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Abstract

Over the last two decades, the role of health detarminant of growth
has been gaining ground in economic analysis duentger average life
expectancy at birth or lower infant mortality expeced in developing
and fast-growing emerging economies. The empiraggroach to this
problem, based primarily on econometric analyses focused on two
alternative approaches; the growth accounting nsodeld the “a la
Barro” regressions. This study aims to measure the contribution of
health to economic growth using a panel of 91 ceemiver the period
1960-2005, and to compare the estimated impacetébhealth status
on long-run per capita income under those two aggres, controlling for
potential endogeneity. Our main results show thegmal effect of the
change in health status in the long-term income bietween 2.6% in the
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growth accounting models and 8.3% in the “a la &amegressions.
These results are consistent with the marginalceffeve simulate and
quantify using the health-growth point estimatesunib in earlier
literature.
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1. Introduction

In recent years, the role played by health as erétieal and empirical
determinant of growth has been gaining prominencsconomic analysis
(Guillermo Lopez Casanovas et al., 2005; Barro,32(decause of the
increasing interest in explaining the role of hunwapital and living
conditions as well as health-enhancing public pedicon long-run
growth, especially in converging countries over kgt 60 years or so
(Daron Acemoglu and Simon Johnson, 2007).

In this paper, we conducted an empirical studyhef ¢ontribution of
health to economic growth changes by comparingmethods frequently
used in the literature, namely the growth accognénd the “a la Barro”
regressions, using a common comprehensive paneowfitries from
1960 to 2005 and a common database of the explgnasmiables. In
addition, we control for potential endogeneity betéw our health and
economic growth variables running Instrumental-gble regressions.
The main questions we addressed are: What is thigimah impact of
health on long-term per capita income estimatedhftbose approaches
and how can they be made interpretatively compafabHow do these
results contrast with those that can be calculatedhe basis of earlier
literature regressions?

This paper is organized as follows: Section 2 shdlves literature
review on the relationship between health and gnp®ection 3 presents
a methodological description of the expected mailgffects of health on
growth; Section 4 shows the application of the nhazitimated to be
drawing on standard results in the abovementiorezbretical and
econometric literature; Section 5 displays the ecwgiric results; and
Section 6 concludes and provides some policy irtsigh



2. Literature Review

The theory of economic growth has incorporatedthead a determinant
of long-run economic growth rates in various wdyg, more generally as
a component of human capital (Isaac Ehrlich anchdéisaLui (1991),

Robert Barro (1996), Sebnem Kalemly-Ozcan, Harl ékydnd David

Weil (2000), Peter Howitt (2005), Rosa Aisa andnBado Puello (2006),
Adriaan Van Zon and Joan Muysken (2007), Thomagy@sa Jayanta
Sarkar (2008), Manash Gupta and Trishita BarmadQRQdsaac Ehrlich

and Yong Yin (2013)). Nearly all of these revievamsist of endogenous
growth models, part of them assuming overlappingeg&ions and
endogeneizing health as variable and simulatinggtioeth equilibrium

paths using calibration methods. Another approaatigsecting the effect
of health on long-run growth is found in Acemoghuwalohnson (2007)
study, who based on a statistical approach, ardw there are
epidemiologic transitions when there are significamd long term health-
enhancing events such as new vaccines or medeaintents to cure
widespread diseases. Now, how does health drivieehignd sustained
long-run economic growth rates? Ehrlich and Lui9IPassociate health
with the probability of young and mature adultstvéeal, assuming a
higher probability, and therefore an improved Healiatus, will cause a
larger investment in human capital and eventualiygher growth rate.

Barro (1996) identifies two channels through whiokalth affects
economic growth. First, there is a direct posiwfect of health on labor
productivity. Second, similar to Ehrlich and Lui9dl), there is an
indirect effect through the probability of survivail the adult population.
Along the same lines, Kalemly-Ozcan et al. statat ta higher life
expectancy at birth causes a rise in human capiaktment and hence
on long-run growth rates.

More recently, and on a related research avenudickhand Yin
(2013) used an overlapping generations endogenouglgmodel to find
that investing in children health protection raisesirns to education, and
by way of this knowledge, capital and economy’saghorate. However,
unlike in previous related models, Ehrlich and Y2013) endogeneize
the probability of young and mature adults’ surVitreat in turn explains
life expectancy and population ageing. This studly fimd out whether
the income spent in health can reach a statiortatg §1 an endogenous



growth equilibrium framework, and which economicrigbhles may
produce that result and its dynamics.

Finally, Barro (2013) proposed a new theoreticahfework with an
extension of the neoclassical model that considetonly the impact of
health status on economic growth, but also the ipleseffects of
economic growth on health status. The author apalyhis considering
three different institutional frameworks: health agrivate good, health
as a subsidized private, and health as a publid.goee model captures a
direct effect of health on productivity and an medt effect linked to the
downward effect of health status on mortality andedse rate thus
generating a reduction in the rate of depreciaibhuman capital (both
education such as health). Through this channeh@ease in the health
status increases the demand for human capitalyagérga positive effect
on productivity.

On the empirical level, there have been two maenaes of research
to address the problem of how much and when hedditermines
economic growth. First, growth accounting, thatngdels that measure
how each factor of production, which can include thealth status,
contributes to the rate of economic growth. Secotite method
commonly known as "a la Barro" or conditional comence, which
regresses the real per capita GDP growth rate stgairwide range of
variables of interest, including health indicatargd/or their interactions
with other control variables. Additionally, we carention a less popular
third approach, proposed by Acemoglu and Johns67(2 who argue
that there has been a major epidemiology transitidghe 1940s to 1950s
producing a major improvement in the health statnd only marginal
changes later on, based on a statistical appraaariog a broad sample
of countries.

Within the growth accounting literature, Stepharottes and Dorian
Owen (1995), David Bloom, David Canning and Jaypesilla (2001,
2004), Almas Heshmati (2001), Berta Rivera and L@igrais (2004),
David Bloom and David Canning (2005), Scott McDahahd Jeniffer
Roberts (2005), David Weil (2007) and Hingyi Li ahthng Huang
(2009) find a robust effect and economically siguaiht effect of health
on economic growth using different sample of caestiand time spans
including in the panel dimension or single countgses (Rivera and
Currais, 2004, for Spain; Li and Huang, 2009 foimahand Bloom, et al.



for China and India). Most of these papers areaitijested or extended
version of the seminal work by Gregory Mankiw, OhJwRomer and
David Weil (1992).

For instance, Knowles and Owen (1995), estimatethigahealth status
measured as 80 years minus life expectancy atibaglying the shortfall
in average life expectancy at birth yields a sigaifit impact on per capita
income over the period of 1960 to 1985. These tesuk confirmed by
McDonald and Roberts (2005) for a broader sampeoul989. Bloom,
Canning and Sevilla (2001, 2004) for their partasmged the impact of
health on productivity using a database for a laggsup of countries,
with observations every 10 years for the period 089890, find that
health has a positive and statistically significaftect on economic
growth with a marginal effect of 4%. Heshmati (2P0Oanalyzed
conditional convergence in OECD countries in GDRI d&ealth care
expenditure for 1970-1992 considering data everg fiears and comes
up with a positive and significant effect of headtfatus, as measured by
per capita health care expenditure, on economiwtirevith a marginal
effect of about 17.5%. Moreover, Rivera and Cur(a304) analyzed the
impact of public health expenditure on economionghofor 17 regions of
Spain over the period 1973-1993 using data eveuy years and find a
positive and significant effect of health on ecomorgrowth with an
effect on the growth rate of 13%. Bloom and Cann{@2@05) concluded
that 1% increase in the adult survival rate inaeeaacome by 3% in the
long term, thus showing that health plays a sigaiit role as a
determinant of economic growth, too. Finally, LidaHuang (2009) used
annual data at the Chinese provincial level forgaeod 1978-2005, and
found a significant and positive effect of healthdaeducation on
economic growth with a marginal average effect theafl about 3.4%.

Regarding the "a la Barro" regressions, Robert @#1998), Alok
Bhargava, Dean Jamison, Lawrence Lau and Christddheray (2001),
Kwabena Gyimah-Brempong and Mark Wilson (2004)D&raisamy and
Ajay Mahal (2005), Dean Jamison, Lawrence Lau aadNang (2005),
and David Bloom, David Canning, Linlin Hu, Yualid,iAjayand Mahal
and Winnie Yip (2010) highlighted the importance lo¢alth as an
economic factor explaining long-rung per capitaome growth in a
“steady state”.



Barro (1998), for a sample of 100 countries for pleeiod 1960-1990
using average data every 5 years, obtains thah#nginal increase in life
expectancy at birth increases the growth rate byld%e same way, but
with a slightly different approach, Bhargava et(aD01), using data from
1965-1990, and dividing the sample in developed degeloping
countries, found that there is a positive and $iggmt effect of health
(measured by the adult survival rate) on incomd @&imarginal effect of
about 4%, controlling for endogeneity.

Gyimah-Brempong and Wilson (2004) investigateddfiect of health
stock on economic growth for Sub-Saharan Africa @&CD countries,
using an extended version of the Solow model thedrporates both the
stock and investment in health. The authors usedlmata over 20 years
for African countries and 35 years for OECD cowedriand estimates
made by the method of dynamic panel. They presestysiem of
equations but estimated only the growth rate téhleefocus of the work.
Control variables include the degree of opennesditiqal stability
indicators and education. As a result, the autfmusd that health has a
positive and significant effect on economic growtith a marginal effect
of health on growth of 11.1% for the countries dfi¢a and of 2.18% in
the case of OECD countries.

On the other hand, we also emphasized the contibuf Jamison,
Lau and Wang (2005) who performed an analysis Bc&untries over
the period 1965-1990, and using data every 5 yeBng authors
estimated the model by the maximum likelihood mdthasing the
algorithm HLM, and comparing the results with thos¢ained using least
squares under the existence of fixed and randoractsff In these
estimates, they found that the results under tliferdnt methods are
consistent, in the sense that there is a positive significant effect of
health on economic growth. One percent increasieaadult survival rate
leads to an increase of about 4% in growth ratsoADuraisami and
Mahal (2005), controlling for endogeneity problerfmajnd a positive and
significant effect of health on economic growthtw#é marginal effect of
about 6%. Finally, Bloom et al. (2010) explained titocess of growth in
China and India using data from a broad group ahttes for the period
1960-1990 and estimated a positive, significant aoiist effect on the
growth rate, with a marginal effect of about 10.6Pables A1 and A2 in
the appendix summarize the main results of bodmds of the literature
in comparative perspective.



3. Estimates from Growth Accounting and “a la Barrd regressions,
Methodological Aspects

In Tables A1 and A2, penultimate column in the aygjbe shows how
the results reported by the literature are quitesstent regardless of the
methodology used. However, we must be careful idren interpreting
the coefficients. In some models, the growth ratesed as endogenous
variable, and the variation in health status agierous variable. The fact
of using both variables of interest in differene@sbles us to interpret the
coefficients obtained. As stated by Bloom, Cannamgl Sevilla (2001,
2004), in this case, it may be useful to consitderlong-term effects such
that the coefficient obtained can be interpretethaseffect on the long-
term income of a marginal change in health staddslitionally, in cases
where the level of income is used as endogenouabley the interest
exogenous variable is also expressed in levelsa éansequence of that,
the interpretation of coefficients is the same.

Another problem arises when the growth rate is wse@&ndogenous
variable, and the level of health status as an exogs variable in the
regression. Because the latter is expressed itslawne the former in first
differences, it is not possible to compare thenestied coefficients as they
are when both variables are calculated in level®e @ay to overcome
this problem is to compute the health effect onldmg-term per capita
income based on the marginal effects obtained tficstedifference-on-
level regressions, as follows.

Assuming a constant growth rate, the income of ttgunn periodt is
given by

Yie = (1 +y)"Y (1)
WhereY, is the income level in the initial periogt, the constant
growth rate prior to the marginal change in healitus, anch is the
number of periods between the initial and the curperiod.

Thus, the effect on long-term income will be:

(1+y)"=(1+y)"
AY, p =———"""(2
Lp (1+yo)™ @)



where y; will be the new growth rate once the health status
modified.

To calculate the variation in long-term income ), (wve consider how
this income varies over a time periodlue to a change in growth raten
turn due to a change in health status,y.eThen, we apply Equation (2)
to the results obtained in the regressions thasiden level of health
status as the exogenous variable. For the sakenplisity, we assume
the initial growth rate g, ) is the average growth rate in our sample or 2%

per annum.

We report the variation in the growth rate atttdalito a change in
health status in the penultimate column of TablgésaAd A2 for a number
of earlier regressions in the literature, wherertbmber of periods (n) is
the number of years covered by each study. Finally,calculate the
corresponding marginal effects of health on lorrgatencome in the last
column of Tables A1 and A2.

For instance, in Barro (1998), where the margifffgiceé on growth rate
is 4%, we estimatg; as follows:

¥, =V,(1+0.04)= 0.02*(& 0.045 0.02C

From equation (2), and considering the database period used by
the author, we obtain the average long-term incoroeease predicted in
that paper

_(@+y)" = (@+y,) _ (1+0.0208) - (3 0.0%

=2.37 2.49
L+y,) (1+ 0.02§° 3798 ’

AYLP

4. Regression models

After presenting the theoretical framework of eathhe approaches,
and considering the main contributions using eaththe empirical
strategy, we now proceed to introduce our econametodels. We will
first present the growth accounting model, and gessent our model of
the "a la Barro" approach.



4.1. The Growth Accounting Model

As we have mentioned, growth accounting identitiesv different
factors contribute to the variation of productidine portion where the
product range is not from changes in the factorgalled TFP. The
assumptions we make about the TFP will charactéhieemodel that we
will estimate.

The production function we used for estimation &sdid on the
proposals by Bloom, Canning and Sevilla (2001, 204#d Bloom and
Canning (2005). Thus, the production function thatassume is defined
as

Y = AK® (L e®sSt0nM)B (3)

WhereA is the TFPK the aggregate capitdl,the number of workers,
sthe education level, aridthe health status.

The growth accounting approaches proposed for adimduestimates
work with both the level of aggregate output and éxpression in per
capita terms. However, the "a la Barro" approacbaised on finding the
determinants of the growth rate of per capita outpu this regard, in
order to compare the two approaches, we find ifulge express the
production function, as in Equation (3), in peritaperms. Dividing both
sides byL we have

Ypc = AK®* LB=1(e®PsStént)B (4)

whereYpcrepresents per capita output.

Taking logarithms of the production function, wenceaxpress the
product of country at timet as

yocie = @i + a ki + (B — 1) Ly + B (¢s Sir + OnH;e) (5)

where lowercase letter variables represent theritbgas of the
uppercase letter variables of Equation (4).

Differentiating Equation (5), we have



Aypcic = Aaje + a Ak + (B— 1) Al + B ((I)S AS;c + ©pAH;) (6)

A key to the model to be estimated is the way weehthe TFP. In
this paper, we used the modeling strategy of thE Tdised by Bloom,
Canning and Sevilla (2001, 2004) and Bloom and @an005). As
mentioned, these authors propose to model TFP diffusion process
between countries, but with possibilities of loegat differences in TFP
after diffusion was complete. Formally, we have

Aa;; = A (a;'kt - ai,t—l) + & (7)

Equation (7) indicates that the variation of TFRcobintryi will be a
proportion of its distance from its steady-statePTd, plus a random
term. This TFP equilibrium depends, in turn, on tharacteristics of the
country and the world technology frontier,

a; =06 x; + ar (8)

where x;; represents a set of determinants of TFP in eacimtog
while a; represents temporary dummy variables that indittaecurrent
state of the world TFP.

From Equation (5), established in t-1, we defind®Tif the previous
period as

&4 = Y6 —ak _ —(B-D_,~B@As_+GAH,_) (9)

Substituting Equations (8) and (9) in (7), and sitditing the result in
(6), we arrive at the final equation of growth aseting to be estimated,
that is:

Aypcir = a Ak + (B — 1) Al + B (¢s ASe + OpAH;) + A ( ar +
Sxiptaky,+ (f—-1) li,t—l + B (¢sSit—1+ P Hir—q1) —
YDCit-1) + Eir (10)

Equation (10) shows that the per capita output gravan be divided

into three components. The first is the variatibimputs, that is, physical
capital, labor and human capital composed of edutand health. The
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second is a term that measures the degree to wieatistance of TFP of
each country over its steady-state value shrinkbeing the speed of
convergence. Finally, the tergy represents the random error.

In Section 4.2, we introduced the model to estimateording to the
“a la Barro” methodology, and the results are shaw8ection 5.

4.2. The “ala Barro” Approach Estimation Model

As mentioned above, the “a la Barro” estimation glambnsists in the
regression of the growth rate against a set ofabbées, among which we
include indicators relating to health status. Tgfic in the growth
regressions, and particularly in the "a la Barmedression in addition to
the variable of interest (in our case the healtticator) the model
specification includes other variables that areemmeinants of the
endogenous variable, and the omission of which @oblas the
estimation. These variables are known as "conaohbles".

In the last two decades, there has been a prdidaran work
regarding determinants of economic growth, so thare countless
variables that can be used as control variablesumestimation. In our
case, we have chosen a number of variables basedlyrbased on the
contributions of Barro (1998) and Dabus and Laum@006).

These variables are the level of education, theestment as a
percentage of GDP, the public expenditure as ptagenof GDP, trade
openness, an indicator of the political systemndicator of enforcement
of property rights, the variation of level pricagdahe initial GDP for any
country i at time t.

It is necessary to mention that in the cross-cquatralysis, current
income coincides with initial income. In the cadepanel data analysis,
we may consider either the initial income leveltbe level of current
income. In our case, following Duraisami and Mat24l05), we chose to
use the initial income level.

Our endogenous variable, in order to make it coaigarwith the

growth accounting model, is the variation of thgdothm of real GDP
per capita. Thus, our model can be stated as fellow

11



Aypciy = a + By hyt + B2 Sit + f3 IGDP; + B4 PEGDP;, +
BsOPEN;; + (¢ POLSYS;; + f; PROP;; +
Bs LPDESV;: + Bqinigdp;; + € (11)

whereh represents the logarithm of the health stadugpresents the
logarithm of educationGDP represents the share of investment in GDP,
PEGDPrepresents public expenditure participation in GOPEN:Is the
indicator of the degree of trade openness of tlhhe@oy, POLSYSs the
indicator of the political systenRROPIs the indicator of the compliance
with property rightsLPDESVis the deviation of consumer prices index
(included as proxy of economic instability) andgdp is the logarithm
of initial GDP for each country.

According to the availability of data for all seed variables, we build
a panel of 91 countries spanning data every 5 yearhe period 1960—
2005. Table A3 in the appendix shows the sourcethadalculation of
each variable.

5. Results

In this section, we present the results of grovatoanting and the “a
la Barro” regressions. In all estimation resuléhlés in this paper show,
in parentheses, the p-value of individual signiiioatests and are denoted
with * and ** where the exogenous variables araiicant at the 5% and
10%, respectively. We use Stata 11.

5.1. Results of Estimates of the Growth Accountinfylodel

In this section, we present the results of theresion of the growth
accounting model (Equation 10). As mentioned earliwe used
temporary dummies to approximate the variation BP Tover time. As a
determinant of TFP in each country, at each momérnime, we used
three variables: openness, political system, anel lef compliance with
property rights.

Table 1 presents the summary of results of thenasiton of the growth
accounting equation. We can see the results ofréigeession using
different panel estimators. Column 1 presents #wilts of the model
assuming that its intercept term is the same focaintries, that is, the

12



pool model. The second column supposes a consttarcept for each
country (fixed effects model), while the third colo presents the results
of the random effects model, which assumes thah eatntry has a
different intercept, which is randomly distributeBlinally, in the last
column we presented the Panel Standard Corrected (SCE) model,
which corrects the regression residuals for thegaree of autocorrelation
and heteroskedasticity.

Regardless of the estimation technique used, werobshat the health
status, represented by life expectancy at births hapositive and
significant effect on output growth. Regarding eation, it is not
significant in explaining changes in income whies, expected, changes
in physical capital are significant in explaininiganges in the product. In
relation to labor, considering the fact that GDPiatéon is expressed in
per capita terms, the coefficient of the varialdenegative, unlike what
would happen if we considered the variation of aggte output. This is
because when the labor force increases, it geiseaafositive effect on
income but less than proportional, so that thecppita income will fall.

Table 1: Growth Accounting Model

Variable Pool Fixed Random PCSE
model effects effects
Capital 0.062* 0.144* 0.061* 0.052*
(0.000) (0.000) (0.000) (0.001)
Labor —0.497* —0.328* —0.485* —0.432*
(0.000) (0.020) (0.000) (0.003)
Education 0.023 0.003 0.019 0.017
(0.122) (0.848) (0.200) (0.278)
Health 0.009* 0.003 0.009* 0.008**
(0.003) (0.283) (0.003) (0.064)
Openness 0.0005* 0.00007 0.0005* 0.0004*
(0.000) (0.743) (0.000) (0.001)
Political 0.0002 —0.003* 0.00006 —0.00002
system (0.780) (0.003) (0.945) (0.983)
Property —-0.001 0.018 —0.0001 —0.00006
rights (0.802) (0.084) (0.983) (0.994)
Constant 0.055 2.477 0.080 0.098
(0.450) (0.000) (0.308) (0.292)
Observations 819
Source: Own elaboration.
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Which is the “best” estimator? In Table 2 we cae fi®at both the
individual significance tests of the fixed effecemd the Breusch and
Pagan tests (1980) indicated the existence of fexadl random effects.
Therefore, we can rule out the pool model. At tlenes time, the
Hausman test (1978) showed that there are signtfiddferences in the
estimated coefficients under fixed and random ¢&dfestimators, so that
in this case it is recommendable to use fixed-éffestimation.

The modified Wald test proposed by Greene (200djcates the
presence of heteroskedasticity, while the Wooldridgst indicates the
presence of serial correlation. However, the Waodig test has a
drawback, which is related to the tendency to tejlee null hypothesis
even when this is true under the presence of raneffects. The test of
Bera et al. (2001) is valid even under the exigtasfacandom effects, and
confirms the presence of serial correlation. A®@asequence we perform
the PCSE model correcting for the presence of bsgkedasticity and
autocorrelation.

Thus, our appropriate model in this first approxiomis given by the
PCSE model, which includes the correction for loetkedasticity and
autocorrelation. This model shows the existenca significant positive
effect of health (represented by life expectancybiagh) on economic
growth.

14



Table 2: Test in the growth accounting model

Test Null hypothesis | Statistic | P- Result
value | value
Fixed effects Fixed effects are| 11.86 0.000 Fixed effects are
significance not significant significant
Random effects There are no 7.50 0.006| There are random
existence random effects effects
(Breusch and
Pagan)
Difference The estimated | 478.50 | 0.000 There are
between fixed angd coefficients are differences in the
random effects similar estimated
(Hausman) coefficients
Panel data Homoscedasticity 5215.68 0.000 Heteroskedasticity
heteroskedasticity
(Wald)
Autocorrelation in No 74.133 | 0.000 Serial correlatior
panel data autocorrelation
(Wooldridge)
Autocorrelation in No 16.70 | 0.000] Serial correlation
panel data (Bera| autocorrelation
Sosa-Escudero
and Yoon)

Source: Own elaboration.

As stated by Bloom and Canning (2005), the relatigm between
human capital and growth in the growth accountingdets has
historically encountered bicausality problems, I tsense that higher
income can lead to better health indicators, ad aglbetter education
indicators. This situation can generate biasediatohsistent estimators.
This problem can be solved, as the authors sughesyeemploying an
instrument, i.e. a variable that meets two requamts, first that it must
be correlated with human capital variables, andms@cthat it must not be
correlated with the error term.

We instrument the variables of health and educatging their lagged
values of changes in both variables. These vasaldatisfy the
characteristics required to be an instrument: they correlated with
variations in the human capital variables, and wareorrelated with the

15



error term. Table 3 shows the results of the madgtumenting human
capital variables.

Table 3: Model using instrumental variables

Variable Fixed Random effects
Effects
Capital 0.116* 0.166*
(0.000) (0.000)
Labor —0.423% —0.675*
(0.014) (0.000)
Education —0.006 0.052
(0.962) (0.243)
Health 0.026* 0.022*
(0.008) (0.000)
Openness 0.0005 0.0006*
(0.118) (0.000)
Political system —0.004* 0.001
(0.001) (0.250)
Property 0.018 0.005
rights (0.112) (0.459)
Constant 1.950 0.045
(0.008) (0.559)
Observations 728
Hausman Test Statistic Value: 208.28
(Difference
between fixed P-Value: 0.000
and random
effects)

Source: Own elaboration.

For both estimations, we see that health has diy®sind significant
effect on the growth rate of per capita output. Ha@isman test indicates
that it is convenient to use the fixed-effects mpods there are significant
differences in the estimated coefficients undehhboethods. Thus, our
final preferred model is instrumental variablesedl-effects model. It
indicates that there is a positive and significafifiect of health status on
economic growth, with a marginal effect of 0.02isTimplies that a
marginal increase in life expectancy at birth byehr raises the level of
long-term income by 2.6%.
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Thus, the estimated growth accounting model shdws there is a
positive and significant effect of health on ecomgrowth, confirming
the prediction of the economic theory and earlagregs.

5.2 Results of the "a la Barro" Approach

Table 4 shows the results of our “a la Barro” regren (Equation 11).
Overall, health has a positive and significant @ffen economic growth.
At the same time, investment, as a share of G, lads a positive and
significant effect on economic growth regardless tbé estimation
techniques used. Public spending, as a share of &Pthe variation in
price levels (as proxy of economic instability)s@lhave significant
effects on growth, although in this case this igatwe. Openness,
institutional variables, and the logarithm of ialtper capita income, are
not significant in explaining economic growth.

Table 4: The “A la Barro” Model

Variable Pool Fixed Random PCSE
Model effects effects

Health 0.129* —-0.001 0.115* 0.108**
(0.007) (0.989) (0.020) (0.069)

Education —0.003 -0.015* —0.004 —0.003
(0.260) (0.002) (0.182) (0.291)

Investment/GDP 0.004* 0.006* 0.005* 0.005*
(0.000) (0.000) (0.000) (0.000)
Public —0.003* -0.010* —0.003* —0.003*
expenditure/GDP (0.001) (0.000) (0.000) (0.002)
Openness —-0.0001 —0.0007* —-0.0001 —0.0001
(0.275) (0.003) (0.204) (0.097)
Political system | —0.00001 —0.001 —0.0001 —0.0003
(0.984) (0.149) (0.831) (0.763)

Property Rights —0.001 0.027* 0.0001 0.0007
(0.866) (0.004) (0.987) (0.922)

Variation in —0.000001 | —0.0000007| —0.000001* | —0.000001**

Prices Level (0.002) (0.130) (0.03) (0.054)

Initial GDP per 0.001 5.853 0.004 0.004
capita (0.825) (0.785) (0.492) (0.591)
Constant —-0.503 —-45.59 -0.467 —0.442
(0.004) (0.786) (0.010) (0.041)

Observations 819

Source: Own elaboration.
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Table 5 exhibits a battery of statistical tests ighthe Hausman test,
shows it is more appropriate to adopt a fixed-effemodel against a
random-effects model. However, the Wald and BeosaSEscudero and
Yoon tests detect the presence of heteroscedgsiiuit serial correlation.
Thus, we must remedy for these problems using @®E°model, which
is our final model. It tells us that health has asiive and significant
effect on economic growth with a marginal value 0108. Applying
Equation (2) to compute the effect of health on el of long-term
income, we get that a marginal increase in lifeegxancy at birth by 1

year raises the level of long-term income by 8.3%.

Table 5: Test in “a la Barro” Model

Test Null hypothesis | Statistic P- Result
value value
Fixed effects Fixed effects are 2.49 0.000 Fixed effects are
significance not significant significant
Random effects There are no 11.66 0.0006 There are random
existence random effects effects
(Breusch and
Pagan)
Difference The estimated 31.07 0.000 There are
between fixed angd coefficients are differences in the
random effects similar estimated
(Hausman) coefficients
Panel data Homoskedasticity | 19098.83 0.000 Heteroskedastiq
heteroskedasticity
(Wald)
Serial correlation| No serial| 5.608 0.020 Serial correlation
in panel data | correlation
(Wooldridge)
Serial correlation| No serial| 35.22 0.000 Serial correlation
in panel data | correlation
(Bera, Sosa-
Escudero and
Yoon)

Source: Own elaboration.
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5.3. Summary of Results

Throughout the different sections of this paper haee developed two
different empirical strategies to measure the i@tahip between health
and economic growth: growth accounting and "a lar@aregressions.
Using both techniques, we found that health hagsitipe and significant
effect on economic growth. In this section, we exed the robustness of
the results. Our results will be robust if they dochange if we use
alternative estimation techniques and/or differeatiables concerning
education and health.

In relation to the estimation techniques, in theecaf the growth
accounting model, we used different estimation reples including
instrumental variables, in addition to correctiémsserial correlation and
heteroskedasticity. In the case of the “a la Bamegression model, we
also used different estimation techniques and dhired
heteroskedasticity and serial correlation correstialong with the PCSE
estimator. In all cases, the results are consistétit respect to the
significant effect of health on economic growth.

Another issue that may affect the validity of ogtimates is the time
series properties of our panel data (de Mello-Sympad de Sousa-Vale,
2014), in particular if the variables used in estiimg are expressed in
levels. Table A5 in the Appendix shows the resoftthe Levin-Lin-Chu
test (2002), the most used in the literature t@atethe existence of unit
roots in panel data. As we reject the null hypathdbe series are
stationary, avoiding the existence of spuriousesgjons.

With regard to the variables used, Tables A6 andrmthe appendix
display the regression output considering alteveaphysical capital,
health and education variables. The latter twalaeanfant mortality rate,
and the average years of secondary education aydttinn out to be
robust.

In conclusion, regardless of the methodologieswtinaccounting and
"a la Barro" regressions) of the preferred estiamatechniques, and of the
physical and human capital variables used, we fothad there is a
positive, significant and robust effect of health economic growth.
Table 6 summarizes our main results and puts it icomparative
perspective highlighting the long-run effect of kie@n income produced
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by either increases the life expectancy at birttraases by 1 year or
decreases in the infant mortality rate by 1%.

Table 6: Summary and Comparison of Results-Rolstish@&ors

Model Estimation Marginal Marginal
Technique effect of effect of health
health on on long-term
long-term income-Infant

income-Life | mortality rate
expectancy at

birth
Growth Instrumental 2.6%. 0.1%
Accounting, | Variables, fixed
effects
A la Barro, PCSE, fixed effects 8.3%. 1.8%

Source: Own elaboration.
6. Conclusions

In this paper we analyzed and quantified the ewgdireffect of the
health status in long-run economic growth usingaliase including 91
countries over the period 1960-2005. We measuretéalth status using
life expectancy at birth and for the sake of robass another variable
which is the infant mortality rate, defined as tmember of deaths of
infants under one year old per 1,000 live births.

Our main contribution was twofold. First, we apgdlievo different
estimation techniques —growth accounting and candit convergence
panel regressions- to a homogeneous dataset im twdestimate the
marginal impact of health in long-run per capit@ame: How much
additional per capita income does a 1% improvenmerthe population
health status cause? Second, we simulated andiftechthe size of that
marginal impact in a selection of earlier papersthe literature, as
detailed in Table Al.

Irrespective of the estimation technique adopted eorrecting for
potential endogeneity we found a robust effect eéltih on long-run
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economic growth, controlling for other popular detgmants in the

literature such as education, institutions, tragenmess, property rights,
inflation and country income at the sample iniyi@ar (1960). A marginal
change in the health status, proxied by life exquexy at birth (10.8% in
our preferred estimated equation), increases langper capita income
by 8.3% in the case of “a la Barro regressions” bpd2.6% when the
growth accounting technique is employed. These malrgffects are in

line with our simulations on earlier contributiotwsthe literature (Tables
Al and A2).

These findings call for more effective, preventiamd growth-
enhancing health public policies, in particular daveloping countries
where life expectancy at birth is lower and infamtrtality rates higher
than in developed countries, conducive to improvireglth conditions.
Healthier populations are more creative, more &biavest in education,
more productive, more adaptive to changes in theiosoonomic
environment and therefore contribute to raisingdpmtivity and long-run
income.

We suspect the marginal effect of extending lifpestancy at birth or
reducing infant mortality in those poorer countriggere the former is
around 50 years and the latter between 70 andrif@6ts deaths per 1000
live births under 1 year old may be stronger thanthose countries
enjoying longer life expectancy or survival ratesd aevidencing less
infants dead under one year-old. Further researaf imvestigate this
non-linear effect of health on economic growth.

Another possible extension of our paper may cordigtonducting a
study splitting our sample by group of countriescading their level of
development to investigate the differential long¥teeffect of health and
education on income. This would in a way allow aigdentify differential
public policies aimed to improve the health stadngl cause higher per
capita income.

21



Bibliography

Acemoglu, Daron and Simon Johnson. 2007. "Diseasel a
Development: The Effect of Life Expectancy on Eomim Growth."
Journal of Political Economyl15(6): 925-985.

Aisa, Rosa and Fernando Pueyo. 2006. “Governmeithhgpending
and growth in a model of endogenous longevitiEcbnomic Letters90:
249-253.

Barro, Robert. 199@dealth and Economic GrowtiWashington: Pan
American Health Organization.

Barro, Robert. 1998Determinants of Economic Growth: A Cross-
country Empirical StudyCambridge: MIT Press.

Barro, Robert. 2013. “Health and Economic GrowtlAhnals of
Economic and Finanged 4(2): 305-342.

Barro, Robert and John Lee. 1994. “Sources of Bmondsrowth.”
Conference on Public Policy, Carnegie, Rochester.

Barro, Robert and John Lee. 2010. “A new data-$eEducational
Attainment in the world.” National Bureau of EconiemResearch
Working Paper 15902.

Barro, Robert and Xavier Sala-i-Martin. 1996conomic Growth
Cambridge: MIT Press.

Bera, Anil, Walter Sosa-Escudero y Mann Yoon (200Lgsts for the
error component model in the presence of local pesification.”
Journal of Econometric4,01(1), 1-23.

Bhargava, Alok, Dean Jamison, Lawrence Lau and SGipher
Murray. 2001. “Modeling the effects of health onoeomic growth.”
GPE Discussion Paper Series, 33.

Bloom, David and David Canning. 2005. Health andorieenic
Growth: Reconciling the Micro and Macro EvidencEDDRL Working
Paper, 42.

Bloom, David, David Canning, Linlin Hu, Yuali Lilhjay Mahal and
Winnie Yip. 2010. “The contribution of populatione&ith and
demographic change to economic growth in Chinalad@.” Journal of
Comparative Economi¢88: 17-33.

Bloom, David, David Canning and Jaypee Sevilla.1200he effect of
health on economic growth: theory and evidenb#88ER Working Paper
8587.

Bloom, David, D. Canning, and J. Sevilla. 2004. éTéffect of health
on economic growth: A production function approgchVorld
Development32(1): 1-13.

22



Breusch, T. S. and A.R. Pagan. 1980. "The Lagravgkiplier Test
and Its Applications to Model Specification in Ecometrics."Review of
Economic Studiegl7(1), 239-253.

Dabus, Carlos and Yanina Laumann. 2006. “Deternt@sardel
crecimiento: evidencia comparada de paises corredife nivel de
desarrollo.”Estudios de Economia Aplicadz4(1): 165-180.

De Mello-Sampayo, Felipa and Sofia de Sousa-Vdl&42“Financing
Health Care Expenditure in the OECD Countries: Ena® from a
Heterogeneous, Cross-Sectional Dependent Pamdhoeconomicys
61(2), 193-206.

Duraisamy, P. and Ajay Mahal. 2005. “Health, Poyamnd Economic
Growth in India.” Financing and Delivery of Health Care Services in
India, 25: 3-17.

Ehrlich, Isaasc and Francis Lui. 1991. “Intergetieral trade,
Longevity and Economic GrowthJournal of Political Economy99(5):
1029-1059.

Ehrlich, Isaac and Yin Yong. 2013. “Equilibrium HigaSpending and
Population Aging in a Model of Endogenous Growthill\ihe GDP
Share of Health Spending Keep Rising@urnal of Human Capital7(4):
411-447.

Greene, William. 2000Econometric AnalysisNew Jersey: Prentice—
Hall.

Ginarte, Juan and Walter Park. 1997. “Determinahfsatent-rights: a
cross national studyResearch Poligy26: Pp. 283-301.

Gupta, Manash and Trishita Barman. 2010. “Healtifrastructure,
environment and endogenous growtbdurnal of Macroeconomi¢cs32;
657-673.

Gymah-Brempong, Kwabena and Mark Wilson. 2004. ‘thelauman
capital and economic growth in Sub-Saharan Africamd OECD
countries.”Quarterly Review of Economics and Finajéé(2): 296-320.

Hausman, Jerry. 1978. “Specification Tests in Eocoginics.”
Econometrica46(6), 1251-1271.

Heshmati, Almas. 2001. “On the causality betweenPGIhd health
care expenditure in augmented Solow growth mod&SE/EFI Working
Paper Series in Economics and Finajé23.

Howitt, Peter. 2005Health, Human Capital and Economic Growth: A
schumpeterian perspective Washington: Pan American Health
Organization.

23



Jaggers, Keith, Ted Gurr and Ted Marshall. 20@olity,
Democracy/Autocracy Indicator€enter for International Development
and Conflict Management, University of Maryland.

Jamison, Dean, Lawrence Lau, and Jia Wang. 200%althis
Contribution to Economic Growth in an Environment Bartially
Endogenous Technical Progress.” Health and Economic Growth:
Findings and Policy Implicationsed. Lopez-Casanovas, Guillermo,
Rivera, Berta and Currais, Luis. London: MIT Press.

Kalemli-Ozcan, Sebnem, Hall Ryder and David WelO@. “Mortality
Decline, Human Capital Investment, and Economicwind Journal of
Development Economic82(1): 1-23.

Knowles, Stephen and Dorian Owen. 1995. “Healthtabpnd cross
country variation in income per capita in the MamRomer-Weil
model.” Economic Letters48(1): 99-106.

Levin, Andrew, Lin, Chien-Fu and Chu, Chia-Sang dan2002. “Unit
root tests in panel data: asymptotic and finiteqdanproperties.’Journal
of Econometrics108(1): 1-24.

Li, Hingyi and Liang Huang. 2009. “Health, educati and economic
growth in China: Empirical findings and implicateih China Economic
Review 20: 374-387.

Lépez-Casanovas, Guillermo, Berta Rivera and Luisrdls. 2005.
“Introduction: The Role Health plays on Economico®th.” In Health
and Economic Growth: Findings and Policy Implicais ed. Lopez-
Casanovas, Guillermo, Rivera, Berta and Curraiss.Luondon: MIT
Press.

Mankiw, Gregory, David Romer and David Weil. 1992A
Contribution to the Empirics of Economic Growtl@Quarterly Journal of
Economics107(2): 407-437.

Mc Donald, Scott and Jennifer Roberts. 2005. “Ghoamd multiple
forms of human capital in an augmented Solow modepanel data
investigation."Economics Letter74(2): 271-276.

Osag, Thomas and Jayanta Sarkar. 2008. “Endogenmutality,
human capital and economic growtldurnal of Macroeconomi¢s30:
1423-1445.

Park, Walter. 2008. “International Patent Protettid960-2005.”
Research Policy37(4): 761-766.

Rivera, Berta and Luis Currais. 2004. “Public Heafapital and
Productivity in the Spanish Regions: A Dynamic PRabata Model.”
World DevelopmenB2(5): 871-885.

24



Van Zon, Adriaan and Joan Muysken. 2005. “HealhaaPrincipal
Determinant of Economic Growth.” Iplealth and Economic Growth:
Findings and Policy Implicationsed. Lopez-Casanovas, Guillermo,
Rivera, Berta and Currais, Luis. London: MIT Press.

Weil, David. 2007. “Accounting the effect of healtdn economic
growth.” Journal of Quarterly Economic422(3): 1265-1306.

Wooldridge, Jeffrey. 200Zconometric Analysis of Cross Section and
Panel Data.Cambridge: MIT Press.

25



Appendix

Table Al: Comparative results of the effect of tieah growth
Growth accounting approach

Authors | Health status| Growth Period | Countries | Marginal Marginal
variable variable effect of effect of
health on health in
growth long-term
income’
Knowles | 80 minus life | Per worker | 1960- Broad - Significant
and Owen| expectancy at GDP growth| 1985 group of and robust
(1995) birth rate countries
Bloom, | Change in life] Per worker 1960— Broad - 4.0%
Canning | expectancy at GDP growth| 1990 group of
and birth rate countries
Sevilla
(2001,
2004)
Heshmati| Health care | Per worker | 1970- OECD 17.5% 7.83%
(2001) expenditure | GDP growth| 1992 countries
rate
Rivera Total public | GDP growth| 1973- | 17 Spanish 13% 5.18%
and health rate per 1993 regions
Currais expenditure | inhabitant in
(2004) working age
Bloom Change in Per capita | 1960- Broad - 3.1%
and adult survival| GDP growth| 2005 group of
Canning rate rate countries
(2005)
McDonald| 80 minus life | Per worker | 1965- Broad - Significant
s and expectancy af GDP 1989 group of and robust
Roberts birth countries
(2005)

3

Source: Own elaboration.

interpretation see section 3.
* The fact of employing a different variable from the one usually employed in the
literature does not allow a comparison of the values with the estimated
Earameters in the rest of the literature.

In this case, the same explanation in note 2 is applied.

For an explanation about the calculation of the coefficients and their
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Table A2: Comparative results of the effect of tieah growth
“A la Barro” regressions approach

Authors Health Growth | Period | Countries | Marginal Marginal
status variable effect of effect of
variable health on | health in
growth long-term
income
Barro Life Per 1960- Broad 4% 2.4%
(1998) | expectancy| capita 1990 | group of
at birth GDP countries
growth (200
rate countries)
Bhargava,| Adult Per 1965—- Low- 19% 9.7%
Jamison, |survival rate| capita 1990 income
Lauy lagged one| GDP broad
Murray period growth group of
(2001) rate countries
Gyimah- Adult Per 10 Sub- 11,1% 4,37%
Brempong|survival rate| capita years | Saharan | (Africa) | (Africa) and
and lagged one| GDP (Africa | Africa and | and 2,18% 1,5%
Wilson period Growth | )and OECD (OECD) (OECD)
(2004) Rate 35 countries
years
(OECD
)
Duraisami| Initial life Per 1980- Indian 6% 2.1%
y Mahal | expectancy| capita 1998 states
(2005), at birth GDP
growth
rate
Jamison, | Male adult Per 1965- Broad 3.5% 1.9%
Lauy |survival rate| capita 1990 | group of
Wang GDP countries
(2005) growth
rate
Bloom, Life Per 1960- Broad 10,6% 4,8%
Canning, | expectancy| capita | 2000 | group of
Hu, Liu, at birth GDP countries
Mahal and growth
Yip rate
(2010)

Source: Own elaboration.
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Table A3: Definition and source of the variables

Symbol

Variable

Definition /Calculus

Source

Per capita GDP

Expressed in

purchasing Penn

power parity (PPP) adjusted World
by the Laspeyres index, apnd Table
expressed in constant dollars (PWT)

of 2005

Capital

We use the
inventory method for the
calculation. Capital in 196
(i.e., the initial period) is
defined as the ratio ¢
investment/GDP multiplied b
GDP in the initial period, an
divided by 0.07 (the
depreciation rate which w
assume). Then in th
following periods, capital wil

be the current capital minus

depreciation plus investment

perpetual

PWT

o<—= O D

@D D

Labor force

We assume that the
between the employe
population and the activ
population remains consta
over time. Thus, we use th
total population as a proxy (
the working population

ratio PWT

d
e
nt
e
nf

Education

Two education variables. T
main variable we use is th
average total years (
education and the alternati
variable is the average tot
years of secondary education

h&arro and
eLee (2010)
nf
e
al

Health

Two health variables. TI
main variable we use is the li
expectancy at birth and th
alternative variable is th
infant mortality rate (numbe

of deaths of children unde

1e  United
e Nations
e

e
r
a1

one year of age, per thousand

live births registered)

IGDP

Investment/GDP

Proportion of investment
relation to GDP

in PWT
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PEGDP Public Proportion of public PWT
Expenditure/GDP | expenditure in relation to GDP
OPEN Openness Coefficient  of  openngss PWT
(Exports + Imports in relation
to GDP)

POLSYS Political System| Difference between aJaggers,
democracy index that includes Gurr and
various institutional aspects, Marshall
and an autocracy index that (2005)
also takes into account various
institutional aspects.

PROP Respect for Indicator of the degree of | Ginarte and
property rights respect for property rights | Park (1997)
and Park

(2008).

LPDESV | Variability of the | Standard deviation of the level PWT

level of prices | of consumer price index

Source:

Own elaboration.

Table A4 List of countries, classified accordingrtoome level (2005)

Low and Middle-Low Income

High and Middle-High Income

Algeria
Bangladesh
Benin
Bolivia
Brazil
Burundi
Cameroon
Central African Republic
China
Colombia
Dominican Republic
Ecuador
Egypt
El Salvador

Fiji

Ghana

Guatemala

Haiti
Honduras

India
Indonesia

Iran

Argentina
Australia
Austria
Belgium
Botswana
Canada
Chile
Cyprus

Denmark
Finland
France
Gabon
Greece
Iceland
Ireland

Israel
Italy
Japan

Malaysia
Mauritius

Costa Rica

Luxembourg
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Ivory Coast
Jamaica
Jordan
Kenya
Malawi
Mali
Morocco
Mauritania
Mozambique
Nepal
Nicaragua
Niger
Pakistan
Papua New Guinea
Paraguay
Peru
Philippines
Republic of Congo
Rwanda
Senegal
Syria
Sri Lanka
Thailand
Tanzania
Togo
Uganda
Zambia
Zimbabwe

Mexico
Netherlands
New Zealand
Norway
Panama
Portugal
Republic of Korea
Romania
Singapore
Spain
Sweden
Switzerland
South Africa
Trinidad and Tobago
Turkey
United Kingdom
United States
Uruguay
Venezuela

Source: Own elaboration according to World Banladase.
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Table A5: Levin-Lin-Chu Unit Root Test — Signific®iariables

Variable Without Trend With Trend Result
P-value Statistic P-value | Statistic
value value
S (Average | -17.459 0.000 -20.346 0.000 Series ane
total years of stationary
education)
H (Life -8.504 0.000 -32.471 0.000 Series are
Expectancy stationary
at Birth)
IGDP -22.954 0.000 -19.660 0.00d Series afe
stationary
PEGDP -19.036 0.000 -24.791 0.00 Series gre
stationary
OPEN 1.832 0.966 -10.642 0.00d Series afe
stationary
POLSYS -4.945 0.000 -12.206 0.000 Series are
stationary
PROP 1.432 0.924 -8.619 0.000 Series are
trend
stationary
LPDESV -38.909 0.000 -33.892 0.00¢ Series afe
stationary

Source: Own elaboration.
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Table A6: Robustness in the growth accounting model
Instrumented model, fixed effects

Variable Fixed Capital Education Health
Effects Sensitivity Sensitivity Sensitivity

Capital 0.116* 0.123* 0.116* 0.125*

(0.000) (0.000) (0.000) (0.000)

Labor -0.423* -0.425* -0.429* -0.190

(0.014) (0.014) (0.012) (0.224)

Education -0.006 -0.004 0.107 -0.092

(0.962) (0.974) (0.301) (0.489)

Health 0.026* 0.026* 0.025* 0.00F

(0.008) (0.009) (0.012) (0.591)

Openness 0.0005 0.0005 0.0005 0.0002

(0.118) (0.121) (0.118) (0.400)

Political -0.003* -0.004* -0.004* -0.001*

system (0.001) (0.001) (0.001) (0.005)

Property 0.018 0.018 0.019** 0.014

rights (0.112) (0.110) (0.081) (0.192)

Constant 1.950 1.940 2.164 2.782

(0.008) (0.008) (0.001) (0.559)

Observations 728

Source: Own elaboration

® Considering that the infant mortality rate vaiieshe opposite direction
to the life expectancy at birth, we express themeged coefficient with
the opposite sign in order to facilitate the congmar of results
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Table A7: Robustness in “a la Barro” model
PCSE estimation corrected by the presence of autalation and

heteroskedasticity
Variable PCSE Education Health
Sensitivity Sensitivity
Health 0.102** 0.119* 0.020**
(0.088) (0.03) (0.086)
Education -0.003 -0.017* -0.003
(0.288) (0.015) (0.275)
Investment/GDP 0.005* 0.005* 0.005*
(0.000) (0.000) (0.000)
Public -0.004* -0.004* -0.004*
expenditure/GDP (0.000) (0.001) (0.000)
Openness -0.0001 -0.0001 -0.0002**
(0.110) (0.126) (0.069)
Political system -0.0003 -0.0002 -0.0004
(0.750) (0.849) (0.691)
Property Rights 0.001 0.007 -0.002
(0.842) (0.408) (0.743)
Variation in Prices 0.005 0.006 0.005
Level (0.541) (0.439) (0.505)
Initial GDP per -0.423 -0.507 0.086
capita (0.053) (0.011) (0.433)
Observations 819

Source: Own elaboration.
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