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Abstract: 
Background: The sub-Saharan Africa (SSA) present the highest prevalence of  HIV/AIDS worldwide; resulting to a signif-
icant development challenges at country, region and global level. The previous studies explain at least in part, the impact of  
the epidemic, however the impact of  HIV/AIDS in long-term economic behavior were not yet clear. There is clearly few or 
absence of  studies on the impact of  the impact of  the epidemic on sustainable development.
Objective: This study focused on macroeconomic analysis of  the HIV/AIDS impact on sustainable development in SSA.
Method: The study utilized a panel dataset covering 23 countries from 1993 until 2016, and employed Panel ARDL/PMG.
Results: Our findings reveals a stable long-run relationship between sustainable development and HIV/AIDS prevalence. 
The error correction coefficient was statistically significant and conclude that HIV/AIDS prevalence has long-run impact 
on sustainable development.
Conclusion: The main implication of  our study is that, achieving a sustainable development in the presence of  high preva-
lence of  HIV/AIDS in SSA is very challenging and as such, the responsiveness of  HIV/AIDS to sustainable development 
should be maintained at minimum which would require more efforts on HIV/AIDS control programs and increase health 
expenditure.
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Introduction
Since the turn of  the 20th century, the world has been 
experiencing dramatic changes in its development and 
the speed of  changes exhibit no sign of  abatement. The 
global atention for development tilted to a path that en-
hances more consumption of  resources which will not 
only constitute a threat to world’s natural resources but 
also alter the environmental structures and perform a 
critical role in affecting the climate. The GDP, HDI, 
and ecological footprint have long been used to track 
country’s development1, but many have shown that 
these indices can fail to determine whether a develop-
ment is sustainable or not2,3. By contrast, the Adjusted 
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Net Savings (ANS) was designed to estimate sustainable 
development4,5.
In as many studies abounds on the definition of  sus-
tainable development (SD), a definition by World Bank 
simply put sustainable development as “a development 
path which can be maintained, in as much the total wel-
fare of  the people does not decline along the path”6. 
An important point of  reference for sustainable devel-
opment was the report published in 1987 by Brundt-
land Commission entitled Our Common Future, which 
defined SD as “development that meets the needs of  
the present without compromising the ability of  future 
generations to meet their own need”7.

Meanwhile, it was observed that, countries were asked 
to migrate into a new concept of  measuring or tracking 
development progress without no concrete and agreea-
ble new metrics for evaluating progress, these left coun-
tries with no alternative but to continue using GDP to 
track development7. It is imperative to note that many 
scholars are working on these5,8-10. Among the worthy 
literature to note is the recent work by Lange et al.,4 

on estimating the wealth of  nations. Among the indi-
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cators being considered for measuring sustainable de-
velopment is “Adjusted Net Savings” (ANS), which was 
opined to be more efficient than other indicators4.

The sustainable development agenda for 2030 has health 
at the center11. The goal is “to ensure healthy lives and 
promote well-being for all at all ages”. In order to meet 
this target, there is a need to examine various factors that 
could hinder the achievement of  the goal. Amongst the 
health issues raised by WHO is the infectious disease 
(e.g. HIV/AIDS). Health as WHO observed is said to 
be inherently significant as a human right but is also im-
portant to achieving pillars of  sustainable development 
(economic development, environmental sustainability, 
social inclusion, and good governance). Sustainable de-
velopment will be elusive in the absence of  health and 
productive population. Another author reported that 
combating the spread of  HIV/AIDS was critical to hu-
man progress as this disease disproportionately affect 
the development potential of  dozens of  countries12. 
HIV/AIDS has a complex linkage with poverty and in 
turn to the larger sustainable development13,14,15. Pover-
ty can make people more vulnerable to HIV infection.

Meanwhile, at the end of  2016, an estimated 34.5 mil-
lion adults globally were living with HIV/AIDS, where 
about 1 million died from AIDS16. Moreover, some 
authors acknowledge HIV/AIDS as one of  the most 
serious health crises in this century17,18. Some previous 
research on this epidemic has studied the economic 
and social determinants of  HIV/AIDS transmission 
and methods for controlling its extension19,20. However, 
as recognition grew that HIV cases are more promi-
nent amongst the person of  working ages, economic 
researchers began to analyses the detrimental impact of  
HIV/AIDS on economic growth.
In 2016 for instance, about 25.73 million people were 
estimated to be living with HIV/AIDS in Africa16, 
among which 741, 000 died due to HIV/AIDS-related 
illness. Several studies has indicated that higher prev-
alence of  HIV/AIDS within a country could lead to 
decrease in life expectancy, higher mortality rate, lower 
birth rates, lower human capital, and low job productiv-
ity14,21-24. Similarly, various studies on theories and esti-
mation methods has evolved to better understand the 
HIV/AIDS epidemics and how it affects real GDP22,25-

30.
The literature on HIV/AIDS and economic growth 
in African countries have been prolific. The three es-
tablished ground in the literature has been the main-
stream of  negative impact of  HIV/AIDS on economic 

growth15,24,26,28,29,31-35; the absence of  relation between 
the two variables36,37 and finally, a minority and chal-
lenging ground that claims a positive impact of  HIV on 
GDP growth38.

The previous studies explain, at least in part, the low 
impact of  the epidemic, the impact of  HIV/AIDS in 
long-term economic behavior were not yet clear. Virtu-
ally all the literature employed the traditional indicator 
for measuring countries progress (GDP), which accord-
ing to an author, does not measure the country’s wealth 
which could determine sustainable development4. A 
more disturbing explanation may be in the inappropri-
ateness of  the econometric models employed in de-
termining the impact. This study assumed that models 
can be substantially improved by taking into account 
the sustainable development indicator and employed an 
appropriate panel data model estimator (Pooled Mean 
Group/ARDL) that has significant advantages over 
other estimators in analyzing panel data39.
Noticeably, the above literature leaves room for ad-
vancement in two critical areas, notably, the need to (i) 
go beyond GDP in monitoring a country’s develop-
ment progress by employing “Adjusted Net Savings” 
(ANS) as an indicator for sustainable development 
which has broader policy implications; (ii) employ a 
more robust econometrics model that accommodates 
most of  shortcomings of  the other econometrics mod-
el for panel data.
In view of  the above, the macroeconomic analysis of  
the impact of  HIV/AIDS on both short and long-run 
was determined by analyzing its impact on the sustaina-
ble development in Sub-Sahara Africa, while controlling 
for the role of  health expenditure. The subsequent sec-
tions are structured as follows; Next section discusses 
the data and method, followed by the empirical analysis, 
while the last section includes the summary, conclusion, 
implications, and directions for future research.
 
Methods
The data employed in this study are adjusted net sav-
ings (ANS), which was measured as the gross national 
savings less the value of  consumption of  fixed capital; 
the variable has been established in previous studies as 
a good indicator for sustainable development40-44. Prev-
alence of  HIV/AIDS, measured as the percentage of  
people aged between 15 and 49 who are infected with 
HIV; current health expenditure (HEX), measured as a 
percentage of  GDP. It is the estimate of  current health 
expenditures, includes health care goods and services 
consumed during each year. These variables are sourced 
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from World development bank indicator45. The data are 
yearly and covers the period 1993 - 2016. The countries 
included in the panel are 23 sub-Saharan Africa coun-
tries (see appendix). The choice of  countries in the pan-
el was based on the availability of  data for the variables 
included in the study during the observed period.

Our study is based on Pesaran et al., methodology, who 
introduced the pooled mean group (PMG) approach in 
the panel ARDL framework46. This estimator was set-
tled for as a result of  its advantages in comparison with 

other panel estimators. First, PMG/panel ARDL does 
not require a formal test for cointegration. Secondly, 
PMG minimizes the endogeneity problems and all the 
variables are considered to be endogenous. Thirdly, the 
testing for the order of  variables integration is not gen-
erally required, i.e either the variable is I(0) or I(1) is not 
an issue inPMG. And lastly, the long-run and short-run 
variables are estimated simultaneously, lessening prob-
lems of  omitted variables and autocorrelation.
In line with Pesaran et al., methodology, the panel 
ARDL model for this study including the long-run re-
lationship between the variables is presented as follows:

ΔANSit = i +iANSi,t-j + ilHPREVi,t-l + irHEXi,t-r + 1ANSi,t-1 + 2HPREVi,t-1 + 3HEXi,t-1 +  1i, t    (eq. 1)        
                                                             
ΔHPREVit = i +ijHPREVi,t-j + ilANSi,t-l + irHEXi,t-r + 1HPREVi,t-1 + 2ANSi,t-1 + 3HEXi,t-1 + 2i,t (eq. 2)

ΔHEXit = i +ijHEXi,t-j + ilANSi,t-l + irHPREVi,t-r + 1HEXi,t-1 + 2ANSi,t-1 + 3HPREVi,t-1 + 3i,t (eq. 3)             

Where ANS, HPREV and HEX are adjusted net saving 
(proxy for sustainable development), HIV/AIDS prev-
alence rate and health expenditure. Δ and ∑kit (k = 1, 
2, 3) are the first difference operator and a white noise 
term. Also α1 denotes in (1), (2), and (3), a country spe-
cific intercept. The subscript I denotes a specific unit 
and is varying from 1 to N. A reasonable generalization 
of  cointegration test 43 from time series to panel data 
may formulate the null hypothesis of  no cointegration 
between the three variables in Eq. (1) as follows: H0: 1 

= 2 = 3 = 0, while H1: at least one k  0 (k = 1,2,3).
Similarly, the null hypothesis of  no cointegration in 
equation (2) may be written as H0: 1 = 2 = 3 = 0. Also, 
in equation (3), the null hypothesis of  no cointegration 
between the 3 variables may be formulated as H0: 1 = 2 
= 3 = 0.
Subsequently, if  the null hypothesis of  cointegration is 
rejected, we estimate the long-run relationship for the 
first-panel ARDL described in Eq. (1) is presented as 
follows:

ANSit = i + 1j ANSi,t-j + 2j HPREVi,t-l + 3j HEXi,t-r + v1i,t (eq. 4)

In doing so, we have considered the assumption im-
posed by PMG approach, namely the coefficients of  
the long run relationship which are the same for each 
country in the panel. Meanwhile, this assumption has 
also been considered in the specification of  the no 
cointegration null hypothesis associated with the three 

above-described ARDL models. Similarly, the long-
run relationships corresponding to the two remaining 
ARDL models are established in the same way. The er-
ror correction terms are derived correspondingly from 
these relationships and they will be used accordingly.
The error correction models for the ARDL models de-
scribed above are constructed as follows:

ΔANSit = i +iANSi,t-j + ilHPREVi,t-l + irHEXi,t-r + αECTt-1 + 1i,t (eq. 5)

ΔHPREVit = i +ijHPREVi,t-j + ilANSi,t-l + irHEXi,t-r + bECTt-1+ 2i,t (eq. 6)

ΔHEXit = i +ijHEXi,t-j + ilANSi,t-l + irHPREVi,t-r + cECTt-1 + 3i,t (eq. 7)             

Where the residual eki,t (k = 1,2,3) is independently 
and normally distributed with zero mean and constant 
variance, and ECTt-1 is the error correction term spec-
ified from the long-run equilibrium relationship. The 
parameters a,b,c shows the speed of  adjustment to the 
equilibrium level.

Having specified the models according to Pesaran et al., 
the next step is to give a descriptive statistics on the 
data, this will enable us to show and explain the charac-
teristics of  each variable in the model. Following steps 
will be correlation analysis, this is necessary to establish 
that the regressors do not have perfect or exact linear 
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representations of  one another. Subsequently, the unit 
root test will be conducted to ascertain that no vari-
able is integrated of  order two. This is to ensure that 
the model does not violate the assumption of  PMG as 
highlighted by Pesaran et al.,46. Furthermore, the esti-

mation of  the model will be done and inference from 
the analysis will be made to determine causality.
 
Result and Discussion
Descriptive Statistics

Table 1: Characteristics of the variables 

  ANS HEX HPREV 
Mean 2.28 6.03 5.93 
Max. 62.36 30.00 19.73 
Min. -128.80 0.10 1.70 
Std. Dev. 13.44 7.41 2.29 
Skewness -2.67 1.66 1.23 
Kurtosis 25.96 4.83 6.42 

  
From table 1, it shows that the mean value for adjust-
ed net saving (ANS) for the 23 countries in the panel 
during the period under study is 2.28. This implies that 
the countries in our panel has 2.28% of  their gross na-
tional income (GNI) committed to saving. The  6.03 
mean values for health expenditure is an indication that 
average of  6.03% of  the GDP of  respective countries 
in our panel was spent on health, which could is con-
sidered to be low. Meanwhile, the 5.93 mean value for 
the HIV/AIDS prevalence depicts that 5.93% of  the 
population ages between 15-45 years in the countries in 
our panel are HIV carriers, and looking at the figure, it’s 
alarming. The 19.73% maximum value for HIV/AIDS 
prevalence and 1.70% minimum value indicate that the 
SSA as a region is still being ravaged by the epidemic 
as observed from the data that none of  the countries 
in the panel has less than 1.7% HIV/AIDS prevalence. 
Another disturbing observation from the data is the 

minimum value for health expenditure, which is as low 
as 0.01%. The standard deviation values indicate that, 
while HPREV has a moderate degree of  variation from 
the mean value, both ANS and HEX depicts a sharp 
variation from the mean value with 13.44 and 7.41 re-
spectively.

Skewness and kurtosis values for the variables shows 
that ANS mirrors normal skewness and leptokurtic be-
cause the kurtosis value (25.96) is greater than 3. How-
ever, HPREV has a long-right tail (positive skewness) 
and leptokurtic (because 6.42 > 3), and similarly, HEX 
has a long-right tail (positive skewness) and leptokurtic 
as well (because 4.83 > 3).
The description above of  the variables tell us that in 
our data, we have more high values above the average 
sample size.
 
Correlation analysis

Table 2. Correlation analysis result 

  ANS HPREV HEX 
ANS 1.00     
HPREV 0.29 1.00   
HEX 0.09 0.23 1.00 
 

From table 2, we can deduce that the regressors are not 
linearly dependent on each other which indicate that 
there is no multicollinearity problem with the model.
Unit root test
Though Pesaran et al., commented that the variables for 
Pooled Mean Group (PMG) estimator could either be 
integrated on I(0) or I(1) in order for the variable not to 

lose its predictive power46. However, an author opined 
that panel ARDL does not generally require knowledge 
of  the order of  integration of  variables47. Nevertheless, 
we apply Levin, Lin & Chu; Breitung t-stat; Im Pesa-
ran and Shin W-stat; ADF Choi Z; PP Choi-Z; and 
Hadri test for both levels and their first difference with 
an intercept and trend. This was done to ascertain the 
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stationarity properties of  the variable to enhance the 
robustness of  our results. The results as presented in 

Table (3 & 4) indicate that ANS, HPREV, and HEX 
are stationary variables, therefore we could use panel 
ARDL model (PMG). 

Table 3. Panel unit root result (at level)  

  ANS HPREV HEX 
  Intercept Trend Intercept Trend Intercept Trend 
LLC -5.73 (0.00) 3.54 (0.00) -4.73 (0.00) -2.02 (0.02) -11.88 (0.00) -11.45 (0.00) 
IPS -6.19 (0.00) -4.74 (0.00) -6.43 (0.00) -3.06 (0.00) -9.35 (0.00) -9.50 (0.00) 
BREITUNG -------------- -1.43 (0.08) --------------- -1.50 (0.07) --------------- -0.02 (0.49) 
HADRI 4.21 (0.00) 4.13 (0.00) 2.81 (0.00) 6.89 (0.00) 9.99 (0.00) 11.11 (0.00) 
ADF CHOI-
Z 

-6.05 (0.00) -4.40 (0.00) -6.09 (0.00) -2.77 (0.00) -7.52 (0.00) -7.11 (0.00) 

PP CHOI-Z -7.72 (0.00) -6.53 (0.00) -5.19 (0.00) -2.54 (0.01) -3.98 (0.00) -2.17 (0.02) 
  
Note: the values in parentheses are the corresponding p- value 
 

Table 4. Panel unit root result (at first difference) 

  ANS HPREV HEX 
  Intercept Trend Intercept Trend Intercept Trend 
LLC -21.93 (0.00) -18.33 (0.00) -13.22 (0.00) -8.45 (0.00) -11.57 

(0.00) 
-8.21 (0.00) 

IPS -22.13 (0.00) -19.76 (0.00) -16.83 (0.00) -13.11 (0.00) -8.47 (0.00) -6.58 (0.00) 
BREITUNG ---------------- -8.22 (0.00) ------------- -1.65 (0.05) -------------- -2.52 (0.01) 
HADRI 3.24 (0.00) 17.42 (0.00) -0.71 (0.76) 8.94 (0.00) 9.73 (0.00) 11.63 (0.00) 
ADF CHOI-
Z 

-17.43 (0.00) -15.16 (0.00) -14.23 (0.00) -10.99 (0.00) -7.23 (0.00) -5.06 (0.00) 

PP CHOI-Z -21.80 (0.00) -24.35 (0.00) -17.81 (0.00) -16.50 (0.00) -6.00 (0.00) -4.95 (0.00) 
  
Note: the values in parentheses are the corresponding p – value 

Cointegration analysis

Table 5. Pedroni Cointegration test statistics 

Test Statistics 
Panel v – statistics -0.60 
Panel rho statistics -2.24*** 
Panel PP-Statistics -6.17*** 
Panel ADF-Statistics -6.97*** 
Group rho-Statistics -2.31*** 
Group PP-Statistics -7.11*** 
Group ADF-Statistics -7.44*** 
  
Note: *** indicate 1% significance level 

The result from Table 5 depicts that only Panel v sta-
tistics out of  seven statistics failed to reject the no 
cointegration null hypothesis, while the remaining six 

statistics reject the no cointegration null hypothesis at 
1% significance level. In view of  the result, we can sub-
mit that there is a long-run relationship between ANS, 
HPREV and HEX. 
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PMG long–run estimates

Table 6. Long-run estimates 

  Independent Variables 
Dependent variables ANS HPREV HEX 
ANS - -2.21***(0.43) -0.020(0.19) 
HPREV -0.067***(0.01) - 0.09**(0.04) 
HEX 0.058***(0.013) 0.14**(0.07) - 
Note: The values in parentheses are standard error 
*** Indicate 1% level of significance 
** indicate 5% level of significance 

In this section, the long-run causal relationships find-
ings between ANS, HPREV, and HEX were discussed, 
and the results as presented in Table 6 shows that when 
ANS is the dependent variable (eq. 1), HPREV has a 
negative long-run effect on the ANS at 1% significance 
level. This result implies that at the long-run, the preva-
lence of  HIV/AIDS will have negative influence on sus-
tainable development of  the SSA countries. Moreover, 
when HPREV is the dependent variable (eq. 2), ANS 
has a negative long-run effect on the HPREV, while the 
influence of  HEX is found to be positive at the long-
run. This is an indication that both ANS and HPREV 
determine each other at the long. In other words, there 
is a bi-directional relational causal relationship between 
sustainable development and HIV/AIDS prevalence 
in SSA which is statistically significant. Meanwhile, the 
positive influence of  HEX on the prevalence of  HIV 

in the long-run implies that, if  the rate of  expenditure 
committed by the SSA countries to health continues, 
it will increase the prevalence of  the epidemic instead 
of  reducing it. In other words, the percentage of  GDP 
spending on health needs to be increased. In addition, 
the influence of  HPREV and ANS were determined 
on the HEX (eq. 3), the results shows that both ANS 
and HPREV has a positive long-run effect on HEX and 
also statistically significant at 1% and 5% respectively. 
The result is an indication that the higher the epidemic 
prevalence, the higher the fund that will be committed 
to health expenditure, so also an increase in the ANS, 
will translate to more funds for the health. In summary, 
long-run bidirectional was found to exist between ANS 
and HPREV, and HPREV and HEX, while unidirec-
tional long-run causal relationship was found between 
ANS and HEX.
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PMG short-run estimates

Table 7. PMG short-run estimate, ΔANS is the dependent variable 

Variables Coefficients Standard Error 
ECT -0.56*** 0.08 
Δ(ANS(-1)) -0.031 0.054 
Δ(HEX) 3.61 4.50 
Δ(HEX(-1)) -11.92* 6.62 
Δ(HPREV) -1.10 0.77 
Δ(HPREV(-1)) 0.86 0.83 
Constant 7.84*** 1.87 
  

Note: *** and * indicate 1% and 10% significance level respectively. 
  
Table 8. PMG short-run estimate, ΔHEX is the dependent variable 

Variables Coefficient Standard Error 
ECT -0.03* 0.01 
Δ(HEX(-1)) 0.50*** 0.08 
Δ(ANS) -0.0008 0.002 
Δ(ANS(-1)) -0.00042 0.0011 
Δ(HPREV) 0.009 0.006 
Δ(HPREV(-1)) -0.002 0.007 
Constant 0.35*** 0.13 
  
Note: *** and * indicate 1% and 10% significance level respectively. 
  

Table 9. PMG short-run estimate, ΔHPREV is the dependent variable 

Variable Coefficient Standard Error 
ECT -0.60*** 0.10 
Δ(HPREV(-1)) 0.18*** 0.07 
Δ(ANS) 0.022*** 0.009 
Δ(ANS(-1)) 0.016*** 0.006 
Δ(ANS(-2)) 0.001 0.012 
Δ(HEX) 0.87** 0.37 
Δ(HEX(-1)) -0.29 0.65 
Δ(HEX(-2)) -1.34 0.96 
Constant 3.46*** 0.54 
  
Note: ***, ** and * indicate 1% and 5% significance level respectively. 
 

As presented in table (7, 8 & 9), it shows the short-
run coefficients and the cointegration vectors for ANS, 
HEX, and HPREV respectively. Suffice to say that, the 
signs and intervals of  ECTs from the 3 tables are con-
sistent with theory, which according to an author stated 

that a negative ECT ranges between 0 and 1, is impera-
tive for a stable error correction mechanism41. While a 
positive ECT implies a deviation from the equilibrium, 
a negative ECT is important for the restoration of  equi-
librium following an exogenous shock.
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The ECT coefficient from the tables shows that model 
of  ΔANS, ΔHEX and ΔHPREV relationship can be 
restored to its long-run equilibrium. The analysis of  
equation (5) as presented in table (7) indicate that there 
is long-run cointegration among the variables at 1% 
significance level, and the ECT coefficient of  (-0.56) 
implies that any deviation from the long-run equilibri-
um is corrected at 56% adjustment speed. In addition, 
the significance of  ECT, it is an indication that a stable 
long-run relationship exists between sustainable devel-
opment (ANS) and the independent variable is signifi-
cant.
From table 8, equation (7), the result shows a stable 
long-run relationship between HPREV and other varia-
bles at 10% significance level, while the model could be 
significantly restored to its long-run equilibrium at 3% 
adjustment speed in the presence of  a shock. The result 
shows further that there is short-run causality running 
from health expenditure (HEX) to sustainable develop-
ment (ANS).
Analysis for equation (6) as presented in table 9 reveals 
that there is a stable long-run relationship between 
HEX and other variables which is statistically signifi-
cant at 1% level, and in the presence of  a shock, the 
model could be significantly restored to its long-run 
equilibrium at 60% adjustment speed. As it could be 
observed from the table (9), it shows that there is short-
run causality running from sustainable development 
(ANS) to HIV/AIDS prevalence (HPREV) and also 
from health expenditure (HEX) to HIV/AIDS preva-
lence (HPREV).

Causality test
Long-run causality can be inferred from table 6, it could 
be deduced from the table that HPREV has long-run 
causality on ANS at 1% significance level. Also, ANS 
and HEX have a long-run causality on HPREV and are 
statistically significant at 1% and 5% level respectively. 
Similarly, ANS and HPREV has a long-run causality on 
HEX at 1% and 5% significance level respectively. The 
result of  health expenditure (HEX) not having a long-
run causality on sustainable development is understand-
able, owing to the fact that, health issue in most cases 
manifest within a short-term. Moreover, an inference 
could be made from the table (7, 8 & 9) that all the var-
iables together (ΔHPREV and ΔHEX) jointly have an 
impact on ANS at the long-run at 1% significance level. 
Similarly, ΔANS and ΔHPREV jointly have a long-run 
effect on ΔHEX at 10% significance level, while ΔANS 
and ΔHEX together have a significant long-run effect 
on ΔHPREV at 1% significant level.

As observed from table 6, there is an established bi-direc-
tional causality from HIV/AIDS prevalence (HPREV) 
to sustainable development (ANS); and HIV/AIDS 
prevalence (HPREV) to health expenditure (HEX), 
while a uni-directional causality is observed from health 
expenditure (HEX) to sustainable development (ANS).
 
Discussion
Sustainable development is a complex concept of  the 
world and currently the main challenge for all continents 
and countries, most especially the developing regions. 
Most authors have argued the significance of  a healthy 
society in achieving sustainable development goals. The 
impact of  HIV/AIDS on economic growth has been 
investigated by a number of  past studies22,24,26,28,29,36, 
whereas, others have explored the interaction between 
a number of  factors together with HIV/AIDS and eco-
nomic growth22,23.
However, despite theoretical suggestion that the devel-
opment of  any countries or region could not be ade-
quately accounted for using traditional economic growth 
indicator – GDP4,7, studies on sustainable development 
and HIV/AIDS is still rare, but an attempt has been 
made and work is still ongoing on having a generally ac-
cepted indicator for sustainable development4,5,8,9. This 
study thus investigates the relationship between sustain-
able development and HIV/AIDS, whether there is a 
short or long-run relationship and the significance of  
the relationship, also determining the direction of  the 
causal relationship. This is imperative to serve as policy 
guidance on HIV/AIDS and sustainable development 
in sub-Saharan Africa, where HIV/AIDS prevalence 
rate is comparatively high and thus serve as a significant 
challenge for achieving sustainable development goals 
by 2030.

An adapted version of  Pesaran et al.,46, Pooled Mean 
Group (PMG) or Panel ARDL was used in this study 
to evaluate the impact of  HIV/AIDS prevalence on 
sustainable development in Sub-Saharan Africa. The 
main objective of  the study is to evaluate the long-run 
relationship between HIV/AIDS prevalence and sus-
tainable development, and also to determine the direc-
tion of  causality between the variables. Our study is a 
novel study on the empirical modeling of  sustainable 
development and HIV/AIDS prevalence relationship. 
Previous studies are tilted towards the HIV – economic 
growth relationship. Meanwhile, a similar recent study 
was conducted by Odugbesan & Rjoub48 which exam-
ined the relationship between sustainable development 
and HIV/AIDS prevalence with the inclusion of  hu-
man capital and good governance.
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This study established a long-run causality from HIV/
AIDS to sustainable development (ANS). Our finding 
is in consistent with the study of  Odugbesan & Rjoub48 
who established similar result for SSA countries. In ad-
dition, our finding is in agreement with some previous 
studies13,14,15 that submitted in their studies that HIV/
AIDS has a significant linkage with poverty and sub-
sequently the sustainable development. This is an indi-
cation that to achieve a sustainable development goal 
on healthy society in sub-Saharan Africa by 2030, more 
efforts are required to tame the scourge of  HIV/AIDS 
as the study suggests.

Sustainable development and health expenditure were 
also established in the study to have a long-run cau-
sality on HIV/AIDS prevalence, so also, sustainable 
development and HIV/AIDS were confirmed to have 
long-run causality on health expenditure. Another find-
ings from the study is that, HIV/AIDS (HPREV) and 
health expenditure (HEX) jointly have an impact on 
sustainable development (ANS), also sustainable devel-
opment (ANS) and HIV/AIDS (HPREV) significantly 
influenced health expenditure (HEX), while sustaina-
ble development (ANS) and health expenditure (HEX) 
were also found to have a joint impact on HIV/AIDS.
The direction of  causality as inferred from the analy-
sis reveals that there is bi-directional causality between 
sustainable development and HIV/AIDS, this result 
contrast the study of  Odugbesan & Rjoub48 that did 
similar study but found a unidirectional causal relation-
ship between sustainable development and HIV/AIDS 
prevalence. Moreover, bidirectional causal relationship 
was found between HIV/AIDS prevalence and health 
expenditure. However, uni-directional causality was es-
tablished running from health expenditure (HEX) to 
sustainable development (ANS).
 
Conclusion
The policy implications from this study could be exam-
ined notably on the long-run relationship established; 
that is, the ability to restore the long-run relationship 
in the event of  disequilibrium. The established long-
run relationship implies that a carefully tailored poli-
cy on HIV/AIDS and health expenditure is required 
in the post-2019 development agenda. But it should be 
framed in such a way that the sustainable development 
is not compromised by HIV/AIDS and health expend-
iture; the responsiveness of  HIV/AIDS to sustainable 
development is maintained at a minimum which would 
require more efforts on HIV/AIDS control programs 
and increase in health expenditure. Moreover, the ev-
idence that in the presence of  an exogenous shock, 

sustainable development, HIV/AIDS and health ex-
penditure can be significantly adjusted to restore the 
long-term relationship means that the fundamentals of  
error correction terms corresponding to each of  the 
variables need to be consolidated.
Differently, from employing a robust panel data mod-
el estimator (PMG), the result of  this study make new 
contributions to the econometrics, sustainable develop-
ment, and health studies literature in several ways. Using 
PMG by Pesaran et al.,46 in estimating the model, this 
study contributes to the literature on the Panel ARDL 
model that the order of  integration is of  no importance 
in PMG estimator.

Secondly, this study contributes to the theoretical sug-
gestions of  moving beyond GDP as a measure of  a 
country’s progress. In the sense that, sustainable de-
velopment was employed in this study to measure the 
region’s development progress, and not only that the 
result is different from previous studies, it as well shows 
more robustness in terms of  methodology.
Thirdly, although the result of  a good number of  pre-
vious research that directly investigated the economic 
growth and HIV/AIDS relationship have been mixed, 
efforts at explaining how and why this might be the case 
are limited. Therefore, this study makes a new and dis-
tinctive contribution to the international literature by 
revealing that HIV/AIDS prevalence has a significant 
impact on sustainable development, whether there will 
be a reduction or increase when other factors are added 
will be our focus for future research.
Lastly, this study empirically offers new significant in-
sight on, and expansion of, the efforts at explaining the 
conflicting results of  previous research that has inves-
tigated the nexus between economic development and 
HIV/AIDS prevalence.
This study includes one dependent variable and one 
control variable, though the study established signifi-
cant results, however, there is a need for future research 
to include other independent variables in the model. 
This becomes necessary because formulating policy in 
regards to health issues requires a thorough and statis-
tically established research in formulating such policies.
 
 
Key points for decision makers
-The study established that HIV/AIDS prevalence in 
SSA will impact on the sustainable development at the 
long-run.
-The study reveals a joint causality of  HIV/AIDS prev-
alence and health expenditure in SSA on sustainable de-
velopment at the long-run.
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-The implication of  this study is that efforts on the 
HIV/AIDS control programs should be enhanced for 
the SSA countries to be able to attain sustainable devel-
opment goals target.
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