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Abstract

The objective of this paper is to obtain estimates of the effect of HIV prevalence on the growth rate of real GDP per capita that are not affected by the presence of simultaneity between 1990 and 2004. To achieve this goal requires a set of instrumental variables that are correlated with changes in the prevalence of HIV but is otherwise unrelated with the error term of the growth equation.

The instrumental variables employed for this purpose are a set of social and epidemiological determinants of the HIV infection, and macroeconomic indexes at the country level, provided by the International Country Risk Guide and the Worldwide Governance Indicators.
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Introduction 
The HIV/AIDS outbreak became a public health problem and then a matter of economic development; firstly, the rapid spread of the disease around the world and the lack of medical treatments slaughtered a relatively large portion of the global population, especially those located in low- and middle-income countries. Secondly, millions of dollars have been spent in reducing the deadly effect of the virus and in preventing the disease, discouraging other economic activities. 

Most of the gains from technological advance and the globalization process of the past half century have been lost to the HIV/AIDS epidemic
, which now represents one of the greatest health challenges of the recent times: as of December 2006, almost 40 million people around the world were living with the virus and would eventually develop full blown AIDS; 4.3 million people were newly infected (half million of them were children under 15 years), and there is an estimation of 3 million AIDS related deaths (0.38 million are children under 15 years) during the same period (UNAIDS/WHO, 2006). The HIV/AIDS epidemic has targeted mainly adults and therefore impacted negatively human capital accumulation by reducing its productivity.

The burden of any disease, or the loss of health capital, has had a powerful influence on the economic activity of a country at different levels of income, especially when it affects the labor force (Barro, 1996; Boucekkinne, 2006; Stanciole, 2006; Weil, 2004). There is plenty of evidence that the HIV/AIDS epidemic has deeply affected humankind during more than two decades.
The outcome of HIV/AIDS has resulted in significant macroeconomic effects, such as a diminution of the monetary resources to promote output expansion as well as a contraction of the labor market due to premature death or disability. In plain sight, HIV/AIDS impacts negatively economic growth by reducing the labor force and potential output, but the main issue is to find out to what extent and how to correct the problem in the least costly and most effective way (Haacker, 2004). 

Since the emergence of new and powerful medical treatments, the rate of mortality has decreased drastically in some countries
, diminishing the burden of the illness and the rate of depreciation of human capital. A higher level of health care have proven to take place at higher levels of income per capita, so more investment in health, and therefore in human capital, promotes economic growth and vice-versa (Weil, 2004; Shastry and Weil, 2003). 

Constant increases of life expectancy have been noticed throughout the second half of the twentieth century; however, during the past two decades, these indicators have slowed down and shown a decreasing rate. This can be explained in part due to the changes in the composition of the population, causes of death and pattern of morbidity
 as well as for the emergence of new pathologies.

Industrialized countries seem to face most of the diseases, including the HIV/AIDS pandemic, with relatively less adverse results and the loss of human capital has been offset by government supporting programs and a network of civilian institutions. Meanwhile middle- and low-income nations are struggling with the devastating impact of the illnesses that could be prevented or reduced by implementing cost-efficient plans. 

The natural history of HIV/AIDS
, deadly illness yet manageable with the proper therapy, depends on several factors, therefore the complexity of modeling the trajectory of the disease; in recent years, medical advances in therapy to fight the weakness of the immune system have improved quantity and quality for those suffering the infection. The medical dilemma now becomes a macroeconomic condition that has to do with the deterioration of human capital and consequently with the constraint of economic growth. Some of the problems arise when it comes to meet the expense of the cost of the medication in order to preserve human life and promote better standards of life.

1. HIV/AIDS and Economic Performance: A Brief Survey of the Burden of the Disease 

The vast literature on the economic effect of HIV/AIDS, especially for African countries, starts with the analysis of its socio-demographic impact in order to determine the path of the disease and to asses whether or not the illness represents a threat to economic growth (World Bank, IMF, UNAIDS).

A major tradition in modeling HIV/AIDS epidemics has been the use of back-calculations techniques such as the so called Epimodel, since the standard constructions cannot be used in most cases to follow the path of the HIV pandemic in developing countries (Chin and Lwanga, 1991, Schwartlander, 1999). This approach is flexible and allows the distribution of age at HIV infection to change over time
 and it requires data on which year the HIV epidemic began, the number of cases at some later point in time and the year in which new cases of HIV infection are expected to reach their peak to construct reliable estimates of HIV prevalence. 
Some studies have tried to account for the effect of different sources of uncertainty on the trajectory of the epidemic. Salomon and Murray (2001) use the Epimodel with a maximum likelihood approach to utilize all the available data from antenatal clinics for their curve fitting exercise, as well as to represent some of the uncertainty in the estimates. In Salomon, Gakidou, and Murray (2002) the analytical objective is to find the set of model parameters that are most likely to have produced the observed data on prevalence; each set of parameter values seems to generate a unique set of incidence, prevalence and mortality curves.

Several theoretical attempts have been made with the intention of explaining the burden of HIV/AIDS in economic growth (Haacker, 2004; Bloom and Mahal, 1997; Robalino, 2002; McDonald and Roberts, 2004) especially for those cases where the illness has shown evident devastating results, as the experience for quite a lot of African countries, where the rate of prevalence
 of HIV/AIDS is relatively high. 
Although some Asian and Latin American countries experience low prevalence of the disease, their importance in the AIDS map is quite significant due to the fact that, in relative numbers
, this represents a huge amount of human beings living with the virus and therefore the impact on sensitive variables related to economic growth might be significant.

Nevertheless, middle- and low-income countries are dealing with a broaden HIV/AIDS epidemic and not much information is known or at least the results provided are not conclusive (Dixon, McDonald and Roberts, 2001), most of the time due to the lack of reliable sources of information. Available data reveals a continuous increase in prevalence during the past decade; however, it may not reflect the reality of these nations due to the fact that the estimated cases of people living the HIV infection seem to be far above the ground. Besides, there is not enough empirical evidence regarding the economic and demographic impact of HIV/AIDS at the country level or over time.

It also seems that the existing literature on the effect of HIV/AIDS on economic performance have had mixed outcomes: some studies show that the AIDS epidemic has had an insignificant effect on the growth rate of per capita income, with no evidence of reverse causality (Bloom and Mahal, 1997); some others point out that HIV reduces economic growth and increases poverty, which in turn accelerates the spread of HIV (Cuddington, 1993, 1994; Bonnel, 2000), and some others indicate that countries where the prevalence of HIV is relatively low the impact of the epidemic conforms to “normal” expectations, but when the prevalence of the epidemic is relatively high the macroeconomic impact is unclear (Dixon, McDonald, and Roberts, 2001; McDonald and Roberts, 2004).

So far we cannot deny the importance of health on economic growth, as well as the lack of it (Gupta, 2005; Weil, 2004; Shastry and Weil, 2003; Fogel, 2002; Bhargava, 2001)., In Haacker (2004), the economic impact of HIV/AIDS that occurs through the social fabric is described as very uneven across individuals or households; he argues that any analysis capturing only the main aggregates economic variables would miss many of the microeconomic effects of the disease on living standards, which also matter for public policy and affect the main aggregate economic variables.

Bonnel (2000) analyzes the nature and strength of the association between the reduction in the rate of growth of per capita income and HIV prevalence in African countries, using macroeconomic performance and institutional variables as instruments within a structural model; this connection is explained through a fall in the rate of growth of labor force due to premature death and disability as well as a decrease in capital investments caused by lower incentives to save associated with higher medical costs and loss of revenues.
2. Data and the Econometric Model

This is a cross-country study using a sample of 86 industrial and developing countries
, randomly chosen based on the availability of information to build the data set, which basically comes from the Human Development Report (UNDP, 2006) according to their low-, middle- and high-income economy ranking. 

The growth equation was estimated as a system with equations for determinants of growth, HIV prevalence and instrumental variables
. The average rate of growth of per capita GDP
 and other indicators were built using information from Heston and Summers data set (Penn World Table Version 6.2, Center for International Comparisons of Production). 
Instrumental variables and other relevant data that matched to economic and socio-demographic figures were found also in the Human Development Report (UNDP, several years), the World Development Indicators (World Bank, several years), World Mortality Report (UNDP, 2005), and the Population, Resources, Environment and Development: The 2005 Revision (UNDP). The institutional variables have been obtained from the Worldwide Governance Indicators (Kaufman, 2006) and the macroeconomic policy indicators were calculated using information of the International Country Risk Guide which monitor 161 countries, rating a wide range of risks (political, financial and economic) to international businesses and financial institutions
. 

The HIV/AIDS prevalence
 estimates were obtained using information from the Report on the Global AIDS Epidemic (UNAIDS/WHO, 2006) and the Human Development Report (UNDP, 2006). Unfortunately, these estimates are only available per country for a specific year, so the time series and the average of this period have not been considered for this analysis; nonetheless, the current state of the epidemic is a good approximation to understand the effect of the disease on the rate of growth. 
The period analyzed in this paper (1990-2004) is relevant in the historical path of the HIV/AIDS epidemic because most likely the illness became more apparent at this point in time, even though there is a sizeable number of AIDS cases worldwide at the beginning of the 1980’s.

The calculation on HIV prevalence took into consideration two different types of epidemics at the country level
: a) Generalized, based on data generated by surveillance systems that focus on pregnant women who attend selected number of sentinel antenatal clinics and in increasing number of countries on nationally representative serosurveys; b) Concentrated or with a low level, based on surveillance data collected from populations at high risk and estimates of the size of populations at high and low risk (UNAIDS, 2006).

The equations below relate the growth rate of real per capita GDP to a number of variables whose relationship has been well established in the empirical literature on growth (Mankiw, Romer and Weil, 1992; Levine and Renelt, 1992, Barro, 1991). This analysis is recognized in the vast literature that uses cross-country regressions to seek associations between the long-run average growth rates and a variety of economic policy, political and institutional factors; a common feature in this type of econometric breakdown is that the explanatory variables are entered independently and linearly. 
The econometric model includes the following set of equations:
GDP 
= HIVi + X1 + I




(1)
HIVi 
= 0 + GDPi + Zi(GDPi) + Ri  + I

(2)
Zi
= f (Govern, Risk, GDP)




(3)
where:
GDPi is average of the rate of growth of the real Gross Domestic Product per capita between 1990 and 2004
,
HIVi is the prevalence of HIV infection in adult population (aged 14 to 49) per 1,000 people in 2004 for country i. It represents the endogenous or troublesome variable,
Xi is a set of variables that influence economic growth,
Zi and Ri are vectors of instrumental variables and cofactors that may influence HIV transmission at the country level, some of which may depend upon the rate of growth of per capita GDP,
Governi is an index of governance that includes items such as voice and accountability, political stability, government effectiveness, regulatory quality, rule of law and control of corruption,
Riski is a set of policy decisions that impact the macroeconomic performance of country i, those described by the International Country Risk Guide index, that measure political, economic and financial risks,
,  and  are the parameters (or vector of parameters) to be estimated, and
i, and i are the random disturbance terms in each equation.
Simultaneity between the HIV epidemic and economic growth makes it difficult to isolate the causal effect of changes in HIV prevalence on the rate of growth of real per capita GDP. To break this simultaneity this paper uses a set of social and epidemiological determinants of the HIV infection as well as macroeconomic and institutional performance at the country level as instruments for changes in the troublesome variable.
Because HIV Incidence, so to speak the rate of growth at which the illness changes over time, is not easily observable among developing countries, we need to find a reliable measure for our explanatory variable, which is HIV prevalence (described as HIV i), the number of people suffering HIV infection a certain point in time. 
HIV prevalence at the country level depends on its incidence and the error term, so it follows that the regressor is contemporaneously correlated with the equation’s disturbance, that is: E [(HIV i) i] is different to zero. Consequently, ordinary least squares (OLS) estimates are biased and inconsistent, therefore the need for a two stage least square regression.
The objective of this paper is to obtain estimates of the effect of HIV prevalence on the growth rate of real GDP per capita between 1990 and 2004 that are not affected by the presence of simultaneity. To achieve this goal requires instrumental variables that are correlated with changes in the prevalence of HIV but is otherwise unrelated to the growth rate of real GDP per capita. An instrument is a variable that does not itself belong in the regression, that is correlated with the suspect explanatory variable, and that is uncorrelated with the error term.

The variables employed in this paper are the social and epidemiological determinants of the HIV infection and macroeconomic performance at the country level, measured by the indexes provided by the International country risk guide and the worldwide governance indicators. 

If changes in social and epidemiological factors as well as in macroeconomic policy are truly exogenous shifters of HIV prevalence, then a comparison of the patterns of HIV prevalence and changes in the growth rate of GDP per capita under the different proxies for the so called instruments should provide a rough measure of the effect of HIV on economic growth. If increases in HIV prevalence have a large impact on the growth rate of GDP per capita, the one would expect the signs of the values in both regressions to be the opposites.

4. Results

The simple statistics for the sample illustrate (see table 1) that the average prevalence of HIV/AIDS per 1,000 adults is 3.5 (s.d. = 6.2), showing an alarming two-digit rate for several African countries, such as Botswana, Central African Republic, Lesotho, Malawi, Mozambique, South Africa, Swaziland, Zambia and Zimbabwe and very low prevalence (0.1% or less) for most of the industrial and some emerging economies.

The average growth rate of real GDP per capita for the period between 1990 and 2004 was 1.6 (s.d. = 2.1), where the best performance was accomplished by China (an average of almost 9%) and the worst by the Democratic Republic of Congo (-4.2%). The average level of GDP per capita for the sample is $9,341.50, where the highest value belongs to the United States of America ($31,225.55) and the lowest corresponds to Cambodia ($477.58).
The level of infrastructure, measured by the number of cellular phones per 1,000 inhabitants, is 390 (s.d. = 368), accounting only 3 lines per 1,000 people in Ethiopia and 1,184 in Hong Kong. Life expectancy, which reflects access to health services that depend on the level of income, is 63 years for the sample with a standard deviation of 14.9 (the highest value is for 81.5 years for Hong Kong and the lowest 33 years for Swaziland).
a) Determinants of Economic Growth and HIV Prevalence 
The existing literature on cross-country investigation of growth used in an assortment of theoretical papers includes real income (lagged and initial values), government consumption, the ratio of exports and imports to GDP, population rates and human capital as some of the main factors that influence growth. 
At the same time, the spread of HIV/AIDS may be influenced by a wide range of economic, social and epidemiological factors, certainly difficult to isolate one another. It seems that HIV/AIDS is generalized within a big number of countries, which means that the main vehicle of transmission occurs through heterosexual sex rather than being concentrated among the population at higher risk, such as commercial blood donors
, sex workers, men having sex with men, injecting drug users and the like.

First, a series of regressions on economic growth and HIV prevalence without the influence of one another substantiate the following results: in the growth regression, the coefficient for the initial level of GDP per capita (1990) is robust negative showing the presence of the convergence hypothesis; also, secondary enrolment ratio, previous growth rates and government expenditure in military goods seem to influence positive increases in real income, and a rise in population (measured by fertility rate) accounts for a large cross-country variation in income per capita.
At the same time, the reduced form describes the explanatory variables in the HIV regression with the absence of the growth rate; socio-demographic and macroeconomic factors may play an important role in this explanation. All the coefficients of this calculation are highly significant and robust (except for the share of women in non-agricultural activities).
Secondly, a simple regression of HIV on the growth rate of income, controlling for the factors that explain the spread of the disease also shows a strong association among the dependent and independent variables. The rate of growth is significantly different from zero when controlling for the share of women in non-agricultural activities (this coefficient is weak, but an important element to build the regression), population Muslim, ethnical diversity, migration rate, population urban, secondary enrolment and the time since the first AIDS case was established; also, regressing HIV versus the growth of income in the presence of a dummy variable for poor countries shows that weak economic performance and factor associated to poverty may explain the rapid spread of the illness.

Thirdly, a series of scatter plots help us to establish important relationships between HIV and its main determinants (see graphs 1 and 2). The rate of growth of GDP per capita is negatively related to HIV prevalence implying the possibility of a reverse causation due to the fact that the some factors leading to economic development are also important in the HIV epidemic (Bonnel, 2000); the coefficients in both samples are robust and significantly different from zero.

Income inequality within and among countries as well as fertility rates are positively related to HIV in both the entire sample and the sub-sample for poor countries; these factors may suggest that unequal regional development and a rapid population expansion enhance the negative spill over effect of the HIV infection.
Better infrastructure, women’s education in the form of secondary enrolment ratio as well as macroeconomic and institutional variables (rule of law and political risk) show strong negative partial correlation with HIV prevalence for the whole sample but seem to be not significantly associated with poor countries.
Religious constraints on sexuality may have consequences for the diffusion of sexually transmitted diseases, such as HIV infection. If followed, the recognition that several Islamic tenets may have the effect of reducing the sexual transmission of HIV, the hypothesis that Muslims have lower HIV prevalence than non-Muslims can be supported by the positive correlation between HIV prevalence and being Muslim as shown in the scatter plot, at least in the sample for poor countries. 
Studies on the relationship of risk factors to HIV prevalence have provided mixed evidence with respect to following Islamic sexual codes
 and other factors, but that benefits arising from circumcision may help account for lower HIV prevalence among Muslims. The substantiation that adult male circumcision is efficacious in reducing sexual transmission of HIV from women to men is compelling. The partial protective effect of male circumcision, which accounts for  approximately 60% reduction in risk of heterosexually acquired HIV infection, is remarkably consistent across the observational studies (ecological, cross-sectional and cohort) and the randomized controlled trials conducted in diverse settings by the UNAIDS en past years.
Finally, one of the main arguments in the recent literature of the economic impact of the AIDS epidemic is that high HIV prevalence is usually associated to a low rate of growth and vice versa. This is true for but big majority of countries observed, however, there are some divergences in the HIV prevalence – growth rate of GDP per capita relationship. On the one hand, one can find that some countries such as Botswana, Lesotho, Uganda and Rwanda exhibit high growth rates but also high HIV prevalence. On the other hand, one can say that the opposite is also true, low HIV prevalence related to low income as in Brazil, Mexico, Philippines, Germany, Sweden, and Finland.
b) HIV, Macroeconomic Policy and Economic Growth
Table 2 reports OLS and 2SLS estimates of the parameters of the growth equation
; the first column shows that the growth rate of real GDP per capita during 1990 and 2004 in the entire sample is negatively related with the HIV prevalence at the country level. This coefficient is significant and sizeable with each additional HIV case per 1,000 inhabitants per year being associated with a 1.07% reduction in the average annual rate of growth. The regression for poor countries
 (column 4) illustrate the same pattern, showing an even higher coefficient, meaning that each additional HIV case per 1,000 people per year would decrease economic growth in 1.31% in the sub sample. 
Table 2 also reports the association between HIV prevalence and economic growth controlling for various possible influences on economic growth. Based on well established relationships of the growth theory, the following controllers were included: the initial level of real GDP per capita (1990), the lagged growth rate of GDP (1980-1990), the secondary enrolment ratio (2004) as a proxy for human capital, the ratio of private investment to GDP (2004), the ratio of exports and imports to GDP (2004), fertility rate (2004), and the ratio of public investment to GDP (2004) taking as proxies both education plus military expenditures and military expenditure alone.
The inclusion of controller lowered the HIV coefficient in almost half of its original value within the simple OLS regression; nonetheless, the coefficient is very robust, demonstrating that an additional case of HIV per 1,000 people would decrease the rate of growth in 0.53 percent point per year. 
As expected, the growth rate of GDP per capita 1990-2004 is negatively related to the initial level of per capita GDP (1990), which suggests a strong convergence in levels of income per capita; also, consistent with the existing literature, fertility rate is negatively associated with the dependent variable, suggesting that rapid population growth depresses economic growth. 
In the same fashion, government spending is positively related to economic growth and becomes significant when is accounted as the outlays in military good. The estimate for the proxies of human capital is relatively small and insignificant, so it does not support that growth is enhanced by having a higher human capital stock. 
The regression for poor countries (column 5) presents a sharp decrease in the HIV coefficient and on top became insignificant; the convergence property is still strong, military spending as a proxy for government investments is positively related to the rate of growth and fertility rate may explain that higher population decreases economic growth, all them being very robust. As in the entire sample, the other controller (human capital) does not support that growth is promoted by these elements.
Column 3 reports the 2SLS estimates for the entire sample, accounting for possible feedback effects of economic growth on the spread of HIV across countries. The macroeconomic policy and institutional indicators were instrumented with both the dependent and troublesome variables in order to find the best elements for the first stage of the regression. 
In this set of circumstances, the best candidates for instruments were the rule of law of law and political stability as proxies for governance and political risk for macroeconomic performance; in addition, some of the determinants of HIV such as ethnic diversity, women empowerment, population being Muslim, time since the first case was discovered and income inequality among others were included in the regression.

The 2SLS shows a robust coefficient for HIV prevalence in the entire sample, which may indicate that an additional case of HIV per 1,000 inhabitants per year would lower the average annual rate of growth in 0.64 percentage point with a critical value for this statistics at the 10% level; for the poor countries examined in the sub sample, the HIV coefficient became relatively small and exceeded the expected level of significance necessary to explain simultaneity between the growth rate and the burden of the disease. 
Nevertheless, even when these coefficients are not significantly different from zero, they are able to capture the estimated effects of HIV on economic growth.  In both cases, the entire sample and the sub-sample, the convergence property is quite strong and population growth (measured by fertility rate) is associated with a decrease of output. Human capital as well as public and private investments do not support that gains in GDP over time are influenced by these factors.
Conclusions

This paper involves the use of instrumental variable estimation to assess the impact of the HIV epidemic on economic growth in the presence of simultaneity; the most frequently used instrumental variable estimator is two-stage least square.
Following the contradicting findings in Bloom and Mahal (1997) and Bonnel (2000), the result of this examination provides support to our original hypothesis that the HIV/AIDS epidemic has lowered the rate of growth of GDP per capita between 1990 and 2004 in the group of 86 developed and developing countries, and in the sub-sample for poor countries. 
Using controls commonly applied in empirical studies and the economic theory and instrumenting for the main determinants of HIV as well as macroeconomic and institutional variables, the estimates for HIV prevalence are robust and significantly different from zero. In the 2SLS regression, one additional case of HIV per 1,000 inhabitants per year decreases the average rate of income growth in a 0.64 point percent, which is consistent with other findings.
Among the factors influencing the spread of the sickness, economic and demographic factors can be mentioned, such as the levels of infrastructure measured by the number of cellular phone lines per 1,000 and women’s empowerment quantified by the share of women in non-agricultural activities and female secondary enrolments. Also, institutional variables (rule of law), macroeconomic indexes (political risk), income inequality and fertility rates are important explanatory variables in the instrumental regression.

The nature of the epidemic, whether it is generalized or concentrated, responds also to socio-epidemiological factors and religious beliefs; for instance, being Muslim and circumcision seem to be associated to lower rates of prevalence of HIV. At the same time, ethnical diversity appears to increase the speed at which HIV infection evolves. These two former factors seem to be good explanatory variables within the investigation.

The epidemic affects several aspects of human life with devastating consequences, imposing heavy burdens on individuals, families, communities and nations, especially for those with low income. Evidently, HIV infection represents a great challenge for governments and policy makers because the proliferation of the disease depends upon several factor related not only to economic growth but also to life styles, which are relatively hard to reach through policy decisions. 
Nonetheless, it seems to be a consensus in the current literature that fighting poverty, improvements in health conditions, creation of more job opportunities, promotion of infrastructure, greater investments on education, especially for women, and a comprehensive approach in medical treatment could lessen the impact of HIV on labor productivity in the long run.
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	TABLE 1: Basic Statistics for the Sample

	
	Mean
	Standard Deviation
	Maximum
	Minimum

	HIV Prevalence per 1,000 inhabitants
	3.50
	6.20
	33.40
	0.10

	Growth Rate of Real GDP per capita
	1.60
	2.10
	8.90
	-4.20

	Real GDP per capita 1990-2000
	9,102.00
	9,312.00
	3,1225.60
	477.60

	Number of cellular phones per 1,000 inhabitants
	389.80
	367.80
	1,184.00
	3.00

	Real GDP in 1990 (Initial)
	8002.90
	8099.10
	27,014.90
	421.50

	Income Inequality Index
	42.70
	10.20
	63.20
	24.70

	Life Expectancy at Birth
	62.90
	14.90
	81.50
	33.00

	Educational Attainments
	6.00
	3.10
	12.00
	0.80

	Share of Women in non-agricultural activities
	35.10
	11.80
	56.50
	3.00

	Ethno Linguistic Diversity
	0.50
	0.29
	0.98
	0.00

	Fertility Rate
	3.43
	1.81
	7.10
	0.90

	Share of Government Expenditures (90-04)
	5.89
	2.98
	16.00
	0.80

	Degree of Openness (X+M)/GDP
	0.82
	0.49
	3.77
	0.24

	Share of Investment expenditures (90-04)
	14.72
	8.22
	37.66
	3.14


Graph 1) ENTIRE SAMPLE
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Graph 2) POOR COUNTRIES
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Table 2: Growth Rate of Real GDP Per Capita and HIV Prevalence

 (Robust Standard Errors)

* Significant at 5%              ** Significant at 10% 

	GRGDP9004
	ENTIRE SAMPLE
	
	POOR COUNTRIES
	

	
	OLS
	OLS
	2SLS
	OLS
	OLS
	2SLS

	Constant
	1.6141*
	14.2609*
	15.0238*
	1.8665*
	16.5107*
	27.3484*

	 
	(0.2056)
	(3.3718)
	(3.9835)
	(0.3878)
	(4.9728)
	(5.4685)

	Log HIV Prevalence
	-1.0736*
	-0.5278**
	-0.6400**
	-1.3089*
	-0.2861
	-0.0447

	 
	(0.3270)
	(0.3289)
	(0.4159)
	(0.5639)
	(0.4952)
	(0.5939)

	Initial level of GDP (1990)
	 
	-3.20228*
	-3.1408*
	 
	-3.5500*
	-5.3998*

	 
	 
	(0.7040)
	(0.9055)
	 
	(1.0737)
	(1.2821)

	Growth rate of 
	 
	0.3263*
	0.4789*
	 
	0.3600*
	0.7559*

	GDP(1980-1990)
	 
	(0.0922)
	(0.1299)
	 
	(0.1365)
	(0.1569)

	Secondary enrolment
	 
	0.0075
	0.0056
	 
	-0.0045
	-0.0143

	Ratio
	 
	(0.0065)
	(0.0071)
	 
	(0.0209)
	(0.0233)

	Exports and Imports
	 
	0.5192
	
	 
	0.0080
	

	as a share of the GDP
	 
	(0.4789)
	
	 
	(0.8207)
	

	Private Investment as a share
	
	
	-0.0392
	
	
	-0.1939*

	of the GDP
	
	
	(0.0445)
	
	
	(0.0871)

	Government Expenditure
	 
	0.1613*
	
	 
	0.2114**
	

	(military goods)
	 
	(0.2857)
	
	 
	(0.1355)
	

	Government Expenditure
	
	
	0.0784
	
	
	0.0247

	(military and education)
	
	
	(0.0984)
	
	
	(0.1491)

	Fertility Rate
	 
	0.7656*
	-0.8373*
	 
	-0.9240*
	-1.5197*

	 
	 
	(0.2857)
	(0.3582)
	 
	(0.3977)
	(0.4314)

	N=
	86
	78
	66
	49
	45
	33

	R^2 =
	0.1371
	0.4898
	0.5493
	0.1242
	0.4843
	0.6484

	Prob > F
	0.0015
	0.0000
	0.0000
	0.0247
	0.0000
	0.0001

	Root MSE
	1.9213
	1.4642
	1.5464
	2.2712
	1.7911
	1.8191


































































































































































































































































































































































































� The 2006 Human Development Report shows decreases in life expectancy in several African countries between 1970-1975 and 2000-2005: Botswana (to 36.6 from 56.1), Lesotho (to 49.6 from 36.7), Kenya (to 47.7 from 53.6), Swaziland (to 33 from 49.6), Zimbabwe (to 37.2 from 55.6) and Zambia (to 37.4 from 50.2) among others.


� Although the rate of HIV infections continues to increase in the United States, the number of AIDS cases has fallen dramatically since 1996, when antiretroviral drugs came onto the market. HIV-related infections and cancers are much less common and much easier to treat with the potent combination antiretroviral therapy. The death rate from AIDS in the United States continued to decline in 2002 (� HYPERLINK "http://www.cdc.gov" ��http://www.cdc.gov�)


� This phenomenon is also known as the demographic (change in the population pyramid) and epidemiological (changes in the morbidity-mortality patterns) transitions.


� Natural history of any disease for living organisms is often broken down into four different episodes: a) susceptible, b) infected or the beginning of the epidemic, c) infective or spread of the disease, and d) immune, due to cure or death of the organism. The Human Immunodeficiency Virus (HIV) is a complex virus that mutates in different ways, so its natural history of the disease (related to life expectancy of those suffering the infection, the effectiveness of medical therapies and/or the degree of development of the disease) varies among individuals.


� This model assumes that the time series of the HIV infection follows a gamma distribution function or also called as a gamma infection curve: [(t (-1) e -t) / (-1)!]. Where t is time and stands for integer values to describe the extent of the HIV incidence, and therefore can take a wide range of shapes.


� Prevalence means the number of people who are infected, divided by the number of people in the population, whereas incidence is the rate at which persons acquire the disease or rate at which the infection agent is being transmitted throughout the population. In developing countries, prevalence seems to be a better indicator in order to project the trajectory of HIV, especially in the presence of uncertainty.


� Some examples of it are India (5.7 million), China (0.65 million) and Brazil (0.62 million), according to the Report on Global AIDS Epidemic (UNAIDS, 2006).


� ENTIRE SAMPLE: Argentina, Australia, Austria, Bahamas, Bangladesh, Barbados, Belgium, Belize, Benin, Botswana, Brazil, Burkina Faso, Burundi, Cambodia, Cameroon, Canada, Central African Rep., Chad, Chile, China, Colombia, Congo (Democratic Republic), Congo (Republic), Costa Rica, Cote d'Ivoire, Denmark, Djibouti, Dominican Republic, El Salvador, Ethiopia, Finland, France, Gabon, Gambia, Germany, Ghana, Greece, Guatemala, Guinea-Bissau, Haiti, Honduras, Hong Kong, India, Indonesia, Ireland, Israel, Italy, Jamaica, Kenya, Korea (Republic), Lesotho, Malawi, Malaysia, Mali, Mauritania, Mexico, Mozambique, Nepal, Netherlands, Nigeria, Norway, Panama, Papua New Guinea, Philippines, Portugal, Rwanda, Sierra Leone, Singapore, South Africa, Spain, Sri Lanka, Suriname, Swaziland, Sweden, Switzerland, Tanzania, Thailand, Togo, Trinidad & Tobago, Turkey, Uganda, United Kingdom, United States of America, Venezuela, Zambia, and Zimbabwe.


� The application of the instrumental variables estimator in the context of the classical regression analysis is straightforward: if the error distribution cannot be considered independent of the regressor’s distribution, instrumental variable is called for, using an appropriate set of instruments (Baum, 2003).


� We have used the average rate of growth of GDP per capita to eliminate short-term variations; however, this can be a biased measure due to the fact that it does not recognize the welfare of the generation that died of HIV/AIDS (Barro, 1997; Bonnel, 2000).


� The composite score provided for this paper range from zero to 100, assigning a very low risk for 80 to 100 points and very high risk for zero to 49.5 points.


� It refers to the proportion of adults aged 15 to 49 years old per 1,000 inhabitants infected with the HIV virus. It is calculated by dividing the number of adults aged 15 to 49 years who are found to be infected with HIV in a given year by the population of adults of the same age group.


� The information obtained from any of these methods is entered into a software to find the best fitting curve that describe the evolution of HIV adult prevalence over time.


� It was obtained by adding up consumption, investment, government and exports, and subtracting imports in the given years. The given year components were obtained by extrapolating the 1996 values in international dollars (see Penn World Table 6.1)


� See the Wall Street Journal, The Truth About China, Guy Sorman, April 20, 2007, page A15, on commercial blood donors.


� Such as strict rules for extramarital affairs but allowing men to marry as many as four women and divorce relatively easily (see Gray, 2004)


� Following and contrasting with Bloom and Mahal‘s (1996) findings. 


� POOR COUNTRIES: Bangladesh, Belize, Benin, Botswana, Burkina Faso, Burundi, Cambodia, Cameroon, Central African Republic, Chad, China, Congo (Democratic Republic), Congo (Republic), Cote d'Ivoire, Djibouti, Dominican Republic, El Salvador, Ethiopia, Gabon, Gambia, Ghana, Guatemala, Guinea-Bissau, Haiti, Honduras, India, Indonesia, Jamaica, Kenya, Lesotho, Malawi, Mali, Mauritania, Mozambique, Nepal, Nigeria, Papua New Guinea, Rwanda, Sierra Leone, South Africa, Sri Lanka, Suriname, Swaziland, Tanzania, Togo, Turkey, Uganda, Zambia and Zimbabwe.
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