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Abstract: 

This paper provides new evidence regarding the impact of the HIV/AIDS epidemic on 

trend per capita growth in Africa. Panel data from 35 African countries is used to analyze 

the impact of HIV prevalence on the components of an augmented neo-classical growth 

model. Results show that HIV prevalence has a significant negative impact on trend per 

capita growth and its determinants, but only in high prevalence countries and only in the 

short run. These results have important policy implications both domestically in high 

prevalence countries and globally in the context of international funding for HIV/AIDS 

programmes.  

 

* I am indebted to Jeffrey Sheen for his insights on this paper and his excellent supervision.



Preface 

Thesis Title: The Macro-economic Impacts of HIV/AIDS in Africa 

Supervisor: Jeffrey Sheen 

 

Introduction: The macro-economic implications of HIV/AIDS in Africa are not well 

understood despite the fact that the epidemic has been in existence for almost 30 years. A 

central issue in this context is the impact of HIV/AIDS on per capita growth. 

Theoretically, there are a number of different mechanisms through which HIV can impair 

the production function of an economy, however premature HIV-induced mortality also 

slows population growth such that the net impact of the epidemic in a standard 

augmented neo-classical growth framework is indeterminate. Empirical analysis in this 

topic area was difficult in the early years of the epidemic due to poor epidemiological 

data, however both the quantity and quality of HIV-related data in Africa has improved 

considerably in recent years. Thus a comprehensive growth model and supporting 

empirical analysis is needed to determine the net impact of the epidemic on growth trends 

in Africa. This in turn will enable policy makers, both domestically in Africa and 

globally, to respond to the epidemic in a manner that mitigates its negative effects.  

 

 

The thesis is structured as follows:  

 

Chapter 1: Introduction 

Chapter 2: The Determinants of HIV/AIDS in Africa 

Chapter 3: HIV/AIDS and Growth 

Chapter 4: The Policy Response to HIV/AIDS in Africa 

Chapter 5: Appendices 

 

The following paper is based on Chapter 3. 
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 HIV/AIDS and Growth Trends in Africa 

The HIV/AIDS epidemic poses a grave threat to the human population of the African 

continent. While sub-Saharan Africa has only 10% of the world’s population, it is home 

to more than 65% of all people living with HIV. Southern Africa in particular has some 

of the highest HIV prevalence rates in the world with Botswana at 37%, Swaziland at 

39%, South Africa at 21% and Zimbabwe at 25%. There are currently 25 million 

Africans infected with HIV and almost 3 million new infections are reported every year 

in Africa (UNAIDS, 2006).  

 

While the human costs the epidemic are well known the macroeconomic implications, 

particularly the impacts on growth, are less clear. A number of studies have attempted to 

quantify the effect of HIV/AIDS on growth in Africa (see Appendix 1.1 for a summary), 

however the results of these analyses are inconclusive. For example, early theoretical 

models of HIV/AIDS and growth focused impact on the size and productivity of the 

labour force and has generally concluded that HIV/AIDS will have a negative but not 

particularly large impact on GDP per capita growth (Kambou et al, 1992; Over, 1992; 

Cuddington, 1993; Cuddington and Hancock, 1995).  

 

More recent theoretical analyses have focused on the human capital aspects of the 

epidemic (Bell et al, 2006) and suggest that both the magnitude and longevity of the 

impact of HIV/AIDS will be considerably more than previously anticipated. At the other 

end of the spectrum, Young (2005, 2005b) develops an endogenous fertility model which 

highlights the fact that the epidemic slows population growth and therefore, under certain 

assumptions, may have a positive impact on income levels and per capita growth in the 

long run.  

 

In addition to the lack of consensus in the theoretical literature, the empirical analyses in 

this topic area shows inconsistent results. The most oft quoted empirical study is Bloom 

and Mahal (1995) which is not Africa specific, but finds the impact of the AIDS epidemic 

on growth to be statistically insignificant in the 51 countries sampled.  However, Bonnel 

(2000) focuses exclusively on Africa and finds that the epidemic has slowed growth by 
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approximately 0.7% per year in low prevalence countries and by up to 2.6% in high 

prevalence countries in southern Africa.  

 

A more recent empirical analysis by Dixon, McDonald and Roberts (2001) shows that at 

low prevalence levels growth conforms to standard patterns in Africa, but at high 

prevalence levels the growth impact of HIV prevalence is unclear. This latter result stems 

primarily from evidence of growth declines in countries in Southern and Eastern Africa 

despite rising capital-labour ratios. Finally, McDonald and Roberts (2006) find a negative 

relationship between HIV and growth in Africa when Africa is compared to other 

regions.1  

 

Despite burgeoning literature on the topic of HIV and growth in Africa, there are a 

number of key theoretical and empirical areas that remain unanalyzed. First of all, even 

though human capital augmented neo-classical models are commonly used to analyze 

HIV/AIDS and growth, the impact of the epidemic on savings rates is conspicuously 

absent. Similarly, despite the obvious demographic implications of heightened HIV-

induced mortality, many growth analyses hold population growth constant. Finally, while 

the impact of HIV on human capital is now a common framework in this context, there 

are relatively few studies that define human capital to include both health and education 

and analyze the impact of the epidemic on each type of capital separately.  

 

To the extent that HIV has a negative impact on savings, health and educational capital, 

research that omits any of these variables potentially underestimates the negative growth 

impact of the epidemic. Conversely, research that holds population growth constant when 

it is in fact falling sharply, ignores the potential “denominator effect” on per capita 

income and possibly overestimates the negative impact of HIV/AIDS on per capita 

growth.  

 

                                                 
1 It is important to highlight that early empirical studies of the HIV and growth were based on very limited 
time series. HIV/AIDS took off in Africa in the early to mid-1980s and the time frame considered by 
Bloom and Mahal includes data only until 1992, Bonnel (2000) until 1997 and Dixon et al (2001) through 
1998. As a result, updating early analyses using more recent HIV data is a useful exercise in its own right.  

 4



This paper aims to address these gaps and inconsistencies and proceeds as follows: 

Section I develops a theoretical growth model in the context of HIV/AIDS and also 

discusses methodology and data. Section II uses panel data from 35 African countries to 

determine the extent to which HIV/AIDS impacts trend per capita growth and its 

determinants in the short run, where the short run is defined as during the epidemic. 

Section III analyzes the growth impact in the long run, where the long run is defined as 

post-epidemic, and discusses the domestic and international policy implications of these 

results. County case studies of HIV/AIDS and growth in Kenya and Uganda are also 

presented.  

 

SECTION I: THE MODEL 

1.1 The Model  

The following model is based on McDonald and Roberts (2006) which follows the 

original model developed by Mankiw, Romer and Weil (1992), hereafter MRW.2 Let the 

aggregate production function in a country in time t be given by (1) and output per capita 

by (2):  
1( )t t t t t tY K H E A Nα β γ α β γ− − −=      (1)  

t t t ty k h eα β γ=        (2) 

where K is physical capital, H is health capital, E is education capital, N is the total 

population and A is variable which includes technology, institutions and policies. 

Effective output is given by y=Y/AN, physical, health and education capital per capita are, 

k=K/AN, h=H/AN and e=H/AN and α, β and γ are factor shares, respectively. Assume 

that population grows at the country-specific rate i , A n

δ.  

                                                

it grows at a rate of itg , and that 

all capital stocks depreciate at a constant rate of 

 

Let economy wide savings be deployed between physical, health and education capital 

such that savings and investment is given by (3), where ,  and represent the 

saving rate for physical, health and education capital, respectively. Physical capital 

ks hs es

 
2 Similar models have been used in Dixon et al (2001) in the specific context of modeling HIV/AIDS and 
growth and by Knowles and Owen (1995) in the more general context of health capital and growth.  
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accumulates according to (4), health capital according to (5) and education capital 

according to (6):  

t t t
t t t

k h
k h e t t

t
t t t

S I I I I
s s s s

Y Y Y

e+ +
= + + = = =     (3) 

t (k
t t t i itk s y k n g )δ= − + +       (4) 

  t (h
t t t i ith s y h n g )δ= − + +       (5) 

t (e
t t t i ite s y e n g )δ= − + +       (6) 

Unlike most models where population growth is constant, here population growth can 

vary over time due to HIV/AIDS-related deaths such that:  

        (7) * *( ( ))n n
tn n n aρ= − − − n

ta

where  is a mortality shock caused by the onset of the epidemic,  is the permanent 

effect of the epidemic on population growth, and 

na *na

nρ is a disease persistence effect on 

population growth and . The steady state population growth, 0nρ < * *( nn a− )  is reached 

in the long run when the epidemic is over.3  

 

Equations (4) to (7)  imply that country i converges to a steady state where:  

 

1
1 1

*
* *

( ) ( ) ( )k h e
i i i

i n
i it

s s s
k

n a g

β γ β γ α β γ

δ

− − − − −⎛
= ⎜ − + +⎝ ⎠

⎞
⎟     (8) 

   

1
1 1

*
* *

( ) ( ) ( )k h e
i i i

i n
i it

s s s
h

n a g

α β γ γ α β γ

δ

− − − − −⎛
= ⎜ − + +⎝ ⎠

⎞
⎟     (9) 

   

1
1 1

*
* *

( ) ( ) ( )k h e
i i i

i n
i it

s s s
e

n a g

α β α β α β γ

δ

− − − − −⎛
= ⎜ − + +⎝ ⎠

⎞
⎟

                                                

    (10) 

Substituting these three equations into (2) gives steady state output per capita as shown in (11): 

 
3 Fertility is another possible channel through which the epidemic may influence population growth, 
although the nature of its impact is the source of debate in recent economic literature. Young (2005b) and 
Kalemli-Ozcan (2006) address the question of HIV and fertility in Africa, however they reach opposite 
conclusions. Young suggests that there is a negative relationship between the two variables while Kalemli-
Ozcan finds that HIV and fertility are positively related.  
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1
1 1

*
* *

( ) ( ) ( )k h e
i i i

i n
i it

s s s
y

n a g

β γ β γ α β γ

δ

− − − − −⎛ ⎞
= ⎜ − + +⎝ ⎠

⎟      (11) 

This equation highlights the potentially competing effects of HIV/AIDS in a neo-classical 

framework: HIV negatively impacts output per capita to the extent that it reduces savings 

and investment rates, however the population growth effect reduces the denominator such 

that, as highlighted by others analyzing HIV/AIDS (Bonnel, 2000; Dixon et al, 2001), the 

net impact of the epidemic on per capita growth is theoretically indeterminate. 
 

The model thus far defines the steady state level of output per capita however this 

research is ultimately interested in the impact of HIV on the rate of growth. To transform 

the standard neo-classical levels model into a growth model the process outlined by 

MRW is employed. Taking logs of (11) gives (12) and linearising this equation around 

the steady state gives (13) (see Appendix 1.2 for details): 

 

*

* *

ln ln( ) ln( )
1 1

ln( ) ln( )
1 1

k h
i i i

e n
i i

y s s

s n a itg

α β
α β γ α β γ

γ α β γ δ
α β γ α β γ

= + +
− − − − − −

+ +
− − + +

− − − − − −

 (12) 

*ln
(ln ln )it

it it
d y

y y
dt

λ= −      (13) 

where * *( )(1n
i itn a g )λ δ α β γ= − + + − − − and yit is the level of output per capita in 

country i in time t. Solving this differential equation gives: 

  *
tln (1 ) ln lnt t

it i i0y e y eλ λ− −= − + y    (14)  
 
where yi0 is initial income in country i. The change in income from an initial date to time 

t can then be found by subtracting yi0 from both sides of (14) and substituting the 

equation for steady state output per capita which gives:  

0

0
* *

ln ln (1 ) ln (1 ) ln
1 1

(1 ) ln (1 ) ln( ) (1 ) ln
1 1

t k t h
it i i i

t e t t
i it

n
i

y y e s e s

e s e n g ea

λ λ

λ λ λ

α β
α β γ α β γ

γ α β γ
δ

α β γ α β γ

− −

− − −

− = − + −
− − − − − −

+ +
+ − − − − + + − −

− − − − − − iy
(15) 

The following empirical analysis uses equation (15) to analyze the impact of HIV/AIDS 

on per capita growth and its determinants. Note that the variables considered in equation 
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(15), namely the savings rate, investment in health and education capital, population 

growth and the initial level of income per capita, provide a more comprehensive model 

than those previously used in the literature where savings is not considered (Young, 

2005, 2005b), the impact of HIV/AIDS on educational capital is not considered (Dixon et 

al, 2001) or where population growth is held constant (Bell et al, 2006; Dixon et al, 

2001).  

 

1.2 Methodology and Data 

Implementing the above model empirically presents three main methodological 

challenges. First of all, the MRW framework requires the presumption of a steady state 

however it is highly likely that the HIV/AIDS epidemic constitutes a transitory state. 

Surprisingly, other HIV/AIDS specific research based on this model does not consider 

this possibility and therefore draws potentially misleading empirical conclusions based on 

this steady state assumption (Dixon et al, 2001; McDonald and Roberts, 2006).  

 

To address the issue of transitory versus steady states, this research distinguishes between 

the short run and the long run where the former is defined as during the epidemic and the 

as post-epidemic. An econometric model which incorporates the variables in (15) is then 

used to analyze growth in the short run, with the understanding that the explanatory 

variables considered may not be at steady state levels. A case study of Kenya is presented 

to illustrate the impact of HIV on growth in the short run.  

 

Analyzing the long run also presents empirical challenges because African countries are 

still in the midst of the epidemic. Uganda however is arguably the country closest to 

being considered post-epidemic. As shown in Figure 1.1, HIV/AIDS took off in Uganda 

up to a decade earlier than in the rest of Africa, prevalence peaked by 1989/1990 and has 

been on a downward trajectory ever since. Assuming that Uganda is post-epidemic and 

the determinants of growth outlined above have reached, or are at least approaching, 

steady state levels, a case study of HIV/AIDS and the determinants of growth in Uganda 

is used to comment on the potential impact of HIV in the long run.  
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Figure 1.1 HIV Prevalence in Africa (1980-2004) 
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Source: US Census Bureau.  
 

The second main empirical issue faced in the context of the HIV and per capita growth is 

what to use as the dependent variable. One of the main problems in this context in is the 

extreme volatility of the growth data in many African countries. While equation (15)

specifies growth as the difference in the log level of income per capita at time t versus 

some initial date (i.e. ) using this as the dependent variable is empirically 

challenging both because the initial level of income may be an outlier and because the 

series ln  is very volatile.  

0ln lnit iy − y

                                                

iy

 

In other African cross-country growth research this is addressed by averaging per capita 

income data over a long time frame.4 While averaging data is convenient and appropriate 

in other contexts, it is problematic in the case of HIV/AIDS because the epidemic is a 

recent phenomenon and averaging over a long time period obfuscates critical inter-

temporal epidemiological dynamics.5  

 

One technique that can be employed to address this issue is the use of annual trend 

growth in GDP per capita rather than actual growth data. This methodology smoothes the 

volatility of the dependent variable, which eliminates the need for averaging over a long 

time frame and therefore captures annual changes in HIV prevalence series which would 

 
4 For example, Sachs and Warner (1997) and Collier and Gunning (1999) use decade averages, Dixon et al 
(2001) use five year averages and Bonnel (2000) uses average data between 1990 and 1997.  
5 Averaging data over a long time frame also results in only a few observations per country which is 
problematic in the context of this research given the sample splitting techniques employed.   
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otherwise be lost. Specifically, this analysis uses the Hodrick-Prescott (HP) filter to 

obtain a smooth estimate of GDP per capita growth in the sample countries and this new 

generated series is then used as the dependent variable in growth regressions.6 7

 

A third empirical issue is that the HIV/AIDS epidemic is non-homogeneous throughout 

Africa. As shown in Figure 1.1, there is a marked difference between the paths of 

prevalence in low and high HIV countries and pooled data may not identify growth 

impacts specific to certain levels of prevalence.8 To address this, sample splitting 

techniques are employed through out the analysis where the total sample of 35 sub-

Saharan African countries is split into high prevalence and low prevalence countries 

based on average prevalence between 1985 and 2004. There are 18 countries in the high 

prevalence sub-sample, 17 in the low prevalence sub-sample and the split level of 

prevalence is approximately 5% (see Appendix 1.3 for a list of countries).  

 

The final empirical issue arises with respect to possible multi-collinearities between HIV 

and the other determinants of the steady state. For example, to the extent that HIV has a 

negative impact on more than one of the determinants of the steady state, running 

regressions with HIV as an explanatory variable along with the growth variables may 

produce biased results. To address this issue the following analyzes whether HIV impacts 

each determinant of the steady state separately. Once these relationships are established, 

Two Staged Least Squares (TSLS) is used to estimate equations where collinear 

                                                 

2

6 Technically the HP filter is a two-sided linear filter that that computes a smoothed series s by minimizing 
the variance of y around s, subject to a penalty that constrains the second difference of s such that:  
  where λ is the smoothing weight. This analysis uses a value of λ=100, 

which is standard for annual data. Note that this technique is generally used to smooth business cycles, 
which is a medium run concept. However, it is used here as a dependent variable in the context of what has 
been defined as the short run in epidemic terms.  

1
2

1 1
1 2

( ) (( ) ( ))
T T

t t t t t t
t t

y s s s s sλ
−

+ −
= =

− + − − −∑ ∑

7 One of the potential drawbacks of this methodology is that for integrated or nearly integrated series the 
arbitrary value of the smoothing parameter can potentially excessively smooth structural breaks (Harvey 
and Jaeger, 1993). To address this, band pass (BP) filters were also considered however the time frame 
used in this analysis is only 20 years and the lead-lag requirement of BP filters resulted in too few post-
filter observations.  
8 For example, Bonnel (2000) concludes that the extent to which HIV impacts growth is higher in high 
prevalence countries.  
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relationships exist. To the extent that no adequate instruments can be identified, OLS 

regressions are run with the conflicting variables omitted.9  

 

Data used in this analysis is as follows: HIV prevalence is from the US Census Bureau 

estimates, demographic and economic data is from the World Development Indicators 

(WDI) unless otherwise stated, and data on institutions and war is from the POLITY IV 

and Armed Conflict Intervention Project datasets, respectively.10 The analysis considers a 

time frame from 1985-2004. 

 

SECTION II: HIV/AIDS AND TREND GROWTH IN THE SHORT RUN  

This section considers the impact of HIV prevalence on population growth, savings and 

the investment in health and education, and then the combined impact on trend per capita 

growth in the short run. Before proceeding with the empirical analysis of determinant of 

the steady state, it is necessary to define the inter-temporal dynamics of how the epidemic 

impacts savings and investment rates. As per the population growth equation in (7), the 

impact of the epidemic on savings rates and the investment in health and education 

capital is given by:  
* *( ( ))k k k k k

ts s s aρ= − − − k
ta

h
ta

e
ta

    (16) 

       (17) * *( ( ))h h h h h
ts s s aρ= − − −

* *( ( ))e e e e e
ts s s aρ= − − −     (18) 

where  and  are epidemic shocks, ,  and are the permanent effects of 

the HIV/AIDS on each variable, and

k
ta , h

ta e
ta *ka *ha *ea

kρ , hρ and eρ  are less than zero and represent 

disease persistence effects on each variable respectively. As with the population growth, 

long run steady state values of savings, health and education investment are denoted by 

, and .  * *( )k ks a− * *( )h hs a− * *( )e es a−

 

                                                 
9 Others have suggested qualitatively that there may also be a degree of endogeneity between HIV, income 
and growth (Whiteside, 2002). This issue was addressed elsewhere in this thesis using Granger Causality 
(GC) analysis and found that causation runs primarily from HIV to income rather than from income to 
HIV. As such, endogeneity issues are not considered here. 
10 ACIP and POLITYIV datasets are available at http://globalpolicy.gmu.edu/. 

 11



2.1 HIV/AIDS and Population Growth 

There is little debate as to whether HIV impacts population growth. As shown in Table 

1.2, adult mortality rates in Africa fell considerably in the decades preceding HIV/AIDS 

but have reversed and begun to climb since the epidemic took off in the mid-1980s. 

However, closer inspection reveals that these overall trends are driven exclusively by 

increased adult mortality in high prevalence countries. For example, average mortality 

(male and female) in high prevalence countries rose by 57% from 1980 to 2000 while 

mortality in low prevalence fell by 13% over the same period.  

 

In addition to its effect on adult mortality, HIV/AIDS also impacts child mortality due to 

the possibility of Mother-to-Child-Transmission (MTCT) of the HIV virus. According to 

UNICEF (2007) estimates that there are approximately 1.9 million HIV positive children 

in sub-Saharan Africa and children as a proportion of the total HIV positive population 

ranges from approximately 0.2% in low prevalence countries such as Niger and Senegal 

to over 15% in Uganda. Figure 1.2 shows that while under-five mortality rates continue 

to fall over all, the rate of decline has slowed considerably in high prevalence countries. 

In three of the highest prevalence countries, Botswana, Zambia, under-five mortality rates 

have actually risen between 1980 and 2000.  
Table 1.2 HIV/AIDS-Induced Changes in Mortality Rates in Africa (1960 – 2000)  
          % Change 
All Sample Countries 1960 1980 2002 1960-80 1980-2002 
  Female Mortality 460 383 494 -17% 29% 
  Male Mortality 556 467 521 -16% 11% 
  Average Mortality 508 425 508 -16% 19% 
  Under-Five Mortality* 276 194 164 -30% -15% 
High HIV Prevalence Countries       
  Female Mortality 457 353 604 -23% 71% 
  Male Mortality 559 432 628 -23% 45% 
  Average Mortality 508 393 616 -23% 57% 
  Under-Five Mortality* 238 159 142 -33% -11% 
Low HIV Prevalence Countries       
  Female Mortality 465 414 378 -11% -9% 
  Male Mortality 547 501 415 -8% -17% 
  Average Mortality 506 458 397 -10% -13% 
  Under-Five Mortality* 322 232 188 -28% -19% 

*Under-five mortality data not available for 2002 so 2000 data is used instead. 
Source: WDI.  
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As a result of the HIV-induced increase in mortality, population growth overall has 

slowed in the sample countries. However as shown in Figure 1.3, there is a clear 

divergence in the HIV-induced population growth effects in high prevalence versus low 

prevalence countries. This provides the first suggestion that the impact of HIV is non-

homogeneous throughout Africa but may have a different impact in countries depending 

on their level of prevalence.  
Figure 1.3 Changes in Population Growth in High and Low Prevalence Countries (1960-2004)11

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1960 1965 1970 1975 1980 1985 1990 1995 2000

Po
pu

la
tio

n 
G

ro
w

th
 (%

)

HIV/AIDS Epidemic Takes Off

High Prevalence Countries

Low Prevalence Countries

 
Source: WDI.  

 

2.2 HIV/AIDS and Savings  

Savings and investment are aspects of HIV/AIDS that are often overlooked as researchers 

concentrate on the human aspects of the epidemic. While there is some anecdotal and 

community specific evidence to show that HIV/AIDS has a negative impact on savings at 

the household level, with a few exceptions (Bonnel, 2000) little work has been done at 

the macroeconomic level and virtually no broader empirical analysis is currently 

available. 

 

Theoretically the impact of HIV/AIDS on savings is unclear. Life cycle hypothesis 

suggests that the epidemic will have a negative impact on savings as premature HIV-

induced mortality shortens the life-cycle, and possibly eliminates old age altogether, 

thereby creating an incentive to consume more in the present. Conversely, precautionary 

savings motive theories suggest that savings will be positively correlated with HIV 

                                                 
11 Averages exclude Liberia, Sierra Leone and Rwanda due to war related population shocks. Averages also 
exclude Ethiopia as the WDI population data does not adjust growth figures for the secession of Eritrea.  
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prevalence as the epidemic increases the overall level of uncertainty, in particular with 

respect to longevity and income.   

 

Demographic based theories of savings are also potentially contradictory in the context of 

HIV/AIDS. Higgins (1998) finds that increasing fertility rates and rising dependency 

ratios are associated with lower savings rates because children and the elderly consume 

more than they produce such that an increase in their relative numbers lowers savings. 

While fertility and dependency variables typically move together, this is not necessarily 

the case in the context of HIV/AIDS. HIV may decrease fertility but may also increase 

dependency ratios as AIDS orphans are cared for by extended family members. The net 

savings impact of these two demographic dynamics is therefore unclear.  

 

Another theoretical possibility is that savings will fall as the epidemic progresses as 

households are forced to spend more income on health care costs and funeral costs 

(Freire, 2004). Because the majority of Africans do not have access to either health or life 

insurance, these costs can be a considerable portion of income. Finally, it is also possible 

that HIV/AIDS has no impact on savings rates given the level of extreme poverty in 

Africa. Much of the motivation behind savings behavior is to smooth consumption over 

time, however if consumption is at or below subsistence level then smoothing becomes 

largely irrelevant.  

 

To test the relationship between HIV prevalence and savings empirically, the gross 

domestic savings (GDS) rate in country i in time t is modeled using equation (19) and 

estimated by OLS:  

51 2 3 4log logit it it it it ititGDS RUR INFHIV y TOTα β β β β β ε= + + ++ + +  (19)  

where HIV is prevalence, y is GDP per capita, TOT is the annual growth in the terms of 

trade, RUR is the proportion of the population that is rural, INF is inflation and ε is an 

error term.12 Both country fixed effects and period fixed effects are considered. 

                                                 
12 Growth in the terms of trade is included as an explanatory variable as terms of trade improvements have 
been shown to increase savings rates, particularly during export booms in high commodity exporting 
countries (Elbadawi and Mwega, 2000).  
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Regressions are run both with and without GDP per capita included to account for any 

possible collinearities between HIV and income. Results for the total panel and sub-

able 1.4 Fixed Effects O Va s Dom s Rates (1985-2004) 
va revale untri

samples split by prevalence are shown in Table 1.4: 
T LS Estimation: riables on Gros estic Saving
  High Pre lence Low P nce All Co es 
  (1) (2) (3) (4) (5) (6) 

HIV Prevalence -0.25 -0.24 -0.12 -0.33 -0.29 -0.21 

  (0.08)*** (0.08)*** (0.39) (0.37) (0.06)*** (0.06)*** 

Log GDP per Capita 3.09  14.05  11.92   
  (4.02)     (2.33)*** (1.94)***

Growth in Terms of Trade 0.12 0.12 0.09 0.09 0.10 0.09 

  (0.03)*** (0.03)*** (0.02)*** (0.02)*** (0.02)*** (0.02)*** 

Log % Population Rural -29.95 -34.38 -6.57 -9.96 -8.85 -13.41 
  (11.47)*** (9.91)*** (5.55) (5.86)* (4.52)* (4.61)*** 

Inflation -0.04 -0.04 0.0003 0.0003 0.0004 0.0004 
  (0.01)*** (0.01)*** (0.0002 (0.0002) (0.0002) ) (0.0002) 

Constant 124.29 162.35 -41.82 53.63 -20.29 69.81 

  (65.26)* (42.41)*** (28.08) (24.65)** (23.79) (19.35)***

Adj. R2 0.80 0.80 0.80 0.78 0.61 0.78 

N 291 291 312 312 603 603 
Standard errors in parentheses. *** denotes significance at the 1% level, ** at the 5% level and * at the 10
% level. Results exclude Lesotho, Rwanda and Sierra Leone. Lesotho has an average gross domestic 
savings rate of -35% between 1985 and 2

sult of the genocide in 1994 and Sierra 

 

004, Rwanda posted a gross domestic savings rate of -48% as a 
Leone experienced large negative savings rates intermittently 

uring throughout country’s civil war.  

an countries, 

ith HIV/AIDS only having a negative effect in high prevalence countries.  

Di

er than , and then use life expectancy as a proxy for 

in subsequent empirical work. 

re
d
 

These results reveal that the coefficient for HIV prevalence is consistently negative but is 

only significant in the high prevalence countries and the panel as a whole. The coefficient 

for HIV prevalence is insignificant in the low prevalence sub-sample. This result suggests 

that a degree of prevalence-based savings heterogeneity exists among Afric

w

 

2.3 Health Capital and Investment in Health 

MRW and subsequent research (Dixon et al, 2001; Knowles and Owens, 1995) highlight 

that it is difficult to implement equation (15) empirically because data is typically in the 

form of the level of health capital rather than its rate of investment. To address this, 

xon et al (2001) and McDonald and Roberts (2006) recalibrate (15) using (9) such that 
*h is on the right hand side rath hs *h  
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While using life expectancy as a proxy for the level of health capital is common in health 

literature in general, this approach is not necessarily appropriate when analyzing 

HIV/AIDS. Life expectancy by definition is a reflection of mortality rather than 

morbidity and while related, each of these dynamics have very different implications for 

growth. In addition, HIV is a very long life cycle disease where patients may be 

asymptomatic for a number of years and/or may live for a number of years after 

developing symptoms. These are unique inter-temporal dynamics which are not 

specifically reflected in life expectancy data.  

 

Furthermore, analyzing only the level of health capital and not its rate of investment 

eliminates important trends on the investment in health, which is increasing in response 

to HIV/AIDS and could have long term effects after the epidemic is over. To address 

both these dynamics, this section therefore examines both the level of health capital 

(proxied by life expectancy) and its rate of investment together in order to draw 

conclusions in both the short run and the long run.  

 

As shown in Table 1.5, life expectancy for all the sample countries rose from 40.9 to 49.0 

from 1960 to 1980 but has since fallen back to 46.2. However, this overall sample 

statistic masks the fact that this longevity reversal has occurred on average, only in high 

prevalence countries. Life expectancy in the high prevalence sub-sample decreased by 

14% from 1980 to 2004 but increased by 6% in the low prevalence countries over the 

same time frame. Shockingly, as a result of HIV/AIDS life expectancy in four high 

prevalence countries (Botswana, South Africa, Zambia and Zimbabwe) is lower today 

than it was in 1960 and is now under 40 years on average.  
Table 1.5 HIV/AIDS-Induced Changes in Life Expectancy in Africa (1960-1980) 
        % Change 
  1960 1980 2000 1960-80 1980-2000 1960-2000
All Sample Countries 40.9 49.0 46.2 20% -6% 13% 
High HIV Prevalence Countries 42.7 50.5 43.4 18% -14% 2% 
Low HIV Prevalence Countries 37.8 45.4 48.2 20% 6% 28% 
Botswana 50.7 61.8 36.6 22% -41% -28% 
South Africa 49.2 57.1 46.5 16% -19% -5% 
Zambia 42.3 51.6 37.4 22% -27% -12% 
Zimbabwe 51.6 59.3 37.2 15% -37% -28% 
Source: WDI. 
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These aggregate statistics however may mask country specific dynamics therefore 

equation (19), estimated by OLS, is used to determine the relationship between HIV 

prevalence and life expectancy empirically:  

1 2 3 4log log logit it it it ititLE WARHIV y TBα β β β β ε= + + ++ +  (20)  

where the dependent variable is the log of life expectancy, LOGTB is the log of the 

incidence of tuberculosis (TB) per 100,000 people and WAR is a war dummy.13 Again 

both country fixed effects and period fixed effects are considered. Results are shown in 

Table 1.6: 
Table 1.6 Fixed Effects OLS Estimation: Variables on Life Expectancy (1985-2004) 
  High Prevalence Low Prevalence All Countries 
  (1) (2) (3) (4) (5) (6) 

HIV Prevalence -0.010 -0.011 -0.010 -0.023 -0.011 -0.012 

  (0.002)*** (0.001)*** (0.003)*** (0.003)*** (0.001)*** (0.001)***

Log GDP per capita -0.11   0.01   -0.03   

  (0.08)   (0.02)   (0.03)   

Log TB -0.14   -0.07  -0.12   

  (0.06)**   (0.02)***  (0.03)***   

War -0.12 -0.15 -0.01 -0.003 -0.07 -0.07 

  (0.03)*** (0.03)*** (0.01) (0.01) (0.02)*** (0.01)***

Constant 5.46 3.98 4.25 3.92 4.82 3.95 

  (0.64)*** (0.02)*** (0.16)*** (0.01)*** (0.27)*** (0.01)***

Adj. R2 0.73 0.74 0.96 0.93 0.81 0.79 

N 138 172 145 181 283 353 
Standard errors in parentheses. *** denotes significance at the 1% level, ** at the 5% level and * at the 10 
% level. 
 

As expected, these results show that HIV prevalence has a negative and highly significant 

impact on life expectancy in both high and low prevalence countries. The war dummy 

variable is also negative and highly significant. Interestingly, the GDP per capita variable 

has either the unanticipated sign (negative) and/or is insignificant. Further testing shows 

that the coefficient for per capita income changes sign when regressed in conjunction 

with the TB variable. This suggests a degree of collinearity exists between the two 

variables.14 To address this empirically, Columns (2), (4) and (6) exclude conflicting 

                                                 
13 This war dummy is included to account for premature death in conflict, which has a significant impact on 
life expectancy in long standing conflict situations such as Angola and the DRC and also in cases such as 
Rwandan genocide and the civil wars in Sierra Leone and Liberia. 
14 Collinearity may also account for the lower level of significance of the TB coefficient in the high 
prevalence sub-sample as a person who is HIV-positive and infected with TB is 30 times more likely to 
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variables and again shows that HIV does negatively impact life expectancy in both sub-

samples and the total panel. 

 

Analyzing the rate of investment in health is more challenging both because of data 

availability constraints and because there are public and private components of health 

investment. Comprehensive data on health spending in the sample countries is not 

available until 2000 which already reflects HIV related health care expenditure. 

However, as shown in Table 1.7, investment in health in Africa has increased 

considerably since 2000, although more so in high prevalence countries.  

 

Specifically, total health spending per capita has increased by 67% in high prevalence 

countries between 2000 and 2004 but by only 40% in low prevalence countries. 

Furthermore, public spending on health care has increased from 2.5% of GDP to 3.2% of 

GDP for high prevalence countries but only increased from 1.9% to 2.2% in low 

prevalence countries. Neither high prevalence nor low prevalence countries have seen a 

marked increase in private health spending as a proportion of GDP from 2000 to 2004.  
Table 1.7 Health Spending in Sample Countries (2000-2004)* 
  Health Spending per Capita ($US)** Change 
  2000 2001 2002 2003 2004 2000-04 
All Sample Countries $34 $34 $37 $45 $55 62% 
High HIV Prevalence 46 44 49 61 77 67 
Low HIV Prevalence 22 24 24 28 31 40 
  Public Health Spending as % of GDP    
All Sample Countries 2.2 2.3 2.4 2.5 2.7 0.5 
High HIV Prevalence 2.5 2.5 2.7 3.0 3.2 0.7 
Low HIV Prevalence 1.9 2.1 2.0 2.1 2.2 0.3 
  Private Health Spending as % of GDP    
All Sample Countries 2.8 2.8 2.8 2.8 2.8 0.01 
High HIV Prevalence 2.8 2.7 2.6 2.8 2.8 0.03 
Low HIV Prevalence 2.8 2.8 2.9 2.9 2.8 -0.01 
Source: WDI. 
* Does not include external resources for health (i.e. foreign aid) which have also increased considerably.  
** Dollar figures are in nominal terms and therefore may reflect inflationary dynamics.  

Recall from (17) that investment in health is a function of the both the epidemic shock in 

the short run, , and the permanent impact in the long run, . In turn these variables h
ta *ha

                                                                                                                                                 
develop clinical symptoms (and thus be reported in TB incidence statistics) than an infected person who is 
HIV-negative (WHO, 1998a). 
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effect the accumulation of level of health capital as per (5) and the steady state level of 

health capital as per (9). The health capital trends shown in Table 1.5 suggest that 

HIV/AIDS constitutes a large negative shock (i.e. ) such that the level of health 

capital falls in the short run. 

0ha >

 

However, the trends shown in Table 1.7 raise critical questions regarding the long run 

impact of the epidemic on investment in health. If these elevated levels of health 

spending continue after the epidemic has subsided (i.e. ≤ 0 such that  is 

higher than pre-HIV/AIDS) then it is possible that post-epidemic,  will return to or 

even exceed its pre-HIV/AIDS level. These dynamics are discussed in more detail in the 

long run case study of Uganda. 

*ha * *( )h hs a−

*h

 

2.4 HIV/AIDS and Investment in Education  

There is a large body of well-known literature linking human capital, as measured by 

educational attainment, to growth. Recent research by Young (2005b) and Kalemli-Ozcan 

(2006) consider the impact of the epidemic on education, but arrive at contradictory 

conclusions. Young’s results show that the epidemic does not impact school enrolment 

(with some exceptions) while Kalemli-Ozcan concludes the epidemic reduces school 

enrolment and is therefore detrimental to the accumulation of education capital.  

 

One of the main channels for this dynamic is the presumption that the guardians of AIDS 

orphans will invest less in their education and health than the children’s parents would 

have had they not died prematurely of HIV/AIDS. This is a legitimate concern from both 

sociological and economic perspectives. UNICEF (2007) estimates that there are 

currently over 12 million AIDS orphans in Africa that these children, on average, have a 

school attendance ratio of 83% versus non-orphaned children.  

 

Investment in education in country i in time t is modeled using equation (21) and 

estimated by OLS:  

51 2 9 3 4log log 15it it it it itititEDU POP WARHIV HIV yα β β β β β ε−= + + + ++ +  (21)  
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where EDU is the gross primary school enrolment rate, POP15 is the proportion of the 

population under 15 years of age and WAR is a war dummy included to reflect lower 

levels of schooling in populations displaced by conflict.15 Notice also that a lagged 

prevalence term is included in (21) where the lag considered is nine years. The average 

survival length of an HIV positive person in Africa is 8.6 years (UNAIDS, 2006) 

therefore while the level of prevalence in time t tests whether HIV infected parents invest 

less in their children’s education, lagged prevalence is used here to test for lower levels of 

primary school enrolment of AIDS orphans. Country fixed effects are considered as well 

as period fixed effects, the latter to capture the rising educational trend prior to the onset 

of HIV. Results are shown in Table 1.8:  
Table 1.8 Fixed Effects OLS Estimation: Variables on Gross Primary School Enrolment (1985-2004) 
  High Prevalence Low Prevalence All Countries 
  (1) (2) (3) (4) (5) (6) 

HIV Prevalence -0.011 -0.014 -0.006 -0.011 -0.008 -0.012 

  (0.003)*** (0.008)* (0.014) (0.025) (0.003)*** (0.007)* 

HIV Prevalence Lagged 9 Yrs   -0.008   -0.002   -0.006 

    (0.003)***   (0.014)   (0.002)*** 

Log GDP per Capita 0.72 0.51 0.69 0.36 0.65 0.50 

  (0.14)*** (0.14)*** (0.11)*** (0.15)* (0.09)*** (0.11)*** 

Log Population Under 15 -0.44 -1.52 4.41 4.81 1.35 -0.02 

  (0.58) (0.71)* (0.72)*** (1.12)*** (0.47)*** (0.61) 

War Dummy -0.12 -0.21 -0.16 -0.12 -0.16 -0.16 

  (0.06)** (0.06)*** (0.05)*** (0.04)*** (0.04)*** (0.03)*** 

Constant 1.85 7.40 -16.40 -15.97 -4.51 1.71 

  (2.38) (2.76)*** (2.94)*** (4.13)*** (1.92)** (2.29) 

Adj. R2 0.77 0.92 0.93 0.97 0.88 0.96 

N 123 106 113 96 236 202 
Standard errors in parentheses.  
*** denotes significance at the 1% level, ** at the 5% level and * at the 10 % level.  
 
These results show that per capita income is highly significant and that both the HIV 

prevalence and lagged prevalence variables have the anticipated signs (negative) in all 

specifications, but are only significant in the high prevalence sub-sample and the total 

panel. This suggests that parents’ education decision are a function of both morbidity and 

mortality, the former occurring as HIV positive parents withdraw their children from 

                                                 
15 Secondary school enrolment was also considered as an explanatory variable but HIV prevalence was not 
found to be a consistently significant explanatory variable in either sub-sample. This could be a function 
the low level of secondary school enrolment in general in Africa, and could also reflect the fact that the 
epidemic, and more precisely the mortality impact of HIV/AIDS, is a relatively recent phenomenon. 
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school and the latter possibly reflecting lower levels of primary school enrolment for 

AIDS orphans.   

 

While the above results seem to indicate the existence of a robust negative relationship 

between HIV and education, there are a few complicating issues which deserve mention. 

First of all, it is important to highlight that the variables analyzed do not take into account 

possible changes in educational quality as a result of the epidemic. To the extent that 

HIV/AIDS causes a disproportionate increase in teacher mortality in high prevalence 

countries as suggested by Badcock-Walters and Whiteside (2000), this could result in 

rising student-teacher ratios which would in turn have a detrimental effect on the quality 

of education.   

 

In addition, as noted in Pritchett’s landmark paper “Where Has All the Education Gone?” 

(1996) enrolment and even completion rates are potentially uncorrelated with human 

capital accumulation in countries where the quality of education is very low. Despite 

these caveats, the above results suggest that HIV does have a negative impact on the level 

of education capital in high prevalence countries, as measured by gross primary school 

enrolment.  

 

2.5 HIV/AIDS and Trend per Capita Growth  

The results of the above sections highlight the potentially competing effects of 

HIV/AIDS in a neo-classical framework as HIV/AIDS negatively impacts savings and 

the accumulation of health and educational capital in high prevalence countries, but also 

reduces population growth. This suggests that if the capital effects (i.e. the “numerator 

effects”) outweigh the population growth effect (i.e. the “denominator effect”), then 

HIV/AIDS will have a negative impact per capita growth but only in high prevalence 

countries.  

 

To test this empirically, trend per capita growth in country i in time t is modeled using 

equation (22) and estimated by OLS:  
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   (22)  

Recall from the methodology section that trend per capita growth, where an HP filter is 

used to define a new trend series, is used as the dependent variable rather than actual 

growth which is extremely volatile. Trend per capita growth is represented by the 

variable in equation gy (22). The variable POP is population growth and two open 

economy variables trade openness (TRADE) and foreign direct investment as a 

percentage of GDP (FDI) are also considered as these have been found to be critical 

determinants of African growth (Bloom and Sachs, 1998) and are not correlated with 

HIV, thereby avoiding the collinearity issues inherent in the neo-classical variables. A 

war dummy is also included as a number of war torn countries, namely Liberia, Rwanda, 

Angola, Sierra Leone, and the Democratic Republic of Congo, exhibit large negative 

values for trend per capita growth that are unrelated to HIV prevalence. Other variables 

are as previously defined.  

 

Country and period fixed effects are included and both OLS and TSLS methodologies are 

used to estimate equation (22). Results are shown in Table 1.9. Columns (1), (4) and (7) 

are show results estimated by OLS and consider all the explanatory variables together 

despite previously highlighted issues of multicollinearity. Columns (2), (5) and (8) show 

results where TSLS is used to estimate equation (22) where M2 as a percentage of GDP 

is used as an instrument for gross domestic savings. No adequate instruments could be 

identified for population growth or education, therefore Columns (3), (6) and (9) in Table 

1.9 show results estimated by OLS but exclude all potentially conflicting variables.  
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Table 1.9 Fixed Effects OLS Estimation: Variables on Trend GDP per Capita Growth (1985-2004) 
  High Prevalence Low Prevalence All Countries 
  OLS TSLS OLS OLS TSLS OLS OLS TSLS OLS 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

HIV Prevalence -0.07 -0.11 -0.11 0.22 0.09 0.09 -0.08 -0.12 -0.12 

  (0.02)*** (0.02)*** (0.02)*** (0.18) (0.16) (0.11) (0.03)*** (0.02)*** (0.02)*** 

Log Pop. Grow 0.10   5.09   0.60    

  (0.21)   (0.79)***   (0.23)**    

Gross Domestic Savings 0.04 0.09  0.12 0.15  0.05 0.09   

  (0.02)** (0.03)***  (0.03)*** (0.17)  (0.02)*** (0.04)**   

Log Prim. Education 0.73   -0.35   1.28    

  (0.89)   (1.13)   (0.76)*    

War Dummy -1.52 -0.76 -0.77 -0.34 -0.78 -0.69 -0.84 -0.69 -0.70 

  (0.55)*** (0.37)** (0.33)** (0.70) (0.49) (0.46) (0.48)* (0.30)** (0.28)** 

Log Trade Open 0.97 0.90 0.55 2.08 0.21 0.54 1.40 0.97 0.70 

  (0.53)* (0.50)* (0.42) (0.86)** (1.07) (0.47) (0.51)*** (0.37)*** (0.32)** 

FDI 0.07 0.01 0.07 0.06 0.11 0.05 0.08 0.07 0.07 

  (0.03)* (0.04) (0.03)*** (0.04)* (0.04)*** (0.02)*** (0.03)*** (0.02)*** (0.01)*** 

Constant -5.60 -2.53 -0.43 -13.08 -2.66 -2.33 -10.74 -3.75 -1.77 

  (4.24) (2.11) (1.76) (5.51)** (2.71) (1.93) (3.66)*** (1.49)** (1.30) 

Adj. R2 0.88 0.62 0.66 0.80 0.50 0.55 0.76 0.58 0.60 

N 109 303 309 108 317 341 217 620 650 
Standard errors in parentheses. *** denotes significance at the 1% level, ** at the 5% level and * at the 10 % level.  
For TSLS columns, M2 as a percentage of GDP is used as an instrument for gross domestic savings. No 
suitable instruments could be identified for the other possibly collinear variables, population growth and 
education. 
 
As expected, these results show a clear demarcation between the impact of HIV on trend 

growth in high prevalence and low prevalence countries. The coefficient for HIV 

prevalence is negative and significant at the 1% level in all specifications for the high 

prevalence sample but exhibits the wrong sign (positive) in all the specifications for low 

prevalence countries. As expected, multi-collinearity issues may account for the positive 

coefficients for population growth in the Columns (1), (5) and (7) and lack of 

significance of the education variable in Columns (1) and (4).16 However, Columns (3), 

(6) and (9) of Table 1.7, which exclude variables which may bias the results, also 

consistently support the conclusion that HIV prevalence negatively impacts trend per 

capita growth but only in high prevalence countries.   

 

2.6 HIV/AIDS and Growth in the Short Run: Kenya Case Study  

                                                 
16 This latter result is consistent with the findings of Knowles and Owen (1995) who find that coefficients 
for education were insignificant when controlling for health capital. 
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A specific case study of a high prevalence African county during the HIV/AIDS 

epidemic is informative as it provides a level of detail not captured in the pooled data 

used in the empirical analysis. Figure 2.0 shows that demographic changes in Kenya 

conform to the pattern outlined above with mortality rates rising and population growth 

falling since the epidemic began. Similarly, Figure 2.1 plots HIV prevalence and savings 

in Kenya, where the dotted and solid lines represent actual and HP trended gross 

domestic savings rates respectively. This shows that the epidemic has had a negative 

impact on Kenyan savings. In the context of equations (7) and (16) respectively, this 

suggests that >0 and >0 such that epidemic shocks have a negative impact on 

population growth and savings rates in the short run.  

n
ta k

ta

 
Table 2.0 HIV/AIDS-Induced Demographic Changes in Kenya (1960-2002) 
        % Change 
  1960 1980 2002 1960-80 1980-2002 
Female Mortality 442 339 587 -23% 73% 
Male Mortality 547 417 522 -24% 25% 
Average Mortality 494 378 554 -24% 47% 
Under-Five Mortality* 205 115 117 -44% 2% 
Population Growth (%) 3.1 3.8 2.1 23% -44% 
* Under-five mortality in 2002 is not available so 2000 data is used instead. Source: WDI.  
 
Table 2.1 HIV Prevalence and Gross Domestics Savings Rates in Kenya (1985-2004) 
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Sources: US Census Bureau for HIV prevalence. WDI for gross domestic savings rate. 
Dotted blue line is actual gross domestic savings rate. Solid blue line is HP filtered trend gross domestic 
savings rate. 
 

With respect to the level of health capital Figure 2.2 shows that life expectancy in Kenya 

began to fall precisely as the HIV/AIDS epidemic took off and is currently more than 10 

years lower than pre-HIV/AIDS. Again, investment in health in Kenya is difficult to 
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gauge given the lack of data in the early years, but since 2000 both private and public 

health spending as a percentage of GDP have been relatively constant at 2.5% and 1.8%, 

respectively.17 Therefore, because health capital is falling and investment in health is 

relatively constant, this suggests that the net impact of the epidemic is negative in the 

short run (i.e.  is large and greater than zero in equation h
ta (17)).  

Table 2.2 HIV Prevalence and Life Expectancy in Kenya (1985-2004) 
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Sources: US Census Bureau for HIV prevalence. WDI for life expectancy. 
 

Education data from Kenya is scarce with the first reported primary and secondary 

enrolment rates only appearing in the WDI in 1991, by which time HIV prevalence was 

almost 5%. Therefore drawing conclusions about the impact of the epidemic on the rate 

of investment in education in Kenya is difficult and must be approached with caution. 

The data that is available shows that primary enrolment in Kenya has remained at 

approximately 94% between 1991 and 1999 while in low prevalence countries primary 

enrolment increased from 63% to 72% on average during the same time frame. This 

suggests that Kenya did not conform to the same educational trends as seen in low 

prevalence countries, although this could reflect the high level of enrolment in Kenya 

versus other African countries. In addition, since HIV prevalence peaked in Kenya in 

1998, primary school enrolment has increased significantly. Together this suggests that 

the epidemic could possibly have had a negative impact on education in Kenya or in the 

context of equation (18), that >0. e
ta

 

                                                 
17 Health care spending per capita has increased in nominal terms but not when adjusted for inflation. 
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Finally, Figure 2.3 plots HIV prevalence and per capita growth from the beginning of the 

epidemic until 2004 where the dotted line is actual per capita growth and the solid line is 

trend growth. Despite the extreme volatility of the actual series (which highlights the 

necessity of using trend growth as the dependent variable in empirical analysis) this 

figure suggests that HIV/AIDS has had a negative impact on trend growth in Kenya. 

Specifically, trend per capita growth averaged 1.5% prior to the generalized epidemic 

taking off in Kenya (1985-1988) but averaged only -0.25% from when HIV took off until 

its peak in 1997.  

 

While growth in Kenya was on a downward trend prior to the onset of HIV, analyzing a 

longer time series (1972 to 2004) shows that the rate of decline of per capita growth fell 

between 1972 and 1981 and increased between 1982 and 1987 for non-HIV related 

reasons, but resumed its downward trajectory precisely when the epidemic took off. 

Interestingly, since prevalence began to recede average growth has recovered slightly 

averaging 0.2% per annum from 1998 until 2004, which suggests that while the epidemic 

does have negative per capita growth impacts in the short run, they may not be 

permanent.  
 
Figure 2.3 HIV Prevalence and Trend GDP per capita Growth in Kenya (1985-2004)  
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Source: US Census Bureau for HIV Prevalence. WDI for GDP per capita. 
Dotted blue line is actual per capita growth rate. Solid blue line is HP filtered trend per capita growth rate.  
 

Thus the epidemic experience of Kenya is consistent with the empirical conclusions 

drawn for high prevalence countries in general. Specifically, this shows that epidemic 

shocks work through , , ,  but that the growth enhancing impact of the n
ta k

ta h
ta e

ta
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population shock is outweighed by the growth diminishing impact on the other three 

variables, such that trend per capita growth slows with HIV/AIDS.  

 

SECTION III: HIV/AIDS AND TREND GROWTH IN THE LONG RUN  

The previous section showed that HIV negatively impacts growth in the short run, when 

the short run is defined as during the epidemic. The growth impact of the epidemic in the 

long run however, depends on the extent to which HIV/AIDS has a permanent impact on 

the determinants of the steady state. This section analyzes the long run using Uganda as a 

case study and then comments on the public policy implications of these results. 

 

3.1 Uganda Case Study  

As discussed previously, no country in Africa is truly post-epidemic, however Uganda is 

likely the closest on account of prevalence falling from its peak of 14% in 1990 to only 

3% as of 2004. Therefore with the caveat that the country may not have reached a true 

post-epidemic steady state, trends in Uganda can be used to some extent to foreshadow 

what may happen in other high prevalence countries as the epidemic begins to recede.  

 

Recall that equation (7) is formulated such that long run population growth is given by 

where is the pre-epidemic steady state population growth and  is the 

permanent population growth impact of HIV/AIDS. Figure 2.4 plots HIV prevalence and 

population growth in Uganda from 1980 to 2005 and shows that population growth began 

to fall approximately five years after the generalized epidemic began and continued to 

fall for eight years after HIV prevalence peaked. However since 1998, population growth 

has been steadily rising, passing its pre-HIV rate in 2002. Thus the Ugandan example 

suggests that the HIV/AIDS epidemic has no permanent impact on population growth and 

that = 0 in 

* *( )nn a− *n *na

*na (7).  
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Table 2.4 HIV Prevalence and Population Growth in Uganda (1980-2005) 
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Source: US Census Bureau for HIV Prevalence. WDI for population growth.  
 

The analysis of the short run concluded that gross domestic savings rates fall as HIV 

prevalence rises. Figure 2.5 shows that this was indeed the case in Uganda, but that 

savings rates recovered after prevalence peaked and are now higher than their pre-

epidemic level. This latter trend suggests that the epidemic has had no permanent impact 

on savings rates in Uganda (i.e. = 0 in *ka (16)). 
 
Figure 2.5 HIV Prevalence and Gross Domestic Savings Rates in Uganda (1980- 2004) 
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Sources: US Census Bureau for HIV Prevalence. WDI for gross domestic savings rate.  
Dotted blue line is actual savings rate. Solid blue line is HP filtered trend savings rate.  
 

The following two charts depict the long run impact of HIV/AIDS on health capital and 

the investment in health in Uganda. Figure 2.6 shows that while life expectancy fell 

considerably during the height of the epidemic, it has since returned to its pre-epidemic 

level, although it took approximately 14 years after HIV prevalence peaked to do so. 

Thus the trends in Figure 2.6 suggest that the epidemic has not had a permanent impact 
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on the level of health capital in Uganda. Similarly, Table 2.7 shows health care spending 

in Uganda from 2000 to 2005 and shows that despite falling prevalence during this time 

frame, health spending increased both in absolute dollar terms and as a proportion of 

GDP. Therefore in the context of equation (17), these trends suggest that in Uganda the 

permanent impact is either zero or positive (i.e. ≤ 0). *ha
Figure 2.6 HIV Prevalence and Life Expectancy in Uganda (1980-2005)  
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Sources: US Census Bureau for HIV prevalence. WDI for life expectancy. 
 
Table 2.7 Health Care Spending in Uganda (2000-2005)  
            Change
  2000 2001 2002 2003 2004 2000-2004
Health Spending per Capita $15.6 $16.9 $17.7 $17.5 $19.0 22%
Public Health Spend as % of GDP 4.8 5.3 5.2 5.1 5.1 0.3
Private Health Spend as % of GDP 1.8 2.0 2.4 2.2 2.5 0.7
Total Health Spend as % of GDP 6.6 7.3 7.6 7.3 7.6 1.0
Source: WDI.  
 

Finally, it is very difficult to comment accurately on trends in education capital in 

Uganda pre-HIV and post-HIV due to important education policy changes that occurred 

in Uganda during the epidemic time frame.18 As a result of these changes and their 

impact on primary enrolment rates, it may be more appropriate to look at secondary 

enrolment rates. However data is not available in Uganda until 1991 making comparisons 

pre-HIV and post-HIV difficult. Secondary enrolment rates did rise from 9% in 1991 to 

19% in 2004 and tertiary enrolment rose from 1.3% to 3.5% over the same time period, 

therefore it does not appear that the epidemic has had a permanent detrimental impact on 
                                                 
18 President Museveni implemented an Education for All (EFA) program which, among other things, 
provides free primary school nationwide. As a result of this, primary school enrolment jumped from 69% in 
1991 to 120% by the next reported data point (1998).  
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investment in Ugandan education. The validity of this conclusion however is constrained 

by the data.19  

 

While caution must be taken in extrapolating results in one country to Africa as a whole, 

the experience of Uganda suggests that HIV/AIDS does not have a permanent impact on 

any of the determinants of the steady state. Together with the empirical results and the 

Kenya case study, this conclusion suggests that the epidemic shocks work through , 

, ,  to reduce trend growth in high prevalence countries in the short run, but in 

the long run = = = 0 and ≤ 0 such that HIV/AIDS has no permanent negative 

effects on the determinants of the steady state. Therefore it can be surmised that 

HIV/AIDS will have no permanent negative impact on trend per capita growth in the long 

run.  

n
ta

k
ta h

ta e
ta

*na *ka *ea *ha

 

3.2 Public Policy Implications 

These conclusions hold important implications for HIV/AIDS-related public policy, 

specifically domestic fiscal policy and international foreign aid policies. With respect to 

the expenditure side of domestic fiscal policy, these results suggest that policy makers in 

low prevalence countries should focus on prevention such that they never reach high 

prevalence status and therefore incur the macro-economic costs outlined above. For high 

prevalence countries this suggests that policy makers should focus on interventions aimed 

at reducing the level of prevalence as fast as possible, thereby accelerating the time frame 

in which the country becomes post-epidemic and returns to its normal growth path.  

 

While these recommendations may seem obvious, in many African countries the policy 

response to HIV/AIDS has an overwhelming bias towards providing treatment, which 

prolongs the epidemic, rather than interventions such as Voluntary Counseling and 

                                                 
19 At the very least, these trends suggest that pro-active policies such as EFA can counter any negative 
effects the epidemic may have on the long run accumulation of education capital. 
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Training (VCT) and the development of microbicides, which act to avert new cases and 

ultimately lower prevalence.20  

 

With respect to the revenue side of fiscal policy the inter-temporal dynamics highlighted 

in this paper, namely that HIV/AIDS has an impact on growth and its determinants in the 

short run but not in the long run, implies that there is scope for expansionary fiscal policy 

to fight HIV/AIDS. If, as shown above, population growth and growth in per capita 

income recover post-epidemic, then both the number of tax payers and their level of 

income will be higher in the future such that an inter-temporal shift of the fiscal burden 

from the HIV/AIDS generation to the post-HIV/AIDS generation is economically 

feasible.  

 

Finally, because these results suggest that HIV/AIDS only significantly impacts variables 

such as population growth, savings, education capital accumulation and per capita growth 

in high prevalence countries then from a macroeconomic perspective, global funding 

sources should be allocated almost exclusively to these countries. This is currently not the 

case. The two most substantial HIV/AIDS funding institutions, the multilateral Global 

Fund to Fight AIDS, Tuberculosis and Malaria (the Global Fund) and the United States’ 

President’s Emergency Plan for AIDS Relief (PEPFAR), continue to allocate hundreds of 

millions of dollars to low prevalence countries.  

 

For example, PEPFAR targets 15 focus countries (12 of which are in Africa) however 

funding decisions are not necessarily prevalence based. As a result countries such as 

Uganda, Ethiopia, Rwanda and Nigeria, which have an average HIV prevalence rate of 

only 4.6%, received over $650 million of PEPFAR funding in 2004-2005. Surprisingly, 

high prevalence countries such as Lesotho and Swaziland which have HIV rates of 38.7% 

and 28.7% respectively, as well as Malawi and Central African Republic which have HIV 

rates of 14.1% and 13.5% respectively, receive no PEPFAR funding. Similarly, since its 

inception the Global Fund has granted approximately $540 million of HIV/AIDS funding 

                                                 
20 Microbicides are a gel or cream-like substance which women can apply prior to sex to protect against 
infection of HIV and other STIs. 
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to Ethiopia, a country with a prevalence rate of only 4.5%, and only $109 million to 

Mozambique, a country with a prevalence rate more than three times higher at 15%.21 22

 

3.3 Conclusions 

This paper shows that HIV prevalence has a negative impact on population growth, 

savings rates, education capital and trend per capita growth but only in high prevalence 

countries and only in the short run. The experience of Kenya supports these results. In the 

long run, the experience of Uganda suggests that the epidemic does not have any 

permanent impacts on the determinants of the steady state.  

 

To the extent that Uganda is representative of other high prevalence African countries, 

this suggests that the negative effects identified above are only transitory and that 

HIV/AIDS will have no impact on long run trend per capita growth in Africa. This in turn 

holds important implications for HIV/AIDS related public policy decisions both 

domestically and globally.  

                                                 
21 Ethiopia has a much larger population than Mozambique however even on a per HIV-infection basis 
these allocations are $360 per HIV case (as of 2004) for Ethiopia and only $83 per case for Mozambique. 
22 Sourced from the Global Fund Funds Committed and Disbursed Raw Data Files found at: 
http://www.theglobalfund.org/en/funds_raised/commitments/. 
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Appendix 1.1 
Table A1.1 HIV/AIDS and Growth in Africa  
Impact on 
growth 

Author(s)  Year Methodology Time 
Period 

Country 

-2% Kambou, 
Devarajan and 
Over 

1992 CGE 1987-1991 Cameroon 

-1.2% Over 1992 Neo-classical  1980-1991 30 African 
countries 

0% to -0.4%  Cuddington 1993 Neo-classical 1985-2010 Tanzania 
-0.2% to -1.5% Cuddington 

and Hancock  
1995 Neo-classical 1985-2010 Malawi 

Insignificant  Bloom and 
Mahal 

1995 Non-linear Least 
Squared (NLS) 
regressions 

1980-1992 51 countries 
world wide 

-0.8% to -1.0% Ardnt and 
Lewis 

2000 CGE   South Africa 

-0.7% in high 
prevalence 
countries 

Bonnel 2000 Cross country 
regressions 
(OLS) 

1990-1997 47 countries 

Negative impact 
but indirectly 
through life 
expectancy rather 
than directly 
through 
prevalence; greater 
impact in Southern 
and Eastern Africa 

Dixon et al  2001 Two way error 
components 
fixed effects 
model 

1960-1998 41 African 
countries 

+4.3% to +6%23. 
Wages increase by 
11% in HIV case. 

Young 2004 Beckerian with 
endogenous 
participation, 
fertility and 
education  

1995-2040  
 

South Africa 

-1.3%2 Bell, 
Devarajan and 
Gersbach  

2006 OLG 1990-202024 South Africa 

 

                                                 
23 Young runs four cases that impact of HIV. He estimates the with no fertility effect the impact would be -
3.0%. With fertility and HIV the impact is 4.3% and the prior case plus full education results in a perpetual 
improvement of living standards of 6%. 
24 Bell et al (2003) analyze a number of time periods starting from 1960 and extending to 2080. They also 
run a number of different cases depending on family structure (nuclear versus pooling) and level of public 
policy intervention. The case stated here is pooling, AIDS, no intervention, 1990-2020.  
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Appendix 1.2 

The linearization process includes a number of key steps. Consider a simplified example 
where the intensive production function is given by y kα= and capital accumulates 
according to (4). Taking the time derivative of gives: y

(
ln t t

t
)s n g d

yd y
dt k

α + += −       (A1) 

Log linearizing (A1) around the steady state gives: 

   
*

* *
* log log log log ) ( ))

ln
(1 ( ) (t s k k n g d

d y y
dt k

y yα α− − − ++= − +  (A2)  

As per (A1), in steady state 
*

* ( )s n g d
y
k

α = + + . Replacing 
*

*s
y
k

α  in (A2) with 

, solving for lo  and using the original production function and 
rearranging gives (A3), which is simplified version of 
(n g d+ + ) g k *log k

(13) in the text. 
*ln

)( )(log log )(1td y
n g d y y

dt
α− + + −=     (A3) 

 
Appendix 1.3 
HIV Prevalence Based Sample Split 
  Avg HIV Prev.   Avg HIV Prev.
High 1985-04 Low 1985-04 
Botswana 21.2 Burkina Faso 4.5 
Swaziland 18.9 Cameroon 4.0 
Zimbabwe 17.9 Gabon 3.8 
Lesotho 15.6 Congo (DRC) 3.7 
Zambia 14.2 Nigeria 3.5 
Malawi 9.7 Chad 3.2 
Namibia 9.5 Liberia 3.1 
South Africa 9.3 Sierra Leone 2.7 
Cent. Afr. Rep. 8.8 Ethiopia 2.7 
Uganda 8.6 Togo 2.6 
Tanzania 6.6 Ghana 1.6 
Kenya 5.9 Guinea 1.5 
Burundi 5.7 Mali 1.3 
Mozambique 5.7 Benin 1.2 
Congo 5.5 Angola 0.9 
Rwanda 5.3 Gambia 0.6 
Cote d'Ivoire 5.0 Niger 0.5 
  Senegal 0.5 
Average 10.2 Average 2.3 
Source: US Census Bureau.  
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