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Abstract

This study investigates the relationship between health status measured by death
rates or mortality rates and its determinants (medical care, socioeconomic, lifestyle, and
environmental factors) by using an econometric approach. After building the model and
conducting the regression analysis, we find that additional medical care utilization has no
significant impact on mortality rate. This means that if we increased medical care
expenditures, it will not change the mortality rates in the United States. The study stated
that lifestyle factor does not do much in reducing mortality rate. The results also
suggested that socioeconomic and environmental factors are important determinants of
mortality rate in the United States especially, income and pollution. The study also
showed that on average a 1% increase in personal income per capita will increase health
status by about 0.44% and on average a 1% increase in carbon dioxide emissions per
capita will decrease health status by about 0.06%. Thus, we recommend paying more
attention to those factors in setting future health policies.

Keywords: Health care, Production Function, Health Expenditures

1. Introduction

Health economics is an important and growing field in Economics. The health sector
accounts for over one-sixth of the U.S. economy, and its share of gross domestic product
(GDP) is expected to grow each year. The healthcare costs in the United States have
shown an upward trend in recent years as well. According to the World Health
Organization (WHO), total healthcare spending in the U.S. continued to grow from
13.4% of its GDP in 2000 to become 15.2 % of the GDP In 2008 (WHO,2011). Based on
the prediction of Health and Human Services Department, the historical growth of health
share of the U.S. GDP will continue to hit 19.5% of GDP by 2017. The health sector has
been experiencing high rates of inflation due to the increased demand for health services.
People may be buying more health services. Patients may be consulting with health care
providers more frequently.
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The importance of health sector is also reflected through the share of personal income
spent on medical care and the number of jobs in the health economy. For example, in
2009 consumers spent 17.9 % of their budget on health care which was greater than the
percentage spent on food (13.8%). In 1970, there were 334,000 physicians (or 164
physicians per 100,000 people) whereas in 2009 this number had grown dramatically to
become 972,000 physicians (or 317 per 100,000 people). The number of registered nurses
had more than tripled by 2009(Folland., el.al. 2010) .

Determining which factors contribute to an individual's health status would greatly
lead to improve the society’s health in general. Along with the general benefits of a
healthier society, this study also has economic relevance. If individuals were given
information that would help them improve their health status, there would be a decrease
in the demand for health care, thus possibly lowering one of the causes of the increased
inflation in the industry.

The purpose of this paper is to examine empirically the effect of medical care,
socioeconomic, lifestyle, and environmental factors on health outcomes in the United
States of America as well as exploring the possibility of applying this model on health
sector in Libya. This can be done through estimating the health production function in the
United States.

2. Literature Review

Much of research in this field has studied the concept of the production function of
health, which summarizes the relationship between health inputs and outputs. Yet, few of
them have analyzed the impact of the economic, social, and environmental factors on the
health status of the individuals as well as the society. In this section, we are going to
review some previous researches that are related to this subject:

1. James Thornton 2002: This study provides some new evidence on the effect of
medical care, socioeconomic, lifestyle and environmental factors on the health
status of the population of the Unites States. The results show that using more
medical care is relatively ineffective in lowering mortality rate and hence
increasing life expectancy. Based on the findings, socioeconomic status and
lifestyle are the most important factors that influence death rates. Thus, the study
has recommended, for policy makers, not to focus too much on the provision of
health care because it does not affect a lot in improving the health status of the
individuals within the American society. On the contrary, they should give larger
attention to economic and social factors which have more benefits to the nation’s
health (Tornton, 2002).
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2. Jean Spinks and Bruce Hollingsworth 2005: The study analyzes the technical
efficiency of health production in a group of countries using data envelopment
analysis (DEAI).This study uses socioeconomic measurements related to both
social and health policy. The OECD and WHO data were used in the analysis.
The paper concluded that high technical efficiency of the health production
slightly has raised the life expectancy, GDP and health expenditure (Spinks,
2005).

3. Bichaka Fayissa and Paulos Gutema 2008: Based on Fayissa’s paper, the health
production function for Sub-Saharan Africa was estimated depending on the
Grossman model (1972). The paper used social, economic, and environmental
factors as inputs of the production function. Those factors are represented by
income per capita, illiteracy rate, and food availability, ratio of health expenditure
to GDP, urbanization rate, and carbon dioxide emission per worker. The output of
the production function is health status measured by life expectancy at birth. The
study estimates the parameters of the function based on two methods: the method
of one-way and the method of two-way panel data analyses. The results showed a
strong negative relationship between health expenditures as a percentage of GDP
and life expectancy at birth. In contrast, there was a positive relationship between
life expectancy at birth and an increase in income per capita, a decrease in
illiteracy rate, and an increase in food availability. Overall results suggest that a
health policy, which depend on the provision of health services, family planning
programs, and emergency aids to the exclusion of other socioeconomic aspects,
may not have a big impact on improving the current health status of the region
(Fayissa, (2005).

4. AlaaBaz, 2010: The study aimed to formulate a model that estimates a health
production function in the Kingdom of Saudi Arabia. It used life expectancy at
birth, which represents the level of health status in Saudi Arabia, as a dependent
variable of the estimated health production function. The dependent variable was
interpreted by three explanatory variables representing economic, social and
environmental factors. Economic factors are represented by GDP per capita.
Social factors are represented by the medical manpower. Environmental factors
are represented by emissions of carbon dioxide per capita. The study used the
standard approach for estimating the health production function using the
common model of co-integration and error correction. This estimation is based on
testing the stability in some level for time-series of variables, using the unit root
test of Augmented Dickey Fuller (ADF). The results showed the integrated ICD
and stability for all variables time-series in the first difference. In addition, results
proved a positive impact of GDP per capita and number of medical manpower on
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life expectancy at birth. Also, it has shown a negative impact for carbon dioxide
emissions per capita on life expectancy at birth. At last, the study suggested more
investment in training and qualification of medical manpower. It also
recommended focusing on the ways to improve the income level of GDP per
capita and reducing the level of pollution and emissions of carbon dioxide (Baz,
2010).

5. Bichaka Fayissa and AncaTraian 2011: The paper aimed to estimate a health
production function for the following East European countries: Belarus, Bulgaria,
Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania,
Slovakia, Slovenia and Ukraine. The paper used panel data covering the period
from 1997 to 2005. The inputs contains economic, demographic, environmental,
and lifestyles factors that affect the health status. In order to determine the most
efficient way of allocating limited resources for improving the overall health
status of countries in the sample, the authors analyzed a health production
function at the macro level. They employed panel analytic methods of fixed
effects, random effects, and Arellano — Bond estimate to control for individual
country heterogeneity. Based on the analysis, they found a positive relationship
between economic growth as measured by GDP per capita growth, investment in
human capital formation, and residence in urban areas and the health status of
countries in the sample, which is useful for health care policy decisions (Fayissa
and Anca, 2011).

6. Pedro Hemsley and Lavinia Hollanda 2012: This paper investigates the impact of
low-cost health centers on child mortality in Brazil. The paper shows that low-
complexity treatments on a large scale are more relevant to reduction of child
mortality than high-complexity in a small scale. It also shows that increasing the
number of hospitals available has larger impact on child mortality. In addition, the
paper shows that the more educated people are there, the better use they will make
of low-complexity health centers. On contrast with Thornton’s study (2002), the
results indicate that additional health care decreases mortality. Also, increasing
health centers per capita decreases mortality through access to basic services and
make high complexity hospitals more effective (Hemsley and Lavinia, 2012).

3. Analytical Framework

3.1 The model

The project will estimate the health production function in the United States based on
the model that was used by James Thornton (2002). The model uses state level data for
the year 2010. We proceed to specify the unrestricted model which captures the
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relationship between health inputs and outputs of the health production function in the
United States. The specified production function is presented in equation (1) below:

D= (M, S, LyE)u.cucenennnneneenennenennnnnnn (1)

This equation means that health status (D) is a function of medical care
expenditure (M), socioeconomic factors (S), and lifestyle factors (L),
environmental factors (E).

Equation (1) can be rewritten as a log linear Cobb-Douglas production function:
oee (2)LnDl = ﬁo + ﬂMlnM,- + lenSi + BLlnLi + BElnEi + U;

Where for convenience we can rearrange equation 2 to get the following form:
Lny; = By + B1lnx{ + Brlnx, + B3ln x5 + Bulnx, + Bslnxg + Lelnxg +

Where B, denotes the intercept term,B;through B¢ are slope coefficients
representing parameters to be estimated, u; is a mean zero, finite variance error term.

y; represents health status that is measured by age-adjusted death rate per 100,000
populations. The independent variables that influence the health status are as follows:

x4 denotes medical care that is measured by health care spending per capita. Based on
economic reasoning, we expect to have positive relationship between this variable and
the health status. If the health care spending arises, then health status will be improved
and the age-adjusted death rate will be reduced accordingly.

x, stands for education which is measured by state spending on education per capita. We
expect to have a positive relationship between this variable and health status. The more
spending on education, the fewer death rates would be. Educated people are more capable
of processing health information that leads to improved health.

x3denotes income which is measured by personal income per capita. People who have
more personal income seemed to have more ability of financing improvements in health.
However, having more wealth may lead to stressful and unhealthy lifestyle. Therefore,
the expected relationship between income and health status (mortality rate) can be
ambiguous.
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x4 denotes alcohol consumption measured by thousands of gallons sold per capita. This
variable is representing the impact of lifestyle on health status of the individuals.
Consuming large amounts of alcohol will negatively affect health.

x5 denotes level of crime measured as the number of violent crimes per 100,000
populations. If the number of violent crimes increases, then the mortality rate will
increase as well. Thus we expect to have a negative relationship between crime and
health status.

x¢ IS the final independent variables that affect health status. This variable represents
pollution that is measured by carbon dioxide emissions per capita. The expected
relationship between this variable and health status is negative. Based on the above, the
various theoretical expectations are:

Bo.B1, B2 > 0 while B4, B5, B6<0and B3 could be both ways.

3.2 Data description

In order to estimate the relationship between health inputs and outputs in the United
States, the paper used cross sectional data across the entire states of America covering the
year 2010. These data were obtained from different sources such as United States
Department of Veterans Affairs, Federal Bureau Investigation, Bureau of Business and
Economic Research, United States Environmental Protection Agency, US Government
Spending, United States Census Bureau, National Vitals Statistics Report, and National
Institute on Alcohol Abuse and Alcoholism.

The data contain seven variables and only 50 observations. The reason for having this
small data is that we are constrained by the number of American states. So, the study
could not make the length of data greater than 50 observations. The collected data were
related to the following variables:

The dependent variable in the health production function is health status of the
population in the United States measured by the age-adjusted death rate per 100,000
populations whereas the independent variables are representing different factors that
affect the health status of the individuals. Those factors are specified as follows:

e Medical care: following the footprints of prior studies, we used health care
spending per capita as a measure of the medical care service that can be provided
for the U.S population.

e Socioeconomic Factors: this includes education and income. Education is
measured by spending on education per capita while income is measured as
personal income per capita.
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e Lifestyle factors: the impact of differences in lifestyle across geographic areas on
mortality rate is captured by one variable, which is alcohol consumption. This
variable is measured by gallons sold per capita.

e Environmental factors: to find out the effect of environment on the mortality rate,
we employed two variables. The first one is crime, which is measured as the
number of violent crimes per 100,000 populations, while the second one is
pollution, which in turn is measured by carbon dioxide emissions per capita. The
following table provides a summary for the data described above.

Table 1: Summary of the Data

N mean median min Max sd se
States* 50 25.5 25.5 1 50 14.57738 2.061553
Yy 50 2.880152 2.872296 2.770557 2.98313 0.047942 0.00678
x1 50 3.159845 3.162058 2.845284  3.413903 0.11197 0.015835
x2 50 2.960547 2.960814 2.67006 3.383797 0.129537 0.018319
x3 50 4.584949 4.581106 4.489128  4.743721 0.060655 0.008578
x4 50 0.369429 0.366414 0.130334  0.647383 0.081614 0.011542
x5 50 4.109329 4.188033 2911158  5.215196 0.538823 0.076201
X6 50 -4.70897 -4.7467 -5.04719 -3.93935 0.238595 0.033742

Where y denotes age adjusted death rate per capita, X1 is health care spending per
capita, X2 is spending on education per capita, x3 is personal income per capita, x4 is
alcohol consumption gallon sold per capita , x5 is the number of violent crimes per
100000 populations, x6 is carbon dioxide emissions per capita.

Age-adjusted death rate per capita represents the dependent variable. The mean is
2.880152, the median is 2.872296, the maximum value is 2.98313, and the minimum
value is 2.770557. The standard deviation is 0.047while the standard error is 0.0067.

The mean of health care spending per capita in 2010 is 3.159 while the median is 3.16.
The maximum value is 3.41, and the minimum is 2.84.

The mean for spending on education per capita is 2.96, and the median is 2.96. The
maximum value is 3.38, and the minimum is2.67. Similarly, by looking at the table we
can find the mean, the median, the maximum value, and the minimum value for the rest
of the independent variables.

3.3 Empirical Results
In the process of developing a model that explains the variation in the dependent
variable (YY), we tried to construct a model called unrestricted model:
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This model includes most of the independent variables that might affect the
dependent variable (Age-adjusted death rate per capita). We have chosen these
variables based on economic reasoning. The considered independent variables are
x1, X2, x3, x4, x5, and x6. The relevant description of these variables is presented
respectively as follows:
health care spending per capita (+);
spending on education per capita (+);
personal income per capita (+);
alcohol consumption gallon sold per capita (-);
the number of violent crimes per 100000 populations (-);

and carbon dioxide emissions per capita (-).

The expected signs that show the type of the relationship between each independent
variable separately and the dependent variable are placed in front of each descriptive
variable. The plus sign represent the positive relationship whereas the negative
relationship can be expressed by the minus sign. For instance, we expect that the more
spending on education per capita, the better health status (less age-adjusted death rate per
100000 populations). The following table represents the estimation results of the
unrestricted model:

Table 2: OLS Estimation Results of the Unrestricted Model

Estimate Std. Error t value Pr(>|t))
(Intercept) 5.11664 0.39079 13.093 < 2e-16 ***
x1 0.08244 0.04579 1.801 0.0788
X2 -0.06010 0.04509 -1.333 0.1895
X3 -0.42545 0.08747 -4.864 1.58e-05 ***
X4 -0.03634 0.07174 -0.507 0.6150
X5 0.01266 0.01147 1.104 0.2756
X6 0.08643 0.02197 3.934 0.0003 ***

*Significant at 10% level of significance, ** Significant at 5% level of significance,
*** Significant at 1% level of significance
Residual standard error: 0.03267 on 43 degrees of freedom, Multiple R-squared: 0.5925,
Adjusted R-squared: 0.5356. F-statistic: 10.42 on 6 and 43 DF, p-value: 4.1e-07

Table 2 presents the OLS results for the health production function. This model
explains 59.2% of the interstate variation in age-adjusted death rate on average, which is
clearly observed from the value ofR2.

2. Reconstruct the unrestricted model by omitting the irrelevant variables (those
variables are the one have high p-value) and we called it the restricted model. We
ran the regression again and we had the following results:
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Table 3: OLS Estimation Results of the Restricted Model

Estimate Std. Error t value Pr(>|t])
(Intercept) 5.20122 0.36962 14.072 < 2e-16 ***
X3 -0.43644 0.08316 -5.248 3.62e-06***
X6 0.06796 0.02114 3.214 0.00236 ***

*Significant at 10% level of significance, ** Significant at 5% level of significance,

*** Significant at 1% level of significance

Residual standard error: 0.03422 on 47 degrees of freedom, Multiple R-squared: 0.5113,
Adjusted R-squared: 0.4905

F-statistic: 24.58 on 2 and 47 DF, p-value: 4.932e-08

By looking at the level of significance for our independent variables above, we
conclude that the estimated coefficients of all independent variables are significant. For
instance, the estimated coefficient for personal income per capita is -0.43644. The
negative sign refer to the opposite relationship between per capita personal income and
age-adjusted death rate which is consistent with the economic theory. In other words, if
we increase personal income by 1%, the age-adjusted death rate will decrease by 0.43 %.
In addition, the t-statistics (-5.248) show that per capita personal income is highly
significant in the interpretation of the variation in the dependent variable.

Also, we observed a positive relationship between pollution measured by carbon
dioxide emissions per capita and the age-adjusted death rate of the U.S population. This
result is clearly seen from the estimated coefficient of pollution (0.06796). Since t-
statistics for this variable is equal to 3.214, then we can conclude that carbon dioxide
emissions are highly significant. If carbon dioxide emissions increase by 1%, the age-
adjusted death rate will increase by 0.06%. The R? statisic of 0.5113 indicates a little
difference in fit compared with the more general specification in table 1. This represents
a substantial amount of variation in health status across states. Furthermore, since the
model specification is double-log, the estimated coefficients are estimated elasticities.
Thus, B3 = 0.436442 indicates that on average a 1% increase in personal income per
capita will increase health status by about 0.44%. Also, B, = 0.06796 means that on
average a 1% increase in carbon dioxide emissions per capita will decrease health status
by about 0.06%.

In order to identify potential econometric problems, we carried out several tests:
Variance inflation factor (VIF) value for our independent variables x3 and x6 were
1.064591 and 1.064591 respectively which are found to be less than 10. This indicates
that there is no multicollinearity problem in our estimation. The result of ncv test (non-
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constant variance score test) indicates the existence of heteroskadasticity problem
(because Chi square is equal to 2.497357 which is greater than 0.05). In order to correct
for it, we have used heteroskadasticity consistent covariance matrix (HCCM) test to
generate Variance Covariance Matrix for our t-statistics and the results were as follows:

Table 4: Variance Covariance Matrix

(Intercept) x3 X6
(Intercept) 0.1523700304  -0.0332025986 -0.0001028294
x3 -0.0332025986 0.0077140023  0.0004856544
X6 -0.0001028294 0.0004856544  0.0004491613

Table 5: t test for coefficients

Estimate Std. Error t value Pr (>]t])
(Intercept) 5.116636 0.390346 13.1080 < 2.2e-16 ***
X3 -0.425449 0.087829 -4.8440 1.684e-05%**
X6 0.086432 0.021193 4.0782 0.0001925 ***

Signif. Codes: 0 '***'0.001 **'0.01*'0.05''0.1"'"'1

Regarding the Breusch-Godfrey test for serial correlation, the model seems not to
have an autocorrelation problem because p-value is equal to 0.1311 (greater than 0.05).
The result from Shapiro test indicates that the residuals are normally distributed since p-
value is equal to 0.4819 (which is greater than 0.10). In addition, we ran the reset test to
test for the model fit and the result implies that our model is well specified because p-
value is equal to 0.09983 which is less than 0.10.

We also conducted Augmented Dickey Fuller test (ADF) for a unit root to see
whether our series is stationary or not, (when a series has a unit root it is non-stationary).
In other words, a time series is non-stationary when p = 1, which makes the First-order
Autoregressive Model, AR (1) process a random walk. The null and alternative
hypotheses of the test are given in the following Equation:

Ho:p=1Hu:p<l1

The number of lags to be included is usually determined by using the Akaike information
criterion (AIC). The recorded results for ADF test were as follows:
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e The value of test-statistic is -4.8089, 11.582 and the coefficients are shown in the
following table:

Table 6: T-Values for Coefficients

Estimate Std. Error t value Pr(>|t])
(Intercept) 3.0256 0.6295 4.806 1.75e-05 ***
zlag.1 -1.0513 0.2186 -4.809 1.73e-05 ***
z. diff.lag -0.0830 0.1427 -0.582 0.564

Signif. Codes: 0 ***'0.001 **'0.01*' 0.05"'.'0.1''1

Residual standard error: 0.04733 on 45 degrees of freedom, Multiple R-squared:
0.5757, Adjusted R-squared: 0.5568. F-statistic: 30.53 on 2 and 45 DF, p-value: 4.194e-
09

Table 7: Critical VValues for Test Statistics

1pct 5pct 10pct
tau2 -3.58 -2.93 -2.60
phil 7.06 4.86 3.94

The ADF test results showed that our series is stationary because the t-statistics is

greater than t-critical at all levels of significance. Thus, we reject Ho: p = 1 and accept Hi: p
<1

3. Conclusion

In this paper we have estimated the health production function for the U.S
population. Based on the regression results, we conclude that there is no significant
relationship between the health status of the U.S population and medical care
expenditures, education, alcohol consumption, and crime. Only two of the independent
variables are important in explaining the variation in age-adjusted death rate. These
variables are income and pollution which are measured by per capita personal income
and carbon dioxide emissions per capita respectively.

The study suggests that socioeconomic and environmental factors are important
determinants of mortality. Income has a substantially larger marginal impact on death
rates than other factors. Thus, for policy makers, it is more appropriate to focus on the
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role of socioeconomic and environmental factors if the goal is to maintain and improve
the health status of the population. We have to consider improving living conditions for
the U.S population through increasing their personal income. By this way we allow
Americans to spend more from their budget to cure their illness and be able to pay the
treatment costs. The results also show that additional medical care utilization has no
significant impact on mortality rate. The lifestyle factor does not do much in reducing
mortality rate.

Thus, we do not need to give much attention to this factor in setting health policies.
At the end we need to mention that the model we used to estimate the health production
function in the United States is applicable to the health sector in Libya with taking into
account making slight modification regarding the variables. For example, due to the lack
of data we might not be able to use Age-adjusted death rate as a representative of health
status, instead we could replace it with mortality rate per 1,000 male adults. Also, we can
add new explanatory variables such as consumption of drugs, unemployment rate, and
number of doctors working in health sector. It will get much more relevance for any further
research if different structural models regarding disintegration and error correction are
introduced.
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