
 

 

 

THE IMPACT OF TUBERCULOSIS ON ECONOMIC GROWTH 

 

 Franque Grimard and Guy Harling 

Department of Economics 

McGill University, Montréal 

 

 

  

ABSTRACT 

Tuberculosis remains one of the most devastating diseases in the world, affecting 
people of all ages across the globe.  This paper reviews the economic literature 
dealing with the theoretical and empirical links between poor health and low 
productivity, both at an individual and national level.  It then conducts panel 
data analysis covering 91 countries, using an augmented Solow growth model 
and notification data of tuberculosis incidence from 1981 to 2000.  Taking into 
account other national characteristics it finds that countries with a lower burden 
of tuberculosis grew faster than those which were more heavily afflicted.  
Although tests of robustness suggest that some of this effect may be due to 
reverse causality, there remains a persistent effect of between 0.2 and 0.4 percent 
lower growth for every 10 percent higher incidence of tuberculosis.  This 
corresponds to an annual loss of between US$ 1.4 and 2.8 billion in economic 
growth worldwide. 
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1. INTRODUCTION 

Despite rumours of its demise, tuberculosis remains one of the most deadly, and 

disabling, diseases in the developing world.  According to the World Health 

Organization’s Global Burden of Disease project (Mathers 2002), in 2000 it was 

the eighth highest cause of death, and the tenth highest cause of disability 

adjusted life years (DALYs).1  Still more disturbing is that unlike most other 

major diseases, with the notable exception of HIV/AIDS, its burden is spread 

across all age groups and is responsible for the deaths of many productive 

individuals in the core 15 to 44 age group.2   

In addition to being a significant disease, tuberculosis is also increasingly a high 

profile issue.  Its recent resurgence, due in part to the rise of multi-drug resistant 

(MDR) strains, and its intimate connection with HIV/AIDS in the developing 

world – it is often the first opportunistic infection to strike AIDS patients – have 

led to increased attention in medical and media circles.  This is evidenced by the 

launch in January 2002 of the Global Fund to Fight AIDS, Tuberculosis and 

Malaria, a public-private partnership that aims to raise and direct funds towards 

the prevention and treatment of these three diseases.3

                                                 
1 DALYs reflect the period of healthy life lost to illness, as measured by time incapacitated 
multiplied by the severity of incapacity, including premature mortality.  Deaths from Mathers et 
al (2002) table 13, p 35; DALYs from Mathers et al (2002) table 18, p39.   
2 In 1990 it was the second greatest cause of death in this age group for men, and the leading 
cause of death among women.  The only other infectious disease among the leading ten causes 
was HIV (Murray, Christopher JL and Lopez, AD (1996) Vol 1, table 3.13, p 182). 
3 For details, see http://www.globalfundatm.org. 
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This funding drive was buttressed by academic research aimed at uncovering the 

costs and benefits to society of successfully reducing the world’s disease burden.  

Much of this work came under the banner of the Commission on 

Macroeconomics and Health (CMH), a World Health Organization (WHO) study 

of the relationship between health, economic growth and poverty reduction.4 In 

light of this and other efforts to raise expenditure on tuberculosis treatment it 

seems useful to study in detail the potential macroeconomic impact of a 

reduction in this disease, in order to justify both current outlays and potential 

future spending.  While detailed studies of each strand of the disease are needed, 

this paper will focus on the overall burden of disease: is there a demonstrable 

effect of lower gross tuberculosis incidence on economic growth at the national, 

and therefore the worldwide, level. 

The paper is set out as follows: the remainder of this section contains a brief 

summary of current tuberculosis incidence, known impact and treatment; section 

2 reviews of the literature in the fields of economic growth modelling, health and 

productivity, and the likely impact of increased health spending on outcomes; 

section 3 presents the methodology for this study and an outline of the data used; 

section 4 reports the results; and section 5 draws some tentative conclusions and 

makes suggestions for further work. 

 

                                                 
4 The final report of this commission is available at http://www.cmhealth.org or as Commission 
on Macroeconomics and Health (2001). 
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1.1 An overview of tuberculosis 

Tuberculosis is a disease which is found throughout the world, although the 

overwhelming majority of cases are found in poorer countries.  Although 1.86 

billion people are infected with the tuberculosis bacillus,5 rather fewer 

individuals actually become ill in a given year, the most recent estimate being 

8.46 million cases in 2001.6  Of these 6.77 million, or 80 percent of the total, 

occurred in just 22 high burden countries located primarily in South and East 

Asia and Sub-Saharan Africa.7  While China and India between them account for 

some 40 percent of worldwide cases, the highest case rates are believed to be in 

Zimbabwe, South Africa, Kenya and Cambodia.  Such estimates are uncertain 

since reporting of tuberculosis undershoots what is believed to be the true world 

burden by around half.8   

Tuberculosis is caused by Mycobacterium tuberculosis and is spread largely 

through the coughing and sneezing of infectious patients.9  Once infected around 

one in ten people develop the disease.  The incubation period of the disease 

ranges from weeks to years, although it is rarely more than five years, and after 

                                                 
5 Dye, Christopher, Scheele, S, Dolin, P, Pathania, V and Raviglione, MC (1999) p 681 
6 World Health Organization (2003) table 4, p 10 
7 Figures from World Health Organization (2003) table 4, p 10; a full list of these high-burden 
countries can be found in Appendix 1. 
8 In 2001 there were a total of 3.81 million reported cases of tuberculosis: see World Health 
Organization (2003) table 10, p 19. 
9 Details for this paragraph are taken from Borgdorff, Martien W, Floyd, K and Broeckmans, JF 
(2001), which provides an excellent introduction to tuberculosis, treatment options, their efficacy 
and cost-effectiveness, and constraints to a broad “scaling up” of treatment, in particular DOTS 
(see next footnote). 
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this point any incidence is usually due to further contact with an infectious 

source.  While tuberculosis can affect many areas of the body, by far the most 

common location is the lungs.  Untreated pulmonary tuberculosis leads to death 

in between 60 and 70 percent of cases; however an uncomplicated infection, if 

treated by a course of oral chemotherapy has a very high success rate.  In the 

developed world deaths from non-MDR- or HIV-TB are rare, and in the 

developing world an intensive, “short-course”, treatment regime completed 

under supervision reduces fatality rates to around five percent.10  Such treatment 

regimes have been found to have cost-effectiveness rates from a provider 

perspective as low as US$ 1-4 per DALY saved,11 although this depends on the 

cost of a programme and the type of tuberculosis being treated: in a middle-

income country with high HIV infection rates this figure is likely to be closer to 

US$ 40 per DALY.12  While there are a number of other potential strategies for 

treating tuberculosis, including BCG vaccination in infancy, prophylactic 

chemotherapy and active case finding, they do not appear to be so cost-effective. 

                                                 
10 This is the WHO standardised practice called “Directly Observed Treatment, Short-Course” or 
DOTS and involves six to eight months of treatment with a combination of drugs.  During the 
first two or three months on an intensive regimen is followed, which a health professional or 
other responsible individual watches patients self-administer to ensure compliance.  This 
approach is intended to significantly reduce the incidence of MDR tuberculosis, which usually 
arises through partially completed chemotherapy regimens. 
11 Original figure from the 1993 World Development Report published by the World Bank; quoted 
in Borgdorff et al (2001) p 30. 
12 This is because higher income countries also have higher staff costs for treatment, and because a 
treated HIV-TB case adds an average of two years to an individual’s life, as opposed to around 40 
years in the vase of a non-HIV positive patient. 

 5



Tuberculosis has long been a disease associated with poverty and poor public 

sanitation, and in the nineteenth and early twentieth centuries was a significant 

issue across what is today the developed world.  This high incidence of disease 

dropped steadily as incomes increased and sanitation improved, and after 1950 

decreased more rapidly to today’s low levels, due most likely to the introduction 

of anti-tuberculosis chemotherapy.13  While this may give cause to hope that a 

rise in average income may reduce tuberculosis without direct action to treat the 

disease, this is not borne out by patterns of incidence in the developing world.  

The global burden of cases has been rising, by 0.4 percent in 2001,14 and in the 

light of the rise in HIV it was estimated in 1993 that case number might rise in the 

future, even given a decreasing risk of infection.15

HIV-TB has in recent years become a serious issue, given that tuberculosis is 

often the first opportunistic disease to strike AIDS patients, raising the risk of   

active disease in a bacillus infected individual from between ten and twenty 

percent over a lifetime to around ten percent per year.  Recent estimates by 

Elisabeth Corbett and colleagues (2002) are that nine percent of adult tuberculosis 

cases, and 13 percent of tuberculosis deaths, are attributable to co-infections with 

HIV, with the figures for Africa being considerably higher. 

                                                 
13 This argument is advanced by Borgdorff et al (2001), p 11. 
14 World Health Organization (2003), p 1 
15 This is because the reduced resistance to disease raises the percentage of bacillus-infected 
individuals who suffer from the disease (Murray, Christopher JL, Styblo, K and Rouillon, A (1993) 
p 240-1). 
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MDR-TB is defined as new cases of tuberculosis which are resistant to at least 

isoniazid and rifampicin, the two mainstays of tuberculosis treatment, and such 

resistant strains of the disease have come into existence largely as a result of 

uncompleted drug regimens to solve uncomplicated infections.  Patients in such 

cases cannot be treated using the DOTS formula, but must undergo far longer 

and more expensive regimens, which cost tens of thousands of dollars at market 

prices.  Thankfully recent moves to create a worldwide joint-purchasing 

arrangement have significantly reduced the cost to providers, but the burden of 

treating such cases continues to be considerable: even on the best terms MDR-TB 

drugs remain some 50 times more expensive than a standard DOTS regimen.  A 

recent study by Pedro Suárez and colleagues (2002) in Peru estimated that in a 

well-run programme for MDR-TB patients the cost per DALY gained would still 

be at least US$ 165.  Christopher Dye and colleagues (2002) estimate that some 3.2 

percent of all tuberculosis cases were MDR-TB in 2000, and so long as many 

countries, and individuals, take an ad-hoc approach to tuberculosis treatment 

these figures, and thus the average cost of tuberculosis treatment, are likely to 

rise. 

Given this potential combination of lower benefits (HIV-TB) and higher costs 

(MDR-TB) to treatment, outlays to restrain such developments may pay 

considerable dividends.  Katherine Floyd and colleagues (2002) estimate that 

approximately US$ 1.2 billion is required each year to treat tuberculosis 
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worldwide, and that at least US$ 300 million of this is not available from existing 

sources.  These costs consist almost equally of tuberculosis specific inputs such as 

medicines, and demands made by treatment on general health services and 

facilities, such as hospital beds and staff.  While there are arguments for 

providing such funding on humanitarian grounds, the purpose of this study is to 

determine whether such expenditures are likely to prove justified on an economic 

basis. 

2. LITERATURE REVIEW 

The macroeconomic approach to assessing the impact of health on economic 

growth is to generally follow the human capital approach to the production 

function.  Yet, there is no one single measure of health which is agreed to be a 

measure of the stock of wellbeing in a nation.  Nevertheless there have been a 

number of growth regressions which have used initial life expectancy as a proxy 

for health stock, and as David Bloom, David Canning and Jaypee Sevilla (2002) 

show these have generally found positive and significant coefficients across a 

range of countries, time periods and functional forms.16  One recent advance in 

this area has been the move from cross-sectional to panel studies, such as that 

performed by Scott McDonald and Jennifer Roberts (2001).  McDonald and 

Roberts regress output per worker on the lag of output per worker, mean years of 

education, investment and population growth rates across 77 countries and six 

                                                 
16 See Bloom, Canning and Sevilla (2002) table 1, p 2 
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five-year periods from 1960.  They report that country specific effects are 

appropriate for all samples except OECD countries, for which they use a pooled 

data model, and that a fixed rather than random-effects is appropriate in all other 

cases.  The authors find that adding health capital, as measured by life 

expectancy or infant mortality, to the equation provides evidence that the level of 

health stock, but not that of education, significantly affects growth in most less 

developed countries.  In the OECD and Latin American nations their findings are 

reversed – education levels are a significant factor, while health levels are not.  

This implication that there are diminishing returns to improved health is 

supported by work by Alok Bhargava, Dean Jamison, Lawrence Lau and 

Christopher Murray (2001).  These authors focus on adult health through the use 

of adult survival rates (ASRs) rather than life expectancy.17  They regress five 

year average per capita income growth rates on the investment ratio (INV), 

fertility rates (FERT), the degree of trade openness (TRA), proportion of a 

nation’s landmass which is tropical (TROP), lagged per capita income and lagged 

ASRs in a random-effects panel model covering 92 countries and five five-year 

periods from 1965.  The ASR measure and other right hand side variables were 

lagged to counteract any reverse causality that might be present, and their core 

regressions are of the form: 

                                                 
17 Adult survival rates estimate the proportion of a cohort of fifteen year olds who will still be 
alive at age 60, on the basis of mortality data, sometimes augmented by demographic projections. 
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∆ yit = α + β1 TROPi + β2 TRAit + β3 ln(FERTit-1) + β4 ln(INVit-1) + 

β5 ln(ASRit-1) + β6 ln(ASRit-1*GDPit) + β7 ln(yit-1) + δi + εit (2.5) 

Using both World Development Indicators and Penn World Table data Bhargava 

et al consistently find that increased adult survival has significant positive effect 

on output, along with positive effects for investment and greater openness, and 

negative ones for high fertility and tropical location.  They also introduce a 

variable which interacts the lag of the adult survival rate and income (ASR*GDP), 

which appears in their results with a significant negative coefficient.  Interpreting 

this result jointly with the positive coefficient on ASRs the authors suggest that 

improved adult survival improves economic growth while income per capita is 

low, but that as income rises the effect diminishes, and at very high income levels 

it may even be correlated with a reduction in growth.18  The predicted level of 

per capita income at which this effect no longer significant is US$ 907 using data 

from the Penn World Tables, and it reaches zero effect at US$ 2,123.  The 

estimates using data from the World Development Indicators suggest that this 

point is reached at rather lower income levels. 

 

2.6 The impact of specific diseases on economic growth 

                                                 
18 Bhargava et al (2001) note that this is unlikely to be a causal relationship, merely the 
conjunction of European nations with lowish recent growth rates and large elderly populations. 
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While the above literature suggests that health improvements in general may 

well improve income growth, there has also been a growing interest in the 

possibility that certain diseases may have considerable effects on the productivity 

of workers.  Infectious diseases are central to this interest, since there exists both 

considerable externalities to their treatment and often existant cures which are 

only in need of competent distribution, and it is therefore not surprising that 

these are the diseases which have been focused on.  Concrete evidence of the 

potential benefits to curing patients of such diseases would very likely lead to a 

considerable rise in funding.  To date the two conditions which have been 

seriously considered in this field are HIV/AIDS and malaria. 

There is little doubt that HIV has had a huge impact on the world in the past 20 

years, and also that it has reduced population levels significantly across Africa, 

leaving a generation of AIDS orphans in its wake.  The difficulty with 

understanding this epidemic is vast, given the variation in reporting standards.  

Many nations have at one time or another denied the existence of the disease 

within their borders, and even today consistent reporting figures are hard to 

come by.  As a result those who have tried to estimate the impact of AIDS at the 

macroeconomic level have tended to rely on estimates and projections of illness.   

In the two key studies using a Solow framework to date John Cuddington (1993) 

focuses on one country, Tanzania, while Bloom and Ajay Mahal (1997) cover 51 

nations worldwide.  Noting that the rise of HIV morbidity has reduced labour 
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productivity, raised health care costs, and thus reduced savings and other 

consumption expenditure, Cuddington links this to reduced human capital 

investment at the family level due to reduced capacity to pay.  The author also 

explains that rising mortality will reduce the average age, and thus experience, of 

the working population which may well reduce average productivity, and that 

pressures on government social programmes are also likely to rise as the 

dependency ratio rises due to the deaths of many working-aged individuals.  In 

the Solow model Cuddington sees several effects: reduced productivity will shift 

the production function down, reducing output per capita; reduced population 

growth will flatten the required replacement locus, improving potential growth; 

and reduced savings will steepen this same locus, lowering the steady-state 

income level.  The interplay of these effects are simulated using country-specific 

data, and Cuddington concludes that while per capita effects are less than those 

on total GDP, the presence of AIDS in Tanzania may lower per capita income by 

up to 11 percent by 2010.   

Bloom and Mahal accept the arguments of Cuddington and others, but note that 

there are several reasons why earlier estimates of the impact of AIDS may be 

overstated.  First, it is poor women, rather than rich men, who now bear the 

brunt of the epidemic in Africa.  Second, the existence of social adjustment 

mechanisms, such as the extended family and community-based organisations, 

may mitigate health care costs through the provision of informal services.  Third, 
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AIDS costs are unlikely to only drawn from savings funds as some have argued, 

but also from consumption expenditure, thus offsetting some of the expected 

lower investment.  Finally, in the face of the epidemic many people are likely to 

adjust their sexual behaviour, and therefore early estimates of cases may well be 

overly pessimistic.  Using available national prevalence data and estimates of 

prevalence by organisations such as the WHO and the United States Bureau of 

the Census, the authors estimate cumulative AIDS cases in each country through 

an epidemiological package, EPIMODEL.19  Using figures thus derived in a 

Solow style regression Bloom and Mahal find that AIDS prevalence is not 

significantly related to growth in their sample: that low income countries have 

high HIV prevalence rather than vice versa.  While at an individual level 

HIV/AIDS clearly has a catastrophic effect on families and lives, this did not 

appear to have yet made itself apparent at the national level by the early 1990’s, 

at the end of these author’s period of study. 

While there is a debate over the effect of AIDS on growth, perhaps largely due to 

the high mortality, but relatively short morbidity, of the disease, the effect of 

another disease with almost the opposite profile, malaria, is little disputed.  This 

is a disease where mortality for native populations over the age of five years is 

rare, but where suffers are at least partially incapacitated once or twice year for 

                                                 
19 Bloom and Mahal model the process in three steps: income growth is a function of AIDS cases 
and other factors; AIDS rates are a function of initial establishment of HIV, current HIV 
prevalence and expected peak year of HIV prevalence; and HIV prevalence is a function of 
income and other variables affecting transmission. 
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around two weeks at a time.  The productivity effects of the disease are therefore 

recurrent, and significant in countries where large proportions of the population 

are patients, which today lie almost exclusively in the tropics.  Two different 

studies, one by John Gallup and Jeffrey Sachs (2001) and the other by Desmond 

McCarthy, Holger Wolf and Yi Wu (2000) consider the effect of this disease 

through different data but the same basic methodology.  Both attempt to discover 

if there is a residual effect of malaria on growth, over and above general 

mortality effects.   

Gallup and Sachs focus on the most virulent and serious form of the disease, 

falciparum malaria.  Using 1955 malaria risk maps, the authors create a malaria 

index for each country which reflects the proportion of the population living in 

high risk areas at a given point in time.  From the 1965 and 1990 population 

distributions they create an initial and final index for each country.  The initial 

index figure (IMAL) and a measure of the change in the index (∆ MAL) over the 

intervening period are entered into a standard Solow cross-sectional regression 

along with measures of the initial level of secondary schooling (SEC), geography 

(TROP; COAST), good governance (TRA; INST) and initial life expectancy (LE) 

covering the period from 1965 to 1990:20

                                                 
20 COAST refers to the proportion of a country’s population living within 100 kilometres of the 
coast; INST refers to an index of public institutional quality as measured by business attitudes 
within a country. 
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∆ yi = α + β1 ln(initial yi) + β2 ln(SECi) + β3 ln(LEi) + β4 TRAi + β5 INSTi + 

β6 TROPi + β7 COASTi + β8 IMALi + β9 ∆ MALi + εi  (2.6) 

Gallup and Sachs find that the difference between an initial index value of one 

and one of zero was 1.3 percent growth per capita per year.  Further, a decrease 

in the index over the 25 year period from one to zero, although this happened in 

no country, would have increase the growth rate by 2.6 percent per year.  In 

order to account for the potential of omitted variable bias on the malaria 

coefficient, indices for 20 other tropical diseases are also included, and a separate 

regression is run using prevalence of anopheles mosquitoes, the most potent 

vector for the disease, as a instrument to avoid possible reverse causation from 

higher income to reduced malaria incidence.  In neither case were the results 

significantly altered.   

McCarthy, Wolf and Wu extend Gallup and Sachs’ work by using a panel 

approach over three five-year periods beginning in 1983 and by separating out 

the direct impact of malaria on growth, and its indirect impact through human 

and physical capital investment.  The authors use average morbidity figures per 

100,000 of population (MAL) as reported to the WHO in pooled and seemingly 

unrelated regressions in the form: 

 ∆ yit = α + β1 ln(initial y)it + β2 INVit + β3 PRIMit + β4 SECit + β5 TRAit +  

  β6 GOVTit + β7 FREEit + β8 REVit + β9 ASSit + β10 MALit + εit (2.7) 
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where PRIM is primary school enrolment, GOVT is government 

consumption expenditure as a percentage of GDP, FREE is a measure of 

political freedom, and REV and ASS refer to the number of revolutions 

and political assassinations which occurred during the period in question. 

The authors find a steadily significant negative coefficient on malaria morbidity 

throughout, which for almost a quarter of the countries they sample implies that 

the effect of eliminating malaria would be greater than 0.25 percent additional 

per capita growth each year.  In the most extreme case, Malawi, eradication is 

estimated to be worth 3.22 percent faster growth per year.21  The results for 

regressions to find the indirect impact of malaria on other forms of investment 

are in no case significant at the 10 percent level, suggesting that indirect effects, if 

they exist, are too weak to be picked up in this way.   

3. METHODOLOGY AND DATA 

Taking a path somewhere between the extremes of MRW and Barro, this study 

will regress differences in logged per capita, and per worker, GDP on logged 

values of both factors of production – physical and human capital stocks in per 

person terms – and generally accepted determinants of total factor productivity 

(TFP).  This section proceeds by first considering which data to use, then some 

                                                 
21 The authors urge caution in accepting these point estimates since the link between income and 
malaria is likely to be non-linear in some manner that cannot easily be judged. 
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basic characteristics of this data, and finally the most appropriate way in which 

to model them in a regression. 

Although in many, but not all, cases annual data is available for series, in order to 

reduce the effect of poorly measured data, in particular for disease variables 

where reporting error is likely to be considerable, this study follows many of its 

predecessors in using five year periods as the base unit of time, beginning in 1981 

for twenty years.  These data cover a range of countries, however the core of the 

empirical work in this paper covers 91 countries for which a balanced panel of 

data exists across a number of sources.  Details on the countries included can be 

found in appendix 1, and on the series used in appendix 2. 

 

3.1 Economic data 

The two main sources of cross-country macroeconomic data are the Penn World 

Table (PWT), originally produced by Robert Summers and Alan Heston (1991) 

and now overhauled as version 6.1 by Heston, Summers and Bettina Aten (2002), 

and the World Development Indicators (WDI), published by the World Bank 

(2002).  The former provides output data in per worker and per person terms and 

in purchasing power parity exchange rates, which are intended to accurately 
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reflect costs of living in a given country.22  The latter provides data only in per 

person effects, using nominal exchange rate comparisons.  Both series are 

indexed for price increases such that data are presented in constant 1996 and 1995 

US dollars respectively. 

In a strict Solow regression, as in any production function, one should consider 

output and inputs in terms of workers, rather than the population level as a 

whole – in converting equation (3.1) into per person terms, the denominator is 

the labour force, not the population as a whole.  Nonetheless Bhargava et al find 

that using per person data does not significantly affect the results of their 

equations, and Temple notes that the quality of available data on labour force 

participation and worker hours is measured with not insignificant error, 

particularly in the developing world.23  In this study core data will be taken from 

WDI, but regressions will also be conducted using PWT data for comparison 

purposes.   

For each of these two sources data was compiled for GDP per person in the final 

year of each period (GDPit),24 and the difference between the log of this figure 

and that of GDP per person at the end of the final year of the previous period 

(∆GDPit).  The average level of gross capital formation or investment (INVit) as a 
                                                 
22 The PWT data makes use of a number of benchmarking studies to determine purchasing power 
in 115 countries worldwide.  Other countries’ spending patterns are inferred from those of similar 
benchmarked nations.  Details are available in the appendix to PWT (2002). 
23 A fuller discussion of problems relating to output measurement can be found in Temple (1999) 
p 118. 
24 For the sake of brevity, per person can be taken to refer to both per person and per worker 
when referring to data, depending on the source being used, unless otherwise specified. 
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percentage of total national income was used to measure the flow of physical 

capital being added to the economy, assuming constant rates of depreciation 

across countries and time.   

The level of Government expenditure (GOVTit) as a percentage of income, the 

level of openness of the economy (TRAit) measured as the sum of exports and 

imports as a percentage of income, and the level of population growth (POPGit) 

were also computed from both databases as explanitors of TFP variation.  

Government expenditure, in particular consumption rather than investment 

expenditure, might be thought to crowd out private investment or just generally 

be indicative of inefficiencies, especially at high levels in developing countries.  

The openness of the economy may also be seen as a sign of the competitiveness 

and efficiency of a nation.  Population growth is a more complex question, and 

the stock measure that is the age structure of the nation is probably more 

important than the flow measure of net births and deaths.  Nonetheless 

population growth acts as a proxy for fertility, and as such may well reflect some 

facet of a nation’s changing character through time.   

Table 3.1 outlines the economic data used, both from the WDI and the PWT.  The 

trends in the data are broadly similar: population growth and government 

expenditure fall over time; openness to trade and initial GDP rise; gross capital 

formation holds steady; and GDP growth is high in the latter part of each decade.  

The differences in levels between data sources for government spending and 
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investment are most likely a result of different definitions: the pairs of series have 

very similar growth paths. 

 

3.2 Human capital data 

The question of how to best represent human ability capital in a macroeconomic 

regression is complex one.  Following microeconomic approaches and including 

experience is difficult at a national level, since no consistent or sufficiently 

nuanced measure of experience exists.25  Emphasis has therefore been placed on 

education.  Early work used gross school enrolment rates due to their broad 

availability, but it was recognised that this is a blunt instrument, and one which 

considered only the flow of education, and not its stock.  These measures were 

thus supplanted by measures of the average years of schooling held by the adult 

population, in particular those compiled by Barro and Jong-Wha Lee (1993).  

Barro and Lee (2001) have since updated their data to cover the period 1960 to 

2000.  Unfortunately both of these approaches failed to provide significant and  
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25 For example raw data will not give information on whether the experience gained relevant to 
the job held; and a national mean may well cover a multitude of cohort differences. 
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robust results comparable to those found at the microeconomic level.26  In a 

famous paper Pritchett (2001) asks where all the education has gone.  He suggests 

                                                 
26 See for example Islam (1995). 
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that the imposition of a single, linear rate of return on education across countries 

may hide considerable international variation in returns to schooling; and that 

institutional constraints, low demand elasticities to increases in educated labour, 

and the poor quality of much of the schooling provided may explain the lack of 

an observed return to increased education.  In response Daniel Cohen and 

Marcelo Soto (2001) at the OECD have produced a new dataset for 95 countries 

from primary sources which they claim significantly out-performs the Barro-Lee 

set, particularly when considered in differences rather than levels.  In a second 

paper Soto (2002) argues that issues of colinearity between physical and human 

capital, and of endogeneity and measurement error, are often the cause of low 

estimates for human capital.  Using the Cohen-Soto dataset and adjusting for 

colinearity he finds macroeconomic estimates for the return to schooling close to 

those of the microeconomic literature.   

In this study the series from both Cohen-Soto and Barro-Lee which record the 

average number of years of schooling for the population over 15 will be used.27  

Since the Cohen-Soto data is only available at ten year intervals, the figures for 

1985 and 1995 were formed by interpolation, assuming that changes in schooling 

stock were linear over each ten year period.  Given this limiting assumption the 

Barro-Lee (BLit) data will be used as the primary source for educational 

attainment, and the Cohen-Soto (CSit) data used as a comparison case.  As table 

                                                 
27 It is generally accepted that worldwide those over 15 reflect the workforce more closely than 
those over the age of 25, the other generally available sample. 
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3.1 shows, both the levels and trends of these data are very similar, although 

Cohen and Soto find a somewhat higher initial level and growth rate in the years 

of schooling held than do Barro and Lee. 

This study focuses on tuberculosis, and thus information on the incidence of 

illness for this disease is crucial.  Unfortunately long series of data on incidence 

do not exist.  Notification data is available from 1980 to 2000 from the World 

Health Organization (2002), while estimates for actual incidence, made largely on 

the basis of this data, are available from 1996 onwards from the same source.  

This paper will use notification rates per hundred thousand population averaged 

over five year periods (TBit), to allow for some of the variation in reporting, 

although it is accepted that this variation is a potential weakness of the work.  A 

simple correlation coefficient between estimated and notified incidence for the 91 

core countries in this study was 0.837, indicating that while notification data 

represents a reasonable measure of actual incidence it should still be treated with 

some caution.28  This caution is supported by figure 3.1, which shows average 

notification and estimated incidence rates by United Nations region.  It appears 

that the most highly infected regions underreport relative to less infected regions, 

                                                 
28 This is for averaged data over the period 1996-2000.  The correlation coefficient for annual data 
for 91 countries is 0.811.  The comparable coefficients for all available data are 0.760 and 0.785 
respectively. 
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and this may bias any results upwards since any variation in the reported figures 

is likely to represent a larger variation in the true figures.29

Figure 3.1  
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Several broader measures of health exist, as discussed in section 3.3, and this 

study includes three measures of mortality as proxies for other health issues.  It 

would clearly be preferable to also include morbidity figures, but the author is 

not aware of any such series with sufficiently broad and deep coverage to be 

                                                 
29 This upward bias in the coefficient on tuberculosis is due to the negative correlation between 
the true value (estimated incidence) and the error term (which is always negative in figure 3.1).  
This covariance enters the denominator of the coefficient estimate for the observed value 
(reported incidence), and thus reduces it, raising the size of the coefficient.  This is however offset 
to an unknown degree by the larger than usual variance in the error term, due to the 
measurement error, which enters this same denominator positively.  The net impact of poor 
measurement in this case is thus uncertain, but less negative than if the measurement error was 
random. 
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appropriate in this situation.  Figures for average population life expectancy 

(LEit) and infant mortality per thousand live births (IMRit) are taken from the 

WDI.  The other widely used mortality measure is adult survival rates.  The ASR 

figures in the WDI are limited in their coverage, however a more complete series 

created from the unweighted average of male and female ASRs (ASRit), as used 

by Bhargava et al, is used here.30   

Figure 3.2  

The Global Distribution of Tuberculosis and Malaria
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30 These were provided by Bhargava directly.  The original source is unclear since the source 
quoted for the ASRs in Bhargava et al (2001), a World Bank technical report compiled by Eduard 
Bos (1998)entitled Basic demographic, health and health systems data does not appear to be available 
from the Bank, and Bos was not aware of such a publication when contacted (Personal 
Communication, December 2002). 
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In addition to these mortality figures this study also includes notification data for 

malaria cases per hundred thousand population (MALit) for comparison, since its 

omission may bias results for tuberculosis and it provides a useful counterpoint 

to tuberculosis.  This data comes from two sources.31  As figure 3.2 illustrates, 

tuberculosis is far more widely spread across the globe than malaria, which is 

largely constrained to the tropical, and poorest, parts of the world.  Classifying 

the world either by income groups,32 or by health system performance,33 malaria 

places a far larger proportion of its burden on the poorest and on those least 

capable of dealing with it.  This suggests that reducing tuberculosis in the poorest 

nations may not significantly raise productivity if a larger burden of malaria 

remains; but it also suggests that such a reduction may well have a considerable 

impact on the growth rate of medium-income countries.  These two effects 

suggest that reduced tuberculosis may increase incomes, but it may not reduce 

absolute poverty as much as might have been hoped for.   

                                                 
31 For the years from 1962 to 1983 data is available from the World Health Statistics Annual for 
1983, published by the World Health Organization (1983) p 791-5.  From 1983 to 1997 data can be 
found in the Weekly Epidemiological Report (1999), table 1, p 267-70.  This study takes average 
reported incidence for those years within each period for which data is available. 
32 These are the classifications used by the World Bank and are recalculated every six months.  
The classification used here was performed on the basis of 2000 Gross National Product per capita 
and the cut-off levels are US$ 755, US$ 2,995 and US$ 9,265 using the Atlas method.  More details 
are available from http:// www.worldbank.org/data.  The list of which countries fall into which 
categories is part of Appendix 1. 
33 These classifications were made by the World Health Organization (2001) Annex table 10, p 
200-3 and are based on criteria of health outcomes and inequalities, system responsiveness, and 
the distribution of the system’s financial burden.  While such work was controversial in its 
findings, the results found using this classification are very similar to those found using the gap 
in potential Disability Adjusted Life Expectancy (DALE) which are found in the same table, and 
reflect the difference between achieved and potential DALE given existing levels of health 
expenditure in a country.  The quartile cut-off values for health system performance are 0.483, 
0.657 and 0.807; those for the DALE index are 0.554, 0.723 and 0.824. 
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Examining all the health data available, as shown in table 3.2, it can be seen that 

while the broad measures of health have improved in each successive period, 

reported rates of tuberculosis and malaria have followed different paths.  Malaria 

appears to have peaked between 1986 and 1990, while tuberculosis is still on the 

rise today, having reached its nadir during the same period.   

3.3 Methodology 

Following the literature this study will use an augmented Solow growth model 

taking into account both health and ability forms of human capital.  Following 

equation (2.3) this is most simple estimated in log-log form as: 

∆ ln yit = α + β ln (SCHit) + ∑ γ
=

J

j 1
j ln (HEAit)j + ψ (POPGit) +  

        θ∑
=

K

k 1
k Xitk + ηi + εit      (3.1) 

where SCHit is represented either Barro-Lee or Cohen-Soto years of schooling; 

HEAit is represented by some combination of variables found in table 3.2; and Xit 

is a selection of potential TFP explanitors, such as those found in table 3.3. 

This paper will test four functional forms of the error term, each of which has 

been considered in previous studies.  The first approach is a pooled model, 

where ηi is assumed to be equal to zero; an approach which is often used as a 

base case.  The second form is to assume that ηi exists but is independent of other 

regressors: a random-effects model, as used by Bhargava et al (2001) and Bloom, 
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Canning and Sevilla (2002).  The third is where ηi is believed to be related to the 

regressors in an unspecified manner as N-1 time-constant, country-specific 

effects: a fixed-effects model, such as is used by Islam (1995) and McDonald and 

Roberts (2002).  The fourth method is used if ηi is thought to be a function of the 

mean value of the regressors in each country: a correlated-effects model, such as 

that used by Islam (1995).34   

Table 3.3 

Descriptive Statistics by Sample Size 

  
All Data WDI  / BL 

WDI / PWT 
 / BL 

WDI / PWT 
BL / CS 

Source   91 78 68 
(191) Tuberculosis 60.9 58.4 52.7 50.4 
(207) Malaria 1,555 1,704 1,829 1,471 

* Adult Survival Rates 768 782 788 794 
* Infant Mortality Rates 48.4 46.4 44.3 41.7 
* Life Expectancy 64.5 65.4 66.2 66.7 
      

WDI Growth in GDP 678 747 754 758 
(119) Initial GDP 6,263 7,943 7,567 7,738 

 Gross Capital Formation 22.6 22.1 22.0 21.7 
 Gov’t Consumption Exp. 16.2 15.2 15.0 14.9 
 Openness to Trade 76.9 70.9 64.6 60.4 
 Population Growth 1.77 1.68 1.68 1.65 
      

PWT Growth in GDP 1,338  1,426 1,368 
(103) Initial GDP 16,426  18,537 19,085 

 Investment 15.2  16.1 16.1 
 Gov’t Expenditure 20.0  18.5 17.6 
 Openness to Trade 66.9  63.2 59.1 
 Population Growth 1.81  1.70 1.67 
      

BL Years of Schooling 5.51 5.65 5.73 5.81 
(109)      
CS Years of Schooling 5.94   6.64 
(95)      

                                                 
34 A priori it might be expected that these last two are the most realistic given that technology 
levels, which appear to constitute a large part of the unobserved effect captured in the error term, 
are likely to dependent on national characteristics, but as shall be seen in section 4.1 it is possible 
to test each model for appropriateness. 
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The ‘All Data’ column contains averages for the largest available balanced panel, with the 
exception of variables marked (*) for whom all available data is included; for each 
variable or group of variables the number of countries used is provided in parentheses in 
the first column.  The three subsequent data columns contain the number of countries 
indicated at their heads. 

 

Sample sizes for these regressions are determined largely by availability of 

balanced panels of data for the series to be used.  As table 3.3 shows the broadest 

selections of data shown in tables 3.1 and 3.2 are rarely complete, and each source 

offers a different sample of countries.  The core sample of 91 countries contains 

complete information for all periods from the Barro-Lee schooling dataset and 

from the WDI dataset, while the sample of 78 countries also covers the PWT 

dataset, and the 68 country sample ensures coverage of the Cohen-Soto schooling 

measures as well.  As the sample size falls, almost all variables move in what is 

thought to be an improving direction at a steady rate.  The two exceptions to this 

are tuberculosis and malaria.  Early restrictions on malaria actually raise the 

average burden of disease above the average for the full sample, and the 

tuberculosis rate is far closer to the full sample average when the sample size is 

91 than when it is 78 or 68 countries. 

4. RESULTS 

4.1 Initial findings 

The first step in the process was to test for the strongest specification of the 

model.  The basic model as set out in equation (3.1) was run using a MRW-style 
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growth model augmented by Barro-Lee years of schooling and the tuberculosis 

incidence rate, both in log form.  To take account of TFP variation variables for 

population growth, the openness of the economy to trade, and the level of 

government consumption expenditure are included, all in log form with the 

exception of population growth.35

Table 4.1 provides the results of running this equation as a pooled, a random-

effects, a fixed-effects, and a correlated-effects model on the broadest possible 

sample.  The Breusch-Pagan LM test in column two has as its null that the ηi 

section of the error term is equal to zero, which would indicate a pooled model is 

more appropriate than the random-effects model, however this hypothesis is 

strongly rejected.  The fixed-effects model can be also be tested against the 

pooled regression, that is that the 90 ηi terms are jointly equal to zero, and again 

the use of the cross-sectional model is strongly rejected.  It is also possible to test 

for the appropriateness of a random-effects model relative to that of a fixed-

effects model, since in the case where it is unbiased the coefficients arrived at in  

                                                 
35 Unless otherwise specified all regressions are run as fixed-effects models; the dependent 
variable is the difference in the log of GDP across four periods from 1981 to 2000; figures in 
parentheses are t-statistics; and significance is indicated by * at the 10%, ** at the 5%, and *** at the 
1% level. 
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Table 4.1 
 

Specification Regressions  

Dependent Variable: Difference in log of GDPit and GDPit-1 over five year periods (1981-2000) 
 
 Pooled 

Regression 
Random-

Effects GLS 
Fixed-Effects 

LSDV 
Correlated- 
Effects GLS 

 (1.1) (1.2) (1.3) (1.4) 

Log of Initial GDP per capita 0.003 -0.003 -0.269 -0.292 
 (0.49) (0.32) (7.53)*** (7.58)*** 

Log of Gross Capital Formation 0.196 0.195 0.154 0.153 
 (9.21)*** (7.97)*** (4.81)*** (4.43)*** 

Log of Gov’t Consumption Exp. -0.056 -0.077 -0.126 -0.118 
 (3.15)*** (3.51)*** (3.82)*** (3.34)*** 

Log of Trade 0.009 0.024 0.160 0.160 
 (0.73) (1.54) (4.90)*** (4.55)*** 

Average Annual Pop. Growth -0.009 -0.003 0.026 0.025 
 (1.24) (0.39) (2.21)** (1.99)** 

Log of Years of Schooling (BL) 0.011 0.029 0.105 0.107 
 (0.73) (1.44) (2.58)** (2.43)** 

Log of Average TB Incidence  -0.010 -0.013 -0.033 -0.041 
 (1.52) (1.62) (2.31)** (2.72)*** 

Constant -0.416 -0.398 1.264 -0.436 
 (4.76)*** (3.60)*** (4.04)*** (4.26)*** 

Observations 364 364 364 364 
R-squared 0.29  0.37  
Number of Countries  91 91 91 

Breusch-Pagan LM Test: Χ2 (1)  18.78  33.16 
  (0.000)***  (0.000)*** 

Joint Test on Country Dummies:  
F (90,266)   

3.50 
(0.000)***  

Hausmann Specification Test: Χ2 (7)  90.71  0.00 
  (0.000)***  (1.000) 

Absolute value of t-statistics in parentheses, except for tests where probability that the test 
statistic is zero is provided.  * significant at 10%; ** significant at 5%; *** significant at 1% 

The fixed-effects model contains N-1, in this equation 90, country dummies; the correlated-
effects model includes the country-specific mean values of the seven explanitory variables.  
In both cases these variables form part of the error term, and are not shown in this table. 
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the former should not be significantly different from those in the latter, and in 

this situation it is a more efficient estimator.  This can be tested using a 

Hausmann specification test, with a null hypothesis of no difference between 

the two forms.  In column 4 of the table however it is clear that the random-

effects model is not appropriate.   

Since the correlated-effects model is similar to the random-effects model in its 

use of a Generalised Least Squares formula, regression (1.4) can be tested 

against the fixed-effects model in a similar manner to regression (1.2).  

Strikingly, the inclusion of seven terms containing the mean of each country’s 

explanitory variables gives coefficients for the seven exogenous regressors 

extremely close to those of the fixed-effects model, and it is not possible to 

reject the hypothesis that they are the same.  On the other hand, the presumed 

benefit of using a correlated-effects model, that is gives more efficient results, 

does not appear to be significantly borne out by the two equations: as with 

the coefficients, the standard errors for regressions (1.3) and (1.4) are very 

similar indeed – although systematically slightly larger for the GLS 

regression.  Since the fixed-effects model has been more widely used in the 

literature, and because it allows for a more nuanced interaction between the 

regressors and the error term, regression (1.3) will be used as the standard 

form for this study. 
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After considering the most appropriate form of the equation it is possible to 

turn to the coefficients themselves, focusing in particular on the latter two 

regressions.  Following both theory and standard results these regressions 

suggest that conditional convergence is occurring among the 78 countries in 

this panel; that more investment, openness to trade, and schooling have a 

positive influence on growth; and that government consumption and poor 

health, here proxied by tuberculosis, have a negative impact on the economic 

condition of a nation.  Population growth also enters this regression with a 

significantly positive coefficient but as shall be seen below this effect is the 

least robust of all the variables here.  As Bloom, Canning and Sevilla (2001) 

discuss at length, the effect of high population growth differs significantly 

depending on the existing age structure of a given population, and this result 

will therefore be treated with caution.   

Focusing on tuberculosis, regression (1.3) suggests that a 10 percent fall in the 

average incidence of the disease, as reported to the WHO, is correlated with a 

0.33 percent rise in the rate at which GDP per capita grows.  The mean figure 

for GDP growth in this sample is US$ 754 across a five-year period, and it 

covers 80 percent of the world’s population.  Even assuming that no other 

country is affected by tuberculosis, this effect amounts to some US$ 11.9 

billion over a five year period, or US$ 2.4 billion per year.  Regression (1.4) 

suggests that this figure is an underestimate, and that the effect is in fact more 
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than 0.4 percent per year.  These figures are rather less than those presented 

by Gallup and Sachs (2001) for malaria, who estimate that a 10 percent 

reduction in malaria could lead to a 0.3 percent  rise in growth each year.36  

While this result is significant, there are various issues that should be borne in 

mind.  First, it is very likely that the large effect seen here for tuberculosis is 

due at least in part to a high degree of correlation with other health variables 

not included in the regression, which would thus inflate its importance.  

Second, this effect may be a result of the particular variables and sample size 

used in this regression. Third, the effect may be more nuanced than this 

blanket regression suggests, varying according to the characteristics of 

particular countries.  These three possibilities are explored in the following 

sections. 

 

4.2 Results using broader measures of health 

Since it is unusual for a country to be burdened only with one disease, it seems 

reasonable to explore the impact of including other measures of poor health in 

the regression alongside tuberculosis.  Table 4.2 details regressions on the panel 

of 91 countries using tuberculosis, malaria and three broad measures of health.  

                                                 
36 The difference is that Gallup & Sachs find that the fall in Malaria will raise growth by 0.3 
percent, for example from 1.9 to 2.2 percent growth, while this paper finds that it will improve the 
growth rate by 0.33 percent, that is from 1.89 to 1.96 percent – the actual figures using the sample 
from equation (1.3). 
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As life expectancy is heavily linked to adult and infant survival rates they are not 

entered in the same regressions.  The first point of note is that infant mortality is 

a very strong predictor/cause of poor economic growth.  Since those under the 

age of one do not produce output over the five years after their birth it seems  

Table 4.2 
       

Health Data Regressions 
       
 (2.1) (2.2) (2.3) (2.4) (2.5) (2.6) 

Log of Initial GDP per capita -0.255 -0.275 -0.272 -0.343 -0.286 -0.350 
 (7.21)*** (7.64)*** (7.59)*** (9.45)*** (8.04)*** (9.65)*** 

Log of Gross Capital Formation 0.153 0.161 0.152 0.164 0.140 0.155 
 (4.68)*** (4.95)*** (4.75)*** (5.39)*** (4.39)*** (5.06)*** 

Log of Gov't Consumption Exp. -0.114 -0.121 -0.122 -0.101 -0.128 -0.104 
 (3.41)*** (3.63)*** (3.69)*** (3.21)*** (3.93)*** (3.33)*** 
Log of Trade 0.159 0.159 0.153 0.110 0.152 0.110 
 (4.84)*** (4.89)*** (4.62)*** (3.43)*** (4.73)*** (3.43)*** 

Ave. Annual Pop. Growth 0.027 0.026 0.023 0.026 0.029 0.028 
 (2.32)** (2.21)** (1.89)* (2.34)** (2.50)** (2.52)** 

Log of School Years (BL) 0.077 0.095 0.095 -0.012 0.079 -0.012 
 (1.86)* (2.27)** (2.27)** (0.27) (1.82)* (0.28) 

Log of Average TB Incidence  -0.034 -0.027 -0.007 -0.031 -0.010 
  (2.39)** (1.81)* (0.47) (2.17)** (0.66) 

Log of Average malaria Incidence -0.002 -0.003     
 (1.04) (1.22)     

Log of Pop. Life Expectancy   0.148    
   (1.07)    

Log of Infant Mortality Rate    -0.165  -0.155 
    (5.60)***  (5.10)*** 

Log of Adult Survival Rate     0.408 0.203 
     (2.51)** (1.26) 

Constant 1.063 1.306 0.695 2.592 -1.208 1.305 
 (3.54)*** (4.15)*** (1.12) (6.83)*** (1.15) (1.16) 

Observations 364 364 364 364 363 363 
Number of Countries 91 91 91 91 91 91 
R-squared 0.36 0.38 0.38 0.44 0.39 0.45 
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reasonable to surmise that this effect reflects the link between better general 

health and good infant health.  This may reflect good quality healthcare 

systems such as those outlined in section 2.7. 

The two measures of adult and whole-life survival suggest that mortality 

during productive years is more closely linked to lower output than a longer 

life-span per se.  This may be because the effect of longer life expectancy 

provides an indirect stimulus to growth, for example through higher returns 

to human capital investments, while more working age mortality directly 

reduces the stock of experienced workers, as well as having indirect effects on 

investment.   

It is not clear why malaria, a disease which has previously been found to be 

significantly linked to lower growth, does not have a significant impact on 

growth, either alone or in conjunction with tuberculosis.  The form in which it 

enters the regression and period of time studied differ from the work of 

McCarthy, Wolf and Wu (2000) and Gallup and Sachs (2001), and this may 

well have affected the results.  Tuberculosis remains a significant factor in all 

regressions except those containing infant mortality rates – which also wash 

out adult mortality and schooling effects – and the magnitude of the effect 

seems reasonably stable, at between 0.27 and 0.34 percent per 10 percent 

lower incidence, across regressions (2.2), (2.3) and (2.5). 
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One crucial health factor which is not controlled for in these regressions, and 

which may have a significant effect on the results, is incidence of HIV/AIDS.  

The impact of this disease in Africa over the second half of the period under 

study was huge, and since tuberculosis is often a co-infection of HIV it is 

quite likely that the tuberculosis coefficient is picking up some of the effects 

of HIV.  Unfortunately at this time consistent reports of HIV incidence are not 

available.  Concern over this matter may be somewhat tempered by 

considering that in the absence of a cure for HIV, infection leads to death in a 

relatively short and fixed period of time after the appearance of symptoms, 

particularly in the most heavily affected nations.  This unfortunate truth 

means that HIV infection rates should be highly correlated with changes in 

life expectancy, and as was seen in regression (2.3), the inclusion of life 

expectancy as an explanitory variable did not significantly alter the original 

findings of table 4.1. 

 

4.3 Tests for robustness 

In order to ascertain whether the results found in regression (1.3) and table 4.2 

are a reflection of a robust and stable effect this section will test whether different 

data sources, different sample sizes, and different dynamics affect the results.  In 

table 4.3 the first three regressions regress per person GDP from the WDI dataset 

over two reduced samples (regressions 3.1 and 3.2) and using Cohen-Soto instead 
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of Barro-Lee for years of schooling (regression 3.3).  The other two equations 

regress per worker GDP on variables from the PWT, first using Barro-Lee years  

Table 4.3 
      

Regressions using other Datasets 
 WDI WDI WDI PWT PWT 
 (3.1) (3.2) (3.3) (3.4) (3.5) 

Log of Initial GDP per capita -0.289 -0.284 -0.295   
 (7.52)*** (7.08)*** (7.51)***   

Log of Gross Capital Formation 0.170 0.163 0.155   
 (4.84)*** (4.56)*** (4.44)***   

Log of Gov't Consumption Exp. -0.099 -0.133 -0.121   
 (3.01)*** (3.92)*** (3.63)***   

Log of Trade 0.152 0.136 0.126   
 (4.36)*** (3.81)*** (3.61)***   

Ave. Annual Population Growth 0.026 -0.001 0.000   
 (2.23)** (0.08) (0.02)   

Log of Initial GDP per worker    -0.409 -0.419 
    (8.59)*** (8.20)*** 

Log of Gross Capital Formation    0.102 0.164 
    (2.93)*** (3.69)*** 

Log of Gov't Expenditure    -0.116 -0.093 
    (3.41)*** (2.63)*** 

Log of Trade    0.105 0.072 
    (2.77)*** (1.77)* 
Average Annual Pop. Growth    0.003 -0.046 
    (0.18) (2.00)** 

Log of School Years (BL) 0.114 0.157  0.069  
 (2.61)*** (3.11)***  (1.16)  
Log of School Years (CS)   0.202  0.117 
   (4.29)***  (1.72)* 

Log of TB Incidence  -0.036 -0.042 -0.048 -0.024 -0.027 
 (2.50)** (2.66)*** (3.06)*** (1.22) (1.20) 

Constant 1.347 1.510 1.544 3.500 3.513 
 (4.10)*** (4.36)*** (4.55)*** (7.18)*** (6.51)*** 

Observations 312 272 272 312 272 
Number of Countries 78 68 68 78 68 
R-squared 0.39 0.43 0.45 0.32 0.36 

The dependent variable is GDP per capita from the WDI in regressions (1-3) and GDP per 
worker from the PWT in regressions (4-5).  See text or appendix 2 for details. 
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of schooling, then the Cohen-Soto figures.  In terms of schooling, neither 

measure appears to make a significant difference to coefficients on other 

variables, although the estimates for Cohen-Soto suggest a higher return to 

schooling itself.  It is also noticeable that as the samples get smaller, the 

coefficient on tuberculosis rises.  The major point to note in this table is that 

while effects are broadly similar between the WDI and the PWT for series 

drawn from within them, the two sets differ in the effect they find for 

tuberculosis.  Although the coefficients are lower for PWT regressions than 

for WDI ones, the differing results are also due to higher standard error terms 

using per worker figures.  While the tuberculosis coefficients in regressions 

(3.4) and (3.5) are not significantly different from zero, the magnitudes of the 

effects found are not far from those seen in previous regressions. 

The panel nature of this dataset allows for the study of the dynamic effects of 

tuberculosis on economic growth, which is useful given the previously noted 

existence of two-way causality between health and income levels.  Table 4.3 

presents regressions of per person GDP on current and lagged tuberculosis 

notification rates over three periods from 1986-2000.  This should pick up 

effects running from better health to higher growth, but not those which run 

in the opposite direction.  In order to keep the regressions somewhat 

comparable across measures of schooling, sample sizes of 78 and 68 countries 

are used.  It is unfortunate that regression (4.1), using WDI economic data 
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and Barro-Lee schooling, does not produce a significant effect for tuberculosis 

over this fifteen year period, since this makes comparison with regression 

(4.2) less straightforward.  For both Barro-Lee and Cohen-Soto data it can be 

seen however that using lagged values supports a hypothesis of tuberculosis 

having an effect of between 0.2 and 0.4 percent per 10 percent reduction in 

notified incidence, and that lagged values give more significant results for  

Table 4.4 
     

Regressions using Lagged Tuberculosis Data 
     
 (1) (2) (3) (4) 

Log of Initial GDP per capita -0.389 -0.399 -0.412 -0.405 
 (8.27)*** (8.59)*** (8.06)*** (8.13)*** 

Log of Gross Capital Formation 0.160 0.160 0.147 0.151 
 (3.99)*** (4.02)*** (3.55)*** (3.65)*** 

Log of Gov't Consumption Exp. -0.090 -0.094 -0.104 -0.099 
 (2.12)** (2.21)** (2.39)** (2.30)** 

Log of Trade 0.195 0.198 0.145 0.147 
 (4.26)*** (4.35)*** (2.96)*** (3.03)*** 

Average Annual Pop. Growth 0.033 0.032 -0.009 -0.005 
 (2.93)*** (2.84)*** (0.50) (0.26) 

Log of School Years (BL) 0.100 0.110   
 (1.56) (1.73)*   

Log of School Years (CS)   0.210 0.227 
   (2.55)** (2.71)*** 

Log of Average TB Incidence  -0.005  -0.039  
 (0.27)  (1.66)*  

Lagged Log of Average TB Incidence  -0.023  -0.032 
  (1.45)  (1.84)* 

Constant 1.885 2.003 2.343 2.192 
 (4.70)*** (5.13)*** (5.38)*** (5.44)*** 

Observations 234 234 204 204 
Number of Countries 78 78 68 68 
R-squared 0.49 0.50 0.50 0.51 

These regressions cover three periods of five years from 1986 to 2000.  See text for details. 
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tuberculosis than directly comparable regressions using contemporaneous 

data.   Comparing regressions (3.1) and (4.2), and (3.3) and (4.4), which cover 

different time periods but include the same variables, it can be seen that in 

both cases the coefficient is reduced by around one-third when the lagged 

tuberculosis figure is used.  This suggests that although some of the effect 

seen in earlier regressions is attributable to higher income lowering disease 

levels, the majority of the effect flows in the other direction.37

4.4 Results by sub-groups 

Dividing the 91 countries into smaller sample, by geography (table 4.5), by 

income (table 4.6) or by health system performance (table 4.7), it is clear that these 

more limited samples make inference on the tuberculosis data difficult to 

conduct, since standard errors rise, and the significance of results diminish.  

Table 4.5 suggests that the strongest effect among the areas covered is for the 

richest group of nations, the OECD, and the weakest by some way for Africa.  

The former result may be an artefact of the variation found within what is 

relatively homogenous sample.38  In Africa it may be that other health issues 

predominate, such as HIV/AIDS or malaria, or it may just be that investment in 

                                                 
37 Cohen and Soto (2001) suggest that the effect of schooling on growth is a log-linear one and that 
schooling should therefore enter growth regressions in levels rather than in logs.  Running 
regression (1.3) with levels of Barro-Lee schooling affects all the regressors’ coefficients, but 
neither radically nor in a systematic manner.  The absolute value of the coefficient on tuberculosis 
falls from 0.033 to 0.024, and the t-statistic falls from (2.31)** to (1.77)*. 
38 It should be noted that the maximum level of tuberculosis seen in the OECD over this twenty-
year period was 234 cases per 100,000 population, a not inconsiderable figure, but the median 
figure is just 16.8 cases.  The only country with more than 100 cases per 100,000 in any period 
across the OECD was South Korea, prior to 1996. 
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human capital, in both its education and health forms, is not consistently met 

with a positive return.  Across the less developed world, regression (5.3) suggests 

that the effect of tuberculosis is not clearly significant, and that the coefficient is 

markedly smaller than that which has previously been found for the full sample.   

Table 4.5 
      

Regressions by Geographic Region 

Region All OECD 
Non-
OECD Africa Americas1

 (5.1) (5.2) (5.3) (5.4) (5.5) 

Log of Initial GDP -0.269 -0.242 -0.299 -0.391 -0.352 
 (7.53)*** (3.74)*** (6.95)*** (4.59)*** (3.15)*** 

Log of Gross Capital Formation 0.154 0.180 0.153 0.201 0.139 
 (4.81)*** (2.88)*** (4.11)*** (3.11)*** (1.84)* 

Log of Gov't Consumption Exp. -0.126 -0.490 -0.117 -0.125 -0.096 
 (3.82)*** (4.88)*** (3.12)*** (1.57) (1.39) 

Log of Trade 0.160 0.096 0.152 0.064 0.140 
 (4.90)*** (1.76)* (3.88)*** (0.86) (1.66) 

Ave. Annual Pop. Growth 0.026 -0.071 0.029 0.031 0.036 
 (2.21)** (2.44)** (2.15)** (1.74)* (0.84) 

Log of School Years (BL) 0.105 0.381 0.082 -0.017 0.301 
 (2.58)** (2.92)*** (1.73)* (0.23) (2.36)** 

Log of Average TB Incidence  -0.033 -0.041 -0.015 0.003 -0.020 
 (2.31)** (1.39) (0.89) (0.08) (0.47) 

Constant 1.264 2.257 1.237 1.861 1.450 
 (4.04)*** (3.14)*** (3.58)*** (2.88)*** (1.55) 

Observations 364 104 260 88 84 
Number of Countries 91 26 65 22 21 
R-squared 0.37 0.49 0.40 0.47 0.47 

1 Available non-OECD nations in the Americas (not Mexico, Canada or the United States). 

Taking a slightly less crude approach than physical location, table 4.6 divides 

countries according to their income per capita at the end of the period of study, 

and table 4.7 divides them according to their ranking in the World Health 
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Organization’s (2001) health system performance index.  Both tables suggest that 

the most significant effects of tuberculosis are felt among higher performing 

economies.  In table 4.6 more tuberculosis incidence is associated with higher 

growth, although not significantly so, among the first two 

Table 4.6 
     

Regressions by World Bank Income Category 

World Bank Income Category Low  
Lower-
Middle  

Upper- 
Middle High 

 (6.1) (6.2) (6.3) (6.4) 

Log of Initial GDP  -0.385 -0.385 -0.360 -0.250 
 (5.48)*** (5.27)*** (3.74)*** (4.47)*** 

Log of Gross Capital Formation 0.241 0.104 0.235 0.181 
 (4.55)*** (1.64) (2.54)** (2.71)*** 

Log of Gov't Consumption Exp. -0.107 -0.122 -0.178 -0.503 
 (1.84)* (2.27)** (1.85)* (5.75)*** 

Log of Trade 0.052 0.221 0.143 0.098 
 (0.89) (3.95)*** (1.48) (1.77)* 

Ave. Annual Pop. Growth 0.038 0.036 -0.067 -0.063 
 (2.40)** (1.35) (0.99) (2.80)*** 

Log of School Years (BL) -0.048 0.186 0.185 0.559 
 (0.75) (2.15)** (1.01) (4.11)*** 

Log of Average TB Incidence  0.016 0.027 -0.149 -0.031 
 (0.72) (0.86) (2.81)*** (1.19) 

Constant 1.520 1.426 2.422 1.995 
 (3.23)*** (2.49)** (2.50)** (3.17)*** 

Observations 100 104 52 108 
Number of Countries 25 26 13 27 
R-squared 0.55 0.48 0.57 0.48 

 

income categories, and with lower growth among richer nations.  This effect is 

most significant in upper-middle income nations, where the point estimate is 

four to five times what was seen in earlier regressions.  In table 4.7 the 
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coefficients in regressions (7.2) and (7.3) are close to those seen in the core 

regressions, while countries with poorly performing health systems show little 

response to tuberculosis, and those with high incomes show rather more.   

 Table 4.7 
     

Regressions by Health System Performance Rating 

WHO System Performance Quartile 1 Quartile 2 Quartile 3 Quartile 4 
 (7.1) (7.2) (7.3) (7.4) 

Log of Initial GDP  -0.448 -0.329 -0.266 -0.230 
 (4.45)*** (4.51)*** (4.13)*** (3.68)*** 

Log of Gross Capital Formation 0.206 0.147 0.213 0.234 
 (2.57)** (2.95)*** (2.80)*** (3.83)*** 

Log of Gov't Consumption Exp. -0.103 -0.113 -0.047 -0.363 
 (1.07) (2.01)* (0.80) (5.59)*** 

Log of Trade 0.067 0.146 0.173 0.115 
 (0.67) (2.40)** (3.00)*** (1.98)* 

Ave. Annual Pop. Growth 0.032 0.051 0.012 -0.070 
 (1.62) (1.46) (0.41) (2.79)*** 

Log of School Years (BL) -0.009 0.151 0.143 0.537 
 (0.09) (1.96)* (1.38) (3.87)*** 

Log of Average TB Incidence  0.008 0.046 0.037 -0.068 
 (0.21) (1.34) (1.12) (2.79)*** 

Constant 2.032 1.036 0.409 1.282 
 (2.69)*** (1.85)* (0.65) (2.00)** 

Observations 72 76 96 116 
Number of Countries 18 19 24 29 
R-squared 0.46 0.57 0.44 0.51 

 

 

The results in this section make clear the fragility of the effects found for 

tuberculosis, although variability is also seen in the effects of other variables 

included in the regressions, especially among the poorest, and poorest 
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performing, nations.  Some of this variation may be the result of the more limited 

sample sizes, but it also acts as a reminder that caution should be exercised in 

conducting ‘convergence club’ analysis – it is often the differences between such 

clubs which allow causal relationships to be identified.   

These regressions appear to show that the effect of tuberculosis is most strongly 

felt in middle to high performance nations.  This might be because incidence of 

tuberculosis in these countries reflects specific weaknesses in the healthcare 

system, weaknesses which are not reflected in other data.   
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5. CONCLUSION 

The literature on factors affecting economic growth has in recent years supported 

the result that better health leads to higher productivity, and thus at a 

macroeconomic level to higher levels of economic well-being.  Previous empirical 

findings that disease burden has a significant impact on economic growth are 

supported in the paper in the case of tuberculosis.  The magnitude of the effect 

appears to be in the range of a 0.2 to 0.4 percent increase in the rise of per capita 

income for a ten percent lower level of notified incidence of tuberculosis.  This 

would amount to between US$ 1.8 and US$ 3.6 billion per annum in increased 

output, if this figure is representative of the whole world’s population.39   

This result should however be tempered by findings using other data sources 

such as the PWT, and using lagged values of tuberculosis, which suggest that 

these results are not very robust, although the result that higher notified 

incidence of tuberculosis reduces growth appears to remain while the sample is 

considered as a whole.  When the sample is divided according to various criteria 

the effect of disease, and that of other variables, becomes rather harder to 

distinguish.  More reliable data on tuberculosis incidence, and on co-infections, 

particularly HIV/AIDS, would allow stronger conclusions to be drawn. 

                                                 
39 This is not an unreasonable assumption: the estimated average national tuberculosis incidence 
for the period 1996-2000 (World Health Organization, 2002) for the 91 countries included in 
regression (1.3) was 56.9 cases per 100,000 population.  The figure for the 98 countries outside the 
sample the average was 53.9. 
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The link between tuberculosis and diminished growth suggests that there is a 

role for health programmes such as DOTS in improving not only the health of 

those living in the developing world, but also such individual’s wealth.  Any 

policy would need to take into account the problems involved in scaling-up 

treatments in countries with limited healthcare staff and health infrastructure, as 

outlined by Filmer, Hammer and Pritchett, and the Commission on 

Macroeconomics and Health.  Both sets of guidelines appear to support a 

dedicated programme to treat tuberculosis using community based methods 

such as those of DOTS, which do not require long periods of hospitalisation or 

high-level infrastructure.   

While it must be borne in mind that there are potential problems both with the 

theoretical grounding and empirical estimation of growth equations such as 

those undertaken in this study, particularly given the measurement error present 

in the notification data used as the core of this study, a tentative conclusion that 

further funding for tuberculosis treatment is worthwhile can be drawn.  Given 

that the worldwide implementation of a DOTS style treatment programme is 

believed require only an additional US$ 300 million per annum, as outlined by 

Floyd et al (2002), the benefits appear to considerably outweigh the costs of such 

a programme by some considerable margin. 
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