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Abstract
The core purpose of the study is to examine the asymmetric effect of foreign direct investment (FDI) and population health 
(measured by life expectancy index). The study takes time series data for 1980–2020. The non-linear autoregressive dis-
tributed lag (NARDL) bound testing to cointegration approach is applied to scrutinize an asymmetric association among 
foreign direct investment, government expenditures, trade openness, public debt, and population health. The study also used 
an asymmetric causality test to investigate the causal association between the measured variables. The findings affirm that 
cointegration exists between the variables in the occurrence of asymmetries. The asymmetric causality outcomes confirm 
that only positive changes in FDI have bidirectional causality to life expectancy while negative shocks have unidirectional 
that runs from FDI to life expectancy. The government expenditure and foreign direct investment also provided evidence 
of social sector health welfare in Pakistan. The output shows that increasing government expenditure can cause an increase 
in life expectancy while decreasing government expenditure can cause a decrease in life expectancy. The study found that 
investment in health care medical services is paramount to better results as far as government assistance (welfare) gains. The 
outcomes of the study have given numerous policy suggestions to boost life expectancy in the general public of Pakistan.

Keywords Foreign direct investment (FDI) · Population health · Non-linear autoregressive distributed lag (NARDL)

Introduction

The part of foreign direct investment in monetary and human 
improvement has been scrutinized in an assortment of set-
tings going over development and innovation or technology 
move to income discrimination and environmental and eco-
logical pollution. “Health by means of an essential portion of 
development” (Chudnovsky, & Lopez, 1999; Worster, 1993; 
UNDP, 2018). As per these features can interrupt access to 
health care, predominantly in lower middle-income coun-
tries wherever collaboration to care is powerfully reliant on 
ability to pay, it may be the case that FDI is constructively 

accompanying through population health (Verma, 2021; 
Burns et al., 2017; Alsan et al., 2006). Moreover, foreign 
direct investment can provide financial assistance to increase 
health environment in the host countries but foreign organi-
zations do not individually compensate healthier incomes 
than the native businesses resulting in providing their labors 
with better public facilities and safe workspaces (Burns 
et al., 2017; Nagel et al. 2015; Herzer & Nunnenkamp, 
2012). When there is a non-linear effect of foreign direct 
investment with health population, FDI remains connected 
by negligible life expectancy used for a smaller sample of 
advanced host nations (Herzer & Nunnenkamp, 2012).

As these components could impact of medical care 
administrations or services, especially in low and middle-
income country wherever collaboration to mind is seriously 
dependent upon ability to pay, it may be the paradigm that 
FDI is accommodatingly associated with population health. 
However, foreign direct investment possibly will help with 
increment health infirmities in the host nations but foreign 
associations not simply paid better wages than the nearby 
firms yet furthermore outfitted their representatives with bet-
ter amicable social offices and safe workplaces (Herzer & 
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Nunnenkamp, 2012; Azemar, & Desbordes, 2009). In their 
study, Herzer and Nunnenkamp (2012) and Nagel et al. 
(2015) exhibited the non-linear influence of foreign direct 
investment and health.

FDI is connected with more terrible life expectancy for 
a little illustration of 14 profoundly created (progressed) 
nations (Herzer & Nunnenkamp, 2012). In particular, we 
anticipate that FDI should have more constructive outcomes 
on health in developing nations, contrasting the adverse con-
sequences in the profoundly progressed nations (Benach 
et al., 2007 and Giammanco, & Gitto, 2019). In the study 
of Immurana (2020), he confirmed that the health-debili-
tating impacts of foreign direct investment are more than 
equipoise slightly population health as well as intensifying 
impacts of FDI fluctuating greatest in relations of normal 
employee wages. Moreover, in the previous literature, the 
mostly ignored area of the study is a non-linear/asymmetric 
impact of FDI on population health. To the best of the crea-
tor’s information, there are lacking/inadequate investigations 
which try to empirically evaluate the non-linear effect of FDI 
on health in setting of Pakistan.

Health sector issues in Pakistan

From the period of independence, the Pakistan’s health sec-
tor has ignored. The area of health shows vital position in 
the social welfare along with amassing efficiency of labor 
force, diminishing the poverty (Economy Survey of Paki-
stan, 2019–2020). Investment in health sector is observed 
as a fundamental part of the régime’s poverty mitigation. 
Here, it has perceptible development in various factors in 
health sector; however, Pakistan ranks weakly preceding 
this description. Generally, in Pakistan, the life expectancy 
index persists smaller than several in his aristocrat group, 
whereas mortality rates of newborn are maximum (Has-
san et al., 2017; Economic Survey of Pakistan, 2018–2019; 
UNDP, 2017).

The health sector in Pakistan is effectual. The health care 
has faced several disadvantages, low quality and inefficiency 
in health structure, deficiency to scrutinizing the policy of 
health area, planning, shortage of skilled employees, and 
corruption in health system (Abdullah et al., 2014; Kurji 
et al., 2016; Hassan et al., 2017; Khalid, & Abbasi, 2018). 
Moreover, there is a great deal of debasement in medical 
care framework because of bureaucrat force of individuals 
associated with strategy making. Subsequently, people do 
not have comparable way to deal with clinical considera-
tion administrations and medical service assets or resources 
are not similarly disseminated (Ejaz et  al., 2011; Kurji 
et al., 2016). Therefore, in Pakistan, the health sector has 
a worsening situation during the earlier 50 years due to the 
abovementioned limitations. One generous macroeconomic 

factor of health may be foreign direct investment, and is 
extensively perceived to help development and improve-
ment and extensions in remuneration and overall chipped 
away at working conditions in low-income and focus-income 
nations (Blouin et al., 2009; Giammanco, & Gitto, 2019; 
Gökmenoğlu et al., 2018).

Since the most recent few years, the circumstance in 
health area and correlated factors in Pakistan has revealed a 
different pattern. In Pakistan, the life expectancy proportion 
is exceptionally low, with a more critical degree of mortality 
as well. At birth, the life expectancy has verified from 55 to 
65 years which is astoundingly low when appeared differ-
ently in relation to other created and creating economies in 
predominant world. Moreover, the proportion of mortality 
rate under five is in scope of 78–112 since the last many 
years. This figure clarifies that expressed rate of 77.5 exists 
extremely above average, moderately to the established 
United Nations International Children’s Emergency Fund 
before finish of 2017 which stands 25 demises for each 1000 
(UNCEF, 2019).

Pakistan is challenging the mortality rate which is mul-
tiple points upper than another region like South Asia. The 
condition of newborn child mortality in Pakistan is not good. 
Since 2001 to 2017, infant mortality rate (IMR) has addi-
tionally knowledgeable rate of about 64.9 in 2017 which 
is still at sketchy position. In other adjacent nations simi-
larly Maldives, Bangladesh, India, Bhutan, Nepal, and Sri 
Lanka, this percentage is registered as per 9, 33, 41, 30, 32, 
and 8 respectively (Statista, 2018). So as contrast with these 
nations, in South Asian region, Pakistan is as yet facing a 
most elevated ratio of IMR.

Furthermore, Pakistan is facing health problems like 
weight of tuberculosis, and endemic polio, the event of neo-
natal, lack of healthy sustenance (malnutrition), diarrhea, 
and intense respiratory disease. Moreover, according to the 
discoveries of the United Nations International Children’s 
Emergency Fund, in Pakistan, under 5 years, 45% of the 
kids are out of hindered, which occurs as the 3rd highest 
percentage in the world (United Nations Children’s Fund, 
2018). It is additionally described that the problem about 
taking care of kids is as yet a continuous issue as just 39% 
of kids are breastfed which is absolute at the first 6th months 
of childbirth. However, younger than five, 54% of the kids 
are confronting the lack in vitamin A (UNICEF, 2018). 
Moreover, just 55% of the kids are gaining vaccinations 
for the period of 11–22 months, whereas 88 obtainable of 
1000 are conceived alive and die prior to arriving at 5th year 
birth. Practically, the HIV-positive patients have 26.9% of 
the total populace in which they utilize the medications and 
their other family members such as spouse and children face 
high risk (United Nations Children's Fund, 2018).

Drinking water survive a lot of critical in health out-
comes. Pakistan faced endless health problems which 
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provide evidence in most recent times because arsenic drink-
ing explicitly affected a highly populated area of Punjab and 
other different areas (Daud et al., 2017; Khan et al., 2017; 
Bhowmik et al., 2015; Azizullah et al., 2011). In Pakistan, 
80% of the people used polluted toxic drinking water, while 
only 20% of the population have used pure water (Daud 
et al., 2017).

Moreover, drugs and clinical gear stand non-replenished 
on an ordinary base (Pakistan Bureau of Statistics, 2019). 
The explanation follows that amount of unskillfulness clini-
cal specialists is exercised with no conventional permit or 
degrees. The issue of ladies has an exceptionally low admit-
tance to medical service facilities and primarily they rely 
upon their men. Culture and tradition factor does not allow 
women to move alone without the consent of their men.

The situation is likewise tracked down that in popular 
various rural regions, 43% of the clinical exhibits that there 
is no female clinical consultant, even though repose of the 
focuses has just a single female specialist doctor. Top to 
bottom examination of tehsil central quarters clarifies the 
way that out of 279 absolute emergency clinics, 205 are with 
no clinical expert, particularly a gynecologist (DHS, 2019).

Even though the health-associated issues are focusing 
on the general economy, a few endeavors have been built 
in government supervision. The issue is a typical wonder 
that government or administration authority is clearly liable 
to giving health services. In Pakistan, the medical service 
offices are extending with the progression of time, though 
the speed is moderate. As of now, there are 1165 public 
emergency clinics and care focuses, 5695 health units as dis-
pensaries with 5459, and 729 mother and child care focuses 
having clinical experts as specialists’ doctors, drug spe-
cialists, and nurses (PBS, 2019). Before the finish of 2016, 
according to the findings of PBS, one specialist doctor for 
every 1039 people, one bed for each 1614 patients, and one 
dental specialist for every 11,512 people are obviously giv-
ing the proof that health area is suffering from the low-level 
services and facilities in Pakistan which is a prerequisite 
genuine consideration from the régime. In particular, the 
administration is consuming just 0.69% of GDP-arranged 
medical care which is extremely small when contrasted with 
the WHO suggestion of 5%. It is affirmed that right around 
71% population relies on private sector however, receiving 
the medical health care facilities among just 22% depend-
ing upon public administrations. They suggest that medical 
care of 62% people is being met through private financing. 
Families are compelled to utilize the preserve assets to reim-
bursement for medical care. These are supposed cash-based 
uses. Furthermore, the private offices identified with health 
care are generally given in metropolitan regions and con-
sequently making a gap in administrations in the individu-
als who are inhabiting in available rural regions (Pakistan 
Bureau of Statistics 2017).

Specifically in South Asia, foreign direct investment has 
a crucial role in the development and population health out-
comes but then inconsistency in findings affirms that there is 
still a gap needed to be filled. Due to the significance of FDI 
in the context of population health, a conventional litera-
ture on this area is available. These studies focus on asym-
metric effect of public debt, trade openness, foreign direct 
investment, and government expenditure on health popula-
tion. Results show the mixed picture in different developing 
countries. To fill this gap, it is inevitable to check non-linear 
effect of FDI, government expenditure, and health from the 
evidence of Pakistan.

Foreign direct investment and population 
health (a review)

The present part is dealing with the review of literature, 
the effect of the foreign direct investment on the health for 
the social sector. In addition, various studies which include 
foreign direct investment and public investment (govern-
ment expenditures) as a major explanatory variable have also 
been considered. While this writing “appears to have arrived 
behind schedule of steam,” the impacts of FDI on signifi-
cant dimensions of the quality of life, for example, health 
situations are among the wide exhibit of neglected issues 
(Nagel et al., 2015; Blonigen & O'fallon, 2011). The connec-
tion among FDI and health is tended to by posting a sound 
labor force among the factors of area decisions in foreign 
stockholders (Hassan et al., 2017; Azemar & Desbordes, 
2009; Alsan et al. 2006). Olayiwola et al. (2019) explored 
the relationship between the human capital, FDI, and health 
population. The study showed a panel random impact of the 
Economic Community of West African States from 1980 to 
2018. The findings proposed that FDI have insignificant and 
positive effect with population health.

Beşe and Kalaycith (2021) investigated the non-lin-
ear relations between foreign direct investment and trade 
openness on the life expectancy used for the time span 
1974–2017. In the long run, non-linear ARDL model is 
also used to analyze the non-linear relationships between the 
variables. The outcomes of asymmetric causality affirmed 
that FDI and trade openness to life expectancy are running 
the unidirectional causality. The findings of this study also 
confirmed that long run positively and significantly and 
association exist between foreign direct investment and life 
expectancy in Turkey.

There are a couple of studies accessible that analyze the 
influence of foreign direct investment and public popula-
tion health and human development (Rodrik et al., 2004; 
Kaulihowa, & Adjasi, 2019) is one of the prior investiga-
tions which asserted that FDI expands business openings and 
further develops working conditions that decidedly influence 
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life expectancy of workers. In their study, Kaulihowa and 
Adjasi (2018) investigated the non-linear effect of FDI on 
welfare. The study employed a panel of the twenty Afri-
can states from the span 2000–2013. Applying the panel 
data analysis, cross‐sectional dependency and heterogeneity 
were applied. The outcomes of the study revealed that for-
eign direct investment had improved welfare, the non-linear 
impact on welfare. In the multifactor factor, the rise in the 
non-linear effect is lower than the linear part. Furthermore, 
the findings confirmed that foreign direct investment is even-
tually welfare amplifying; on the other hand, a nonmonetary 
factor is applied.

Nagel et al. (2015) analyzed the asymmetric impact of 
foreign direct investment on life expectancy such as health 
population, applying a panel of 179 countries over the time 
span of 1980–2011. The core findings of the study indicated 
that the non-linear associations exist between FDI and health 
which also depend upon income: the positive change in FDI 
on health with low income, but the impact decline with rise 
level of income, so this fluctuation converts gradually nega-
tive sign with larger income. Outreville (2007) analyzed the 
effect of foreign direct investment and health over amplifica-
tion of health care sectors in developing economics.

Theoretically, it will in general be contended that there 
are different networks by which FDI might impact health. 
In any case, there is a wide extent of writing (Borensztein 
et al., 1998; Yanikkaya, 2003) which contends that public 
investment, foreign direct investment, and trade openness 
have boosted up growth. If FDI, government investment, 
and trade openness have positively identified on economic 
growth, the issue will be significantly aimed at life expec-
tancy as higher pay helps with bearing the expense of better 
food and sustenance, clinical medical service therapy, and 
interest in better living and working conditions that essen-
tially upgrade. Thus, there is a non-linear effect of FDI 
and public private investment on life expectancy index and 
human development index (Beşe & Kalayci, 2021; Kauli-
howa, & Adjasi, 2019). The concentrate is the innovation 
and technology transmission move. Numerous previous 
studies (Papageorgiou et al., 2007; Ciruelos & Wang, 2005; 
Xu & Wang, 2000) have found that the FDI and trade open-
ness are the method for innovation or technology diffusion, 
overall health.

Moreover, the foreign direct investment raises income 
and expansion in pay prompts an increment in consump-
tions (both local and public) on products that further develop 
populace health, like food, clean water and disinfection, 
and clinical consideration; then, at that point, a rise in FDI 
ought to further develop health population. The develop-
ment improving impacts of FDI is robust in lesser than more 
extravagant countries (Smarzynska Javorcik (2004) and 
Blonigen & Wang (2004)). Yet, an expanding portion of 
income is frequently spent on medical care and quality food 

sources (like meat, vegetables, lean, fish, natural products, 
and bananas) as pay rises, the well-being capacity does not 
really have decreasing returns (Zarsky, 1999; Herzer & Nun-
nenkamp, 2012). The study explicitly performs that “medi-
cal services is conceivably a prevalent decent (Waldmann, 
1992; X. Xu & Sylwester, 2016; Papageorgiou et al., 2007).”

The substantial assortment of research is the effect of 
environmental pollution with health outcomes. The elec-
tive interpretation stands that foreign direct investment 
increases environmental expectations (determined in inno-
vative enhancements) and makes the purported contamina-
tion aureole impact of exchange harmless to the ecosystem 
innovation and skill overseas (Haibo et al., 2019; Liu et al., 
2018; Zarsky, 1999). The presumption behind this view is 
that in developed countries, FDI is intrinsically cleanser than 
local firm. As needs be, a more elevated FDI can prompt 
longer government/public investment on health outcomes. 
The public administration facilities expand to good health. 
The expression of (Rodrik, 1998) “public spending is uti-
lized social protection in contradiction of outside hazard.”

Also, foreign direct investment has further developed 
health population results as even or market looking for 
health area FDI construct supplementary clinical goods 
and services (medical tool and pharmaceuticals) accessi-
ble on minor costs than previously (Idrees, & Bakar, 2019a, 
2019b). Despite the fact that the incidence of international 
businesses delivering strength elevating items can add to bet-
ter health, foreign direct investment can harm health if FDI 
is in areas producing health-harming items like unhealthy 
foods, tobacco, and alcohol.

It is additionally examined that FDI is an inspirational 
factor to advance monetary development, working on occu-
pied ailment in local market, giving improved incomes in 
low-income countries. These indicators can impact the 
admittance of medical care measures, and in all the extra 
explicitly center pay nations somewhere, medical care 
is absolutely relying on compensable limits of the peo-
ple. Under such circumstance, local firms will give better 
friendly and medical facilities to workers (Lai & Sarkar, 
2017; X. Xu & Sylwester, 2016; Moran, 2005; Feenstra & 
Hanson, 1997a, 1997b).

Alsan et al. (2006) used methodological implication of 
fixed effect, endogeneity, and correlation. The study affirmed 
that foreign direct investment is helpful to the health indica-
tor like life expectancy. The outcomes of the study demon-
strated significant and positive influence of FDI on over-
all health (age mortality); however, no relationship exists 
in child mortality. Stevens et al. (2013) have analyzed the 
nexus of the trade openness’s and health outcomes. The 
study used panel data from the time span 1970 to 2005. The 
findings revealed that trade openness has positive effect of 
infant mortality (IM) rate in under-one and the under-five 
infant mortality rate. Stevens et al. (2013) and Owen and 
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Wu (2007) affirmed that the non-linear relationship exists 
between trade openness’s and health outcomes. Qadir and 
Majeed (2018) examined the effect of trade openness and 
life expectancy from spanning period 1975 to 2016. The 
findings exhibited that openness has a negative association 
among life expectancy and openness of trade in Pakistan. 
Alsan et al. (2006) affirmed a positive relation between the 
foreign direct investment and life expectancy index.

Data and methodology

This section is explaining data and methodology. The expla-
nation that we have picked to examine Pakistan, just as its 
significant investment and health factors, will likewise be 
introduced in the information data section.

Data and variables

Pakistan is scrutinized as a fascinating contextual investiga-
tion as the nation state has appreciated critical advancement 
in accomplishing life expectancy. As per the World Bank 
(2020), the life expectancy partakes enhanced altogether 
over 52 years in 1973 and to 66 years in 2020. Moreover, 
enduring different local and global conflicts, huge political 
insecurity, and ascent of various radical troops, Pakistan has 
figured out how to get a lot of FDI of 1309 million US$ in 
2019 which is multiple stages of further 1972. The ideas 
inspire to investigate the effect of foreign direct investment 
on life expectancy in Pakistan. The World Development 
Indicators (2020) have collected the data on FDI (in % of 
GDP), public debt (in % of GDP), government/public expen-
ditures on health (in % of gross domestic product), and trade 
openness. Various proxies of population health are utilized 
by different economists, as shown in our previous studies 
above. Population health can be measured by life expectancy 
index, used by the UNDP to measure the population health.

The non‑linear ARDL approach

In the literature, the relationship between foreign direct 
investment and population health has been examined using 
several time series techniques, such as cointegration, error 
correction modeling, and Granger causality. The foremost 
weaknesses of these methods contain the postulates of 
asymmetric association between variables and the linear-
ity, and the time-varying independence behavior. Innovative 
examination in this arena has involved higher magnitude 
of non-linear and asymmetric association among the vari-
ables. Several connections among macroeconomic factors 
will in general follow a non-linear way instead of the more 
normal linear assumptions. The speed at which macroeco-
nomic factors interchange the descending way is frequently 

not equivalent to that of the upward side, consequently pro-
posing non-linear conduct. Thus, the data content installed 
in linear relationships might be improper in making solid 
inference (Shin et al., 2014). Subsequently, we decide to 
utilize the non-linear ARDL bound test to cointegration 
approach produced through (Shin et al., 2014). Also, dis-
similar to the model’s error correction somewhere, the order 
of integration is measured, time series ought to be some-
thing similar, and the non-linear ARDL paradigm loosens 
up this limitation and takes into consideration a blend of 
various incorporation instructions. The adaptability has a 
vital role, as per displayed by Hoang et al. (2016). Lastly, 
the technique likewise tackles the multicollinearity issue by 
picking the suitable slack order factors. The asymmetric/
non-linear autoregressive distributed lags technique sug-
gested in Shin et al. (2014) addresses the error correction 
term (ECT) asymmetric as observed:

In Eq.  (1),  �i symbolizes the long-term coefficients, 
although �i designates the short-term coefficients through 
i = 1..… .k. They evoke that a short-term result is proposed 
to evaluate the direct effects of exogenic variable fluctua-
tions to the predict variable. By difference, a long-term study 
is developed to estimate the response of time with rapid-
ity adjustment regarding a symmetry level. The study also 
employs the Wald test to establish the long-term asymmetry 
�= �+ = �− and short-term asymmetry � = �+ = �− . Akaike 
information criterion (AIC) has determined optimal lags P 
(response variable (LEI)) and q which are represented by 
measured variables (FDI, DEBT, GOV, and TOPN).

Decomposition of the explanatory variables in negative 
and positive changes of partial sums for rises and declines 
is as follows:

with xt representing FDI, DEBT, GOV, and TOPN.
To assess the occurrence of an asymmetric long-run coin-

tegration, Shin et al. (2014) represent the bounds cointegra-
tion, and it is a joint trial of the multitude of lagged levels 
of regressand. They utilized the t-statistic and the F-statistic 
test (Banerjee et al. (1998) and Pesaran et al. (2001)). The 
t-statistic tests the null hypothesis  � = 0 beside the alterna-
tive hypothesis 𝜃 < 0 . The F-statistic tests the null hypoth-
esis �k = �+ = �− = 0 . Therefore, the null hypothesis is 

(1)

ΔLEIt = �
0
+ �

1
LEIt−1 + �

2
FDI+

t−1
+ �

3
FDI−

t−1
+ �

4
DEBT+

t−1
+ �

5
DEBT−

t−1

+ �
6
GOV+

t−1
+ �

7
GOV−

t−1
+ �

8
TOPN+

t−1
+ �

9
TOPN−

t−1
+

P
∑

k=1

�kΔLEIt−k

+

q
∑

k=1

�kΔFDI
+

t−k
+

q
∑

k=1

�kΔFDI
−

t−k
+

q
∑

k=1

�kΔDEBT
+

t−k
+

q
∑

k=1

�kΔDEBT
−

t−k

+

q
∑

k=1

�kΔGOV
+

t−k
+

q
∑

k=1

�kΔGOV
−

t−k
+

q
∑

k=1

�kΔTOPN
+

t−k
+

q
∑

k=1

�kΔTOPN
−

t−k
+�t …

(2)x+
t
=

t
∑

j=1

Δx+
j
=

t
∑

j=1

min(Δxj, 0), x
−

t
=

t
∑

j=1

Δx−
j
=

t
∑

j=1

max(Δxj, 0)
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rejected; then, no cointegration exists in the long run among 
the variables.

Finally, in step 4, we use the asymmetric ARDL model 
(1) to develop the asymmetric cumulative dynamic multi-
plier impacts of a unit change in x+

t
 , x−

t
 respectively, onxt:

Note that as h → ∞, then m+

h
→�+ and m−

h
→�−, where �+ 

and �− are the asymmetric long-run coefficients calculated 
as �+ = −�

+

�
 and �− = −�

−

�
 respectively.

Test of asymmetric causality

To examine the asymmetric/non-linear associations among 
the dependent and explanatory variables, this study claims 
the non-linear causality approach suggested by Hatemi-
J (2012). The study investigates the asymmetric causal 
relationship among the estimated integrated variables; for 
instance, Z1t and Z2t variables can be expressed as following 
the arbitrary method as:

where Z10 and Z2o coexist the constants, and �1i and �1i are 
the error terms that must be white noise. Both the positive 
and negative shocks can be written as �+

1t
= max (�1i, 0) and 

�+
2t
= max (�2i, 0) , �−1t = min (�1i, 0) and �−

2t
= min (�2i, 0) . 

Therefore, the residuals derived will be the sum of positive 
and negative shocks as �1i=�+1t + �−

1t
 and �1i=�+1t + �−

1t
 . After 

decomposing into positive and negative shocks, then Z1t and 
Z2t can be written as

Finally, both the positive and negative shocks of each 
variable can be written as.

Z+

1t=

∑t

i=1
�+
1i

 and Z−
1t=

∑t

i=1
�−
1i

 , and  Z+

2t=

∑t

i=1
�+
2i

 and 
Z−
2t=

∑t

i=1
�−
2i

.
After identifying the negative and positive changes in 

separate variables, the next step is to estimate the causal 
relationship between the positive cumulative shocks 

(3)
m+

h
=
∑P

j=0

�xt−j

�x+
t

m−
h
=
∑P

j=0

�xt−j

�x−
t

, h = 0, 1, 2, 3, 4…… ..
,

(4)Z1t = Z1t − 1�1t = Z10 +

t
∑

i=1

�1t …

(5)Z2t = Z2t − 1�1t = Z20 +

t
∑

i=1

�2t … .

(6)Z1t = Z1t − 1�1t = Z10 +

t
∑

i=1

�+
1i
+

t
∑

i=1

�−
1i
… .

(7)Z2t = Z2t − 1�1t = Z20 +

t
∑

i=1

�+
2i
+

t
∑

i=1

�−
2i
… .

and negative cumulative shocks. Let us assume that 
�+
t
= �+

1
+ �+

2
 ; in order to analyze the causality among the 

variables, the resulting VAR (vector autoregressive) tech-
nique to order q can be written as:

where Z+
t
 is the 2 × 1 vector of variables, while v is the 2 × 1 

vector of intercepts, and �+ is the vector of residual term.

Conclusions and explanations

The research of study initially introduces descriptive 
analysis and outcomes of the unit root (ADF, PP, and 
Zivot and Andrews) test. In this subsequent subcat-
egory, firstly, the study investigates the findings of the 
asymmetric/non-linear ARDL cointegration approach 
(Shin et al. 2014). Secondly, the study also examines 
the asymmetric causality technique, which is developed 
by Hatemi-J (2012).

Descriptive statistics and correction

Tables  1 and 2 present the findings of the descrip-
tive statistics and correlations. The mean of the GOV 
and LEI are lesser than FDI, DEBT, and TOPN. The 
Jarque–Bera test provides evidence of data normality 
since the probability magnitudes of all considered vari-
ables are greater than 1% level of significance (0.822, 
0.567, 0.816, 0.115, and 0.338 > 0.01) for standard per-
formance, LEI, FDI, DEBT GOV, and TOPN respectively 
from Table 1, and the standard deviations are highest 
for FDI and the lowest to TOPN and LEI indicating the 
magnitude differed from the mean value. This charac-
teristic of the series shows that the inevitability depends 
on asymmetric procedures.

(8)Z+

t
= v + S1Z

+

t−1
+… . + SqZ

+

t−q
+ �+ …

Table 1  Descriptive statistics and pair-wise correlations

Source: author’s calculations

LEI FDI DEBT GOV TOPN

Mean 0.449 20.099 10.371 0.406 3.507
Median 0.428 20.094 10.325 0.307 3.522
Maximum 0.332 22.444 11.943 0.223 3.661
Minimum 0.773 17.198 8.694 1.469 3.231
Std. dev 0.103 1.354 0.861 0.351 0.102
Skewness 1.451 2.179 0.012 0.961 0.962
Kurtosis 4.859 2.234 2.494 4.394 3.753
Jarque–Bera 18.805 1.134 0.405 8.917 6.771
Probability 0.822 0.567 0.816 0.115 0.338

23876 Environmental Science and Pollution Research (2022) 29:23871–23886

RETRACTED A
RTIC

LE



1 3

In the pair-wise correlation, there exists positive correla-
tion between foreign direct investment (FDI) and life expec-
tancy (LEI). Government expenditure (GOV) is positively 
correlated with LEI. A positive correlation is also found 
between DEBT and LEI. Moreover, the highest value in this 
correlation matrix is 0.890 which shows that FDI and LEI 
are highly correlated.

The subsequent phase is to be located to analyze the 
factors of stationarity properties, which confirm that 
no one is incorporated in the second order I (2). These 
criteria should achieve in light of the fact that the non-
linear ARDL approach of Shin et al. (2014) comprises 
that the factors be coordinated at level I (0) or first order 
I (1) to analyze the cointegration which occurs among the 
dynamics. In support of this reason, the study employed 
augmented Dickey-Fuller (1979), Zivot and Andrews 
(1992), and Phillips-Perron (PP, 1988) unit root tests. 
The consequences of ADF and Phillips-Perron tests are 
displayed in Table 3. It was found that all the variables 
(LEI, DEBT, GOV, and TOPN) except FDI are found to 
be non-stationary on (intercept + trend) level. But this 
stationary developed by taking the first difference. The 
tests of PP and Zivot and Andrews make equivalent prag-
matic suggestion.

Perron (1990) noticed that the stationary test for unit 
root issue of series possibly will cause underlying devia-
tions, and investigators ought to recall that conventional 
unit root tests may give one-sided (biased) observational 
outcomes. The testaments of unit root might acknowledge 

a false null hypothesis by expressing those cycles as sta-
tionary; however, the structural break can happen. The 
capability of bias increases the problem of fostering unit 
root analysis and structural breaks toward accomplished 
solid exact outcomes. Moreover, Kim and Perron (2009) 
claimed that conventional tests of unit root give question-
able outcomes because low instructive force and help-
less magnitude circulation, in place of primary breaks 
occurring, are dealt with asymmetrically non-individual 
null hypothesis, nevertheless similarly accessible alter-
native assumption. This gap is addressed through using 
unit root practice which includes a single unidentified 
structural break (Zivot & Andrews, 1992). Moreover, this 
experiment obliges a primary break point in the example 
work with an obscure date in both the null and alterna-
tive hypotheses. The test outcomes are demonstrated in 
Table 4.

The results confirmed that none of the variable is not 
stationary at second order 1 (2). From now, the study estab-
lished non-linear bound test to cointegration approach.

Cointegration results

This section of study is aimed to examine the long-run 
asymmetrical relationship between life expectancy index, 
LEI, and positive and negative shocks of explanatory vari-
ables FDI, DEBT, GOV, and TOPN. A detailed description 
of analysis and the major findings are what will follow in 
subsequent sections.

Table 2  Pair-wise unconditional 
correlations

Note: * and ** show the level of significance at 1% and 5% respectively

LEI FDI DEBT GOV TOPN

LEI 1.00
FDI 0.890** 1.00
DEBT 0.862** 0.852** 1.00
GOV 0.527**  − 0.577**  − 0.661** 1.00
TOPN  − 0.376**  − 0.315*  − 0.539** 0.479* 1.00

Table 3  Augmented Dickey 
Fuller (ADF) and Phillips-
Perron (PP) test for unit root

Note: The augmented Dickey Fuller (ADF) and Philip Peron (PP) unit root tests have been performed with 
intercept and intercept and trend first at the level and then at first difference
The lag length was selected using the SBIC which is shown in the parentheses
* and ** represent the significance at 1% and 5% respectively

Variables Unit root at level I (0) Unit root at first difference I (1)

ADF PP ADF PP

LEI  − 1.433 (0.83)  − 1.055 (0.72)  − 8.597 (0.00)*  − 14.063 (0.00)*
FDI  − 4.990 (0.02)**  − 4.131 (0.01)**  − 4.966 (0.00)  − 4.981 (0.00)
DEBT  − 0.613 (0.97)  − 0.041 (0.99)  − 4.399 (0.00)*  − 6.568 (0.00)*
GOV  − 4.438 (0.15)  − 2.221 (0.29)  − 5.165 (0.00)*  − 7.347 (0.01)**
TOPN  − 2.448 (0.35)  − 2.551 (0.30)  − 7.735 (0.00)*  − 7.846 (0.00)*

23877Environmental Science and Pollution Research (2022) 29:23871–23886

RETRACTED A
RTIC

LE



1 3

Bound test of linear and non‑linear cointegration: life 
expectancy index

The results of linear and non-linear cointegration based on 
bound testing cointegration approach are demonstrated in 
Table 5. The outcomes of model have F-test values for sym-
metric and asymmetric cointegration.

For symmetric cointegration (linear ARDL), the calcu-
lated F-statistics value (2.734) is less than the lower bound 
value 3.41 at 1% level of significance. However, the F-test 
value for the asymmetric cointegration exceeds the upper 
bound value (9.397) that confirm presence of non-linear 
cointegration/hidden cointegration among the life expec-
tancy index and explanatory variables of FDI, DEBT, GOV, 
and TOPN. The presence of cointegration among the pur-
posed variables motivates to move forward for the short-term 
and long-term association among dependent and explanatory 
variables for this model.

Dynamic non‑linear estimation of model, life expectancy 
index

First, we check some of the diagnostic dimension’s simi-
lar Ramsey’s reset, heteroscedasticity, normality, and serial 
correlation for analyzing the appropriateness of dynamical 
specifications. As presented in Table 6, anticipated models 
of life expectancy index developed such tests for the rea-
son that heteroscedasticity, functional form, lagged corre-
lation or serial correlation, and not-normality continue to 

exist absent with 5% significance. The R2 value is about 
0.871, which shows high power of independent variables in 
explaining the changes of the dependent variable and value 
of F-statistics indicating the better fit exhibited by the esti-
mated model. Thus, the study can move forward to discuss 
short-run asymmetric dynamics as presented in Table 6. 
Regarding the short-run equation of the life expectancy 
index, the speed of adjustment shown by the coefficient of 
LEI (− 1) happens negative and significant emphasizing the 
persistence of long-run association among regressand and 
regressor variables for this model.

The short-run results of this model provide evidence for 
the presence of asymmetry as well. The positive signs of 
coefficients of positive and negative shocks of FDI and GOV 
are found to have positive and significant impact on life 
expectancy index of Pakistan. A positive change in DEBT 
has positive influence on life expectancy index while the 
negative change in DEBT has a negative impact with life 
expectancy index, and negative and positive changes of 
DEBT are statistically significant. The coefficients of TOPN 
which have positive and negative changes are negatively cor-
related to life expectancy index of Pakistan.

From the estimated results in Table 6, the long-run equa-
tion for this model is calculated from the cointegration equa-
tion and demonstrated in Table 7.

The asymmetric long-run findings confirmed that for-
eign direct investment and government expenditures on 
health have the long-run asymmetric relationship with life 
expectancy index of Pakistan at 5% level of significance. It 

Table 4  Zivot and Andrews 
(1992) test for unit root

Note: * and ** refer to significance level at 1% and 5%, respectively

Variables Unit root at level I (0) Unit root at first difference I (1)

t-statistics Year of break t-statistics Year of break

LEI  − 2.323 (0.30) 2012  − 17.59 (0.00) * 1996
FDI  − 4.330 (0.01) ** 2003  − 6.640 (0.00) 2009
DEBT  − 2.033 (0.97) 2006  − 5.186 (0.07) ** 2000
GOV  − 3.114 (0.12) 2008  − 6.679 (0.04) ** 2004
TOPN  − 3.391 (0.22) 1998  − 8.492 (0.00) * 2001

Table 5  Bound test for linear 
and non-linear cointegration

Note: The critical values from Pesaran et  al. (2001). * and ** signify that at 1% and 5% significance 
level of the critical bound values, the F-statistics is greater than the upper bound values which confirms 
the presence of a strong cointegration relationship. The null hypothesis of asymmetric cointegration is 
� = �+ = �− = 0

Model. LEI Critical value bounds

Test statistic F-Stat Sig. level Lower bound 
at 5%

Upper bound 
at 5%

Decision

Linear ARDL 2.734 1% 3.15 4.43 Inconclusive
Asymmetric ARDL 9.397 5% 2.45 3.61 Cointegration exists

10% 2.12 3.23
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is clear from the results that 1% increase in foreign direct 
investment leads to increase in life expectancy index by 
0.064% in the long run. However, the study also finds 
direct relationship between negative change in foreign 
direct investment and life expectancy index. It means 1% 
decrease in foreign direct investment leads to decrease life 

expectancy index by 0.249% in the long run. These results 
are supported by the previous research by Idrees and Bakar 
(2019a, 2019b); Gökmenoğlu et al. (2018); Burns et al. 
(2017); Alam, Shahbaz, and Abbas (2016);  and Reiter 
and Steensma (2010). As numerous previous studies (for 
example Ciruelos & Wang, 2005 and Xu & Wang, 2000) 
have affirmed FDI, the method for innovation, technol-
ogy diffusion, and general health can be worked over the 
amplified contact toward innovative technologies for phar-
maceuticals, medical treatment, and water sanitation.

In the long run, also for GOV, positive and negative 
shocks are positively and significantly linked to life expec-
tancy index. These results are supported by the previous 
studies (Kim & Lane, 2013; Fadilah et al., 2018; Ahmad, 
& Hasan, 2016; van den Heuvel, & Olaroiu, 2017; Railaitė, 
& Čiutienė, 2020). For TOPN, both positive and negative 
shocks are negatively related to life expectancy index in 
the long run but positive component of TOPN is significant 
while a negative component is insignificant. There are some 
assessments which reason that the rise of trade openness 
has negative effect on public health outcomes. The open 
economy may endure the quicker spread of contagious infec-
tions, for example, H5N1 and HIV avian flu infection with 
the genuine danger to populace health (McInnes and Lee, 
2012; Kawachi et al., 2006; Kimball, 2016). Trade openness 
and health can be likewise be negatively related through 
the impact of income inequality (Bergh & Nilsson, 2008; 
Farooq et al., 2019; Dreher & Gaston, 2008; McInnes and 
Lee, 2012). For DEBT, positive and negative shocks have 
found to be negative impact on life expectancy index, but 
both positive and negative changes of DEBT are significant. 
That is to say that, the upper a country’s responsibility, the 
further probable the nation stands to practice financial dif-
ficulty while an outcome of the issue liability provision com-
pulsions and the arduous government to tackle monetarist 

Table 6  Dynamic non-linear estimation of the life expectancy index

Note: The superscripts “POS” and “NEG” denote cumulative sum of 
positive and negative shocks in the series respectively. The estimated 
long-run coefficients associated with positive and negative changes 
are defined by �+ = −�

+

�
 and �− = −�

−

�
 . However, the null hypothesis of 

short-run symmetry is 
∑P

k=0
x
+

i
=
∑P

k=0
x
−
i
 . Serial correlation using 

the Breusch–Godfrey serial correlation LM test, model specification 
of Ramsey’s RESET test using the square of the fitted value. Hetero-
scedasticity using the Breusch–Pagan–Godfrey test and normality; 
Jarque–Bera test
*, **, and *** represent significance at the 1%, 5%, and 10% level, 
respectively

Variable Coefficient Std. error t-statistic Prob

LEI(−1)  − 0.649 0.246  − 6.71 0.000*
FDI

POS
(−1) 0.041 0.012 3.41 0.029**

FDI
NEG

(−1) 0.162 0.058 2.77 0.022**
DEBT_POS(− 1) 0.817 0.168 4.88 0.001*
DEBT_NEG(− 1)  − 1.266 0.312  − 4.07 0.003*
GOV_POS(−1) 0.328 0.099 3.30 0.009*
GOV_NEG(−1) 0.038 0.017 2.37 0.023**
TOPN_POS(− 1)  − 1.538 0.453  − 3.40 0.008*
TOPN_NEG(− 1)  − 0.089 0.182  − 0.49 0.638
ΔLEI(−1) 0.069 0.118 0.58 0.574
ΔFDI_POS 0.055 0.026 2.23 0.036**
ΔFDI_POS(−1) 0.317 0.025 1.24 0.247
ΔFDI_NEG 0.091 0.042 2.18 0.057**
ΔFDI_NEG(−1)  − 0.046 0.053  − 0–87 0.405
ΔDEBT_POS 0.823 0.152 5.41 0.000*
ΔDEBT_POS(−1) 0.134 0.112 1.19 2.263
ΔDEBT_NEG 0.217 0.273 0.80 0.446
ΔDEBT_NEG(−1) 0.535 0.253 2.11 0.064**
ΔGOV_POS 0.199 0.081 2.48 0.017
ΔGOV_POS(−1) 0.012 0.082 0.15 0.883
ΔGOV_NEG 0.166 0.067 2.43 0.038**
ΔGOV_NEG(−1)  − 0.117 0.058  − 2.01 0.075**
ΔTOPN_POS  − 0.549 0.170  − 3.22 0.010**
ΔTOPN_POS(−1) 0.641 0.325 1.97 0.081**
ΔTOPN_NEG  − 0.210 0.187  − 1.12 0.290
ΔTOPN_NEG(−1)  − 0.562 0.206  − 2.73 0.023**
C  − 1.119 0.176  − 6.35 0.000*
Adj. R2 0.871
F-statistics
Serial correlation 0.221
Heteroscedasticity 0.271
Model specification 0.923
Normality 0.627

Table 7  NARDL long-run coefficient of life expectancy index

Note: The parentheses “NEG” and “POS” symbolize negative and 
positive variations, to calculate the long-run coefficients and divide 
the negative of coefficient of each variable positive and negative 
shocks by the coefficient of LEI (− 1) ( − �+

�
= − �−

�
 ), respectively

*, ** and *** show level of significance at the 1%, 5%, and 10% 
respectively

Variable Coefficient Std. error t-statistic Prob

FDI_POS 0.064 0.012 5.334 0.029**
FDI_NEG 0.249 0.058 2.243 0.022**
DEBT_POS 1.258 0.168 2.489 0.001*
DEBT_NEG  − 1.952 0.312  − 6.253 0.003*
GOV_POS 0.506 0.099 5.111 0.009*
GOV_NEG 0.058 0.017 3.412 0.023**
TOPN_POS  − 2.369 0.453  − 5.229 0.008*
TOPN_NEG  − 0.137 0.182  − 0.752 0.638
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capitals are designed for societal expenditure (Gohou & 
Soumare, 2012). The higher a nation’s obligation, the more 
probable the country is to practice monetary misery because 
of its obligation debt servicing, and the inflexible it is for the 
government to get to monetary assets for social expenditure  
(Kawachi et al., 2006; Gohou & Soumare, 2012; Anetor 
et al., 2020). It is important to conclude the long-run and 
short-run analysis of life expectancy index that the coeffi-
cient values of negative and positive shocks of explanatory 
variables, FDI, GOV, TOPN, and DEBT in model are not 
same, which provides evidence of the existence of asym-
metric relationship between dependent and independent 
variables in both the long run and short run in Pakistan. The 
empirical findings also suggest positive shocks of FDI mak-
ing greater change in life expectancy index of Pakistan than 
negative shocks in both the long run and short run.

In calm to confirm the applicability of Wald test of an 
asymmetric model, it has been applied for both short-run 
(WSR) and long-run (WLR) symmetries, as demonstrated 
in Table 8. The results for life expectancy index confirm 
that all macroeconomic variables perform asymmetrically 
in long term. More specifically, the magnitude of FDI posi-
tive and negative shocks of the Wald test is found 6.593 
(p-value = 0.030), while for the GOV positive and negative 
shocks, it is found 39.14 (p-value = 0.000) in the long run. 
Moreover, the short-run symmetric hypothesis is also tested. 
In the short run, all the other variables reject the null hypoth-
esis of symmetric relationship in the short run except for 
TOPN which shows a symmetric relationship to life expec-
tancy index in the short run. More specifically, the short-run 
coefficients of FDI and GOV are positive and statistically 
significant at 5% level of significance.

In case of long-run dynamic multipliers of life expectancy 
index, which are depicted in Fig. 1, the upper dotted line rep-
resents the cumulative dynamics of explanatory variables, 
FDI, DEBT, GOV, and TOPN with respect to a 1% increase 
in explanatory variables while the lower dotted line denotes 
the impact of 1% negative shocks of explanatory variables 

on life expectancy index. The blue thick line between the 
95% confidence intervals presents the change between posi-
tive and negative responses. The overall impression is that 
responses of life expectancy index to negative and positive 
shocks of FDI, DEBT, GOV, and TOPN have been identi-
fied by the quick reaction for the first year. But response to 
the positive and negative change is captivated after around 
2 years to acquire an equilibrium state. Moreover, for this 
model, an overall positive link exists among variables 
because positive shocks in FDI, DEBT, GOV, and TOPN 
have dominating positive effects on life expectancy index, 
LEI.

The asymmetric causality results of life expectancy index

The study investigated the linkages between variables by 
employing a recent approach of Granger causality devel-
oped by Hatemi-J (2012), which is asymmetric or non-
linear means that it explains the impact of positive or 
negative shocks of one variable on the other. In the deci-
sion phase, modified WALD test statistics is compared to 
critical values in different significance levels. If MWALD 
test statistics value is greater than the critical value at any 
significance level, it means that there is causation link 
between shocks and alternative hypothesis is accepted. 
Whereas most of the literature in the study context uses 
these approaches based on positive shock only, the present 
study contributes to the literature by analyzing the impact 
of both the positive and negative shocks of one variable 
on the other. For model life expectancy index measured by 
health population, the results from asymmetric Granger-
causality analysis are presented in Table 9. The results 
clearly indicated the evidence of existence of asymmetric 
Granger causality between dependent variable life expec-
tancy index (LEI) and explanatory variables FDI, DEBT, 
GOV, and TOPN.

The results of model LEI also based on the Wald test 
statistic that is used for positive and negative shocks of the 
null hypothesis for non-Granger causality are rejected at 
the 5% and 10% level of significance in all cases. There is 
unidirectional causality among variables of this model that 
runs from positive FDI shock to positive LEI shock, posi-
tive GOV shock to positive LEI shock, negative LEI shock 
to negative GOV shock, negative TOPN shocks to negative 
LEI shock, and negative DEBT shock to positive LEI shock.

The outcomes evidently revealed that the asymmet-
ric Granger-causality evidence exists between depend-
ent and independent variables. More specifically, this 
outcome suggests also that increasing the FDI can cause 
an increase in LEI which will enhance the social wel-
fare in Pakistan. Government expenditure (GOV) also 
provided the evidence for social welfare in Pakistan as 
both decreasing and increasing shocks can cause LEI and 

Table 8  Wald test, life expectancy index

Note: Wald test for the long-run symmetry defined by −�
+

1

�
 = −�

−
1

�
,…. 

−�+
n

�
 = −�

−
n

�
 respectively, while the null hypothesis of the short-run sym-

metry condition is defined by 
∑P

k=0
x
+

1,k
=
∑P

k=0
x
−
1,k

,…. 
∑P

k=0
x
+

n,k
=
∑P

k=0
x
−
n,k

 , respectively. *, **, and *** show significance 
at the 1, 5, and 10% level, respectively

Long run Asymmetry Short run Asymmetry

Wald test F-stat P > F F-stat P > F
FDI 6.593 0.030** 0.4758 0.058**
DEBT 53.44 0.000* 6.739 0.029**
GOV 39.14 0.000* 5.017 0.052**
TOPN 11.17 0.008* 1.731 0.221
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its welfare indicators. The output shows that increasing 
GOV can cause increase in LEI while a decreasing GOV 
can cause a decrease in LEI. These findings are aligning 
with the previous studies of  Mandal and Madheswaran 
(2012) partly supporting to use asymmetric causality test. 
This finding indicates that the FDI encouraging policies 
are recommended that can improve the population health 
(life expectancy index) in Pakistan. These findings of 
the study highlighted the significance of the asymmetric 
causal relationship among dependent and independent 
variables of the model of the study.

Structural stability tests

Brown et al. (1975) recommended CUSUM (cumulative 
sum) and CUSUMSQ (the cumulative sum of squares) tests 
to validate long-run coefficient’s stability. Figure 2 depicts 
those plots of CUSUM and CUSUMSQ statistics are inside 
the critical bounds at 5% significance of level. This con-
cludes that all estimated coefficients are stable.

Contribution of the study

This study contributes in present works in the accompany-
ing four different ways. Firstly is the long time series data 
to explore the dynamic association between government 
expenditure, foreign direct investment, public debt, trade 
openness, and life expectancy (health population). Sec-
ondly, the study uses both traditional unit root (ADF and 
PP) tests and structural break for investigating the station-
ary of variables. Thirdly, very limited studies have exam-
ined the effects of FDI, government expenditure, and life 
expectancy in Pakistan. Furthermore, none of the studies 
scrutinized asymmetry relation. Different studies exhibited 
the time series and panel of states  (Kaulihowa and Adjasi, 
2018; Gökmenoğlu et al., 2018; Burns et al., 2017; Nagel 
et al., 2015; Railaitė and Čiutienė, 2020).

In any case, as contended in Boutabba (2014), any 
potential induction obtained from this cross country con-
templates is broadly perceived to give just an overall com-
prehension of the linkage among the factors; accordingly, 

Fig. 1  Life expectancy index 
dynamic multipliers

Cumulative result of FDI and LEI Cumulative impact of DEBT on LEI

Cumulative outcome of GOV and LEI Cumulative influence of TOPN and LEI

Cumulative effect of DEBT on LEI

Note: Green line----Positive change, Red line----- Negative change, Blue line-----
asymmetry
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itemized policy suggestions for every country cannot be 
drawn from such studies (Ang 2008; Lindmark 2002; Stern 
et al. 1996). At last, the non-asymmetric causality was 
applied as suggested in Hatemi-J (2012). For this load of 
reasons, we chose to examine the instance of Pakistan in 
this investigation.

Conclusion and policy implication

Although a capacious volume of literature is accessible to 
classify the various determining factors of life expectancy, 
not any study has been established that examines the non-
linear effects of foreign direct investment on Pakistan’s 
health (measured by life expectancy index). Additionally, 

Table 9  Results of asymmetric Granger-causality analysis for LEI

Note: ***, **, and * show level of significance at the 1%, 5%, and 10% respectively

�
0
 : FDI ≠  > LEI Test value BCV at 1% BCV at 5% BCV at 10% �

0
 : LEI ≠  > FDI Test value BCV at 1% BCV at 5% BCV at 10%

FDI
+
≠> LEI

+ 6.079* 31.699 9.220 5.371 LEI
+
≠> FDI

+ 0.358 36.427 9.060 5.090
FDI

−
≠> LEI

− 0.104 14.953 4.250 2.501 LEI
−
≠> FDI

− 0.123 17.367 4.868 2.351
FDI

+
≠> LEI

− 0.029 15.333 4.354 2.542 LEI
+
≠> FDI

− 0.383 17.470 4.561 2.294
FDI

−
≠> LEI

+ 0.004 16.825 4.435 2.589 LEI
−
≠> FDI

+ 0.044 18.192 4.357 2.354
GOV ≠  > LEI GOV ≠  > DPI
GOV

+
≠> LEI

+ 5.001** 17.726 4.472 2.563 LEI
+
≠> GOV

+ 0.021 18.341 4.483 2.407
GOV

− ≠> LEI
− 0.013 17.152 4.789 2.450 LEI

−
≠> GOV

− 4.001* 21.569 5.544 2.566
GOV

+ ≠> LEI
− 0.000 14.653 4.248 2.549 LEI

+
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there is insufficient information resulting to dynamic rela-
tions among FDI, government expenditure, and life expec-
tancy by applying time series approaches. In this research, 
we have focused to investigate the dynamic asymmetric 
short run and long-term relationships among FDI, trade 
openness, public debt, government expenditures, and life 
expectancy (population health) in evidence of Pakistan 
over the time span 1980–2020. Empirical outcomes of the 
study contribute to prior literature by utilizing a non-linear 
ARDL approach recently established by Shin et al. (2014). 
The empirical outcomes propose strong anticipation for 
the existence of an asymmetric cointegration relationship 
among the variables below the study. Positive and nega-
tive changes/shocks of FDI have positive and significant 
influence on life expectancy in the long term and short run. 
The asymmetric causal associations among the variables 
were examined through Hatemi-J (2012).

Findings provided from this review have some significant 
critical policy suggestions. The main results of the study 
affirm that FDI contribute to life expectancy positively in 
Pakistan. Subsequently, Pakistan’s government must utilize 
FDI, trade openness, and public investment as per fiscal 
instruments not on individual basis but improving national 
production as well as intensifying health issue of the enor-
mous population. Hence, the study suggests that the policy 
designers would present further foreign direct investment 
amicable strategies which confirm the deep economic and 
public profits. The study also recommends that social advan-
tages of foreign direct investment will be extra prominent; 
however, the policy makers will be able to certify better 
foreign direct investment especially in the health sector.

Therefore, most foreign partners should participate in 
medical clinic (hospital) and pharmaceutical areas in getting 
contemporary skills and innovation from their host nations 
which drive amenably advantage to the community health.

In addition, there is a need to maintain the government 
policies that helped to maximize the positive impacts and 
minimize the detrimental effects of FDI to social sector 
development in Pakistan, and such policies are local con-
tent requirements, local resource development require-
ments, local partner requirements for some sectors, export 
requirement, and minimum wage requirement. While those 
requirements have been improved recently in accordance 
with the development of the local economy and the changes 
in the international market, they are still needed. Moreover, 
the government of Pakistan should use FDI as economic 
tools not only for enhancing domestic production but also 
for improving health and education of its huge population. 
Therefore, the study recommends that policy makers should 
introduce more trade liberalization and foreign investment 
friendly policies that will ensure the maximum economic 
and social benefits, and also suggested that the social ben-
efits of FDI and DPI will be more potent if the policy makers 

can ensure greater domestic public and foreign investment 
particularly in the health and education sectors of Pakistan. 
Moreover, foreign partners and government of Pakistan 
should largely invest in hospital, pharmaceutical sectors, 
and educational institutions, by bringing modern know-how 
and technology from their host countries which will directly 
benefit to the public health and education of the host country 
of Pakistan.

It is also appeared that the positive effect of FDI on 
economic growth and infrastructure creations in host 
countries contributes toward the enhancement of human 
well-being. This then implied that open economic policy 
with increasing efforts toward integration of national 
economies into the global marketplace is a necessary 
condition for social sector development. TNCs through 
FDI also intended to capitalize on the quality of human 
capital (health and education) in host countries. Coun-
tries with higher levels of achievements in social sectors 
attract more FDI. The low-income country such as Paki-
stan’s case showed that it is in fact the achievements in 
population health and educational development that are 
significantly important to foreign investors. Thus, host 
countries should continue to invest more in improving the 
elements of social sectors (skills, education, health sta-
tus, and overall worker productivity) of their populations 
at large. Nonetheless, policy makers need to carefully 
examine the issue of efficiency of FDI from the view-
point of national economic development priorities and be 
selective in terms of its sectoral composition. National 
governments also need to develop their bargaining power 
and negotiation skills in relation to their dealings with 
TNCs to attract a desirable type of FDI. The attainment 
of high-income level is also of grave importance for 
Pakistan in order to further increase school enrollment 
ultimately motivating human capital. Consequently, more 
rigorous human capital will widely be contributed into 
the social welfare.
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