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ABSTRACT

Background: Determinants of health or health production function in health economics literature
constitute noticeable issues in health promotion. This study aimed at estimating a health
production function for East Mediterranean Region (EMR) based on the Grossman theoretical
model.
Methods: This ecological study was performed using the econometric methods. The panel data
model was used in order to determine the relationship between life expectancy and socioeconomic
factors. The data for 21 EMR countries between 1995 and 2007 were used. Fixed-effect-model was
employed to estimate the parameters based on Hausman test.
Results: In estimating the health production function, factors such as income per capita
(β=0.05, P<0.001), education index (β=0.07, P<0.001), food availability (β=0.01, P<0.001), level
of urbanisation (β=0.10, P<0.001), and employment ratio (β=0.11, P<0.001) were specified
as determinants of health status, proxied by life expectancy at birth. A notable result was the
elasticity of life expectancy with respect to the employment rate and its significance level was
different between males (β=0.13, P<0.001) and females (β=0.08, P>0.001).
Conclusion: In order to improve the health status in EMR countries, health policymakers should
focus on the factors which lie outside the healthcare system. These factors are mainly associated
with economic growth and development level. Thus, the economic stabilisation policies with the
aim of increasing the productivity, economic growth, and reducing unemployment play significant
roles in the health status of the people of the region.

Background
Today, maintaining, expanding, and improving the health of
human populations is considered as one of the key policies
for sustainable development in developing countries (1).
As shown in macro level studies, several factors, such as
the socioeconomic development level, education, culture,
environment, health expenditures, urbanisation, and life
style are associated with the overall health status (2,3).
The World Health Organization (WHO) started a specific
commission in 2005 focusing on the Social Determinants
of Health (SDH). East Mediterranean Region (EMR) is one
of WHO’s six regions. Regardless of their income level, all
the countries in this region are facing an increase in chronic
diseases associated with lifestyle changes, life expectancy
(LE), and deaths and injuries resulting from road accidents.
LE at birth in EMR countries varied from 44 to 77 years in
2006 (4).
Auster et al. were the first researchers who studied a
population’s production function for health. In their study,
*Corresponding author: Zahra Kavosi; Email: zhr.kavosi@gmail.com

the relationship between the mortality of whites and both
medical care and environmental variables was examined
in a regression analysis across states in 1960 (5). Their
research motivations and questions still remain compelling.
The present study aimed at estimating the health
production function in EMR based on the Grossman
theoretical model. The main assumption of Grossman model
is that health is capital goods. In this model individuals are
born with an initial inventory of health which depreciates
over time and they can invest in it with consuming medical
care. When the health inventory decreases to a definite level
death will happen (6).
Health production functions can be characterized as:
H= F (X,M) (equation 1)
in which, H represents individual health output, X is a
vector of individual inputs, and M is medical care. The
components of the vector include nutrient intake, housing,
income, recreation, consumption of public goods, education,
time devoted to health-related procedures, initial individual
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endowments like genetic makeup, community endowments
such as the environment, and other factors. To go from
micro to macro analysis, the health output (H), elements
of vector X and medical care (M) were represented by per
capita variables and regrouped into sub-sectorial vectors of
economic, social, and environmental factors as: (3,6)
H= F (E,S,En) (equation 2)
In addition to Grossman, Wise, Khuder, Pedrick, Nixon and
Ulmann, and Balia and Jones also did research in this area at
micro level (7-11). Other studies with various titles almost
have been done at macro level. The major advantage of this
approach is that estimates of the overall effect of healthcare
utilisation and other general factors on the health status
of the population can also be obtained. Because of the
mentioned advantage, quite a number of studies have
adopted the same approach including studies by Auster et
al., Rodgers, Peltzman, McAvinchey, Babazono and Hillman,
Siddiqui and Mahmood, Barlow and Vissandjee, Cremieux
et al., Ngongo et al., Filmer and Pritchett, Miller and Frech,
Martinez-Sanchez et al., Lichtenberg, Thornton, Audrey,
Fayissa and Gutema, Shaw et al., Chang and Ying, Kabir,
Shin-Jong, Lei et al., Halicioglu, Baltagi et al. and Bayati et
al. Most of these studies have been conducted in developed
countries (2,3,5,12-32).
In comparison with other factors, medical care is one of
the health production inputs, which based on existence
evidences, has less effect on health outcomes (33).
Different variables have been used to explain the health
status. Income forms the condition of people’s lives (34)
and is a main socioeconomic determinant of health. Several
studies (e.g. 2,3,26,28,32,35 ) considered income as one of
the main determinants of health.
Unemployment causes social deprivation, anxiety, and
having health threatening behaviours such as suicide
(34). Therefore, it is another factor that explains health
status (5,35,36). Education is another important factor
that determines health in several ways (2,3,5,28,30,35,37).
People with high education are more likely to have better
jobs, higher incomes, and lower risky behaviours (34).
Food quality and quantity are central to health promotion.
Shortage of food and excess intake both contribute to several
health problems (38). Food has been considered in some
studies as an input of health production function (3,26,30).
Health expenditure, as representative of resources allocated
to health care, shows the access of people to health care
production facilities. In many studies (3,26,28,30-32,37,39)
it has been considered for explaining the health status of the
society.
Urbanisation is another determinant of health (3,28,30,32)
which can have both positive (increasing access to medical
centres and information) and negative (pollution) impacts
on the overall health (24).
Other factors such as pharmaceutical expenditures, life
style, pollution, income inequality, and crime rate have
been mentioned as determinants of health. In this study, we
selected the explanatory variables based on the literature
and data availability for EMR countries.
The present study extends previous literature in two
ways. First, it provides a better understanding of the overall
determinants of health in EMR. Second, the current study
uses panel data tracing 21 EMR countries over the past

13 years, which provides results with less bias and better
estimation in comparison to time series and cross sectional
data.

Methods
Data and variables
The primary model was characterized as:
H= F (E,S,En) (equation 2)
In addition, health status (H) was determined by economic
(E), social (S), and environmental (En) factors. In this
study, the variables representing the economic factors
were limited to income per capita, health expenditure, food
availability, and employment ratio. Besides, the variables
representing the social factors were limited to education
and one-year-olds immunized with Measles Containing
Vaccine (MCV). Finally, the variables representing the
environmental factors included urbanisation and carbon
dioxide emissions per capita. Therefore,
LE= f (GDP,HE,FPI,EMP,EDU,MCV,URB,CO2) (equation 3)
These explanatory variables were selected based on
literature review in this area [e.g. Fayissa and Gutema (3)]
and data availability for EMR countries in statistics provided
by international organisations.
LE: Direct measurement of the health status is somewhat
difficult. For studies at the macro level, some researchers
suggested LE, particularly at birth, and mortality rate,
particularly for infants and children, as indicators of the
health output. In this study, LE at birth was employed as
a dependent variable. It indicates the number of years a
newborn would live if prevailing patterns of mortality at the
time of its birth were to stay the same throughout its life.
GDP: Gross Domestic Product per capita in Purchasing
Power Parities (GDP PPP) was used as a measure of income
per capita. The inflation and differences in the cost of living
between countries were taken into account.
HE: A proportion of GDP which was allocated for health
was used in order to show the Health Expenditure (HE).
Generally, it is considered as an indicator of availability of
the health production facilities to a society.
FPI: Food Production Index (FPI) was used as a measure of
food availability. FPI covers food crops which are considered
edible and contain nutrients. Coffee and tea were excluded
because although edible, they have no nutritional value.
EMP: This shows the percentage of the total population
aging above 15 that has been employed during the given
year.
EDU: Education index of HDI (Human Development
Index) was used as a measure of education level. Since the
data regarding other education criteria (e.g. adult literacy
and mean years of school) were missing, we used education
index of HDI from annual human development reports.
MCV: Shows the percentage of one-year-olds immunized
with Measles-Containing Vaccine (MCV).
URB: It is one of the environmental factors showing the
percentage of the urban population.
CO2: CO2 emission (metric tons per capita) was used for
indicating the effect of air pollution on the health status.
Carbon dioxide emissions are those stemming from burning
of fossil fuels and manufacturing cement. They include
carbon dioxide produced during the consumption of solid,
liquid, gas fuels, and gas flaring.
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Econometrics model
The econometrics model was developed as:
lLEit= β0+β1lGDPit + β2lHEit + β3lFPIit+ β4lEMPit + β5lEDUit +
β6lMCVit + β7lURBit + β8lCO2it + uit (equation 4)
In equation 4, because different variables with various units
were used in this study, the variables were presented in
logarithm. We used a log-log model (Cobb Douglas model)
for easier interpretation of the results. In this model, the
coefficient shows the percentage of changes in LE compared
to one percent change in explanatory variables. So, β1 to β8
indicate the elasticity of LE with respect to the explanatory
variables. uit is error term with classical assumptions.
Country and time period were shown by i and t, respectively.

Data collection
In this study, the data of 21 EMR countries (Afghanistan,
Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon,
Libya, Morocco, Oman, Qatar, Saudi Arabia, Somalia, South
Sudan, Sudan, Syria, Tunisia, United Arab Emirates, and
Yemen) from 1995 to 2007 were studied. Because of the
lack of data on Pakistan, the country was excluded from
the study. The required data were gathered from statistics
and data sources of World Bank, WHO, United Nations,
International Labour Organization (ILO), and Gapminder
website (40-44).

Estimation methods
For estimating the models, the following steps were taken.
In order to prevent spurious regression and autocorrelation
problem, stationary and cointegration tests had to be
performed. Moreover, Im-Pesaran and Shin stationary, and
Kao cointegration tests were used to verify the existence
of long-term relationship among the variables. Eviews 7
software was used for performing the tests.

Results
Descriptive statistics
Descriptive statistics of the variables are presented in
Table 1.
In EMR countries, mean LE at birth was 67.97±8.62 years
(range: from 41.75 to 77.83 years) between 1995 and 2007.
Besides, female’s mean LE at birth was 3.34 years more than
that of males. Also, LE standard deviation of females (9.01)
was more than that of males (8.28). The mean of income per
capita was 28.19±33.83 (PPP). Moreover, the percentage of
HE, as a share of GDP, ranged from 1.10 to 11.70. The mean
of FPI was 102.45±19.16 (range: from 38 to 154).
The mean of EMP was 55.35 and the maximum and
minimum of the ratio were 77.70 and 41.80, respectively.
The mean of EDU was 0.65±0.15. In addition, the mean
percentage of one-year-olds immunized with MCV in EMR in
the mentioned period was 84.64±18.03. It should be noted
that 64.95% of the total population in EMR were settled
in urban regions in this period. The CO2 emissions varied
between 0.01 and 65.77.
Regression results
The results of Kao cointegration test verified the existence
of long-term relationship among the variables (-5.57,
P<0.001). Based on Hausman test result (67.55, P<0.001)
the parameters were estimated by the fixed effect model.

Table 1. Descriptive statistics of the variables in EMR, 1995-2007
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Variable (unit)

Mean

Standard
Deviation

Minimum

Maximum

LE (years)

67.97

8.62

41.75

77.83

LEm (years)

66.34

8.28

41.75

76.55

LEf (years)

69.68

9.01

41.73

79.81

GDP (ppp per capita)

28.19

33.83

1.30

168.64

HE (health
expenditure % of
GDP)

4.70

2.08

1.10

11.70

FPI (food availability;
1999-2001=100)

102.45

19.16

38.00

154.00

EMP (Total above
15 employment to
population (%))

55.35

9.88

41.80

77.70

EDU (HDI Index)

0.63

0.17

0.24

0.87

MCV (One-year-olds
immunized with MCV
(%))

84.64

18.03

21.00

99.00

URB (Urban
population % of total)

64.95

22.44

19.80

98.34

CO2 (metric tons per
capita)

10.06

14.06

0.01

65.77

The model was estimated for males, females, and total
population (Table 2).
The estimated coefficients indicated the elasticity of
LE with respect to the explanatory variables. The results
showed that income elasticity of LE was positive and
significant. For the total population, it was measured as
0.05, showing that an average increase of one percent in
income per capita would increase the average of LE by about
0.05 percent.
HE coefficients were different between males (-0.01),
females (>0.001), and total population (>0.001).
Elasticity of LE with respect to FPI was positive and
significant. It showed that an average increase of one
percent in FPI would increase the average LE by about
0.01%. The elasticity of LE with respect to employment
ratio and its significance level was different between
males (E=0.13, P=0.00) and females (E=0.08, P>0.001).
The parameters of the EDU were estimated positive and
significant for males, females, and total population.
The parameters of MCV were different for males, females,
and total population; however, none of them were
significant. The elasticity of LE with respect to urbanisation
ratio and its significance level was very high for the 3 groups.
The parameters of CO2 emission were insignificant.
The overall F-statistic of the model was significant.
According to the results, the estimated model was
significant (P=0.00) for males, females, and total population.
Moreover, adjusted R2 shows the model’s goodness of fit.
The results showed that the adjusted R2 for both the total
population was 1.00. This showed that more than 95% of
the changes in LE in this region can be illustrated by the
changes in the independent variables.
Discussion
In this study, we estimated a health production function.
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Table 2. Fixed-effect estimates of health production function in EMR, 1995-2007
Total

Variable
Constant
lGDP
lHE

Male

Female

Coefficient

t-stat

P

Coefficient

t-stat

P

Coefficient

t-stat

P

3.19

25.25

0.00

3.15

22.50

0.00

3.24

25.43

0.00

0.05

10.10

0.00

0.07

11.41

0.00

0.04

7.56

0.00

<-0.001

-0.67

0.50

-0.01

-2.42

0.02

>0.001

1.28

0.20

lFPI

0.01

3.90

0.00

0.01

2.94

>0.001

0.01

4.53

0.00

lEMP

0.11

3.66

0.00

0.13

4.02

0.00

0.08

2.83

>0.001

lEDU

0.07

9.98

0.00

0.07

9.26

0.00

0.07

9.62

0.00

lMCV

0.00

0.12

0.90

>0.001

0.92

0.36

<-0.001

-0.75

0.45

lURB

0.10

5.00

0.00

0.07

3.33

>0.001

0.12

6.25

0.00

lCO2

>0.001

1.39

0.16

>0.001

0.59

0.55

0.01

2.09

0.04

F stat

3898

3018

P

0.00

0.00

R2 (Adjusted)

1.00

1.00

In other words, we assessed the economic, social, and
environmental factors affecting LE at birth in EMR countries
(1995-2007). Except for HE, the economic factors showed a
positive effect on the LE. Similar to other studies (2,3,32,39),
income per capita had also a positive effect on health. In fact,
higher levels of income allow more access to consumption of
high quality goods and services, better housing, and medical
care services which affect the health status (3).
HE is considered as a measure of the provision of the
health facilities to the society (37). In most studies, its effect
is estimated as positive (30,31,37). While it has shown
negative effects in some studies (3), it showed no significant
relationship with LE in the present study. It is believed that
the high expenditure in health in this area is related to high
user fee; thus, the good effect of health facility provision due
to increment expending in health is offset by reduction of
financial access.
Like other studies (3,30), in this study food availability had
a main positive effect on improving the longevity.
The health status of population, particularly the overall
mortality, can be influenced by accessibility and intrinsic of
employment opportunities (45). In our study, employment
ratio showed a positive effect on the longevity. Differences
between LE elasticity with respect to employment in males
and females showed that its effect on the health status was
higher in males compared to females. This might be due
to the fact that the responsibility of males in meeting the
families’ needs in EMR countries would increase the social
and mental stress on males and, as a result, unemployment
has more effects on the males’ health status in comparison
to females.
The findings about education verified the results of the
previous studies. In general, the individuals with higher
levels of education had higher sensitivity and awareness
about their health; therefore, they took more actions to
improve the quantity and quality of their health (3,9).
Urbanisation was one of the main determinants of LE
in this study as well as other studies. It is argued that the
people in urban areas have more access to medical care
services and heath information (24,30).
In the current study, CO2 emission was expected to have a

negative impact on the health status; however, this was not
verified in the study and the results showed no significant
relationship between CO2 emission and LE.
The study findings about health expenditure and one-yearolds immunised with MCV revealed that the variables related
to healthcare system did not have a significant effect on LE
in EMR region. This might have resulted from the disparity
of the socioeconomic status of the country and different
structures of the healthcare system in the region. On the
other hand, the most significant inputs of health production
in this study lied outside the healthcare system. These factors
are basically related to the socioeconomic development
level of the countries. Thus, it is the responsibility of the
national as well as international authorities to attain the
goal of health improvement.
The main conclusion of the present study is that the
economic stabilisation policies, such as increasing the
productivity as well as the economic growth and reduction
of unemployment, play significant roles in the health status
of the people of the region.
One of the limitations of our research was that
multicolinearity might have occurred between some
variables, these include income and employment, but this
probable collinearity did not cause any trouble for estimating
the coefficients. Of course, the estimated parameters should
be interpreted with caution.
Another point that should be considered is that the study
estimated a health production function for EMR countries in
general. Therefore, for providing evidences especially for a
single country, we need to estimate the function separately
for each country.
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