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Abstract


Using a cross sectional data set from the years 2004 and 2005 of 50 states in the United States and the District of Columbia and the ordinary least squares procedure this paper estimates the determinants of healthcare expenditures in the United States.  The proportion of population under the age of 15 years is found to be the largest determinant of healthcare expenditures in the United States.

I. Introduction


The continuously rising cost of healthcare has been of concern to in developed nations within the last fifty years.  Policy makers strive to understand how to supply healthcare to people who require it.  This study aims to help policy makers and individuals alike to better understand what affects the cost of healthcare.

This study uses cross sectional data from 50 states in the United States and the District of Columbia in 2004 and 2005 to estimate the effect of various factors on healthcare expenditures within the U.S. using Ordinary Least Squares (OLS) method.  In the following sections I will discuss previous literature on healthcare expenditures, explain the economic theory behind healthcare spending; describe the model I have constructed; estimate the regression model; finally discuss the results; and finally draw conclusions.
II. Review of Literature

Table 1 summarizes five studies on the topic of healthcare expenditures.  Most of the studies in Table 1 estimate per capita healthcare expenditures using pooled data from developed countries.  The independent variables that appear in most of these studies are a measure of GDP, as well as several variables to account for age distributions.  Each study in Table 1 uses OLS as its estimation method.  Matteo (2005) uses data from U.S. states and Canadian providences to estimate his equation, but the rest of the studies in the Table 1 use data from OECD countries to get a view of healthcare expenditures in all developed nations of the world.  

	Author
	Title (year)
	Method and Data
	Dependant Variables
	Independent Variables

	Anindya Sen
	Is Health Care a Luxury? New Evidence from OECD Data (2005)
	OLS; time series/ cross sectional data from 15 OECD countries between 1990 and 1998.
	Real per capita healthcare expenditures
	 Real per capita gross domestic product*, infant mortality rates per 100000 population, percentage of population above 65, average length of patient stay in hospitals*, the number of physicians per 1000 of population, linear trend variables for countries

	Paul Hansen, Alan King
	The determinants of health care expenditure: A co integration approach (1996)
	OLS; time-series /cross sectional data from 20 OECD countries from 1960 to 1987.
	Real per capita healthcare expenditures (log form)
	Real per capita gross domestic product, the proportion of the population under the age of 15, and over the age of 65, the proportion of HCE that is publicly funded, the relative price of HCE. (all variables in logarithmic form)

	Livio Matteo
	The macro determinants of health expenditure in the United States and Canada: assessing the impact of income, age distribution and time (2005)
	OLS; time-series/cross sectional data from 50 US states plus the district of Columbia from 1990 to 1998 and Canadian providence-level data from 1975 to 2000.  
	Real per capita health expenditures
	Real per capita gross state product*, age proportions*, regional dummy variables

	Helmut Herwartz, Bernd Theilen
	The determinants of health care expenditure: testing pooling restrictions in small samples (2002)
	Two step OLS/ time series analysis; time-series/cross-sectional sample of 19 OECD countries from 1960 to 1997
	National healthcare expenditures
	GDP, proportion of the population age 65 or older

	Pedro Barros
	The Black Box of Health Care Expenditure Growth Determinants (1998)
	OLS; time-series/cross sectional data from 24 OECD countries in 3 decades (60s, 70s and 80s)
	1. Growth rate of healthcare expenditures per capita

2. per capita health care expenditures 
	1. Per capita healthcare expenditures in period t-1 and its square*, various dummies for the type of health care system; growth rate in GDP*, change in percentage of population over 65; some yearly dummy variables; ratio of state financed expenditures to overall health care expenditures

2. Levels of the variables discussed above.


Table 1:  Review of Selected Works on the Determinants of Healthcare Expenditures     

*Denotes 5% significance 

Herwartz and Theilen (2002) use national healthcare expenditures as the dependent variable in their model to compare how much separate countries spend on healthcare.  All of the other studies aim to measure healthcare expenditures of the average person in each of these countries, so they use per capita healthcare expenditures as their dependent variable. 

Each of the studies in Table 1 includes a measure of income in the set of its independent variables.  Sen (2005) includes real per capita GDP in order to estimate the elasticity of demand for healthcare with respect to per capita income.  Barros (1998) uses the growth rate of GDP to estimate effect of economic growth across developed countries.  Barros (1998) considers the growth rate of healthcare expenditures rather than looking at different levels of healthcare expenditures like the rest of the studies in Table 1.

Age distribution of the population is also a large concern when considering healthcare expenditures.  Each study listed in Table 1 uses some measure of age distribution as a determinant of healthcare expenditures.  Most of them use a variable to account for the proportion of the population above the age of 65.  Matteo (2005) study in particular uses age proportion variables to estimate the effect of each age group on per capita healthcare expenditures. Hansen and King (1996) use variables for the proportion of the population under the age of 15 and over the age of 65.  This under 15 variable is used to capture the effect of higher or lower spending for young people rather than just assuming that only older people raise healthcare expenditures.

  Sen (2005) employs supply and demand variables when estimating the determinants of per capita healthcare expenditures.  The variables infant mortality rate and proportion of people above the age of 65 represent the demand side of healthcare expenditures, the variables average length of patient stay in a hospital and the number of physicians available represents the supply side of healthcare expenditures. 

III. Economic Theory

[image: image1.png]Price

Figure 1 : Healthcare Market

Supply

Healthcate

Demand

Quantity




This study considers variables that represent both the demand for healthcare and the supply of healthcare in the United States.  Often when both supply and demand variables are estimated in the same equation simultaneously can be a problem using OLS.  If any of the independent variables on the right side of the equation being estimated are affected by the dependent variable on the left of the equation then a simultaneous-equation system is required.  This is often the case when considering supply and demand variables because they are correlated with price and quantity variables.  If quantity and price are on different sides of the equation being estimated there is most likely a simultaneity problem.  However, healthcare expenditures is equal to the price of healthcare multiplied by the quantity of healthcare, so both price and quantity are combined to create expenditures.  Figure 1 gives a basic demonstration of how the supply of healthcare and the demand for healthcare are used to determine the price and quantity of healthcare.  The price and quantity are then multiplied together to give us healthcare expenditures. 

Because price and quantity are combined to make the dependent variable there should not be a simultaneity problem when estimating the determinants of per capita healthcare expenditures using both supply and demand variables.
IV. Model Specification


OLS is the method used to estimate effect of various factors on per capita healthcare expenditures in the United States. Equation 1 is estimated using cross sectional data from 50 states in 2004 and 2005.  Table 2 defines the independent variables used to determine per capita healthcare expenditures and shows the expected sign of the coefficient for each variable.

Equation 1:

Per Capita Healthcare Expendituesi = f (PIi, Age65i, Age15i, IMi, HOSi, PHi, COSTi,) + errori
Table 2: Definition of Independent Variables Included in Equation 1

	Independent Variables
	Definition
	Expected sign of coefficients

	PI
	Per capita personal income
	Positive

	Age65
	Proportion of state residents age 65 or older
	Positive

	Age15
	Proportion of state residents age 15 or younger 
	Positive

	IM
	State Infant mortality rate
	Positive

	HOS
	Hospitals per 100,000 people
	Ambiguous

	PH
	Physicians per 100,000 people
	Ambiguous

	COST
	Avg. community hospital cost per day
	Ambiguous



In similar studies of healthcare expenditures for developed nations per capita GDP accounts for the largest portion of change in healthcare expenditures.  Mettao (2005) uses per capita gross state product in his study of the United States; I am employing a similar variable to measure the effects of per capita personal income on per capita healthcare expenditures.  States with higher incomes are expected to spend more on personal healthcare.  Studies have been done to estimate the elasticity of healthcare expenditures with respect to GDP in developed nations.  Newhouse (1977) found income elasticity relative to healthcare to be close to 1.  This suggests that healthcare is a normal service.  However, Sen (2005) finds income elasticity with respect to healthcare expenditures to be less than 1 suggesting that healthcare is an inelastic service.  There is some disagreement as to how much income explains health expenditures, but its positive effect can be seen in all literature on the subject.


The variables Age65 and Age15 increase the demand for healthcare.  Theory suggests that age is a driving factor in the increase in healthcare expenditures.  All of the studies in table 1 use a variable to account for age as a determining factor in the demand for healthcare.  I am using both proportion of the population above the age of 65 and below the age of 15 because these age groups are thought to affect healthcare expenditures more than any other.  Matteo (2005) finds that the results from his age variables agree with that of previous literature in that healthcare expenditures for the elderly and young are greater than those of middle-aged people.  Sen (2005) uses age variables similar to the ones I have chosen to estimate the effects of age on the demand for healthcare.  I will also be using infant mortality rate as an indicator of the demand for healthcare in each state.  Sen uses a similar variable to estimate the demand for healthcare by using age and infant mortality rate.


The variables for physicians per 100,000 people, hospitals per 100,000 people, and average community hospital cost per day are used to account for the supply of healthcare.  It is difficult to determine the effect that these variables will have on healthcare expenditures because they shift the supply of healthcare.  Shifting the supply of healthcare has the effect of lowering the price of healthcare while raising the quantity of healthcare provided.  Because we cannot determine by how much this supply shift will affect both price and quantity, we do not know if it will increase or decrease healthcare expenditures.

V. Descriptive Statistics


The data used in the empirical research is from 2004 to 2005 and includes all 50 states and the District of Colombia.  The data was collected from the U.S. Census Bureau, the U.S. Bureau of Economic Analysis, and the U.S. National Center for Health Statistics. Table 3 gives a summary of the data set used in the empirical research.
Table 3: Descriptive Statistics  

	Variable
	Minimum
	Mean
	Max

	Per Capita Personal Healthcare

(PHCE)
	$3,972

(Utah)
	$5,283
	$6,450

(Alaska)

	Per Capita Personal Income

(PI)
	$24,901

(Louisiana)
	$34,757
	$47,943

(Connecticut)

	Infant mortality rate

(IM)
	4.5

(Utah)
	6.9
	14.1

(District of Columbia)

	Proportion of Population age 15 or younger

(Age15)
	3.61

(Utah)
	4.64
	5.65

(District of Columbia)

	Proportion of Population age 65 or older

(Age65)
	5.94

(Florida)
	8.1
	15.15

(Alaska)

	Hospitals Per 100,000 people

(HOS)
	1

(multiple states)
	2
	7

(South Dakota)

	Physicians per 100,000 people 

(PH)
	170

(Idaho)
	266
	770

(Florida)

	Avg. community hospital cost/day

(COST)
	$733

(South Dakota)
	$1,522
	$2,246

(Alaska)


The average U.S. resident is expected to spend about 5,283 on healthcare each year.  The average per capita personal income in the U.S. is $34,757.  The average U.S. resident spends 15.2% of his or her personal income on healthcare each year.  Infant mortality rate in the U.S. is 6.9.  The proportion of the population above the age of 64 in the U.S. is 4.64.  The proportion of the population below the age of 16 in the U.S. is 8.1.  Population/# of hospitals demonstrates roughly how many people in the state that one hospital is responsible for providing care for.  On average a hospital in the U.S. is responsible for providing care for 57,214 people.  In the U.S. there are 266 physicians per 100,000 people.  This is 1 physician for every 376 people.  The average operating cost of a community hospital per day is $1,522. 

Table 3 shows us something interesting about the effect of the demand of healthcare on healthcare expenditures.  Utah has the lowest infant mortality rate as well as the lowest proportion of population age 15 and under.  Utah’s low statistics in two of the demand variables makes me expect Utah to spend less on healthcare.  Not surprisingly I found that Utah spends the least per capita on healthcare.
VI. Multicollinearity Test


When using the ordinary least squared method to estimate econometric models multicollinearity can sometimes cause a problem.  Perfect multicollinearity occurs when two independent variables have a perfectly linear relationship with each other.  Perfect multicollinearity does not allow either variable to be estimated while keeping all other variables constant.  If perfect multicollinearity exists one variable must be removed to fix the problem.  Imperfect multicollinearity exists when two independent variables have a strong enough linear relationship to effect the estimation of the equation.  Imperfect multicollinearity has the effect of increasing standard errors and variances of estimated coefficients, which causes their t-statistics to decrease.  If imperfect multicollinearity does exist it will not decrease the fit of the equation or make any of the coefficient estimates unbiased.  Checking the correlation coefficients of the variables in the equation can be done to check if multicollinearity is present.

Table 4: Correlation Matrix for Equation 1 Independent Variables

	
	COST
	HOS
	IM
	PI
	Age65
	PH
	Age15

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	COST
	 1.000000
	 0.623290
	-0.187272
	 0.434711
	 0.454295
	 0.341436
	-0.133368

	HOS
	
	 1.000000
	-0.077816
	 0.494919
	 0.013770
	 0.325298
	 0.012318

	IM
	
	
	 1.000000
	-0.057207
	-0.131380
	 0.279886
	 0.227194

	PI
	
	
	
	 1.000000
	 0.075443
	 0.772055
	 0.373929

	Age65
	
	
	
	
	 1.000000
	-0.072859
	-0.598348

	PH
	
	
	
	
	
	 1.000000
	 0.595675

	Age15
	
	
	
	
	
	
	 1.000000


Table 4 shows a correlation Matrix for Equation 1’s independent variables.  A correlation coefficient of 1 suggests perfect multicollinearity while a correlation coefficient of 0 suggests no correlation.  The closer the correlation coefficient becomes to 1 or –1 the stronger the correlation between the two variables becomes.  A correlation coefficient above 0.8 is cause for concern of a multicollinearity problem.  


In Table 4 not many of the variables show a significant correlation with one another.  The strongest coefficient of 0.77 is between per capita personal income and physicians per 1000 people.  Because there does not appear to be any major problems with multicollinearity I will leave the model as it is.

 VII. Heteroskedaticity Test


Heteroskedaticity can occur when estimating an equation using OLS when the observation’s error terms have inconsistent variances.  When heteroskedaticity is present the observations will have higher t-statistics and lower standard error, but the estimates will remain unbiased.


A common method for testing for heteroskedaticity is the White test.  The White test estimates a regression model where the error terms from Equation 1 are squared and used as the dependent variable.  The independent variables in the equation are the independent variables from Equation 1.  If the nR2 statistic is greater than the critical value from the Chi-squared table then there is a heteroskedasticity problem.  The nR2 statistic for Equation 1 when the White test is applied to it is 40.01, and the critical Chi-Squared value is approximately 47.  This means that heteroskedasticity is most likely not a problem.

VIII. Estimation Results


The coefficients and adjusted R2 from Equation 1 are displayed in Table 5.  
Table 5: The estimation results of specifications of Equation 1

	Variable
	Coefficient
	

	Constant
	-2767.387
	

	PI (per capita personal income)
	0.038429

(1.801291)**
	Positive

	IM (Infant mortality rate)
	46.07810

(1.070924)
	Positive

	Age15 (proportion of the population age 15 or younger)
	1201.011

(3.773176)***
	Positive

	Age65 (proportion of the population age 65 or older)
	91.07399

(1.245871)*
	Positive

	HOS (Number of hospitals per 100,000 people)
	-0.002987

(-0.870841)
	Negative

	PH (Number of physicians per 100,000 people)
	1.681992

(1.161258)
	Positive

	COST (Average operating cost of community hospitals per day)
	-0.036726

(-0.089055)
	Negative

	Adjusted R2
	0.668537
	


*** Denotes coefficient is statistically significant at a 1% level; 

** Denotes coefficient is statistically significant at a 10% level; 

 * Denotes coefficient is statistically significant at a 25% level. 


The adjusted R2 is used to measure an equation’s goodness of fit.  It measures the proportion of the dependent variables variations from its mean that can be explained by change in the independent variables.  The closer the adjusted R2 is to 1 the better fit the model is to explain the dependent variable.  The adjusted R2 for equation 1 is .668537; this means that the model can explain about 67% of the variations in healthcare expenditures from the mean healthcare expenditures.


  The signs of the independent variables are what were expected.  The demand variables are positive.  The two supply variables that are expected to effect healthcare expenditures negatively are HOS and COST.  However these variables are found to have a low level of significance.


Age15 is the only independent variable that is statistically significant at a 1% level.  This means that we can say with 99% confidence that the proportion of the population age 15 and under has a positive effect on per capita healthcare expenditures.  Fore each one percent increase in the proportion of the population age 15 and under per capita healthcare expenditures goes up by $1,201.


PI is significant at a 10% level of significance, which means that we can be 90% sure that personal income has an effect on per capita healthcare expenditures.  The low coefficient suggests that even thought personal income is significant the impact of personal income on per capita healthcare expenditures is small. For each one-dollar increase in per capita personal income per capita healthcare expenditures increases by about $0.04.


The independent variables that represent the supply of healthcare (HOS, PH, and COST) were all found to have low levels of significance.  PH is the most significant being statistically significant at a 25.19% level, and COST is the least significant with significance at a 92.95% level.  COST can be almost defiantly considered insignificant to the variations in per capita healthcare expenditures.  PH is significant enough to be considered as a supply determinant of per capita healthcare expenditures.  Interestingly PH is the only supply variable which has a positive sign, and it is also the most significant.

IX. Conclusion


According to my estimation the major determinants of per capita healthcare expenditures are age and income related.  The proportion of the population 15 years old or younger seems to have the largest effect on per capita healthcare expenditures in the United States.  This suggests that children are the ones highest in demand for healthcare.  It also appears that the supply of healthcare in the United States is not a significant determining factor of healthcare expenditures.  Future research on the topic could consider other determinants of healthcare expenditures such as life expectance, poverty rate, number of physician assistants, or a measure of pollution in each state.  A larger data set may also be beneficial in later research.

Data Sources

· The data on Healthcare Expenditures was found in the Centers for Medicare & Medicaid Services National Health Expenditure Data. 

<http://www.xms.hhs.gov/NationalHealthExpendData/ >.

· The data on physicians per 100000, average daily community hospital cost, and number of hospitals per 100000 were found in the U.S. Census Bureau’s, 2008 Statistical Abstract of the United States.

· The data on population under 15 and over 65 were found in US Census Bureau’s, 7/1/2007 State Characteristics Population Estimates File.

· The data on infant mortality was found in the U.S. National Center for Health Statistics, “Deaths, Final Data for 2005”.

<http://www.cdc.gov/nchs/data/nvsr/nvsr56/nvsr56_10.pdf>.

· The data on per capita income obtained from the Bureau of Business and Economic Research at the University of New Mexico.

< http://bber.unm.edu/econ/us-pci.htm>.
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