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ABSTRACT 
 

Disease and Development Revisited1 
 
Acemoglu and Johnson (2007) present evidence that improvements in population health do 
not promote economic growth. We show that their result depends critically on the assumption 
that initial health has no causal effect on subsequent economic growth. We argue that such 
an effect is likely, primarily because childhood health affects adult productivity. In our 
augmented model, which includes initial health, the instrumental variable proposed by 
Acemoglu and Johnson has no significant predictive power for improvements in health and 
does not identify the effect of contemporaneous improvements in health on economic growth. 
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1. Introduction 

In a recent paper, Acemoglu and Johnson (2007) present empirical results indicating that 

improvements in population health may have lowered the pace of economic growth. These 

results contradict much of the preceding literature reviewed in Weil (2007) as well as Bloom, 

Canning, and Sevilla (2004), which generally finds that countries with better population health 

experience faster economic growth. The rationale for Acemoglu and Johnson’s view is that while 

health improvements may increase human capital and worker productivity, lower mortality may 

increase population size and thereby reduce other factor inputs on a per capita basis. 

Acemoglu and Johnson’s main argument builds on the observation that improvements in 

health and economic growth are negatively correlated over the period 1940-2000. We argue that 

this is not because improvements in health have a deleterious effect on economic growth, but 

rather because countries that were healthier in 1940 experienced faster subsequent economic 

growth. Since countries with higher life expectancy in 1940 also experienced less rapid health 

gains between 1940 and 2000, we observe that health improvements and economic growth are 

negatively correlated over the same period. 

Acemoglu and Johnson show that the negative relationship between improvements in 

health and economic growth persists even when they instrument health improvements.  The 

instrument they use, mortality from a set of selected diseases in 1940, is a subset of total 

mortality in 1940, and thus highly correlated with initial life expectancy. In response to an earlier 

version of this paper (Bloom, Canning and Fink 2009), Acemoglu and Johnson acknowledge this 

correlation, but defend the appropriateness of excluding initial health from their economic 

growth specification (Acemoglu and Johnson 2009).  The key issue therefore is whether it is 
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plausible that initial life expectancy can be excluded from the growth regression on a priori 

grounds.  

Conditional convergence models of economic growth (Barro and Sala-i-Martin 2004; 

Durlauf, Johnson and Temple 2005) are based on the idea that income adjusts slowly to its 

steady state, which suggests substantial lags between changes in fundamentals and economic 

growth. A particular justification of slow adjustment to steady state in the case of health is that 

health human capital is constructed in childhood and has economic benefits only when these 

children become adults.  

Health in this cross-country study is measured by life expectancy. While life expectancy 

depends on age-specific mortality at all ages, the wide gaps in life expectancy in the sample are 

predominantly due to differences in infant and child mortality. Mortality improvements at older 

ages only play a major role in life expectancy increases when infant mortality is low and life 

expectancy is already quite high (Vaupel 1986; de Castro 2001).      

Reductions in infant mortality rates are unlikely to promote worker productivity in the 

short run. However reductions in infant mortality are correlated with improvements in child 

health and physical development in the form of adult height (Crimmins and Finch 2006; Akachi 

and Canning 2007). Microeconomic studies suggest that early childhood health affects physical 

and cognitive development, educational outcomes, and productivity when the cohort reaches 

working age (Barker 1992; Bleakley 2003; Behrman and Rosenzweig 2004; Kremer and Miguel 

2004; Case, Fertig and Paxson 2005; Heckman 2007; Hoddinott, Maluccio, Behrman, Flores et 

al. 2008; Bleakley 2010; Baird, Hicks, Kremer and Miguel 2011).  The health human capital of 

current workers may therefore reflect their childhood health, as measured by infant and child 
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mortality rates and life expectancy many decades prior, creating a long lag between health 

improvements and productivity gains.     

While we think slow adjustment to steady state when health improves due to the delayed 

economic benefits from improvements in childhood health is plausible, any model that 

incorporates an effect of initial health on subsequent economic growth will have similar results 

to ours. For example, endogenous growth models in the tradition of Nelson and Phelps (1966), 

which include health human capital as a driver of technological change, will yield similar results 

to our model2 (Aghion, Howitt and Murtin 2011). 

If initial life expectancy matters for economic growth, and the Acemoglu and Johnson 

instrument is correlated with this omitted variable, their estimates are likely to be inconsistent. 

Assuming the response of income to life expectancy follows a partial adjustment process, we 

show that both levels and improvements in life expectancy have a significant and positive effect 

on economic growth in a simple OLS framework. Once we control for initial life expectancy, the 

Acemoglu and Johnson instrument has almost no predictive power for improvements in life 

expectancy, so that it cannot be used to identify the causal effect of changes in health on 

economic growth. 

The Acemoglu and Johnson model essentially estimates a bivariate relationship between 

improvements in life expectancy and economic growth. The exclusion of all other growth 

determinants would be reasonable if their instrument, changes in predicted mortality, had the 

properties of a controlled trial, randomly allocating health improvements to countries. However, 

their instrument is not random, but essentially a measure of national health in 1940. If initial 

health has a direct causal effect on economic growth as we argue above, the instrument is clearly 

                                                 
2 Models of endogenous growth have, however, a rather different long-run implication, predicting much higher rates 
of divergence in long-term growth than historically observed. 
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invalid. Even if initial health does not have a causal effect on economic growth, but is correlated 

with any actual determinant of economic growth, the instrument will in all likelihood also be 

correlated with that growth determinant, so the resulting instrumental variable estimates will be 

inconsistent.  

Acemoglu and Johnson report an extensive set of robustness checks to defend the validity 

of their instrument. They go to great lengths to demonstrate that the instrument is predictive of 

improvements in life expectancy post-1940, while it is not predictive of changes in health or 

income between 1900 and 1940. Even though these tests provide strong support for the timing 

and impact of the analyzed health innovations, they do not address the fundamental omitted 

variable concern raised in this paper. While the original Acemoglu and Johnson article does 

show their results are robust to including initial income and a measure of institutional quality, we 

show that their results are not robust to including initial life expectancy. 

 

2. Empirical Results 

We begin by examining the 47 data points used in Acemoglu and Johnson’s main regressions. 

The data were provided by the authors and are as described in their original paper (Acemoglu 

and Johnson 2007). The key variables are log GDP per capita, log life expectancy, and predicted 

mortality. Predicted mortality is total number of deaths per 100 people in 1940 that are 

attributable to the 15 diseases that were subject to significant advances in prevention or treatment 

after 1940.  After 1960, predicted mortality is coded as zero for all countries. The Acemoglu and 

Johnson instrument for the change in life expectancy between 1940 and 2000 is the change in 

predicted mortality over the period, which equals the negative of predicted mortality in 1940.   



7 
 

Table 1 reports pairwise correlations for all key variables. The correlation between initial 

life expectancy and subsequent change in life expectancy is -0.97, reflecting the strong cross-

country convergence in life expectancy over the period 1940 to 2000 (Cutler, Deaton and Lleras-

Muney 2006). The correlation between initial life expectancy and predicted mortality in 1940 is -

0.70 (see Figure 1). Also notable are the strong and statistically significant positive correlations 

between the log of initial life expectancy and both the log of initial income per capita and the 

subsequent growth in income per capita (correlations of 0.81 and 0.5, respectively).  

The empirical model used by Acemoglu and Johnson is a basic difference-in-differences 

model, where the change in log GDP per capita ( y∆ ) in country i  at time t  is given by 

 ,it t it ity xα β ε∆ = + ∆ +  (1) 

where x∆  is the change in log life expectancy, tα is a period-specific constant, and itε is the error 

term. Since both life expectancy and GDP per capita are in logs, the differences ity∆ and itx∆ can 

be interpreted as growth rates. We follow Acemoglu and Johnson and assume a linear relation 

between changes in log income and changes in log life expectancy. This assumption has been 

challenged by Cervellati and Sunde (2011), who argue that the effects of changes in health differ 

across stages of the demographic transition.  It is easy to see that Acemoglu and Johnson’s 

empirical model (1) is nested in a more general conditional convergence model 

 , 1 , 1 ,it t it i t i t ity x x yα β γ λ ε− −∆ = + ∆ + − +  (2) 

under the assumption that 0.γ λ= = 3 

A similar empirical specification can be derived from a model in levels it t it ity x uδ β= + +

under the assumption that rather than adjusting to equilibrium immediately, the error term itu

                                                 
3Acemoglu and Johnson sometimes allow for a lagged income effect, but not a lagged health effect, in their 
robustness checks. It is the lagged health effect that is crucial to our argument.    
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follows a first-order autoregressive (AR1) process 1(1 )it it itu uλ ε−= − + . The AR1 process in 

levels can be written in differences as: 

 , 1 , 1it t it i t i t ity x x yα β λβ λ ε− −∆ = + ∆ + − +  (3) 

As discussed in Bloom, Canning, and Sevilla (2004), this specification is the same as the 

more general dynamic model given by equation (2) but imposes the common factor restriction 

γ λβ= . Equation (3) is an error correction model in which income adjusts slowly towards its 

steady-state value. The Acemoglu and Johnson specification is a special case of this model in 

which 0,λ =  which also implies that 0γ = . Whileλ can be expected to be small over short time 

intervals, our view is that over long time intervalsλ should approach unity as all of the initial 

disequilibrium is corrected.  

Table 2 reports regression results using the 47-country Acemoglu and Johnson data set. 

The dependent variable in all regressions is growth in per capita income during 1940-2000. In 

column 1 of Table 2 we replicate the Acemoglu and Johnson results, regressing changes in 

income per capita on changes in log life expectancy using ordinary least squares (OLS). The 

point estimate of -1.14 (statistically significant at the 99% level) implies that a 10% increase in 

life expectancy leads to an 11.4% decrease in GDP per capita. In column 2 of Table 2, we 

replicate another key Acemoglu and Johnson result by instrumenting the change in log life 

expectancy with the predicted mortality change (this is just the negative of predicted mortality in 

1940 since predicted mortality in 2000 is taken to be zero). These estimates suggest that the 

effect of growth in life expectancy on income growth is negative (a coefficient of -1.51) and 

statistically significant.  



9 
 

In column 3 of Table 2, we include initial log life expectancy along with the growth rate 

in life expectancy as predictors of economic growth in a simple OLS regression4. This reverses 

the sign of the estimated coefficient on the growth in life expectancy, suggesting a positive effect 

of the growth in life expectancy on economic growth. However this regression may be subject to 

bias due to reverse causality from economic growth to the growth in life expectancy or other 

omitted variables. We refit this regression in column 4 of Table 2, but instrument growth in life 

expectancy with the predicted mortality change. None of the resulting coefficient estimates are 

statistically significant. While the point estimate of the effect of the growth in life expectancy is 

large and negative, the standard error and confidence intervals are very large, which is the result 

of the instrument’s lack of predictive power in the first-stage regression.  A Cragg-Donald F-

Statistic of 0.137 implies that the partial correlation between predicted mortality and subsequent 

changes in life expectancy is virtually zero once we control for initial life expectancy. The results 

of the first-stage regressions are reported in Web Appendix Table WA5. 

In column 5 we add initial log income per capita to the model in order to estimate the 

parameters of the empirical model given by equation (2). While we find a negative coefficient 

between zero and unity on initial GDP – as is standard in the literature on conditional 

convergence – the inclusion of initial GDP increases the estimated effect of both initial health 

and health improvements on economic growth. We also fit this model using the change in 

predicted mortality as an instrument for the improvement in life expectancy. The results are 

reported in column 6 of Table 2. Once again, the instrument is too weak in the first stage to give 

precise estimates of the effect of improvements in life expectancy. Given that the instruments are 

weak, the conventional standard errors for the IV regressions in columns (2), (4) and (6) may be 

                                                 
4 This is equivalent to adding initial life expectancy interacted with a year dummy as an explanatory variable in the 
levels equation. Acemoglu and Johnson use this interacted specification in some of their first-stage robustness 
checks, but not in any of their two-stage least-squares estimates.  

http://ftp.iza.org/dp7391app.pdf


10 
 

unreliable; we therefore also give 80% confidence intervals for the coefficient on the endogenous 

variable, the growth in life expectancy, that are robust to weak instruments (see web appendix 

for details). In columns (4) and (6) the instrument is so weak that these confidence intervals are 

unbounded.   

In column 7 of Table 2 we report a reduced-form estimate of the model in column (6) in 

which we replace the growth in life expectancy with predicted mortality in 1940. Conditional on 

initial income and health, predicted mortality in 1940 has no significant effect on economic 

growth. Given that predicted mortality is not predictive of subsequent improvements in health 

conditional on initial health, this is perhaps not surprising. 

All estimates reported in columns (5) through (8) of Table 2 are based on the assumption 

that both initial health and changes in health matter for economic growth. Given that actual and 

predicted changes in life expectancy may be correlated with other omitted determinants of 

growth even after controlling for initial health and income, our models do not conclusively 

demonstrate the causal effect of improvements in health on economic growth. Our results do, 

however, show how sensitive the Acemoglu and Johnson results are to the model specification in 

general, and to the inclusion of initial life expectancy in particular. 

 

3. Conclusion 

Acemoglu and Johnson’s (2007) results are striking because they imply that health 

improvements impede economic growth. This finding is at odds with most of the previous 

literature on economic growth. We show that the Acemoglu and Johnson result is mostly driven 

by their a priori exclusion of initial life expectancy from the economic growth model. While the 

mortality instrument constructed by Acemoglu and Johnson is predictive of improvements in 

http://ftp.iza.org/dp7391app.pdf
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health, it also displays a strong negative correlation with initial life expectancy and fails as an 

instrument if initial life expectancy is a determinant of subsequent economic growth.  In a more 

general empirical framework in which we include initial life expectancy, the Acemoglu and 

Johnson results are reversed, with both levels and changes in health displaying positive 

associations with economic growth. 

In our view, the evidence presented by Acemoglu and Johnson is compatible with a 

world in which good initial health is a strong driver of subsequent economic growth. As we show 

in the Appendix, countries with poor initial health have consistently experienced slower 

economic growth throughout the 20th century. Since countries with poor initial health have also 

experienced the most rapid gains in health as new health technologies became available to tackle 

their high burden of disease, the negative correlation between gains in health and economic 

growth observed by Acemoglu and Johnson appears; this correlation should however not be 

given causal interpretations since both health improvements and slow economic growth are 

driven by poor initial health. 

An alternative view compatible with the data is that initial health is positively correlated 

with some other unobserved (and excluded) growth determinant such as education or social 

capital. Under this scenario, the negative growth effects identified by the Acemoglu and Johnson 

instrument will not only represent the effect of changes in health, but also the economic 

consequences of lacking education or social capital. Controlling for initial health as a proxy for 

these omitted factors will then improve the estimates. This may explain why the estimated 

coefficients on health in columns 3 and 5 are large, with a one-year increase in life expectancy 

raising income by between 5 and 15 percent over a 60-year period. In the Web Appendix, we 

show that these results are also robust to the inclusion of the baseline stock of physical capital 

http://ftp.iza.org/dp7391app.pdf
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and investment flows as well as average years of schooling and the school enrollment rate. In 

previous work, Bloom, Canning, and Sevilla (2004) estimated the parameters of equation (3) for 

a panel of countries using a rich set of additional covariates and find a much smaller positive 

effect of health on economic growth, which suggests that other excluded determinants of growth 

are important and are correlated with health. Similarly, Lorentzen et al. (2008) estimate the effect 

of initial health on subsequent economic growth using a variety of instrumental variables to 

overcome this problem, and still find a positive impact. The ultimate goal of the present paper is 

not, however, to provide a comprehensive model of economic growth, but rather to highlight the 

sensitivity of the Acemoglu and Johnson results to the inclusion of baseline health. 

While we think that the inference reported by Acemoglu and Johnson is incorrect, their 

paper identifies several crucial issues not yet resolved in the literature. First, Acemoglu and 

Johnson place appropriate stress on the fundamental endogeneity concerns surrounding the 

identification of health effects in macro-level regressions. Second, the Acemoglu and Johnson 

paper highlights the critical importance of lag structures in models of health and economic 

growth. Last, Acemoglu and Johnson make a strong case for the importance of population in the 

interplay between health and economic development. While health is likely to have positive 

growth repercussions due to improved productivity and human capital increases, the general 

equilibrium effects of health can only be understood if the population effects of changes in health 

as well as the resulting resource pressures are fully taken into account.  
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TABLE 1:  CORRELATION MATRIX: ACEMOGLU AND JOHNSON SAMPLE OF 47 COUNTRIES  

 

Growth in 
income per capita 

1940-2000 

Growth in life 
expectancy 
1940-2000 

Change in 
predicted mortality  

1940-2000 
Log life 

expectancy 1940 
Log GDP per 
capita 1940 

Predicted 
mortality 1940 

Growth in income per capita 1940-2000 1      

Growth in life expectancy 1940-2000 -0.44*** 1     
Change in predicted mortality  1940-
2000 0.34** -0.69*** 1    

Log life expectancy 1940 0.50*** -0.97*** 0.70*** 1   

Log GDP per capita 1940 0.13      -0.76*** 0.63*** 0.81*** 1  

Predicted mortality 1940 -0.34** 0.69*** -1 -0.70*** -0.63*** 1 
NOTE.─Table 1 shows pairwise correlation coefficients for the variables listed. *** p<0.01, ** p<0.05, * p<0.10. Based on the data for the 47 countries used in Acemoglu and 
Johnson (2007). 

 

 

 

 



 

TABLE 2: GROWTH REGRESSIONS 

DEPENDENT VARIABLE:     GROWTH IN INCOME PER CAPITA, 1940-2000 

Specification Acemoglu & Johnson Adding initial health Adding initial health and 
income 

Reduced 
Form  

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

Estimator Least 
 Squares IV Least 

Squares IV Least 
Squares IV Least 

 Squares 
        
Growth in life expectancy 1940-2000 -1.142*** -1.506*** 3.684*** -21.56 5.774*** -21.44  

(Standard error) (0.347) (0.400) (1.295) (81.29) (1.177) (66.77)  
Corrected 80%  

confidence interval 
 

-2.14 to 
-0.92 

 unbounded  unbounded  

Log life expectancy 1940   3.769*** -15.23 6.848*** -15.18 1.937*** 
   (0.940) (61.37) (0.996) (54.28) (0.552) 
Log GDP per capita 1940     -0.689*** 0.0146 -0.545*** 
     (0.113) (1.810) (0.142) 
Predicted mortality 1940       -0.315 
       (0.442) 
Constant 1.707*** 1.861*** -14.89*** 69.19 -22.34*** 68.81 -1.894 
 (0.163) (0.189) (4.166) (271.4) (3.889) (224.3) (1.933) 
        
Observations 47 47 47 47 47 47 47 
R-squared 0.194 0.174 0.325 -3.127 0.603 -3.095 0.448 
Cragg-Donald F-Statistic  60.84  0.136  0.211  

Critical value for F-Statistics  16.38  16.38  16.38  
NOTE.─Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  
In IV (instrumental variable) estimates the growth in life expectancy is instrumented with predicted mortality change. 
Based on the Acemoglu and Johnson sample of 47 countries. 



 

 FIGURE 1: LOG LIFE EXPECTANCY 1940 AND PREDICTED MORTALITY 

 


