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I. Introduction

In a recent paper, Acemoglu and Johnson (2007) present empirical re-
sults indicating that improvements in population health may have low-
ered 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 pop-
ulation 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.

We are grateful to Daron Acemoglu and Simon Johnson for sharing their data and
analysis files (data are provided as supplementary material online), as well as to four anon-
ymous referees and the editor of this Journal for helpful comments. We would also like to
thank Andreas Bergh, Hoyt Bleakley, Jocelyn Finlay, Isabel Giinther, Dean Jamison, Aart
Kray, Sebastian Linnemayr, and seminar participants at Lund University and the Workshop
on Health and Macroeconomics in Madrid for useful discussions. Support for this research
was provided by the William and Flora Hewlett Foundation, as well as by grant 5 P30
AG024409 from the National Institute on Aging, National Institutes of Health. The authors
are faculty members of the Harvard School of Public Health.
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1356 JOURNAL OF POLITICAL ECONOMY

Acemoglu and Johnson’s main argument builds on the observation
that improvements in health and economic growth are negatively corre-
lated over the period 1940-2000. We argue that the reason is not that
improvements in health have a deleterious effect on economic growth,
but rather that 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 in-
strument health improvements. The instrument they use, mortality from a
setof selected diseases in 1940, is a subset of total mortality in 1940 and thus
is 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 (Ace-
moglu and Johnson 2009). The key issue therefore is whether it is plau-
sible that initial life expectancy can be excluded from the growth regres-
sion 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 partic-
ular justification of slow adjustment to steady state in the case of health
is that health human capital is constructed in childhood and has eco-
nomic benefits only when 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 across countries are predominantly due to dif-
ferences in infant and child mortality. Mortality improvements at older
ages play a major role for life expectancy increases only 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 develop-
ment 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 et al. 2008;
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Bleakley 2010; Baird et al. 2011). The health human capital of current
workers may therefore reflect their childhood health, as measured by in-
fant and child mortality rates and life expectancy many decades prior,
creating a long lag between health improvements and productivity gains.

While we think that slow adjustment to steady state when health im-
proves is plausible, any model that incorporates an effect of initial health
on subsequent economic growth will have results similar to ours. For
example, endogenous growth models in the tradition of Nelson and
Phelps (1966), which include health human capital as a driver of techno-
logical change, will yield results similar to those of our model (Aghion,
Howitt, and Murtin 2011).!

If initial life expectancy matters for economic growth and the Ace-
moglu and Johnson instrument is correlated with this omitted variable,
their estimates are inconsistent. Assuming that 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 posi-
tive effect on economic growth in a simple ordinary least squares (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 reason-
able if their instrument, changes in predicted mortality, had the prop-
erties of a controlled trial, randomly allocating health improvements to
countries. However, their instrument is not random, but essentially is 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
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 (IV) 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 after 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,

! 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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they do not address the fundamental omitted variable concern raised in
this paper. While the original Acemoglu and Johnson article does show
that their results are robust to including initial income and a measure
of institutional quality, we show that their results are not robust to in-
cluding initial life expectancy.

II. Empirical Results

We begin by examining the 47 data points used in Acemoglu and John-
son’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 the total number of deaths per 100 peo-
ple in 1940 that are attributable to 15 diseases that were subject to signif-
icant advances in prevention or treatment after 1940. After 1960, pre-
dicted 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.

Table 1 reports pairwise correlations for all key variables. The correla-
tion between initial life expectancy and subsequent change in life expec-
tancy is —.97, reflecting the strong cross-country convergence in life ex-
pectancy over the period 1940-2000 (Cutler, Deaton, and Lleras-Muney
2006). The correlation between initial life expectancy and predicted mor-
tality in 1940 is —.70 (see fig. 1). Also notable are the strong and statisti-
cally significant positive correlations between the log of initial life expec-
tancy and both the log of initial income per capita and the subsequent
growth in income per capita (correlations of .81 and .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
(Ay) in country ¢ at time ¢ is given by

Ay, =, + BAx;, + &, (1)

where Ax is the change in log life expectancy, ¢, is a period-specific
constant, and ¢, is the error term. Since both life expectancy and GDP
per capita are in logs, the differences Ay, and Ax; 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 expec-
tancy. 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
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Johnson’s empirical model (1) is nested in a more general conditional
convergence model

Ay, = a, + BAx; + yx, 1 — Ny + &, (2)

under the assumption thaty =X = 0.%

A similar empirical specification can be derived from a model in levels
v = 6, + Bx; + w; under the assumption that rather than adjusting to
equilibrium immediately, the error term wu, follows a first-order auto-
regressive (AR1) process u; = (1 = N)u;,—; + ¢,. The ARI process in lev-
els can be written in differences as

Ayu =, + BAx, + )\Bxi,z—l - >\ym-1 + &y (3)

As discussed in Bloom etal. (2004), this specification is the same as the
more general dynamic model given by equation (2) but imposes the
common factor restriction vy = N3. Equation (3) is an error correction
model in which income adjusts slowly toward its steady-state value. The
Acemoglu and Johnson specification is a special case of this model in
which A = 0, which also implies that y = 0. While A can be expected to
be small over short time intervals, our view is that over long time inter-

* Acemoglu 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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vals, N should approach unity as all of the initial disequilibrium is cor-
rected.

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 repli-
cate the Acemoglu and Johnson results, regressing changes in income
per capita on changes in log life expectancy using OLS. The point es-
timate of —1.14 (statistically significant at the 99 percent level) implies
that a 10 percent increase in life expectancy leads to an 11.4 percent
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 neg-
ative 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.

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 regression.” This reverses the sign of the estimated co-
efficient on the growth in life expectancy, suggesting a positive effect of
the growth in life expectancy on economic growth. However, this re-
gression 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 re-
sult of the instrument’s lack of predictive power in the first-stage re-
gression. A Cragg-Donald Fstatistic of 0.137 implies that the partial cor-
relation 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 WAS.

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

* 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.
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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 unreliable; we therefore
also give 80 percent confidence intervals for the coefficient on the en-
dogenous variable, the growth in life expectancy, that are robust to weak
instruments (see the 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 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 improve-
ments in health conditional on initial health, this is perhaps not sur-
prising. The very high correlation, .97, between initial log life expectancy
and growth in life expectancy means that it is very difficult to distinguish
their separate effects. Bloom et al. (2009) do find positive effects of both
initial health and improvements in health when they impose the com-
mon factor condition in equation (3).

All estimates reported in columns 5—7 of table 2 are based on the
assumption that both initial health and changes in health matter for eco-
nomic 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 in-
clusion of initial life expectancy in particular.

III. 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 health, it also displays a strong negative
correlation with initial life expectancy and fails as an instrument if ini-
tial life expectancy is a determinant of subsequent economic growth. In
a more general empirical framework in which we include initial life ex-
pectancy, the Acemoglu and Johnson results are reversed, with both lev-
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els 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 web appendix, coun-
tries with poor initial health have consistently experienced slower eco-
nomic growth throughout the twentieth 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 eco-
nomic growth observed by Acemoglu and Johnson appears; this corre-
lation should, however, not be given causal interpretations since both
health improvements and slow economic growth are driven by poor ini-
tial 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 instru-
ment will represent not only the effect of changes in health but also the
economic consequences of lacking education or social capital. Control-
ling for initial health as a proxy for these omitted factors will then im-
prove the estimates. This may explain why the estimated coefficients on
health in columns 3 and 5 of table 2 are large, with a l-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 and invest-
ment flows as well as average years of schooling and the school enrollment
rate. In previous work, Bloom et al. (2004) estimated the parameters of
equation (3) for a panel of countries using a rich set of additional covari-
ates 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, McMil-
lan, and Wacziarg (2008) estimate the effect of initial health on subse-
quent economic growth using a variety of instrumental variables to over-
come 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 identifica-
tion of health effects in macro-level regressions. Second, the Acemoglu
and Johnson paper highlights the critical importance of lag structures
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in models of health and economic growth. Finally, Acemoglu and John-
son 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 be un-
derstood only if the population effects of changes in health as well as the
resulting resource pressures are fully taken into account.
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