (0.1793)
C 110.9647 (0.0000***) 136.6645 (0.0000***)
R-squared 0.9967 0.9950
Adjusted R-squared 0.9955 0.9931
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