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Abstract 

This study examines the effects of long-run civil wars on healthcare, which is an important component of human cap-
ital development and their causality nexus in Afghanistan using the MVAR (modified vector autoregressive) approach 
and the Granger non-causality model covering data period 2002Q3-2020Q4. The primary results support a significant 
long-run relationship between variables, while the results of the MVAR model indicate the per capita cost of war, per 
capita GDP, and age dependency ratio have significantly positive impacts on per capita health expenditures, whereas 
child mortality rate and crude death rate have negative impacts. The results of the Granger non-causality approach 
demonstrate that there is a statistically significant bidirectional causality nexus between per capita health expendi-
ture, per capita cost of war, per capita GDP, child mortality rate, crude death rate, and age dependency ratio, while it 
also supports the existence of strong and significant interconnectivity and multidimensionality between per capita 
cost of war and per capita health expenditure, with a significantly strong feedback response from the control vari-
ables. Important policy implications sourced from the key findings are also discussed.
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Introduction
The long-run civil wars in Afghanistan have been aston-
ishing. It devastated the economic, social, and techno-
logical infrastructure. This social upheaval resulted in 
significant outbreaks in both the public and private sec-
tors. The prevalence of mortality rate has decreased by 
approximately 51 percent in Afghanistan, from 1,240 
deaths per 100,000 live births in 2003 to 638 deaths per 
100,000 live births in 2017 [1]. Although the long-run 
effects of war comprise wide dimensionality and it is 
essential to address each of them separately, the present 
study specifically attempts to analyze the effects of long-
run civil wars on the healthcare systems of Afghanistan 

as the most contested battlefield worldwide. As a macro-
level strand, health, education, and employment are the 
essential components of nurturing the human capital of 
a nation to bring welfare and prosperity, yet they have 
been proven to be vulnerable sectors that have received 
substantial assaults during wartime [2, 3]. Moreover, 
health spendings mainly aim to result in the efficient pro-
vision of health prospects, strengthening human capital 
to improve overall productivity, thus contributing to wel-
fare and efficient economic performance [4]. It is there-
fore important to understand the pattern of healthcare 
spending in a conflict zone during wartime. Afghanistan’s 
healthcare system, which was dependent upon the inter-
national community’s financial assistance during the last 
two decades [5], and its rapidly deteriorating healthcare 
system under the Taliban have raised another alarming 
concern for a major portion of the population in Afghan-
istan [6]. War is an ominous phenomenon that not only 
limits people’s access to health services but also destroys 
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the health infrastructure of the war-effected country 
[7]. It is also well-evident that armed conflicts cause sig-
nificant underfunding and redirection of the financial 
resources to combat war-driven expenses [7, 8], result-
ing in substantial barriers to the provision of sufficient 
healthcare services [9, 10].

The effects of civil wars on various socioeconomic indi-
cators can be traced from the available literature (see, 
for instance, [11–19]), but it suggests thorough analysis 
to determine the effects of civil wars on various health 
indicators to assist intra-policy reconciliation between 
the resources directed by local governments and the 
interference of international funding agencies support-
ing parallel healthcare systems. Therefore, it is impor-
tant to formulate three key questions, among all others. 
First, do long-run civil wars in Afghanistan constitute an 
extra cost burden to the local government other than that 
which has been directly covered by the United States and 
its alliance during wartime? Second, do protracted (pro-
longed) civil wars have the same devastating magnitude 
and effects on Afghanistan’s overall public healthcare 
system as in other war-effected zones? Do long-run civil 
wars have causality relationships with other healthcare 
indicators, and can this causality nexus be traced out as a 
feedback response as well?

There are several studies analyzing the impact of armed 
conflicts on various healthcare indicators in different 
war-effected environments, such as Sudan [20–22], El 
Salvador [23], Nigeria [23–25], Kurdistan [26], Syria 
[26–28], and Iraq [29, 30]. Though an exception is given 
to the work of Walker [31] for an extensive review of 
health consequences of war on various health indicators 
in Afghanistan; other relevant studies [31, 32] have been 
descriptive by nature, which raise empirical debates on 
the confounded results presented by them. Despite the 
scarcity of sophisticated analysis of the effects of civil 
wars on healthcare in Afghanistan and answers to the 
formulated research questions, the present study takes 
a new step in the literature to fill the missing gaps and 
invites further empirical discussions on the health con-
sequences of armed conflicts shifting from descriptive to 
advanced analytical approaches.

This article is a distinctive work in the existing literature 
quantifying the effects of long-run civil wars on public 
healthcare in Afghanistan, which is a true representa-
tion of a long-run battlefield in the world. To be specific, 
the contribution of the present study can be outlined as 
follows. First, it is the first of its kind in the existing lit-
erature for Afghanistan, which fills the missing gaps. 
Second, the authors employ sophisticated econometric 
models to estimate the effects of civil wars on health pre-
dictors proxied by per capita health expenditure to pro-
vide consistent and efficient results, though most recent 

studies relied upon descriptive analysis that might have 
led to perplexing conclusions. Third, to inform evidence-
based conclusions, the study controls for relevant societal 
and macroeconomic variables and  provides  appropriate 
policy recommendations.

The remaining parts of the study are structured as 
follows. Literature review presents a brief theoreti-
cal background and reviews recent empirical literature 
assessing the effects of armed conflicts on healthcare 
indicators. Data describes the data, sources of data col-
lection, variables, and key measurements. Methods pre-
sents the empirical and econometric methods used to 
analyze the data. Results presents the results of data 
analysis. Discussion provides a brief discussion. Conclu-
sion concludes the study and offers some relevant policy 
recommendations.

Literature review
The literature widely defines war as a state of armed con-
flict between group of people or states seeking either 
economic, political, or other hegemonic benefits [33] 
linked by aggressions of extensive duration and mag-
nitude across a wide spectrum, resulting in a societal 
catastrophe [33, 34]. Moreover, the empirical literature 
also widely documents the various impacts of civil wars 
and armed conflicts on healthcare indicators. It reports 
the customary measurement of war effects on mortality 
rates, maternity rates, healthcare systems, and gender-
specific health services during wartime and afterwards, 
though many of them to date are descriptive by analytical 
method and require reconfirmation of the type, scale, and 
magnitude of the effects of armed conflicts on healthcare 
indicators. For instance, Roberts et  al. [35] conducted 
a survey to compare the mortality rate due to ineffi-
ciency of healthcare services before and after the war 
period in Iraq using monthly data and a cluster sampling 
approach—that is, 33 clusters consisting of household 
interviews. Examining the inefficiencies of the healthcare 
systems caused by civil wars, the authors found, though 
descriptively explained, that civil wars led by the invaders 
in Iraq had significantly devastated the healthcare sys-
tems and resulted in an increase in the mortality rate by 
2.5 times higher than pre-war conditions. They confirm 
that civil wars had seriously negative effects on health-
care systems in Iraq (see also [36]).

Betsi et  al. [37] attempted to quantify the impact of 
civil wars and armed conflicts on healthcare systems 
and human resources through an administered ques-
tionnaire and review of the records of the ministry of 
health in Côte d’Ivoire. Using descriptive statistics, the 
authors found that due to armed conflicts, there was 
a significant reduction in the number of health staff 
both in the private and public health sectors, which led 
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to the collapse of the healthcare system, public health 
infrastructure, interruption of condom distribution, 
and lack of antiretrovirals. The authors also report a 
significant increase in the number of non-governmen-
tal organizations supporting healthcare centers and 
a substantial decrease in the number of private health 
clinics.

Devkota and Teijlingen [38] argue that, in contrast 
with an abundance of literature on the negative impact 
of armed conflicts on healthcare systems, they show an 
improvement in a number of healthcare indicators in 
Nepal during wartime from 1996–2006. The authors 
employed data from the Nepal Demographic and Health 
Survey and found that 16 out of 19 healthcare indica-
tors have improved during wartime, suggesting that such 
improvements in healthcare systems are driven by both 
conflict and non-conflict factors in Nepal. However, their 
results might be confounded due to the statistical meth-
ods used by the author; they report a counter-example of 
the effects of war on healthcare systems. Elamein et  al. 
[39] evaluated the effects of war on healthcare systems 
in Syria through a participative data method using data 
collected from Turkey’s healthcare centers in Syria and 
local Syrian health employees. Since November 2015, the 
datasets have been collected from the monitoring vio-
lence against healthcare alert network. Using descriptive 
data analysis techniques, the authors found a significant 
impact of armed conflicts on the healthcare indicators, 
implying that from November 2015 to December 2016, 
more than 938 people have been directly harmed in 402 
incidents of violence against healthcare. That consists of 
72% injuries and 28% deaths in Syria. The authors argue 
that since health centers have been attacked more than 
other public organizations, the negativity of their effects 
has been substantially higher in distracting the health-
care centers, thus affecting public health in Syria.

Kotsadam and Østby [40] examined the effects of 
armed conflicts on healthcare proxied by maternal mor-
tality rate in thirty Sub-Saharan African countries, using 
combined geo-coded data on a number of different types 
of violent events from the Uppsala Conflict Data Program 
with geo-referenced survey data from the Demographic 
and Health Surveys and a sister-fixed effects model to 
analyze the data. The authors clustered the respondents 
aging from 12–45 years old into gender-specific catego-
ries. They found that local exposure to the intensity of 
armed conflict has a significantly negative impact on the 
mortality rate, giving rise to the risk of maternal deaths, 
whereas there were significant differences in the mortal-
ity rate in rural areas with an adverse report from edu-
cated areas. On the other hand, Lafta and Al-Nuaimi [41] 
descriptively explained the effects of long-term war, ter-
rorism acts, and organized crimes on healthcare systems 

in Iraq during the last 40  years. The authors emphasize 
that civil wars have severe effects on healthcare systems, 
increasing the numbers of morbidity, injuries, disabilities, 
mortality rates, and mental problems.

Jawad et al. [42] examined the direct and indirect effects 
of armed conflicts and violence on healthcare systems 
using datasets from the World Development Indicators 
in 181 countries for the period spanning from 2002–2019 
and panel data regression analysis with fixed effects esti-
mators to analyze their data. According to their findings, 
armed conflict and violence are significantly linked with 
persistent excess maternal and child deaths across the 
world, as well as reductions in key measures indicating 
high reduction of availability to organized healthcare 
systems. Their findings also highlight the importance of 
protecting women and children from the indirect harms 
of conflict, such as the degradation of health systems and 
exacerbating economic outcomes. Furthermore, Ekzayez 
et al. [43] employed an observational method to test the 
effects of armed conflicts on the availability and accessi-
bility of healthcare services in Syria from October 2014 
to June 2017 using datasets that were routinely collected 
from 597,675 medical consultations and 11,396 events. 
The authors used panel data techniques with fixed effects 
estimators to analyze the data and found that bombard-
ments have strong negative impacts on both consulta-
tions and antenatal care visits in Syria. They also found 
that access to healthcare services in war-affected areas in 
Syria was significantly limited for patients, while conflict 
incidents were found to negatively affect the utilization 
of routine health services. Table  1 provides some more 
insights into recent studies relevant to the context of this 
study.

Meagher et  al. [49] reviewed a comprehensive litera-
ture covering the ripple impact of armed conflicts and 
violence on a wide range of indicators, including gen-
der-specific barriers to accessing essential healthcare 
services, water, sanitation, education, and some macro-
economic indicators, such as poverty rates, debt burdens, 
and unemployment rate. The authors employed multidis-
ciplinary narrative reviews of the existing literature rel-
evant to the political economy of health in conflict zones 
and conclude that armed conflicts and violence seriously 
affect healthcare and socioeconomic indicators in war-
effected areas, while gender-specific effects—negative 
effects of war on women and children—were found to be 
relatively greater.

The review of existing literature clearly indicates two 
critical missing gaps about the analysis of the effects of 
civil wars and armed conflicts on public healthcare ser-
vices. First, it reports that empirical studies are scarce 
analyzing the effects of long-run civil wars and armed 
conflicts on the healthcare services in Afghanistan during 
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the war period. Second, the literature, however, covers 
other war-effected zones, such as Syria, Libya, Iraq, and 
African countries, but the results might be confounded 
due to the use of non-sophisticated and non-comprehen-
sive statistical methods to analyze relevant data. Thus, 
these two significant missing gaps in the literature justify 
the present study and spark its importance to fill the gaps.

Data
As per the availability of data, this study employs datasets 
containing observations from 2002Q3–2020Q4 for Afghan-
istan. The variables used in the study are consistent with 
the theoretical concept and recent studies and includes per 
capita health expenditure (as a proxy for public healthcare) 
as the dependent variable. Per capita cost of war as a proxy 
for long-run civil wars; per capita GDP as a proxy for per 
capita income; child mortality rate expressed as the number 
of the death of children under 5 years old; the crude death 
rate, and the age dependency ratio are used as explanatory 
variables. The dataset for the cost of war is collected from 
the U.S. Department of Defense Budget, whereas all other 
datasets come from the WDI (World Development Indica-
tors) World Bank. Table 2 reflects more details about varia-
bles, symbols, descriptions, and sources of data, while it also 
highlights some important summary statistics.

The main variable of interest, the cost of war, repre-
sents the total amount of US dollars spent by the US on 
military operations in Afghanistan over the period. The 
choice of this proxy is based on the accuracy of its data, 
whereas some other studies employed the number of 
deaths and casualties to proxy the civil war variable (see, 
for instance, [50–52]). Furthermore, the study controls 
for two additional variables, such as the child mortality 
rate and the crude death rate, which are proxies for the 
rate of death due to causes other than the consequences 
of Afghanistan’s civil wars. Per capita GDP is used to 
assess the effects of per capita income on health expendi-
ture and, as a result, the nation’s healthcare services. 
From a theoretical viewpoint, per capita income is linked 
with the quantification of healthcare from three major 
aspects, such as better nutrition; enhancement of public 
health infrastructure; and the advancement of medical 
technology used to offer healthcare services [53]. Besides, 
age dependency ratio is also employed as a control vari-
able. It is used to control the extra burden other than 
the consequences of civil wars on health expenditure in 
Afghanistan. A lower age dependency ratio facilitates 
better healthcare services, while a higher ratio of depend-
ence indicates greater financial stress on the working 
population [54].

Table 1 Some relevant studies

Source: Authors’ collection

Author Context Method Findings

Spiegel et al. [20] Rwanda Descriptive analysis The healthcare needs of war-affected people show an expansion 
in morbidity and mortality. Armed conflicts impose negative effects on 
the provision of curative health services

Urdal and Che [44] Global perspective 
from 1970–2005

Cross-sectional data analysis Armed conflicts cause higher fertility, and maternal mortality rates. 
In neighboring countries, it causes lower maternal mortality rates, 
possibly indicating that health interventions among refugee and host 
populations are relatively successful

Abbara et al. [29] Syria Descriptive analysis The long-term conflict has led to significant destruction of the health 
infrastructure and has increased both communicable and non-com-
municable diseases and raised morbidity and mortality rates

Levy and Sidel [15] Iraq Descriptive analysis Armed conflicts seriously affect public health. It also effects on inad-
equate healthcare system, social breakdown, forced migration, internal 
displacement, and reporting biases

Namasivayam et al. [45] Uganda Logistic regression analysis Armed conflicts have direct effects on the reduction of healthcare 
services in Uganda vis-à-vis the rest of the regions. However, skilled 
assistance at birth among women has been found significantly higher

Kadir et al. [46] Global perspective Descriptive analysis Armed conflicts have both direct and indirect effects on the mortality, 
mentality, and psychology of people, with most pressure on children, 
while internal displacement and family separation are also evident as 
the long-run consequences of civil wars

Chukwuma and 
Ekhator-Mobayode [47]

Nigeria Difference-in-difference analysis Armed conflicts like the Boko Haram Insurgency (HBI) have a high 
effect on the maternal mortality rates in Nigeria. Furthermore, the BHI 
decreased the frequency of care visits, delivery at health centers, and 
delivery by skilled health professionals

Bendavid et al. [48] Global perspective Descriptive analysis Besides, armed conflicts have negative effects on healthcare, more 
than 265 million women and 368 million children have been displaced 
both internally and across borders
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Table 2 indicates some important descriptive highlights 
in addition to describing the variables. It shows that dur-
ing the period under study, the average per capita health 
expenditure is only $45.57 with a maximum of $69.99, 
whilst the average per capita cost of war stands at $9.27 
million with a maximum of $19.43 million. On the other 
hand, the per capita GDP stands at an average of $487.77 
with a maximum of $587.56. The child mortality rate 
and the crude death rate are averaged at 4.9% and 8.19%, 
respectively, indicating that the crude death rate is higher 
than the child mortality rate. More deepening insights 
show that due to a long-run war and a lack of basic health-
care and malnutrition, Afghanistan is the second country 
to have the highest crude death rate [55, 56]. Moreover, the 
age dependency ratio stands at an average of 95.59 which is 
relatively high in comparison with other economies. In real 
life, a major proportion of children and elderly are part of 
the labor force in Afghanistan, while the data indicates the 
dependency ratio as the composition of the population. All 
these preliminary insights require further statistical analy-
sis that are discussed the Results of the present study.

Methods
This section explains the econometric methods used to 
explore the impact of civil wars and other control vari-
ables on per capita health expenditure, presenting an inte-
grated human capital dimension from health perspectives 
in Afghanistan. The study follows the empirical model 
of Grossman [57], which expresses the demand for good 
health vis-à-vis other relevant predictors, thereby, the civil 
wars as a key variable of interest in the present study. Thus, 
we initiate with the following function:

(1)
PHEt = � + �1PCWt + �2Yt + �3CHMt + �4CDRt + �5AGDt + �t

where PHE, PCW, Y, CHM, CDR, AGD are per cap-
ita health expenditures, per capita GDP, child mortal-
ity rate, the crude death rate, and the age dependency 
ratio, respectively. φ presents the intercept and ϕ is 
the long-run coefficient. Equation  (1) explicitly con-
siders a lifetime view and is well-defined to explore 
the link between health-oriented decisions and the 
outcomes at the aggregate level. This insight is use-
ful to understand the likely implications of civil wars 
and an aging population on the level of health sys-
tems and overall healthcare expenditure over the 
period of time [58]. The expected coefficient signs are 
ϕ1 < 0, ϕ2 > 0, ϕ3 < 0, ϕ4 < 0, and ϕ5 < 0 . The 
estimation of Eq.  (1) begins with the test of unit root, 
which is important to determine the integration order 
of the variables to avoid misspecification and fabricated 
results. To that end, the Augmented model of Dickey 
and Fuller (ADF) [59] and Phillips and Perron (PP) [60] 
are employed. Assuming that the variables follow a 
mixed order of integration and if we let the maximum 
integration to be = m , then in our case, m = 2 . In such 
circumstances, common cointegration methods do not 
provide consistent results, while in Johansen’s [61–63] 
cointegration method, any I(2) series is defined as a sub-
model of the basic vector autoregressive (VAR) model 
through two reduced rank conditions [64] using the � 
matrix comprising trace-statistics and max-eigenvalues 
to establish a long-run nexus between the predictors, 
accounting for any I(2) series in a sample of variables 
[61]. The optimal lag length both for unit root and 
Johansen’s cointegration equations are selected using 
the AIC (Akaike Information Criterion), SIC (Schwarz 
Information Criterion), and HQIC (Hanan-Quinn 
Information Criterion) in the unrestricted VAR model.

Table 2 Variables’ description and summary statistics

Source: Authors compilation

Max Maximum, Min Minimum, Std. Dev Standard deviation, Obs Number of observations, USDB US Department of Defense Budget FY2020

Description of variables Summary statistics

Name Symbol Description Sources Mean Max Min Std. Dev Obs

Per capita health expenditure PHE PHE is expressed in constant 2015 US dollar and 
includes healthcare goods and services consumed dur-
ing each year

WDI 45.57 69.99 15.80 17.24 73

Per cost of war PCW PCW is expressed in millions of US dollar USDB 9.27 19.43 2.14 5.69 73

Per capita GDP PGDP PGDP is expressed in thousands of constant 2015 US 
dollar

WDI 487.77 587.56 330.30 96.55 73

Child mortality rate CHM CHM is expressed as the number of children deaths 
under 5 years old

WDI 4.90 6.20 3.10 1.11 73

Crude death rate CDR CDR is expressed as the number of deaths per 1000 
population during the year

WDI 8.19 11.04 6.15 1.51 73

Age dependency ratio AGD AGD is expressed as a percentage of working-age popu-
lation, younger than 15 and older than 64 years old

WDI 95.59 103.67 80.08 7.51 73
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Instructed by the unit root results (see Table 3) by hav-
ing mixed integrating order with maximum m = 2 series 
and based on an extensive empirical literature (see, for 
instance, [61, 62]), the study employs the Toda and Yama-
moto’s [65] modified VAR model, which is an appropriate 
estimation method for the case of this study. The modifi-
cation is built upon the augmented VAR model—that is, 
the k + dmax augmented with the optimal lags selected 
via information criteria plus allowing for lags to the num-
ber of variables plugged into the unrestricted VAR model 
expressed as:

where for brevity, yt presents per capita health expend-
iture, which is the dependent variable; x1 is the per capita 
cost of war; x2 presents the set of control variables, such 
as per capita GDP, child mortality rate, age dependency 
ratio, and crude death rate; k is the number of optimal lag 
length; α is the intercept; βi, φj , and ϕm are the short-
run dynamic coefficients of the equations’ adjustment for 
long-run equilibrium; and ut is the error term. Now, we 
build upon Eq. (2) using the k + dmax approach to test the 
Granger non-causality null by modified Wald statistics 
using Toda and Yamamoto’s [65] modified VAR model as:

(2)yt = � +

∑k

i=1
�iyt−i +

∑k

j=1
�jx1t−j +

∑k

m=1
�mx2t−m + ut ,

(3)y1t = θ1+
k

i=1
�1txt−1+

dmax

i=k+1
�2txt−2 +

k

i=1
ϕ1txt−1+

dmax

i=k+1
ϕ2txt−2 +εt1,

(4)x1t = θ2+

(

∑k

i=1
η1txt−1+

∑dmax

i=k+1
η2txt−2

)

+

(

∑k

i=1
ϑ1txt−1+

∑dmax

i=k+1
ϑ2txt−2

)

+εt2,

where θ is the intercept, �1, �2, ϕ1, ϕ2, η1, η2, ϑ1, and ϑ2 
present the short-run dynamic coefficients of the model, k is 
the number lag, and k + dmax is the number of cointegrating 
vectors of the predictors augmented into the model. Equa-
tion  (3) and (4) follow asymptotic chi-squared distribution 
using degree of freedom based on k + dmax to test the null of 
Granger non-causality between the variables [66]. The modi-
fied VAR approach of the Toda and Yamamoto [65] to Granger 
non-causality has several advantages over other cointegrating 
vector regressions. First, it produces both adjusted VAR coef-
ficients and Granger non-causality results simultaneously by 
one estimation. Second, it allows I(2) series estimation, while 
using other regression models may produce inconsistent and 
inaccurate results [67]. Finally, the study computes and reports 
relevant diagnostic tests to ensure the statistical validity of the 
results upon which the conclusions are drawn.

Results
Stationarity results
The analysis begins with the unit root analysis using the 
ADF and PP methods and reports the results in Table 3. 
Although the results of both ADF and PP are consistent 
and indicate the same findings, they show that the per 
capita cost of war is the only variable that is stationary at 

Table 3 Results of stationarity test

Source: Authors’ computations

PCW Per capita cost of war, CDR Crude death rate, CHM Child mortality rate, PGDP Per capita GDP, PHE Per capita health expenditure, AGD Age dependency ratio. 
Optimal lag length is based on SIC
a indicates significance at 1% level

Variables Augmented Dickey-Fuller Phillips-Perron

W/trend Trend W/trend Trend

t-statistics p-value t-statistics p-value t-statistics p-value t-statistics p-value

At level

 PCW -4.41a 0.000 -4.38a 0.000 -3.84a 0.003 -3.91a 0.001

At first difference

 CDR -4.13a 0.000 -4.85a 0.000 -4.01a 0.000 -4.38a 0.000

 CHM -3.99a 0.001 -3.81a 0.001 -3.70a 0.009 -4.19a 0.000

 PGDP -5.31a 0.000 -5.10a 0.000 -4.60a 0.000 -4.81a 0.000

At second different

 PHE -6.24a 0.000 -6.44a 0.000 -5.32a 0.000 -5.14a 0.000

 AGD -8.26a 0.000 -8.21a 0.000 -8.01a 0.000 -7.94a 0.000
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level. The crude death rate, child mortality rate, and per 
capita GDP are strongly significant to reject the null of 
non-stationarity after the first difference. Moreover, the 
results of both the ADF and PP methods reveal that per 
capita health expenditure and age dependency ratio are 
integrated of order two, meaning that their t-statistics 
are insignificant to reject the null both at level and first 
difference, whilst the null is rejected after their second 
differences at a 1% level. The results show that the vari-
ables have mixed integrating orders, such as [I(0), level 
stationary], [I(1), first differenced stationary], and [I(2), 
second differenced stationary], informing the appropri-
ate model specification discussed in the preceding sec-
tion. Since the t-statistics for both trend and without 
trend vector models are similar, the study concludes that 
there are no structural breaks in the data and proceeds 
with further analysis.

Cointegration results
Using Eqs. (3) and (4), that is, Johansen’s cointegration 
test with considering the second difference order of inte-
gration (see, for instance, [64]), we estimate the long-run 
relationships between per capita health expenditure, per 

capita cost of war, and other control variables and report 
the results in Table 4. The results indicate that there are 
four cointegration ranks among the variables, each exhib-
iting significant p-values at 1%, 5%, and 10% levels.

Toda-Yamamoto modified VAR results
For two obvious reasons, this study employs the Today-
Yamamoto modified VAR model to test both the effects 
of variables on per capita health expenditures and their 
causality relationships. First, the use of other common 
regressions, such as standard and restricted VAR mod-
els and the ARDL method, are not appropriate for vari-
ables that follow higher degrees of integration than I(1), 
as in our case. Second, standard and restricted VAR 
models may produce spurious results due to the exist-
ence of cointegrating ranks among variables showing I(2) 
series. Thus, this study estimates the Toda-Yamamoto’s 
[65] model to overcome these empirical shortcomings 
and reports the results in Tables  5 and 6. The optimal 
lag length of two has been selected using AIC, SIC, and 
HQIC criteria in standard VAR environment with maxi-
mum six lags estimation. Thus, it only reports the results 
of lag two estimates.

Table 4 Cointegration test results

Source: Authors’ computations
a,b,c indicate significance at 1%, 5%, and 10%, respectively. Null hypothesis Hnull : r = 0 vs. Halt . : r ≥ 1

Cointegration ranks Eigenvalues Trace statistics Max statistics

Trace values p-values Max values p-values

1 0.44 138.57a 0.000 80.98a 0.000

2 0.39 97.58a 0.000 68.24a 0.000

3 0.32 61.87a 0.001 55.90a 0.003

4 0.24 34.27b 0.014 40.98b 0.039

5 0.18 14.58c 0.068 27.59c 0.049

6 0.00 0.19 0.658 0.00 0.658

Table 5 Modified VAR estimates

Source: Authors’ computations

PHE Per capita health expenditure, PCW Per capita cost of war, PGDP Per capita GDP, CHM Child mortality rate, CDR Crude death rate, AGD Age dependency ratio
a,b indicate significance at 5% and 10% levels, respectively

Variables PHEt−i PCWj−t PGDPm−t CHMn−t CDRv−t AGDu−t

Coefficients 16.84b 10.16b 1.99b -0.74b -21.33 1.58a

t-statistics 4.31 6.01 4.86 -8.11 -1.60 2.71

p-values 0.000 0.000 0.000 0.000 0.425 0.023

Diagnostic checks

 Adjusted r-squared 0.92

 Residual heteroskedasticity 2.75 [0.355]

 F-statistics serial correlation 0.47 [0.991]

 Jarque–Bera normality of residuals 1.36 [0.625]
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Table 5 presents the results of the modified VAR esti-
mates using k + dmax approach. The results are inter-
esting and demonstrate that the per capita cost of war 
has a significant impact on per capita health expendi-
tures, implying that a million US dollar increase in the 
per capita cost of war causes an increase in per capita 
health expenditure by $10.161 per quarter. It reveals that, 
other than those costs that have been covered by the US 
Department of Defense Budget for military operations, 
the civil war has also had its general effect on per capita 
health expenditure. Therefore, the incremental cost of 
the per capita health expenditures vis-à-vis the average 
per capita health expenditures as a result of the civil wars 
can be estimated as $10.161/$45.57 = 0.2229 or 22.29% . 
Moreover, the results show that per capita GDP sig-
nificantly increases per capita health expenditures by 
$1.99. It shows that a one hundred US dollar increase in 
per capita GDP contributes to increasing the per capita 
health expenditure by $1.99. Incorporating the child 
mortality rate into the model, the results show that it 
has negative effects on per capita health expenditures 
in Afghanistan. The result for the crude death rate on 
per capita health expenditure is insignificant, although 
it requires more insights into their causality nexus that 
come in the next section. Furthermore, the findings 
reveal that the age dependency ratio is positively asso-
ciated with per capita health expenditure. It shows that 

one percent increase in age dependency ratio increase 
the per capita health expenditure by $1.589. Finally, the 
robustness of the modified VAR model is estimated and 
reported underneath the Table 5. They indicate that the 
results are statistically robust and do not suffer from het-
eroskedasticity and serial correlation, while their residu-
als are also normally distributed.

Granger non-causality results
The key test of interest is the Granger non-causality amid 
predictors that is estimated using the modified VAR 
model of Today and Yamamoto’s [65] approach. Regard-
less of the empirical criticism leveled at the presenta-
tion of modified VAR estimates and the preference for 
the Granger non-causality results, this study reported 
the estimates of the modified VAR model in the preced-
ing section and continues to present the study’s main 
findings extracted from the Granger non-causality test. 
Table 6 reports the results of the Granger non-causality 
estimates for all vector models estimated on the Today-
Yamamoto’s modified VAR model. The reason for esti-
mating all vector models is based on the assumption of 
interconnectivity among variables and the extraction 
of multidimensional causality between them. For the 
per capita health expenditure vector model, there are 
bidirectional causality relationships between per capita 
health expenditure, per capita cost of war, per capita 

Table 6 Granger non-causality estimates

Source: Authors’ computations
a,b,c indicate significance at 1%, 5%, and 10% levels, respectively.k + dmax = optimal lag length plus lag of parameters. ≠  > indicates non-causality direction. DV 
Dependent variable of different vector model

Causality direction k + dmax   χ
2
− stat.   p-values Causality direction k + dmax   χ

2
− stat.   p-values

DV = PHE DV = PCW

 PCW ≠  > PHE 2 + 5 28.38a 0.000 PHE ≠  > PCW 2 + 5 17.08a 0.000

 PGDP ≠  > PHE 2 + 5 15.09a 0.000 PGDP ≠  > PCW 2 + 5 21.71a 0.000

 CHM ≠  > PHE 2 + 5 21.45a 0.000 CHM ≠  > PCW 2 + 5 12.35a 0.000

 CDR ≠  > PHE 2 + 5 16.17a 0.000 CDR ≠  > PCW 2 + 5 4.40 0.110

 AGD ≠  > PHE 2 + 5 27.34a 0.000 AGD ≠  > PCW 2 + 5 3.95 0.113

DV = PGDP DV = CHM

 PHE ≠  > PGDP 2 + 5 20.01a 0.000 PHE ≠  > CHM 2 + 5 14.33a 0.000

 PCW ≠  > PGDP 2 + 5 17.14a 0.000 PCW ≠  > CHM 2 + 5 5.75c 0.71

 CHM ≠  > PGDP 2 + 5 28.65a 0.000 PGDP ≠  > CHM 2 + 5 9.88a 0.007

 CDR ≠  > PGDP 2 + 5 15.99a 0.000 CDR ≠  > CHM 2 + 5 9.51a 0.009

 AGD ≠  > PGDP 2 + 5 18.04a 0.000 AGD ≠  > CHM 2 + 5 7.73b 0.019

DV = CDR DV = AGD

 PHE ≠  > CDR 2 + 5 15.71a 0.000 PHE ≠  > AGD 2 + 5 14.02a 0.000

 PCW ≠  > CDR 2 + 5 14.23a 0.000 PCW ≠  > AGD 2 + 5 3.36 0.194

 PGDP ≠  > CDR 2 + 5 6.16b 0.046 PGDP ≠  > AGD 2 + 5 15.26a 0.000

 CHM ≠  > CDR 2 + 5 7.10b 0.042 CHM ≠  > AGD 2 + 5 2.17 0.324

 AGD ≠  > CDR 2 + 5 7.39b 0.024 CDR ≠  > AGD 2 + 5 6.87b 0.032



Page 9 of 13Hameed et al. BMC Public Health          (2023) 23:154  

GDP, child mortality rate, crude death rate, and the age 
dependency ratio, rejecting the null of Granger non-
causality at 1% significant level. For the per capita cost of 
war vector model, there is bidirectional causality between 
per capita GDP, per capita cost of war, per capita health 
expenditure, and child mortality rate, while there is uni-
directional causality running from crude death rate and 
age dependency ratio to per capita cost of war. For the 
age dependency ratio vector model, the results show that 
there is a bidirectional causality relationship between per 
capita health expenditure, per capita GDP, age depend-
ency ratio, and crude death rate. For per capita GDP 
vector model, the results demonstrate that per capita 
GDP is bidirectionally caused by per capita cost of war, 
child mortality rate, age dependency ratio, and the crude 
death rate, supporting the rejection of null hypothesis 
of Granger non-causality at 1% and 5% significant lev-
els. Moreover, the findings reveal that except for child 
mortality rate and age dependency ratio, all other vector 
models exhibit significant interdependencies and multi-
dimensionality between the variables.

Discussion
This study hypothesized the effects of civil wars on 
healthcare in Afghanistan during wartime. The statistical 
analysis began with the test of stationarity and revealed 
that the predictors follow mixed and complex integrating 
orders (see Table  3). This led the study to examine the 
long-run relationship between per capita cost of war, per 
capita health expenditure, and the control variables and 
to inform appropriate model specification. The rejected 
null of no cointegration ranks (see Table 4) reveals that 
the variables have a long-run nexus, implying that per 
capita health expenditure moves together with the per 
capita cost of war, child mortality rate, the crude death 
rate, per capita GDP, and the age dependency ratio in 
the long run. Furthermore, the results indicated that per 
capita cost of war, the key variable of interest, has a sig-
nificantly positive impact on per capita health expendi-
ture (see Table  5). Intuitively, the incremental effects 
of the civil war predictor on health expenditure do not 
necessarily imply an improvement in the healthcare 
system and its coverage, but rather an additional bur-
den of costs being paid by the government to cover the 
negative health consequences of Afghanistan’s armed 
conflicts. Per capita GDP is also found to have positive 
effects on per capita health expenditure. The results are 
consistent with the findings of Fedeli [68], Erçelik [69], 
and Bayar et al. [70], who also found that an increase in 
GDP significantly causes the per capita health expendi-
tures to increase over time. Moreover, the results also 
correspond with the findings of Rahman et al. [71], who 

revealed that an increase in GDP improves population’s 
health status in SAARC-ASEAN region. These findings 
reflect the fact that Afghanistan’s civil war had severe 
impacts on a variety of socioeconomic and healthcare 
indicators, including per capita health expenditures. The 
results lend statistical support to the findings of Mir-
zazada et  al. [72], who found that the armed conflicts 
in Afghanistan have a long-run relationship with the 
health predictors, indicating that the increase in child 
mortality rate is due to several factors—an important 
of which is the redirection of resources to defense and 
military operations, rather than the advancement of 
healthcare services. Moreover, Malik and Akhtar [73], 
Hu and Mendoza [74], Jaba et al. [75], Rahman et al. [76], 
Ray and Linden [77], and Malik et al. [78] discovered a 
long-run relationship between health expenditure and 
child mortality rates in different geographical contexts. 
In contrast to our results, they found that an increase in 
per capita health expenditure causes the child mortality 
rate to decrease due to providing more healthcare ser-
vices to the citizens. The findings also revealed that the 
age dependency ratio has a positive effect on per capita 
health expenditure consistent with those of Boz and 
Ozsarı [79], who also discovered the significance of the 
age dependency ratio on health expenditure. Consider-
ing the significant impact of the per capita cost of war on 
health expenditure, it suggests to delve into their causal-
ity directions. The Granger non-causality results shown 
in Table 6 highlighted two key findings. First, the results 
indicate that there are bidirectional causality relation-
ships between per capita health expenditure, per capita 
cost of war, per capita GDP, child mortality rate, crude 
death rate, and age dependency ratio. Second, there 
exists a multidimensional and complex interdepend-
ence between the explanatory variables, indicating seri-
ous policy implications for Afghanistan when developing 
relevant policies. The results are consistent with those of 
Mehrara et  al. [80], Sghari [81], Lago-Peñas et  al. [82], 
Marta and Noelia [83], Ashiabi et al. [84], Owusu et al. 
[85], Lakshmana [86], Linden and Ray [87], Akif and 
Torusdağ [88], Lopreite and Zhu [89], Yetim et al. [34], 
Rahman and Alam [90], Doğan et  al. [91], Dhrifi [92], 
Abbas and Awan [93], Bilgili et  al. [94], and Yang et al. 
[95], who also provided statistical evidence on the sig-
nificant relationships between health spending, gross 
domestic product, child mortality rate, and the age 
dependency ratio in different geographical contexts. the 
present study, in addition to extending the findings for 
Afghanistan, adds to the existing literature and provides 
evidence on the bidirectional causality nexus between 
health spending and long-run civil war proxied by the 
per capita cost of war in Afghanistan.
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Conclusion
Recognizing the importance of the healthcare system and 
its effectiveness in a war-torn society such as Afghanistan 
that has experienced more than four decades of consec-
utive civil wars, this article examines the effects of civil 
wars on healthcare in Afghanistan over the period from 
2002Q3 to 2020Q04. To test the developed hypotheses, 
this study uses datasets collected from WDI (World 
Development Indicators) and the US Department of 
Defense Budget sources, and based on the time-series 
properties of the data—that is, the combination of I(0), 
I(1), and I(2) integrating orders—it employs the modified 
vector autoregressive (MVAR) of Today and Yamamoto 
[65], and expands its analysis by using the Granger non-
causality method. For the rejected null of no cointegra-
tion, the results of the Johansen test confirm the existence 
of a significant long-run relationship between predictors. 
Using the MVAR technique, the results indicate that the 
per capita cost of war has a significantly positive impact 
on per capita health expenditures, which is not neces-
sarily an indication of improvement in health systems, 
but rather, an additional cost burden to offset the health 
consequences of the civil wars. Furthermore, the findings 
show that per capita GDP and age dependency ratio have 
a significant positive impact on per capita health expen-
ditures, whereas child mortality rate and crude death 
rate have a negative impact. Far more interesting results 
are achieved from the Granger non-causality method, 
which is the key test of interest in this study. It demon-
strates that there is a statistically significant bidirectional 
causality relationship between per capita health expendi-
ture, per capita cost of war, per capita GDP, child mor-
tality rate, crude death rate, and age dependency ratio, 
while it also supports the existence of strong and signifi-
cant interconnectivity and multidimensionality between 
civil war, per capita health expenditure, and other aug-
mented predictors in the study. The findings have an 
important policy implication. It clearly indicates that 
civil wars create additional health expenditure without 
impacting the improvement of the quality of healthcare 
systems in Afghanistan during wartime, resulting in a 
significant reallocation and redirection of the healthcare 
budget. Thus, the government should focus on the dual 
effects of the civil wars and reformulate relevant policies 
to increase efficiency both for the advancement of the 
healthcare system in the long-run and the accessibility of 
the citizens to healthcare services, in addition to covering 
the proportional cost of the health consequences of the 
civil wars.

Limitations of the study
Although the findings are consistent and cannot be 
doubted in any way; this study is confronted with one 

major limitation—the unavailability of the disaggregated 
civil war dataset by state. However, because the intensity 
of civil war in different states of Afghanistan has signifi-
cantly varied throughout the period, this study mainly 
relied on aggregated civil war datasets. Future studies 
may account for this limitation as long as the required 
datasets are made available for analysis.
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