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Abstract. A portion of the economics literature has long debated about the relative importance of historical, in-
stitutional, geographical, and health determinants of economic growth. In 2001, Gallup and Sachs quantified the asso-
ciation between malaria and the level and growth of per capita income over the period 1965–1995 in a cross-country
regression framework. We took a contemporary look at Gallup and Sachs’ seminal work in the context of significant
progress in malaria control achieved globally since 2000. Focusing on the period 2000–2017, we used the latest data
available onmalaria case incidence and other determinants of economic growth, as well asmacro-econometric methods
that are now the professional norm. In our preferred specification using a fixed-effects model, a 10% decrease in malaria
incidence was associated with an increase in income per capita of nearly 0.3% on average and a 0.11 percentage point
faster per capita growth per annum. Greater average income gains were expected among higher burden countries and
thosewith lower income. Growth of industries with the same level of labor intensity was found to be significantly slower in
countrieswith highermalaria incidence. To analyze the causal impact ofmalaria on economic outcomes, we usedmalaria
treatment failure and pyrethroid-only insecticide resistance as exogeneous instruments in two-stage least squares
estimations. Despite several methodological challenges, as expected in these types of analyses, our findings confirm the
intrinsic link between malaria and economic growth and underscore the importance of malaria control in the agenda for
sustainable development.

INTRODUCTION

Investing in health has been considered a means to achieve
economic growth and reduce poverty since the second half of
the 20th century. Until then, economic thinking was about a
one-way relationship between wealth and health in terms of
wealth being required to achieve health.1–6 This linear wealth-
to-health link was weakened by several econometric studies
providing evidence that health is a significant determinant of
growth.4,7 In 2001, theWHOCommission onMacroeconomics
and Health underscored the importance of health as an in-
strument for economic development and poverty reduction.8

Bloom and Canning described the process of cumulative
causality where health improvements promote economic
growth, which in turn promotes health. Healthier populations
are more productive at work and learn more at school, con-
tributing to increased current and future earnings and savings.
Associated savings in health-care spending is hypothesized to
increase investment in physical and human capital and attract
higher foreign investments. Higher income for individuals or
countries improves health through different channels, from
better nutrition to better public health infrastructure.9 Further-
more, as per the classical Grossmanmodel of health demand, if
individuals expect a longer life, their savings and investment in
human capital will be greater.10 The mutual reinforcement be-
tween health and wealth is also recognized to exist in reverse,
whereby sick people are more likely to become poor and those
who are poor are more vulnerable to disease.11

Although empirically there is evidence on the strong corre-
lation between health and income both across and within
countries over time, the literature has long debated on the
magnitude of the effects of other factors that simultaneously
influence health outcomes and wealth, notably institutional
quality.6,9,12,13 Specifically, a portion of the empirical growth

economics has long debated about the relative importance of
potential determinants of economic growth. In 2001, Gallup
and Sachs quantified the association between malaria and
the level and growth of per capita income over the period
1965–1995. In a cross-country regression framework con-
trolling for historical, geographical, social, economic, and
institutional country characteristics, they found that malaria-
endemic countries displayed, ceteris paribus, per capita in-
come levels 70% lower than those of nonendemic countries
and that a 10% reduction in their malaria exposure index
was associated with a 0.26 percentage point increase in an-
nual per capita growth rates.14 By contrast, Acemoglu,
Johnson, and Robinson argued that malaria was not the main
determinant of economic performance, instead concluding
on the central role of institutions in cross-country growth dif-
ferences.15 Despite this debate, results from the Gallup and
Sachs study are still widely cited to support the case for
investing in malaria control and elimination in the context of
the Sustainable Development Goals.16–25

Since the publication of these studies, significant progress
has been made in the fight against malaria and estimation
methods have evolved. Core malaria control interventions
have reached unprecedented coverage levels, and this
progress contributed to reducemalaria case incidence rate by
an estimated 37% globally over the period 2000–2015 and by
18% over the more recent 2010–2017 period.26 The avail-
ability of data and methodologies for estimating malaria-
burden estimates has also improved. Although some data on
malaria incidence were available from the WHO at the time of
the Gallup and Sachs study, the authors preferred using a
malaria exposure index, defined as the product of the land
area subject to malaria and the fraction of malaria cases at-
tributable to Plasmodium falciparum malaria.14 Since then,
malaria case incidencemeasures have been standardized.27,28

New econometric approaches exploiting panel data structures
have also become the norm.29,30

Herein, we take a contemporary look at the seminal work of
Gallup and Sachs.14 We focus on the period 2000–2017 and
drawon the vastly improved andmore recent data available on
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malaria case incidence and other determinants of economic
growth aswell as themuch higher econometric standards that
are now the professional norm. Then, wemake an attempt at a
causal analysis of malaria on economic growth using two in-
strumental variables (IVs), namely, antimalarial treatment fail-
ure and resistance of malaria mosquitos to pyrethroid-only
insecticides. We supplement this study with a sectoral anal-
ysis testing the hypothesis that industry sectors that are more
labor intensive will have slower growth rates in countries that
have higher malaria incidence. Evidence suggests that in ad-
dition to the implications on the total size of the economy,
malaria is associated with reduced labor productivity and
supply.31–37 Toexplore this further,weuseacommonapproach
inmacro-econometric modeling recently applied to the health
sector to quantify the argument that malaria case incidence
affects economic growth through labor productivity.38,39

MATERIAL AND METHODS

Methods. For our contemporary take at the seminal work of
Gallup and Sachs, our specification of the gross domestic
product per capita (GDPpc) purchasing power parity (PPP)
regressions in level can be written as follows:

yit ¼ xit α þ mitβ þ uit, (1)

where i indexes countries, t refers to the year, and yit refers to
logGDPpcPPP;mit is the logmalaria case incidenceper 1,000
population, which is transformed using the standard inverse
hyperbolic sine transformation IHS(yi) = log[yi + (yi2 +1)1/2] to
reduce the effect of outliers and account for not being able
to take the log of zero; xit is a matrix of covariates relating to
the historical, geographical, and socioeconomic characteris-
tics of each country; finally, uit is the error term that can be
decomposed into a standard two-way fixed-effects specifi-
cation posed as follows:40

uit ¼ λi þ μt þ εit, (1’)

where λi and μt are country- and year-specific unobservables,
respectively, and εit is the error term that represents idiosyn-
cratic shocks occurring at the country–year level.
Our growth analysis is conducted on 5-year averages so as

to smooth data on the GDPpc PPP growth rate that often vary
widely year-on-year.41 Our specification can be written as
follows:

Δyip ¼ yip�1α þ mip�1β þ Δmipβ þ xipγ þ uip, (2)

where i indexes countries and p is the time period; Δyip refers
to the 5-year average annual growth of GDPpc PPP; yip−1 is
the lagged level of GDPpc PPP in log; mip−1 is the 5-year
average log malaria incidence per 1,000 population in the
time period p−1; mip is the 5-year average log change of
malaria incidence in the time period p; and xip−1 is a matrix of
covariates relating to institutional and socioeconomic char-
acteristics of each country. Covariates referring to a coun-
try’s historical and geographical characteristics are time
invariant and, therefore, accounted for by the country-
specific fixed effects. The error term decomposition de-
scribed by equation (1’) applies for equation (2) with 5-year
time periods.
Equations (1) and (2) are estimated using three methods.

The first method uses the Ordinary Least Squares method
(OLS) to explore the association between malaria case in-
cidence and GDPpc PPP across countries at specific points
in time.14 The second method transforms the equations into
deviations with respect to country-specific means (“within”
transformation in a fixed-effects model) to eliminate all factors
that do not change over time for each country (λi). The third
method is the two-stage least squares method (2SLS) to ac-
count for potential endogeneity, that is, correlation of the
malaria incidence variables with unobserved or omitted terms
included in the error term εit. This third method requires the
identification of an IV, a method developed to control for un-
measured confounders in observational studies.42Weexplored
the validity of two IV candidates. One is antimalarial drug

TABLE 1
Description of variables used in the models

Variable Description Source

Economic variables
Log GDPpc PPP Log of GDP per capita in PPP international dollars 2011 50
Log GDPpc PPP growth rate Log of GDP per capita PPP annual growth rate 50
Industry growth rate Annual growth rate of industry (2-digit Industrial Classification of All

Economic Activities) value added
54

Labor share Ratio of the wage bill over total industry value added 54
Malaria-related variable
Log malaria incidence Log of malaria case incidence per 1,000 population 27
Log annual change incidence Log of annual change in malaria case incidence per 1,000 population 27
Antimalarial treatment failure Percentage of patients with malaria treatment failure (per protocol) 27,44
Insecticide resistance Percentage of studies with resistance status classified as confirmed,

possible, and susceptible
27,44

Institutional, socioeconomic, and
geographical variables

Rule of Law Country-specific annual score on aggregate Rule of Law indicator
measuring the extent to which agents have confidence in and abide
by the rules of society

50

Life expectancy at birth Country-specific annual average number of years a newborn is
expected to live

50

Years of schooling Average number of years of schooling in population aged 15+ years 51
Colony Dummy variable for whether the country was a colony 52
Landlocked Dummy variable for whether the country is landlocked 52

GDPpc = gross domestic product per capita; PPP = purchasing power parity.
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TABLE 2
Summary statistics

Count Mean SD Minimum Maximum No. of countries

All countries
Economic variables

GDPpc PPP over the period
2000–2017

2,948 16,730.75 19,101.90 545.69 129,349.92 180

GDPpc PPP average growth rate
between 2000 and 2017

155 0.02 0.02 −0.02 0.09 155

GDPpc PPP average annual growth
rate over the period 2000–2017

2,778 0.02 0.05 −0.97 0.80 180

2-digit industry value–added growth
rate

11,829 0.08 0.41 −5.92 6.72

2-digit industry labor share 11,829 0.40 0.18 0 1
Malaria-related variables

Malaria incidence 2,948 58.18 128.82 0.00 736.44 180
Log malaria incidence 2,948 1.63 2.49 0.00 7.29 180
Log annual change in malaria

incidence
2,780 −0.27 1.58 −6.29 6.12 180

Institutional, socioeconomic, and
geographical variables
Rule of Law 2,948 −0.05 0.98 −2.01 2.10 180
Years of schooling 400 7.87 2.86 1.08 13.18 136
Net secondary enrollment rate 1,516 71.37 24.36 3.23 99.91 159
Colony 2,908 0.89 0.31 0.00 1.00 177
Landlocked 2,908 0.20 0.40 0.00 1.00 177
Life expectancy at birth 2,730 69.50 9.10 38.70 83.98 178

SSA
Economic variables

GDPpc PPP over the period
2000–2017

726 4,513.97 6,061.35 545.69 40,015.82 45

GDPpc PPP average growth rate
between 2000 and 2017

41 0.02 0.02 −0.02 0.06 41

GDPpc PPP average annual growth
rate over the period 2000–2017

684 0.02 0.06 −0.78 0.25 45

2-digit industry value–added growth
rate

1,000 0.07 0.43 −2.46 4.08

2-digit industry labor share 1,000 0.37 0.22 0.00 1.00
Malaria-related variables

Malaria incidence 726 219.18 169.16 0.00 607.11 45
Log malaria incidence 726 5.05 2.27 0.00 7.10 45
Log annual change in malaria

incidence
685 −0.85 2.77 −5.32 6.12 45

Institutional, socioeconomic, and
geographical variables
Rule of Law 726 −0.67 0.64 −2.01 1.08 45
Net secondary enrollment 259 33.74 19.58 3.23 88.58 39
Life expectancy at birth 685 57.19 6.71 38.70 74.39 45

Non-SSA countries
Economic variables

GDPpc PPP over the period
2000–2017

2,222 20,722.37 20,185.03 1,044.95 129,349.92 135

GDPpc PPP average growth rate
between 2000 and 2017

114 0.03 0.02 −0.02 0.09 114

GDPpc PPP average annual growth
rate over the period 2000–2017

2,094 0.02 0.05 −0.97 0.80 135

2-digit industry value–added growth
rate

10,829 0.09 0.41 −5.92 6.73

2-digit industry labor share 10,829 0.41 0.18 0.00 1.00
Malaria-related variables

Malaria incidence 2,222 5.57 37.90 0.00 736.44 135
Log malaria incidence 2,222 0.51 1.22 0.00 7.29 135
Log annual change in malaria

incidence
2,095 −0.08 0.80 −6.29 6.00 135

Institutional, socioeconomic, and
geographical variables
Rule of Law 2,222 0.15 0.99 −1.92 2.10 135
Net secondary enrollment 1,257 79.12 16.88 15.62 99.91 120
Life expectancy at birth 2,045 73.63 5.27 56.64 83.98 133

GDPpc = gross domestic product per capita; PPP = purchasing power parity; SSA = sub-Saharan Africa.
Note: Summary statistics provided for data in the estimation sample. The largest sample includes 180 countries for an average of 16 years for each country.

THE ECONOMIC BURDEN OF MALARIA: REVISITING THE EVIDENCE 1407



efficacy measured by the percentage of malaria patients with
treatment failure, calculated across study protocols and drug
types at the country–year level.43,44 Treatment failure is defined
as the inability to clear parasites from a patient’s blood or to
prevent their recrudescence after the administration of an an-
timalarial, regardless of whether clinical symptoms are re-
solved.45 Another candidate is resistance of mosquitos to
insecticides measured by the percentage of studies reporting
pyrethroid-only resistance status as confirmed, possible, and
susceptible, at the country–year level.44,46

To be valid, an instrument needs to satisfy three condi-
tions: relevance (it affects malaria incidence), exclusion
(its affects GDPpc only indirectly through its effects on
malaria case incidence), and independence (of unmeasured
confounding).42,47 The relevance assumption is verified

TABLE 3
Summary statistics of insecticide resistance and antimalarial treat-
ment failure

Count Mean SD
No. of

countries

Central Asia
Antimalarial treatment failure (%) – – –

Confirmed insecticide resistance 3 0.00 0.00 1
Possible insecticide resistance 3 0.00 0.00 1
Insecticide susceptible 3 1.00 0.00 1

Eastern Asia
Antimalarial treatment failure (%) 6 0.75 1.16 1
Confirmed insecticide resistance 11 0.87 0.16 1
Possible insecticide resistance 11 0.05 0.07 1
Insecticide susceptible 11 0.08 0.15 1

Latin America and the Caribbean
Antimalarial treatment failure (%) 16 2.07 3.92 3
Confirmed insecticide resistance 18 0.32 0.33 5
Possible insecticide resistance 18 0.10 0.16 5
Insecticide susceptible 18 0.58 0.35 5

Melanesia
Antimalarial treatment failure (%) 6 8.05 6.77 3
Confirmed insecticide resistance 8 0.00 0.00 2
Possible insecticide resistance 8 0.12 0.17 2
Insecticide susceptible 8 0.88 0.17 2

Northern Africa
Antimalarial treatment failure (%) 8 3.44 3.04 1
Confirmed insecticide resistance 8 0.63 0.29 1
Possible insecticide resistance 8 0.12 0.09 1
Insecticide susceptible 8 0.25 0.31 1

Southeastern Asia
Antimalarial treatment failure (%) 50 5.25 6.10 8
Confirmed insecticide resistance 56 0.10 0.15 9
Possible insecticide resistance 56 0.09 0.14 9
Insecticide susceptible 56 0.81 0.23 9

Southern Asia
Antimalarial treatment failure (%) 33 0.60 1.01 7
Confirmed insecticide resistance 58 0.27 0.27 8
Possible insecticide resistance 58 0.17 0.19 8
Insecticide susceptible 58 0.56 0.33 8

Sub-Saharan Africa
Antimalarial treatment failure (%) 88 1.70 2.05 25
Confirmed insecticide resistance 300 0.52 0.37 37
Possible insecticide resistance 300 0.14 0.18 37
Insecticide susceptible 300 0.34 0.37 37

Western Asia
Antimalarial treatment failure (%) 4 1.37 1.62 1
Confirmed insecticide resistance 10 0.39 0.39 2
Possible insecticide resistance 10 0.23 0.19 2
Insecticide susceptible 10 0.38 0.40 2

All countries
Antimalarial treatment failure (%) 211 2.61 4.10 49
Confirmed insecticide resistance 472 0.43 0.37 66
Possible insecticide resistance 472 0.13 0.18 66
Insecticide susceptible 472 0.44 0.39 66
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empirically from first-stage regression of the 2SLS method
using the F-statistics (see the Results section). As a rule of
thumb, an instrument is considered weak if the F-statistics is
less than 10.48 The exclusion and independence assump-
tions cannot be verified from the data, so we applied
subject–matter intuition. It seems reasonable to assume that
antimalarial treatment failure and resistance of malaria mos-
quitos to pyrethroid-only insecticides affect GDPpc only
through populations or areas at risk of malaria transmission
and, conditional on the covariates, affecting GDPpc solely
via malaria incidence. In addition, the use of panel data in a
fixed-effects model is assumed to mitigate the risk of the IV
being associated with unobserved variables also affecting
GDPpc. To exploit both instruments, treatment failure and
insecticide resistance, we supplemented the panel IV anal-
ysis by a pooled IV approach, where we use only those ob-
servations for which data on both candidates are available.
Because of the reduced sample size, we cannot include
country-specific effects in the pooled-IV approach. Finally,
for both panel IV and pooled-IV methods, we conducted the
analysis allowing standard errors to be correlated among
countries within a subregion to reflect the relevance of our
instruments at a subregional level, instead of their contain-
ment within country borders. The analyses are also con-
ducted with country-level clustering of standard errors for
comparative purposes.
The specification used in our sectoral analysis can be

written as follows:

gijt ¼ lijt αþ �
lijt �mit

�
βþ uijt, (3)

where uijt ¼ ρit þ κij þ τjt þ εijt, (3’)

and i indexes countries, t refers to year , j indicates the industry
sector, gijt is the annual growth rate of the value added of
industry j, lijt is the shareof thewagebill in the total value added
of industry j in country i and year t,mit is the log ofmalaria case
incidence in country i and year t and ρit, κij, and τjt are the
country–year-, country–industry-, and industry–year-specific
effects, respectively, which control for the effect of other
factors varying at those levels and that may potentially affect
growth. We include one way effects for estimations where the
full set of two-way effects are not included. The main co-
efficient of interest in equation (3) is β, which is essentially the
cross partial derivative of the dependent variable gijt with re-
spect to lijt and then with respect to mit. In other words, β
denotes the effect of a marginally higher labor share on value-
added industrial growth for a marginally higher incidence of
malaria. Because malaria incidence measures vary only at the
country–year level, the inclusion of the full set of fixed effects
wipesout theeffect ofmalaria incidenceon its own, andweare
left with the interaction termanddirect effect of the labor share,
both of which vary at the more granular industry–country–year
level. The point estimate β allows us to make, and quantify, the
plausible argument that malaria incidence affects economic
growth through labor productivity. This “difference-in-differ-
ences” specification has been common in macro-econometric
modeling, notably on the effect of financial depth on economic
growth (financial depth varies at the country–year level,
whereas different industrial sectors display different levels of
dependence on external finance).38 More recently, this type of
specification has been applied to the impact of health sector
workforce employment on economic growth.39

Materials.Weuseddata from180 countries over the period
2000–2017. Although our objective is to keep with the spirit of

FIGURE 1. Association betweenmalaria incidence andgross domestic product per capita (GDPpc) purchasing power parity (PPP) over the period
2000–2017. Thefigureon the left (N=2,948) shows thesimplebinnedcorrelationbetweenGDPpcPPPandmalaria case incidence. This relationship
remains after both variables are purgedof the effect of institutions, trade–GDP ratio, country, and time effects (right,N= 2,948). For visual clarity, the
figures group observations into equally sized “bins” based on log malaria incidence and plot the mean log malaria incidence with the respective
mean log GDPpc PPP.
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the Gallup and Sachs study, it is not possible to faithfully
replicate it using updated data because a number of explan-
atory variables are no longer maintained or have been super-
seded by alternative measures. We used malaria case
incidence per 1,000 population at the country–year level,
calculated as the ratio of the estimated number of malaria
cases and United Nations total population estimates multi-
plied by 1,000.27,49 We used total population data instead of
population at risk ofmalaria estimates tomatch incidence and
GDPpc data. In addition, the global burden of malaria lies
mostly in countries that have a total population at risk of
malaria equal to their total population estimates. And, in
countries that have reached malaria elimination or malaria-
free status over the period 2000–2017, the use of total pop-
ulation as the denominator allows us to capture the decline in
case incidence that would not be fully captured with a de-
creasing population at risk of malaria over the study period.
Data on the level of GDPpc PPP and the annual growth therein
are sourced from the World Bank’s World Development Indi-
cators (WDI).50 Data on trade openness, which is proxied by
the value of trade expressed in terms of percentage of GDP,
and data on life expectancy at birth are also from theWDI. We
used Barro–Lee educational attainment data, expressed in
terms of the average number of years of schooling in the

population older than 15 years.51 In OLS specifications where
covariates includewhether a country is landlocked or a former
colony, data come from the GeoDist database of the CEPII.52

Data on the quality of institutions are captured by the Rule of
Law estimate from the World Bank’s Worldwide Governance
Indicators project.53 When exploring the causal effect of
malaria on GDPpc PPP, we used WHO’s data on antimalarial
treatment failure and insecticide resistance as instruments
and restricted the analysis to the period for which data are
available. Finally, to explore the possible mechanism through
which malaria and sectoral economic performance interact,
data on the manufacturing industry’s value-added and share
of labor costs of the total value added are sourced from the
United Nations Industrial Development Organization for 96
countries over the period 2000–2010.54 These data are avail-
able for 23 manufacturing industries at the 2-digit level of
the International Standard Industrial Classification of All

FIGURE 2. The world distribution of log gross domestic product per
capita (GDPpc) purchasing power parity (PPP): actual (gray) and as
predicted with a 100% reduction in malaria incidence (black). Simu-
lation based on column 4 of Table 4. The vertical y-axis displays the
proportion of countries. Thehorizontal x-axis displays logGDPpcPPP
in 2017. The gray and black curves are continuous functions used to
display the distribution of log GDPpc PPP across countries in 2017.
Reading from the left to right: the gray curve shows that at 2017
malaria transmission levels, countries in the lowest 10th percentile of
income had a log GDPpc PPP of 7.53 or less, equivalent to GDPpc
PPP of 1,863; the black curve shows that withoutmalaria, countries in
the lowest 10th percentile of income would have a log GDPpc of 7.66
or less, equivalent to GDPpc PPP of 2,122. This indicates a rightward
shift in log GDPpc PPP on the x-axis. Similarly, at 2017 transmission
levels, 16.3% of countries had a log GDPpc PPP of 8 or below,
equivalent to GDPpc PPP of 2,981 (gray curve). Assuming no malaria
transmission in 2017, only 15.3% of countries would have a log
GDPpc PPP of 8 or less. The crossing of the black and gray curves on
the left side of the graph indicates a shift in the country mass, as low
GDPpc PPP countries move to the right because of the economic
gains associated with no malaria transmission. Finally, as expected,
there is no change in the right side of the distribution as high GDPpc
PPP countries have low or no malaria transmission, and thus, a
change in transmission will not be associated with any economic
gains from malaria elimination, according to our empirical model.

FIGURE 3. Average gross domestic product per capita (GDPpc)
purchasing power parity (PPP) gain (%), by the World Bank income
group in 2017.

FIGURE 4. Average gross domestic product per capita (GDPpc)
purchasing power parity (PPP) gain (%), by percentile of malaria in-
cidence in 2017. Note: At the 50th percentile, that is, the median
country has zeromalaria incidence. Country at the 75th percentile has
6.5 cases per 1,000 population; at the 90th percentile, 194 cases per
1,000 population; and at the 95th percentile, 338 cases. Malaria in-
cidence data are for the year 2017.
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Economic Activities Revision 3. Table 1 shows the variables
and their source. Tables 2 and 3 summarize the data.

RESULTS

Using an OLS cross-sectional regression in the year 2000
and controlling for historical, institutional, geographic, and
socioeconomic covariates, we find that a 10% reduction in
malaria case incidence is associated with a 1.8% increase in
the level of GDPpc PPP on average (Table 4, column 1). This is
the result of our specification that is closest to the Gallup and
Sachs simple cross-sectionalmodel. Pooling observations for
the period 2000–2017does not change the elasticity bymuch:
a 10% decrease in malaria case incidence is associated with
an increase in GDPpc PPP of 1.9% on average (Table 4, col-
umn 2).
After introducing time-invariant country-specificeffects and

year-specific effects, a 10% reduction in malaria incidence is
associated with a 0.27% increase in the level of GDPpc PPP
on average (Table 4, column 4, Figure 1). The reduction in the
size of the coefficient compared with the OLSmethod reflects
how much of the variation in GDPpc PPP is explained by the
fixed effects alone, that is, unobserved time-invariant het-
erogeneitywithin eachcountry. These results are not drivenby
the sub-Saharan Africa (SSA) subsample, indicating that the
relationship between malaria and economic growth holds in
countries outsideSSAaswell. ExcludingSSAcountrieswhere
malaria incidence is the highest, a 10% reduction in incidence
is associated with an increase in GDPpc PPP of nearly 0.5%
on average (Table 4, column 5). Assuming constant elasticity
between income and incidence, malaria eradication (defined
as a 100% decrease in case incidence worldwide) would be
associated with a rightward shift in the world probability dis-
tribution of income, disproportionally benefiting the lowest
income countries (Figure 2). Similarly, using a discrete clas-
sification of countries according to income and malaria en-
demicity, greater average income gains would be achieved
amongpoorer and higher endemic countries (Figures 3 and 4).
These results are averages over the study period and may be
different over different intervals of time (Table 4, column 6).
In terms of growth, our analysis on 5-year averages shows a

negative and statistically significant effect of the lagged in-
cidence of malaria on the subsequent growth rate of GDPpc
PPP, with a 10% reduction in malaria incidence in period p−1
being associatedwith aGDPpcPPPgrowth of 0.1 percentage
point higher in period p (Table 5, column 2). Restricting our

sample to non-SSA countries yields similar results (Table 5,
column 3). In contrast to the Gallup and Sachs study, we do
not find evidence of an effect statistically distinguishable from
zero of the log change in malaria incidence on economic
growth in period p.
Next, we attempt to establish a causal relationship between

malaria incidence and GDPpc PPP using insecticide re-
sistance and antimalarial treatment failure as instruments. We
find that confirmed mosquitos’ resistance status is signifi-
cantly and positively associated with malaria case incidence
(Table 6, Panel B). This result holds with and without the in-
clusion of year fixed effects and institutional- and trade-
related covariates. Possible mosquitos’ resistance status is
also positively correlated with malaria incidence but is signif-
icant only when the aforementioned covariates are included.
The estimated second-stage coefficient of log malaria in-
cidence on GDPpc PPP are negative, significant, and rela-
tively stable (Table 6, Panel A, columns 1 and 2). Turning to
our second IV candidate, antimalarial treatment failure, the
first-stage coefficient is significant and negative, which is
consistent with the observed higher levels of antimalarial
treatment failure in lower malaria transmission areas.55 In
high-transmission areas, such as SSA, an emerging drug-
resistant parasite faces greater competition from drug-
sensitive parasites that already occupy most of the host
population, making themmore prone to extinction. This is one
explanation for the faster evolution of higher drug resistance
in lower transmission settings.55 Again, the second-stage
coefficients of log malaria incidence on GDPpc PPP are
negative and significant (Table 6, Panel A, columns 3 and 4).
The pooled-IV approach allows us to test for instrument
coherence or exogeneity under the assumption that at least
one instrument is valid. The Hansen J-statistic does not
reject the null that insecticide and antimalarial drug re-
sistance are valid instruments (Table 6, columns 1, 2, and 5).
A note on instrument strength is, however, warranted de-
spite the first-stage statistical significance of the instru-
ments and F-statistics above the “rule of thumb” value of
10.48 Although all of our 2SLS estimations are robust to
clustered standard errors at the subregional level (Table 6),
they are not robust to the country-level clustering of stan-
dard errors (Table 7).
Finally, we present estimates of one potential channel

throughwhichmalariamay affect economic outcomes—labor
productivity. In Table 8, the coefficient on the interaction term
of the labor share and malaria incidence is essentially a

TABLE 5
Within regressions of annual GDPpc PPP growth rates on log malaria incidence and annual change in malaria incidence using 5-year averages

All (1) All (2) Non-SSA (3)

Log malaria incidencep−1 −0.014*** [−0.023, −0.004] −0.011** [−0.021, −0.001] −0.010* [−0.020, 0.000]
Log change in malaria incidencep −0.000 [−0.004, 0.004] 0.000 [−0.004, 0.004] −0.004 [−0.012, 0.004]
Log GDPpc PPPp−1 −0.095*** [−0.140, −0.049] −0.113*** [−0.162, −0.064] −0.097*** [−0.147, −0.047]
Years of schooling p−1 0.007* [−0.001, 0.015] 0.000 [−0.008, 0.009] −0.002 [−0.012, 0.009]
Life expectancyp−1 0.003* [−0.000, 0.006] 0.001 [−0.002, 0.004] 0.003 [−0.004, 0.009]
Trade per cent of GDPp 0.000 [−0.000, 0.000] 0.000 [−0.000, 0.000] 0.000 [−0.000, 0.000]
Rule of Lawp 0.037* [−0.001, 0.075] 0.039** [0.003, 0.076] 0.035 [−0.012, 0.081]
Year effects No Yes Yes
R-squared 0.256 0.287 0.205
Number of observations 270 270 208
Number of countries 135 135 104
Note:*P<0.10, **P<0.05, ***P<0.01.All estimationsusedstandarderrors clusteredat thecountry level and95%CIsaregiven inbracketsbelowcoefficients. Thedependent variable is the5-year

average of instantaneous annual growth rate (gy) of GDPpc PPP:gy = 1/t[ln(Yt)−ln(Yt−1)].
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second derivative: the effect of a marginally higher labor
share with a 10% increase in malaria incidence is negative
and statistically significant with a magnitude of −1.1 (col-
umn 4). These estimations are relatively stable across
specifications and control for a host of other confounding
factors that may affect industry growth rates at the
industry–year, country–year, and industry–country levels.
Malaria elimination could increase, ceteris paribus, the ef-
fect of labor share on industry growth rates by 11 per-
centage points.

DISCUSSION

This study took a contemporary look at the seminal work by
Gallup and Sachs published in 2001, which still shapes the
global advocacy agenda with regard to malaria and its asso-
ciation with economic development. We found that in OLS
specifications similar to the Gallup and Sachs study, a 10%
reduction in malaria incidence is associated with GDPpc PPP
levels 1.8–1.9% higher over the period 2000–2017. In our
preferred specification, which controls for country-specific
effects, such as institutions, socioeconomic, and geo-
graphical characteristics, as well as year effects, reducing
malaria incidence by 10% was associated with an increase in
GDPpc PPP of nearly 0.3% on average over the study period.
In terms of growth, we found that a 1% reduction in malaria
incidence in the previous period is associated with a 0.01
percentage point faster growth in GDPpc PPP in the current
period. Reduction in incidence would disproportionately
benefit countries with the highest malaria burden and lowest
income levels. Unlike Gallup and Sachs, we did not find evi-
dence of a significant relationship between change in malaria
incidence and income growth rates using consecutive 5-year
periods.14 Overall, although our numbers are substantial, they
are much smaller than those reported in the original work.14

This is probably inevitable in that the marginal benefits to
malaria control have been reduced by concerted international
action over the past 17 years.27 These efforts have already led
to substantial dividends as a consequence of reductions in
malaria incidence since 2000. Most likely, the differences in
results reflect differences in the methods and data that were
used. A significant slightly smaller negative relationship be-
tweenmalaria incidence and per capita income growth for the
period 1983–1997 was also reported elsewhere.56

Our attempt to establish a causal relationship between
malaria incidence and incomeusing 2SLShas several caveats

that need to be discussed. First, the analyses are performed
on a subsample of countries and years for which antimalarial
treatment failure and insecticide resistance data are available.
Although the studies from which the data are collected span
several years and multiple studies were available each year,
the data had to be collapsed to match with corresponding
GDPpc PPP and covariates data at the country–year level.
Second, clustering of standard errors is usually recommended
at the level of exposure, which, in our case, is antimalarial
treatment failure and resistanceofmosquitoes to insecticides.
Our strongest results come from analyses where the standard
errors are clustered at the subregional level. This approach lies
on the assumption that insecticide resistance and antimalarial
treatment failure may emerge because of factors that are
consistent more within subregions than arbitrary country
borders, such as environmental and biological factors. Under
this assumption, our instruments seem to be valid under both
panel IV and pooled-IV methods. Our panel and pooled-IV
estimations are, however, not robust to clustering at the
country level, which may be due to insufficient observations
for each country or insufficient variation within the data. Third,
the estimates from an IV approach may, of course, not con-
verge to the true parameter value but instead give a local im-
pact driven by variations in the specific IV, also known as the
LATE.57,58 Fourth, the use of resistance of mosquitoes to
pyrethroid-only–based insecticides as instrument may over-
look the relationship between insecticide resistance, agricul-
tural practices, and economic outcomes, thus challenging the
exclusion restriction.59,60,61

Finally, our examination of one potential mechanism, labor
productivity, shows that ceteris paribus, industries with the
same level of labor intensity, given by the share of wages in
total value added, tend to grow slower in countries with higher
malaria. Our findings are comparable with recent estimates
from other empirical studies which use micro-level data to
examine the link between malaria and development out-
comes, relying on some exogenous variation to attribute
causality. A study by Bleakley published in 2010 identifies the
effect of childhood exposure to malaria elimination efforts on
subsequent adult labor productivity by comparing cohorts
basedonbirth years before andafter elimination efforts aswell
as across regions with high and low malaria prevalence.34

Compared with non–malaria-endemic areas, cohorts of chil-
dren born after elimination efforts had higher income as adults
than the preceding generation.34 Persistent childhood in-
fection of malaria was found to reduce adult income by 50%

TABLE 8
Within regressions of log value added at the 2-digit industry level on log malaria incidence interacted with industry labor share

(1) (2) (3) (4)

Log value addedt−1 −0.439*** [−0.489, −0.390] −0.479*** [−0.532, −0.426] −0.527*** [−0.590, −0.463] −0.601*** [−0.671, −0.531]
Labor share −1.546*** [−1.720, −1.371] −1.548*** [−1.730, −1.367] −1.810*** [−1.985, −1.635] −1.822*** [−2.003, −1.642]
Log malaria incidence 0.052*** [0.013, 0.091] 0.037* [−0.004, 0.077] – –

Labor share* log
malaria incidence

−0.174*** [−0.267, −0.081] −0.181*** [−0.274, −0.088] −0.107** [−0.197, −0.017] −0.111** [−0.201, −0.022]

Country–year effects No No Yes Yes
Industry–year effects No Yes No Yes
R-squared 0.440 0.505 0.553 0.628
Number of observations 11,606 11,606 11,606 11,606
Number of country–industry
pairs

1,597 1,597 1,597 1,597

Note:pP<0.10,ppP<0.05,pppP<0.01. Labor share is definedas the shareofwages in the total valueadded.Column (1) includes individual year effects andall estimations includecountry-industry
fixed effects. Standard errors are clustered at the country–industry level; 95% CIs are given in brackets next to coefficients.
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with similar estimates obtained in separate analyses for the
United States, Mexico, Brazil, and Colombia.34 A similar
identification strategy applied to India finds that a 10% point
decrease inmalaria incidence raises per capita expenditure by
1.5–6.8%.32 In Uganda, findings suggest that malaria elimi-
nation would lead to 5–20% increase in income annually via
improvements in educational attainment.33

The more recent empirical literature on health and eco-
nomic development has shown that the link between the
two is relatively tenuous.3,9,12 This is in part due to life ex-
pectancy at birth, the most commonly used measure of
health outcomes, being jointly determined with income and
growth. Moreover, it is often the case that the disease
burden, particularly in tropical areas, impacts economic
outcomes via other channels such as the acquisition of
human or physical capital, greater fertility, etc. Our malaria-
related case study contributes to this literature on the
intrinsic link between health and economic growth and
underscores the continued relevance and important role
of malaria control in the current agenda for sustainable
development.
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Internationales et duDéveloppement/TheGraduate Institute, Geneva,
Switzerland, E-mails: nayantara.sarma@graduateinstitute.ch and
jean-louis.arcand@graduateinstitute.ch. Edith Patouillard and Richard
E. Cibulskis, World Health Organization, Geneva, Switzerland, E-mails:
patouillarde@who.int and cibulskisr@who.int.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. Acemoglu D, Johnson S, 2007. Disease and development: the
effect of life expectancy on economic growth. J Political Econ
115: 925–985.

2. Bhargava A, Jamison DT, Lau LJ, Murray CJ, 2001. Modeling the
effects of health on economic growth. J Health Econ 20:
423–440.

3. Bloom DE, Canning D, Sevilla J, 2004. The effect of health on
economic growth: a production function approach.World Dev
32: 1–13.

4. HamoudiAA,SachsJD,1999.EconomicConsequencesofHealth
Status: A Review of the Evidence. Cambridge, MA: Center for
International Development, Harvard University.

5. Pritchett L, Summers LH, 1996.Wealthier is healthier. The Journal
of Human Resources 31: 841–868.

6. Webber DJ, 2002. Policies to stimulate growth: should we invest
in health or education? Appl Econ 34: 1633–1643.

7. Barro R, 1996. Determinants of Economic Growth: A Cross-
Country Empirical Study. Cambridge, MA: National Bureau of
Economic Research.

8. WHO Commission on Macroeconomics and Health & World
Health Organization, 2001. Macroeconomics and Health:
Investing in Health for Economic Development: Executive
Summary/Report of the Commission on Macroeconomics and

Health. Geneva, Switzerland: World Health Organization.
Available at: https://apps.who.int/iris/handle/10665/42463.

9. Weil DN, 2014. Health and economic growth. Handbook of Eco-
nomic Growth. Amsterdam, Netherlands: Elsevier, 623–682.

10. Grossman M, 1972. On the concept of health capital and the
demand for health. J Political Econ 80: 223–255.

11. Alsan M, Bloom D, Canning D, Jamison D, 2008. The conse-
quences of population health for economic performance.
Bennett SGL, Mills A, eds.Health, Economic Development and
Household Poverty. Oxon, United Kingdom: Routledge.

12. Acemoglu D, Johnson S, Robinson J, 2003. Disease and devel-
opment in historical perspective. J Eur Econ Assoc 1: 397–405.

13. Bleakley H, 2006. Disease and Development: Comments on
Acemoglu and Johnson. Remarks Delivered at the NBER
Summer Institute on Economic Fluctuations and Growth, July.
Cambridge, MA: National Bureau of Economic Research,
73–117.

14. Gallup JL, Sachs JD, 2001. The economic burden of malaria. Am
J Trop Med Hyg 64: 85–96.

15. Acemoglu D, Johnson S, Robinson JA, 2001. The colonial origins
of comparative development: an empirical investigation. Am
Econ Rev 91: 1369–1401.

16. United Nations, 2015. Transforming Our World: the 2030 Agenda
for Sustainable Development. New York, NY: United Nations.

17. Amoah B, Giorgi E, Heyes DJ, van Burren S, Diggle PJ, 2018.
Geostatistical modelling of the association between malaria
and child growth in Africa. Int J Health Geogr 17: 7.

18. Assenova VA, Regele M, 2017. Revisiting the effect of colonial
institutions on comparative economic development.PLoSOne
12: e0177100.

19. Bendavid E, 2017. Malaria control adds to the evidence for health
aid effectiveness. PLoS Med 14: e1002320.

20. Gunda R, Shamu S, Chimbari MJ, Mukaratirwa S, 2017. Eco-
nomic burden of malaria on rural households in Gwanda dis-
trict, Zimbabwe. Afr J Prim Health Care Fam Med 9: e1-e6.

21. Hailu A, Lindtjorn B, Deressa W, Gari T, Loha E, Robberstad B,
2017. Economic burden of malaria and predictors of cost var-
iability to rural households in south-central Ethiopia. PLoSOne
12: e0185315.

22. Nonvignon J, Aryeetey GC, Malm KL, Agyemang SA, Aubyn VN,
Peprah NY, Bart-Plange CN, AikinsM, 2016. Economic burden
of malaria on businesses in Ghana: a case for private sector
investment in malaria control. Malar J 15: 454.

23. Patouillard E, Griffin J, Bhatt S, Ghani A, Cibulskis R, 2017. Global
investment targets for malaria control and elimination between
2016 and 2030. BMJ Glob Health 2: e000176.

24. Tang S, Feng D, Wang R, Ghose B, Hu T, Ji L, Wu T, Fu H, Huang
Y, Feng Z, 2017. Economic burden of malaria inpatients during
National Malaria Elimination Programme: estimation of hospi-
talization cost and its inter-province variation.Malar J 16: 291.

25. Xia S, Ma JX, Wang DQ, Li SZ, Rollinson D, Zhou SS, Zhou XN,
2016. Economic cost analysis of malaria case management at
the household level during the malaria elimination phase in The
People’s Republic of China. Infect Dis Poverty 5: 50.

26. Cibulskis RE, Alonso P, Aponte J, Aregawi M, Barrette A,
Bergeron L, Fergus C, Knox T, Lynch M, Patouillard E, 2016.
Malaria: global progress 2000–2015 and future challenges.
Infect Dis Poverty 5: 61.

27. World Health Organization, 2018. World Malaria Report 2018.
Geneva, Switzerland: WHO.

28. World Health Organization, 2016. World Health Statistics 2016:
Monitoring Health for the SDGs Sustainable Development
Goals. Geneva, Switzerland: WHO.

29. Baltagi B, 2008. Econometric Analysis of Panel Data. Chichester,
West Sussex: John Wiley & Sons.

30. Wooldridge JM, 2010.EconometricAnalysis of CrossSection and
Panel Data. Cambridge, MA: MIT press.

31. Chima RI, Goodman CA, Mills A, 2003. The economic impact of
malaria in Africa: a critical review of the evidence.Health Policy
63: 17–36.

32. Cutler D, Fung W, Kremer M, Singhal M, Vogl T, 2010. Early-life
malaria exposure and adult outcomes: evidence from malaria
eradication in India. Am Econ J Appl Econ 2: 72–94.

1414 SARMA, PATOUILLARD, AND OTHERS

mailto:nayantara.sarma@graduateinstitute.ch
mailto:jean-louis.arcand@graduateinstitute.ch
mailto:patouillarde@who.int
mailto:cibulskisr@who.int
http://creativecommons.org/licenses/by/4.0/
https://apps.who.int/iris/handle/10665/42463


33. Barofsky J, Anekwe TD, Chase C, 2015. Malaria eradication and
economic outcomes in sub-Saharan Africa: evidence from
Uganda. J Health Econ 44: 118–136.

34. Bleakley H, 2010. Malaria eradication in the Americas: a retro-
spective analysis of childhood exposure.AmEcon J Appl Econ
2: 1–45.

35. Dillon A, Friedman J, Serneels P, 2014. Health Information,
Treatment, and Worker Productivity: Experiemnetal Evidence
fromMalaria Testing andTreatment amongNigerianSugarcane
Cutters. Norwich, United Kingdom: School of International
Development, University of East Anglia.

36. HongSC, 2011.Malaria and economicproductivity: a longitudinal
analysis of the American case. J Econ Hist 71: 654–671.

37. Hong SC, 2013. Malaria: an early indicator of later disease and
work level. J Health Econ 32: 612–632.

38. Rajan RG, Zingales L, 1998. Financial dependence and growth.
Am Econ Rev 88: 559–586.

39. Arcand J, Araujo E, Menkulasi G, Weber M, 2016. Health Sector
Employment, Health Care Expenditure, and Economic Growth.
Washington, DC: World Bank.

40. Burbidge JB, Magee L, Robb AL, 1988. Alternative transforma-
tions to handle extreme values of the dependent variable. J Am
Stat Assoc 83: 123–127.

41. Arcand J, Berkes E, Panizza U, 2015. Too much finance? J Econ
Growth 20: 105–148.

42. Baiocchi M, Cheng J, Small D, 2014. Tutorial in Biostatistics: in-
strumental variable methods for causal inference. Stat Med 33:
2297–2340.

43. World Health Organization, 2009. Methods for Surveillance of
Antimalarial Drug Efficacy. Geneva, Switzerland: WHO.

44. World Health Organization, 2019.Malaria Threats Map. Available
at: http://apps.who.int/malaria/maps/threats/. Accessed Jan-
uary 31, 2019.

45. World Health Organization, 2018. WHO Malaria Terminolgy. Ge-
neva, Switzerland: WHO.

46. World Health Organization, 2016. Test Procedures for Insectiside
Resistance Monitoring in Malaria Vector Mosquitoes (updated
June 2018). Geneva, Switzerland: WHO.

47. Lousdal ML, 2018. An introduction to instrumental variable assump-
tions, validation and estimation. Emerg Themes Epidemiol 15: 1.

48. Stock JH, YogoM, 2002. Testing for Weak Intruments in Linear IV
Regression. Cambridge, MA: National Bureau of Economic
Research. NBER Technical Working Paper No. 284.

49. United Nations, Department of Economic and Social Affairs,
Population Division, 2019. World Population Prospects 2019,
Online Edition. New York, NY: United Nations.

50. TheWorldBank, 2019.WorldDevelopment Indicators. Available at:
https://search.library.wisc.edu/catalog/999829583602121.
Accessed 15 January, 2018.

51. Barro RJ, Lee JW, 2013. A newdata set of educational attainment
in the world, 1950–2010. J Dev Econ 104: 184–198.

52. Mayer T, Zignago S, 2011.Notes on CEPII’s DistancesMeasures:
The GeoDist Database. Paris, France: Centre d Etudes Pro-
spectives et d Informations Internationales.

53. Preston SH, 1975. The changing relation between mortality and
level of economic development. Popul Stud 29: 231–248.

54. United Nations Industrial Development Organization, 2019.
INDSTAT2–Industrial Statistics Database. Available at: https://
www.unido.org/researchers/statistical-databases. Accessed
April 15, 2019.

55. Bushman M, Antia R, Udhayakumar V, de Roode JC, 2018.
Within-host competition can delay evolution of drug resistance
in malaria. PLoS Biol 16: e2005712.

56. McCarthy D, Wolf H, Wu Y, 2000. The Growth Costs of Malaria.
Cambridge, MA: National Bureau of Economic Research.

57. Deaton A, 2010. Instruments, randomization, and learning about
development. J Econ Lit 48: 424–455.

58. ImbensGW, 2010. Better LATE than nothing: some comments on
Deaton (2009) and Heckman and Urzua (2009). J Econ Lit 48:
399–423.

59. Reid MC, McKenzie FE, 2016. The contribution of agricultural
insecticide use to increasing insecticide resistance in African
malaria vectors.Malar J 15: 107.

60. Sternberg ED, ThomasMB, 2018. Insights from agriculture for the
management of insecticide resistance in disease vectors. Evol
Appl 11: 404–414.

61. Bird WA, 2017. Net loss? Agrochemicals and insecticide re-
sistance in the fight against malaria. Environ Health Perspect
125: A50–A57.

THE ECONOMIC BURDEN OF MALARIA: REVISITING THE EVIDENCE 1415

http://apps.who.int/malaria/maps/threats/
https://search.library.wisc.edu/catalog/999829583602121
https://www.unido.org/researchers/statistical-databases
https://www.unido.org/researchers/statistical-databases

