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Abstract

The purpose of this paper is to provide a quantitative survey of the literature which examines the effect of health on economic growth. Specifically, we will apply meta-regression analysis to investigate the presence of publication selection bias towards a positive impact of health on growth. In our analysis, we use a meta-sample of 42 empirical studies but the process of coding of the studies is still ongoing. Therefore, the results should be treated with caution. Our preliminary findings indicate that there is evidence of publication selection, but once it is corrected the genuine effect of health on growth is positive and statistically significant. In addition, study characteristics related to the data, the model specifications and the use of additional controllers, diversify the magnitude and the sign of the impact.
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1. Introduction

The effect of health on growth has been a field of extensive research in the literature as its importance is multidimensional. However, the impact of health on growth remains controversial, due to a number of conceptual and methodological problems, such as the measurement of health and growth, as well as differences in health coefficients across countries or regions. The purpose of this paper is to provide a quantitative survey of the literature which examines the effect of health on economic growth. Specifically, we apply meta-regression analysis to investigate the presence of publication selection bias towards a positive impact of health on growth. Once we account for this, we examine if there is a genuine growth effect of health. The variation in reported estimates may be due to differences in health measurement and study characteristics, e.g. model specification, type of data used, or the quality of research outlets where studies are published.

The theoretical basis of this study is the theory of the role of human capital in economic growth. Starting with Schultz (1961) and Becker (1964), human capital was defined as the set of knowledge, skills, competencies and abilities embodied in individuals and acquired, for example, through education, training, medical care and migration. Health promotion, through e.g. medical care, is considered as a very important type of human capital investment in human capital along with education. Theory argues that health plays a vital role in economic growth and extensive research has been devoted to the health-growth nexus.


This study surveys the empirical literature on the relationship between health and economic growth, where the latter is measured as real output or productivity growth or their growth rates. We distinguish between three categories of empirical approaches: cross-section, panel data and time-series ones. The first category attempts to explain cross-section (country or region) differences in growth rates performance, while the second one examines both cross-section differences as well as the growth performance over time in each cross-section. The third group focuses on country-specific experiences.


Until now, our meta-sample consists of 42 studies which have generated 688 estimates and our results point to the existence of publication selection bias in favor of studies producing a negative effect of health on economic performance, but once it is corrected a positive growth effect is revealed. In addition, study characteristics related to the data, the model specifications and the use of additional controllers, diversify the magnitude and, in some cases, the sign of the impact. However, we cannot consider these conclusions as very reliable since the reading of the related literature and the coding process are ongoing.


The paper is organized as follows. After an introduction to the subject of our meta-regression analysis, we review some of the empirical studies on the role of health on economic growth performance used in our analysis. Afterwards, we describe the coding and indexing procedure, and then we enter into the FAT-PET tests and the multiple meta-regression analysis of our meta-sample. Finally, we present the concluding remarks of our analysis. 
2. Previous literature on the effect of health on growth

The literature on the growth effect of health is extensive and is expressed by a large number of both theoretical and empirical studies. From a theoretical point of view, there is an important distinction between neo-classical and endogenous growth theories. Neoclassical theory argues that a one-off permanent increase in human capital stock implies a one-off rise in growth until the economy reaches the new higher steady-state. There are also two strands of new growth theories, which focus on the impact of (a) human capital accumulation and (b) human capital stock respectively. A one-off rise in human capital causes a one-off output increase in case (a) and a permanent increase in growth in case (b). 


Theoretical contributions emphasize different mechanisms through which health affects economic growth. For instance, better health increases labor productivity and growth towards a higher output level for given labor input, schooling, experience and physical capital. Second, health improvement reduces mortality and disease prevalence, therefore the effective depreciation rate of human capital, increasing the demand for human capital and productivity. If health is at least partially public good, public intervention e.g. through provision of health services, is justified, because the decentralized equilibrium is not Pareto optimal. Also, some research examines the effects of public health provision on income distribution. Lastly, a strand of the literature investigates the interaction between health and fertility as another channel through which health affects output and its growth rate (Barro, 1996).
From an empirical point of view, the macroeconomic literature on the relationship between health and economic growth attempts to test empirically various model specifications. The early approaches usually employ cross-section data. Most recent research combines cross-section with time-series information using panel data sets. Finally, a few studies adopt time-series analysis for specific countries, where annual data are available.
Referring to some influential studies on this literature we should initially mention Acemoglu and Johnson (2006) who examine the relationship between life expectancy and per capita income by exploiting within-country variation in post-1940 data. Instrumenting for changes in life expectancy with the shocks to mortality resulting from the introduction of new health technologies, they ﬁnd that increases in life expectancy had either an insignificant or a small negative effect on per capita GDP. 

Young (2005) comes to an even stronger conclusion: a mortality shock can improve per capita GDP. Using a calibrated simulation for South Africa, he predicts that survivors of the AIDS epidemic will be economically better off than they would have been without an epidemic

Bloom et al. (2004) report a selection of 13 papers that include health as a determinant of economic growth and the magnitude of the eﬀect on growth they find.  More recently, Hassan and Cooray (2012) summarize a few influential studies on this issue and note that many studies use life expectancy to measure health capital (Bloom et al. 1998, 2000) while few studies use survival  rates (Bhargava et al. 2001, Weil 2007).

Weil (2007) employs microeconomic data to investigate macroeconomic effects of health on GDP per capita. Combining both cross-country and historical data on three measures of health including adult height, adult survival rates, and age at menarche, he finds that health has a significant effect on GDP per capita, particularly in the case of poorer countries. The majority of studies find that health capital has a positive effect on economic growth with the exception of the Caselli et al. (1996) who attribute this mainly to the use of GMM estimation.

Health has also been included in many cross-country regression studies on economic growth. These studies in general find a positive contribution of health on growth. Although basic economic intuition suggests that health should matter for growth, the relationship is not absolutely clear beyond the shadow of doubt.  For example, in most cross-country growth regressions which include health, it is not very clear whether health directly influences economic growth or whether it acts as a proxy for omitted variables (Barro and Sala-i-Martin,1995).
Closing this preliminary review on the effect of health on growth we mention that when the coding process of the studies finishes a quantitative review of the health-economic performance empirical literature will be reported in this paper with the characteristics of each study.

3.
The meta-sample
Meta-analysis is a very useful tool to examine all the available research to present an objective picture of the literature. It is more than a review as it employs statistical techniques to summarize the empirical evidence and explore the sources of heterogeneity among studies. Moreover it can be used to provide the genuine effect when the publication bias is corrected. The initial but very important steps are the process of the identification of the studies and the coding of the observations which will constitute the meta-sample. Stanley et al. (2013) present the guidelines that all meta-analyses in economics should follow. In our analysis we try to fully comply with these protocols expressed by the meta-analysis of economics research-network (MAER-Net).

First of all, we began our research using the Google Scholar search machine, and afterwards the economic databases Google Scholar, EconLit, JSTOR, ScienceDirect, RePec and EconPapers. The main the keywords used in the search were real  gdp + health, economic performance + life expectancy, economic performance +health. Our objective was to find those empirical studies which reported at least one estimate on the effect of a health proxy on growth rates. The search for studies was terminated June 30, 2014.
We chose to restrict our meta-sample only to studies which reported the impact of health on growth (e.g. GDP growth or per capital GDP growth) and not on GDP expressed in level. Furthermore we had to exclude studies which did not report estimates or used statistical and mathematical models to examine the effect of health on growth, mostly with the use of correlations.

So far the meta-sample consists of 42 empirical studies published or unpublished which generated 688 partial correlations.
4. 
Funnel graph and FAT-PET tests

Given the diversity of findings on the link between health and economic performance, we conduct meta-analysis which is a quantitative review of the estimates obtained from previous regression analyses and attempts to explain the variation in their results (Stanley and Jarrell, 1989). It aims at explaining the excess study-to-study variation typically found in empirical results and investigates the presence of publication selection bias (Stanley, 2005), which appears when editors, reviewers and researchers report findings, which are statistically significant and/or satisfy certain theoretical expectations (Doucouliagos, 2005, Stanley, 2008). As a result, it biases the literature’s average reported effect away from zero. In meta-analysis the simplest way to see if there is publication bias is the funnel graph, which is nothing more than a scatter diagram of all empirical estimates and these estimates’ inverse of the standard error. In figure 1 we present the funnel graph of the partial correlations of the meta-sample.

Figure 1. Funnel graph of partial correlations (n=688).
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Note: Five partial correlation have been dropped out, as outliers.

It seems that the estimates are distributed symmetrically around zero, but the majority of the estimated partial correlations of the meta-sample are negative, 377 in number, and the remaining 311 are positive. This means that the majority of the values are gathered in the left portion of the graph which reveals selection for negative effects of health in the published studies of our meta-sample. However, we cannot a priori conclude that there is publication bias just by looking at the funnel graphs, because they are considered to be quite vulnerable to misjudgments and subjective interpretation and criticism. Therefore, in order to test the hypothesis of presence of publication bias, we have to use the FAT-PET tests presented in table 1.

The estimation methods we will use in this process are: the benchmarks, firstly, OLS and secondly, the OLS-cluster with heteroscedasticity cluster-robust standard errors which allows for error term correlation within each cluster (study), assuming only that they are not correlated across studies (Baum, 2006), because it is the simplest one used in many meta-regression works. Moreover we employ the iterative residual (restricted) maximum likelihood process (REML), the Fixed Effects, the Weighted-Least-Squares and the FE-WLS methods.
Table 1. Funnel Asymmetry Test (FAT) and Precision Effect Test (PET).
	Variables
	OLS
	OLS-cluster
	REML
	FE
	WLS
	FE-WLS

	invse
	0.9745795***

(0.0083094)
	0.9745795***

(0.0483479)
	0.9745817***

(0.0083095)
	0.9878064***

(0.0054442)
	1.024898***

(0.0019008)
	0.9993504***

(0.0011459)

	constant
	-13.56022***

(0.4564856)
	-13.56022***

(1.815613)
	-13.56075***

(0.4565126)
	-16.92275***

(2.115023)
	-22.08949***

(0.6732306)
	-17.23793***

(2.112692)

	R-squared
	0.9525
	0.9525
	95.24% (Adjusted)
	0.9938
	0.9976
	0.9998

	Ramsey RESET test
	F(3, 683) =  3151.78
Prob > F = 0.0000
	F(3, 683) =   3151.78
Prob > F =      0.0000
	-
	F(3, 642) =    689.17
Prob > F =      0.0000
	F(3, 683) =   6935.32
Prob > F =      0.0000
	F(3, 642) =    979.92
Prob > F =      0.0000



The FAT and PET tests are two tests which investigate the presence of publication bias and the genuine effect, respectively. Firstly, the FAT test (Funnel Asymmetry Test) estimates equation (1) with the assumption that all the β1 are zero, meaning that there is no heterogeneity. In other words, it is a t-test of β0. 


ti = β0 + β1(1/SEi) + vi





(1)


where,
t is the t-statistic of the elasticity or coefficient of the i study, SE is the relative standard error, and v is the error term.


In order to identify if there is publication bias in our meta-samples we follow Stanley et al. (2008) and we estimate equation (1). The results, indicate presence of publication bias. Secondly, the PET test, is a Precision Effect Test of β1 (i.e. 1/SE) and tests the genuine effect, beyond publication bias. According to table 1, the PET test shows that, once publication bias is corrected a positive and statistically significant effect of health on growth is found.


However, like any regression model, the estimates of FAT-PET tests can become biased when important explanatory variables are omitted. Therefore, we need to include moderator variables to control for the possible heterogeneity across studies. 
5.
Multiple Meta-Regression-Analysis (MRA)

The previous section applied the FAT-PET to investigate whether there is evidence of publication bias and if so what is the genuine effect. In what follows we perform a multiple meta-regression analysis, incorporating into the model possible moderators that take into account the study heterogeneity. MRA allows us to examine factors, which are likely to explain the heterogeneity of findings in the health-economic performance literature and the effect of study characteristics on the above relationship. Those moderators are described in table 2.
Table 2. Moderators in the Multiple Meta-Regression Analysis.
	Variable
	Description of the variable

	t-statistic
	

	K-variables
	

	Sample size
	

	Z-variables
	

	invse=1/standerror
	

	Health variables 
	

	Life expectancy
	=1 if study uses life expectancy as proxy for health

	adult survival rate
	=1 if study uses adult survival rate as proxy for health

	mortality
	=1 if study uses mortality as proxy for health

	healthexpend
	=1 if study uses health expenditure as proxy for health

	Additional controllers
	

	pcapital 
	= if study uses physical capital as explanatory variable 

	political 
	=1 if study uses political variable as explanatory variable

	fiscal 
	=1 if study uses fiscal variable as explanatory variable 

	demog
	=1 if study uses demographic variable as explanatory variable 

	pcgdp
	=1 if study uses GDP pc as explanatory variable

	openness
	=1 if study uses openness variable as explanatory variables

	schooling
	=1 if study uses education variable as explanatory variables 

	Effect measurement variable
	

	loghealth
	=1 if study uses log of health variable as explanatory variable

	Data variables
	

	earlyyear 
	First year of sample

	lastyear
	Last year of sample

	obs
	Sample size

	Quality
	

	public
	=1 if study is published in academic journal

	Specification variables
	

	independent
	number of independent variables 

	ols
	=1 if study uses OLS estimation

	IV
	=1 if study uses IV estimation

	panel
	=1 if study uses panel data in the sample

	Country moderators
	

	OECD
	=1 if study uses OECD countries in the sample



Now, taking into account the study heterogeneity, we follow Benos and Zotou (2014) and we include in equation (1) the moderators as potential explanatory variables of this heterogeneity. Then, the meta-regression model we estimate takes the form:


ti = β0 + 
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(2)


where
t is the t-statistic of the estimate of the i study, SE is the standard error of the estimate, Zk are moderator variables to control for heterogeneity, K is the sample size and vj is the error term.

The results of our meta-regression analysis are presented in table 3 where we employ the General-to-Specific methodology which begins having all the explanatory variables in the equation that we estimate. Afterwards, we remove the least statistically significant, one at a time, until all variables which remain are statistically significant. It may not seem ideal but as Charemza and Deadman (1997) refer at page 78 of their book ‘the strength of general to specific modeling is that the model construction proceeds from a very general model in a more structured, ordered fashion, and in this way avoids the worst of data missing’.
Table 3. Multiple Meta-Regression-Analysis using Partial Correlations

(Dependent variable: t-stat).
	Moderators
	OLS
	OLS-cluster
	REML
	FE
	WLS
	FE-WLS

	invse
	-4.954885

(5.81282)
	-4.75473***

(1.131392)
	-38.67527***

(11.03288)
	-6.521372***

(2.00681)
	-144.245***

(26.11726)
	-162.2581**

(69.41389)

	lifexpectancyse
	0.5728103***

(0.025954)
	0.5246986***

(0.1119178)
	0.3785084***

(0.0482872)
	0.5248614**

(0.2292944)
	0.2569807***

(0.02415730)
	0.0087589**

(0.0035193)

	asrse
	0.6004023***

(0.0354863)
	0.6876609***

(0.1248938)
	0.4857136***

(0.0818584)
	0.4678013**

(0.02253665)
	0.2878495***

(0.1045601)
	

	mortalityse
	0.4786432***

(0.0378257)
	0.5174235***

(0.1125756)
	0.382556***

(0.0483545)
	0.4387827*

(0.2321043)
	0.265295***

(0.0558326)
	0.0047896***

(0.0012525)

	healthexpendse
	0.4554834***

(0.0360014)
	0.5185342***

(0.1134509)
	0.37558***

(0.0482951)
	0.4355875*

(0.2311656)
	0.2552161***

(0.0505899)
	

	pcapitalse
	
	
	0.1187521**

(0.0597831)  
	
	
	

	politicalse
	
	
	
	-0.0962391*

(0.0580775)
	-0.0725786*

(0.0413745)
	-0.1140728**

(0.0553672)

	fiscalse
	
	
	0.1527059***

(0.0437664)
	0.0814832*

(0.0420769)
	
	

	demogse
	
	
	
	
	
	

	pcgdpse
	0.1109274***

(0.0300665)
	0.1543276**

(0.0564921)
	
	
	0.0634092*

(0.0351573)
	0.059688**

(0.024953)

	openessse
	
	0.0168764*

(0.0090839)
	
	
	
	

	schoolingse
	-0.00661672**

(0.0333537)
	
	-0.01704737***

(0.0435144)
	-0.01474747**

(0.0720169)
	-0.1579317***

(0.0420475)
	-0.2079406***

(0.0581286)

	loghealthse
	0.0853329***

(0.0288474)
	
	0.3804074***

(0.0496019)
	0.2622761**

(0.1263145)
	0.6536539***

(0.0522448)
	0.6496928***

(0.0997399)

	loggdpse
	0.0566082**

(0.0265359)
	0.0840303*

(0.043673)
	-0.0567871*

(0.031742)
	
	-0.0559627*

(0.031624)
	

	publicse
	
	
	-0.218693***

(0.053403)
	-0.130664**

(0.0598798)
	-1.285459***

(0.1025633)
	-1.487794***

(0.3016201)

	earlyyearse
	0.0017318***

(0.0003361)
	0.0023478***

(0.0005704)
	0.0020655**

(0.00086)
	0.0034352***

(0.0009158)
	0.0050321***

(0.0010224)
	0.0066438***

(0.0017439)

	lastyearse
	-0.0098592**

(0.0039211)
	
	
	
	
	

	obsse
	0.0005302***

(0.0000812)
	0.0004833***

(0.0000625)
	0.000717***

(0.0000836)
	0.0005416***

(0.0000815)
	
	

	independentse
	0.0281693***

(0.0043363)
	
	0.020515***

(0.0052838)
	0.0268547*

(0.0148301)
	0.0145058**

(0.0057576)
	0.0208934*

(0.0104596)

	olsse
	0.0881661***

(0.0260463)
	
	0.1123361***

(0.0272101)
	
	0.1251389***

(0.0242303)
	.1498104**

(0.0560428)

	ivse
	0.0797895***

(0.0258407)
	
	0.0772722***

(0.0270671)
	
	0.0871327***

(0.0257016)
	0.1161138**

(0.0522497)

	panelse
	-0.0870967***

(0.0262189)
	-0.1026321***

(0.0320081)
	0.0639528*

(0.0365299)
	
	0.1726486***

(0.0354127)
	0.1701726***

(0.0530974)

	oecdse
	-0.0962151*

(0.0508852)
	
	
	
	
	

	obs
	-0.035752***

(0.0042325)
	-0.0374759***

(0.0036561)
	-0.0448501***

(0.0038293)
	-0.0352719***

(0.0070162)  
	-0.0042522***

(0.0015215)
	

	constant
	-2.820381***

(0.3331904)
	-2.711719***

(0.7327533)
	-2.13143***

(0.5409898)
	-2.419682**

(1.158048)
	-2.12159***

(0.5020711)
	-1.295005

(1.138706)

	R-squared
	0.9535
	0.9535
	95.29% (Adjusted)
	0.9948
	0.9986
	0.9999



In the reported estimates we can see some variation due to differences in study characteristics, e.g. model specification, type of data used, or the quality of research outlets where studies are published, e.g. academic journals vs. working papers. As a first conclusion, it is obvious that all four basic health measurements used in the literature (i.e. life expectancy, adult survival rate, mortality and health expenditure) all point to a firm conclusion that health is a valuable factor for growth. With respect to the additional controllers, we would say that moderators: physical capital, fiscal, GDP per capita, loghealth, early year, obs, independent, OLS and IV relate to positive effects of health on growth. On the other hand, moderators: political, schooling and published relate to negative impact of health on growth. Once again, we have to point out that our analysis is preliminary and the results should be treated with caution.
6.
Conclusions


In this paper we investigate the effect of health on growth using a meta-sample of 42 empirical studies. Our meta-sample consists of 688 partial correlations and our analysis points to a positive and statistically significant impact of health on economic growth, which is consistent with the theoretical expectations and with the microeconomic evidence. Moreover, the health variables used in the studies, the estimation method, the specification form, the inclusion of additional explanatory variables and the data characteristics diversify the magnitude and in some cases the sign of the effect. However, these preliminary results should be treated with caution since the coding process of the studies in the relative literature which will constitute the final meta-sample is still ongoing.
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