INVESTIGATING HEALTH DETERMINANTS IN OECD COUNTRIES

A RANDOM EFFECTS ANALYSIS

Except where reference is made to the work of etiibe work described in this thesis is
my own or was done in collaboration with my adwsocommittee. This thesis does not
include proprietary or classified information.

Jesse Daniel Adams

Certificate of Approval:

T. Randy Beard John D. Jackson, Chair
Professor Professor

Economics Economics

Steven B. Caudill George T. Flowers
Professor Dean

Economics Graduate School



INVESTIGATING HEALTH DETERMINANTS IN OECD COUNTRIES

A RANDOM EFFECTS ANALYSIS

Jesse Daniel Adams

A Thesis

Submitted to

the Graduate Faculty of

Auburn University

in Partial Fulfilment of the

Requirements for the

Degree of

Master of Science

Auburn, Alabama
December 19, 2008



INVESTIGATING HEALTH DETERMINANTS IN OECD COUNTRIES

A RANDOM EFFECTS ANALYSIS

Jesse Daniel Adams

Permission is granted to Auburn University to ma&pies of this thesis at its discretion,
upon request of individuals or institutions andh&tir expense. The author reserves all
publication rights.

Signature of Author

Date of Graduation



VITA

Jesse Daniel Adams, son of Kendal and Barbara Aderd brother of Joshua and
Kelly Adams, was born on August 7, 1984 in Birmiagh Alabama. He spent the
majority of his childhood in Birmingham, but als@wed with his family to Talladega,
AL and Berlin, Germany for one-year stints befag#tlsig in Auburn, AL. He graduated
from Auburn High School in 2002 and entered Aubumversity that fall where he
would later graduatsagna cum laude with his Bachelor of Science in Business
Administration degree and a focus in Internatiddasiness. Immediately following
graduation, he continued to study at Auburn Uniwgmghere he entered the Master of
Science in Economics program in Fall 2006 and sylosetly entered the Master of
Business Administration program in Spring 2007. dtens to graduate with both master

degrees in December 2008.



THESIS ABSTRACT
INVESTIGATING HEALTH DETERMINANTS IN OECD COUNTRIES

A RANDOM EFFECTS ANALYSIS

Jesse Daniel Adams
Master of Science, December 19, 2008
Master of Business Administration, December 19,8200
(B.S.B.A., Auburn University, 2006)
90 Typed Pages

Directed by John D. Jackson

In previous literature, there has been contratjatesults regarding what
indicators serve as determinants of health. Tapepre-examines the health production
function by using the economic theory of productiorestablish factors to include in
regression analysis. Data from 30 OECD countries fthe years 1999 to 2005 were
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system in the study had an extremely inefficieldcation of inputs.
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[.INTRODUCTION

Rising health care costs have been at the cenfarliiic discussion in many
industrialized nations for years. Institutions amdividuals alike are concerned with the
ability of the health care system to provide adégjgaverage to growing populations. A
substantial amount of research has been devo&ddging health care resources
including some that examines health inputs in taméwork of the economic theory of
production.

This idea that a population’s health outcome cawiéeed as an output level
opens the door for researchers to examine theaesips health care inputs have with
health and with each other. Although previousditiere have studied health
determinants, they have largely ignored the imghee of their results. Production
theory is rich with relevance that, if applied @mtty, provides a solid foundation on
which decision makers can act. On the other hidnedneglect or misuse of theory to
inform officials almost certainly leads to an ineignt and blind use of resources.

That said, it should be the objective of healtreyrstems to maximize inputs to
produce health at the highest level that can physb#achieved. Oftentimes we hear
about the apparent need for additional health ieurces including doctors and nurses.

But the question remains, can countries use wiegthlve to improve the health of their



people? Furthermore, which input levels must lresked first so that increases in
health will be realized?

This paper seeks to examine both medical and naheadéhealth determinants in
this context in an effort to discover the statdéeélth production and the relationships of
the process’ inputs so that health maximizationlmmachieved. Compensating for
methodological shortcomings in previous researcandom effects model of health
production is formulated that employs six fact@rexplain spatial and temporal
variations in population health status as meashydde expectancy. Partial output
elasticities for these factors are estimated udatg from 30 OECD countries over the
seven years spanning from 1999 to 2005. Subsdygutrgse data are used to examine
the capital-labor marginal tradeoff and the stdtieealth care resource allocation.
Additional cost-of-life applications will demonstesthe benefit of increased health
spending for different countries. It is hoped ttmbugh this analysis the effect of health
input changes will become more transparent andgiedde so that health-maximizing
decisions can be made. The following chapter mitiew previous literature to provide a

foundation for this study.



II.REVIEW OF LITERATURE

Before an empirical analysis of health determinaatsbe completed, it is
imperative to examine what previous researchers f@awnd regarding the production of
health. There are many studies that have invastigaealth inputs and there are a variety
of different applications of this research. Thelfhgs of previous literature will provide
a basis on which health determinants can be chasgsubsequently used to estimate the

production function.

Decision makers face increasing pressure to pradadequate amount of health
care on limited budgets. Accordingly, both pulalid private hospitals in the U.S. are
operating under the strain of falling reimbursemsedecreasing revenues, and rising
costs. However, instead of pumping more monepter these shortfalls, it has been
argued that by prioritizing efficiency, improveddit outcomes can be produced with
current budgets (Williams, 1988). Efficiency, Walns contends, is the measure of
whether resources in the health care system ang lsed to get the most value for their
money.

The concept oéfficiency refers to the maximization of health outcome fgivaen
cost, or the minimization of costs for a given kieautcome. In health care, productive

efficiency enables the assessment of the reladlgevfor the costs of interventions with
3



directly comparable outcomes. In other words, ueses are allocated efficiently only if
the relative cost of two inputs is equal to thelative worth.

There have been various types of health care efffogi studies. The World
Health Organization’s (WHO)\orld Health Report in 2000 produced an aggregate study
that used panel data from 191 countries acrosgltie to rank the efficiency of
different health systems. It should come as npr&e that high income countries were
among the most efficient health care systems (Waddlth Organization, 2000).
Hollingsworth and Wildman (2002) use the same tafarmulate alternative parametric
and non-parametric models and reveal significanatians in efficiency estimates than
those of the WHO. Furthermore, they suggest tifiterdnt models should be used to
estimate efficiency for OECD and non-OECD countriBsie to methodological
problems in estimation, Williams (2001) criticizé® data used for these reports and
indicates that their results may lead to inaccucateclusions. Other country-level
studies find a disparity between developed andldpireg countries’ efficiency and
suggest that increased spending may be the besy pml improving health in poor
countries, but important gains can be made in mashtries by using resources more
efficiently (Evanset al., 2001; Hutubesssgt al., 2003).

More specific studies tend to focus on assortedcsmf health care systems.
Among them, a few have examined the efficiencyasfdital administration in the U.S.;
they tend to conclude that the U.S. has a veryiaefit administrative structure
(Woolhandler and Himmelstein, 1991; Redelmeier Enchs, 1993; Woolhandler and

Himmelstein, 1997; Woolhandlet al., 2003). Due to a lack of data (or hospitals’

4



willingness to answer surveys), there are verygawdies focusing on the administration
of European health care providers (Dixon and Mdssj&000). Other literature has
been directed at investigating the efficiency spacified health program such as those
related to HIV prevention or mental health partiate (Schinnagt al., 1990; Holtgrave
etal., 1995, Chessoet al., 2002; Leaveet al., 2004). The impact of technology on the
efficiency of health care has been examined as(@éler et al., 2004; Chaudhret al.,
2006).

These studies suggest that the large variety oliress in the health care system
provides ample opportunity to explore resourcecedficy. But despite the many
analyses of resource allocation, the input tradeséitionship has not been investigated
in this manner. There has been much talk by isteg@ups about input (e.g. physician
and nurse) shortages but little has been doneamiee whether or not current labor
resources can be maximized to produce a higher anodtnealth. It would seem
appropriate that applications of the economic the@biproduction can be used to
estimate the determinants of health outcdnihen, viewing these findings in the
context of the health care system, a foundatiowlaich a higher degree of efficiency can
be achieved through alternative input allocatidmesaes can be established. The
following section will examine previous literatu@explore which determinants should

be included in the production function.

Framework for the Production of Health

! From here forth, the ternigalth status andhealth outcome will be used interchangeably to describe the
level of health production.

5



In determining which factors to include in a modeplaining health status, a
gualitative health production function was deteradin The abstract function takes the

form of a neo-classical production function andpecified as:

(1) H=f(K,L EF)

whereH is a measure of health statidsis an indicator of capital resources used for
health carel. is an indicator of health care labor availableuse,E is a vector of
environmental factors that bear an effect on agrésshealth, andr is an indicator that
measures the degree to which a person’s lifestigdeta his or her health. The capital
and labor inputs in health production are what abi@rizes a country’s health system.
These are the doctors, nurses, surgeons, pharsmansthe buildings, machinery, and
equipment they use to address health concdfiggre 1 is a flow chart representation of

health care systems in relation to the health prodo function.
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Figure 1: Determining Factors of Health

Within each factor are various facets that whenlwoed, serve to make that
factor what it is. For example, the health cateay is made up of labor, financing, and
physical resources among other things. The enwieott in which health is produced
includes the many exogenous forces that can praolttepositive and negative
externalities. Lifestyle is comprised of everyiaetin which an individual willingly
engages. Unfortunately, these elements are imgedsi fully quantify and therefore
must be estimated using proxy variables. Consieraf proxy variables will now be

discussed as well as their use in previous litegatu



Health Status

In 1948, the WHO declared health is “a state ohplete physical, mental and
social well-being and not merely the absence adatis or infirmity (World Health
Organization, 2006b),” a definition that is widelgcepted today. Therefore, health is
comprised on three dimensions (physical, mental,sacial) with the physical dimension
being the easiest to measure (Hansluwka, 1985)pxeical dimension of health has
been measured by statistical indicators that gaugigality, morbidity and disability,
with most empirical studies employing mortalityastbecause of their objectivity,
precision and availability. Or (2000), howeveralisses important limiting factors that
relate to mortality measures. For instance, hesititat mortality rates are highly biased
due to deaths in the older population and faildooant for the good health of the young
population. Furthermore, mortality can only be royed to a certain point (i.e. an
individual cannot live forever) and therefore ités diminishing returns. It is difficult to
assess how much lower mortality rates can fallweier, despite these disadvantages,
mortality continues to be the most useful measumparing national and international
health data (Brenner, 1987).

Many studies have used under-5 and infant morteditys to measure health
status (Filmer and Pritchett, 1997; Guegtal., 1999). These measures, however, are
aggregated measures of health condisiath socio-economic status/economic
development (Reidpath and Allotey, 2003). FurthmenMatherst al. (2003) find that
the infant mortality rate is not adequate for moitg trends and differentials in

population health.



Other studies employ the use of premature moytalgasures such as potential
years of life lost (PYLL) (Or, 2000; Macinka al., 2003). These measures are superior
to typical mortality measures in that they weidlg prematurity of death according to
unexpectedness. For instance, an infant deattbileighted more than that of a 60-
year old.

Similarly, healthy life expectancy (HALE) and disigty-adjusted life years
(DALE) provide better methods of studying the fears in which an individual is still
productive. However, these indicators are not mnegsevery year and therefore the
scope of any analysis using them is limited (Roletre#., 1992). This lack of regular
data for a consecutive range of years requiresstbidy to use life expectancy at birth as
a measure of health status. The progression dthhresearch cannot wait on the
superior development of a refined measure, bueatsshould use available indicators
that satisfy basic criteria for study (Murreyal., 2000)*> Furthermore, life expectancy at
birth has been used for years as a generally asdt@péasure of health and has been

found to be highly correlated with HALE (World H#alOrganization, 2000).

Capital
Within the context of the health care system, fagds necessary to cover the

cost of health production. This funding comes friovo main sources: the government in

2 With comprehensive reliability being the main erion for data collection, life expectancy is atilely
sufficient measure.

% For a sample of studies that have used life empegtas a measure of health status, see Teealat
(1991), Wright and Weinstein (1998), Cremieux (20Q@vineet al. (2002), Macinkeet al. (2003),
Sarasiret al. (2003), Omran (2005).



the form of public spending and the patient or g&vinsurance company in the form of
private spending. Public spending takes differel@s in different countries—such as
Medicare in the United States and Australia—an2000 accounted for as little as 1.5%
(Afghanistan) or as much as 99.1% (Kiribati) ofoactry’s total health expenditures.
Private spending includes patient out-of-pockeinpayts in addition to prepaid insurance
plans. On average, private spending accountesi/Ar of total health expenditures in
2000 (World Health Organization, 2006a).

Funds are typically used to purchase resourcepaydor the labor that is
necessary for health care intervention. Consegydmalding the labor input constant, it
can be assumed that total health care spendimgp®gional to the amount of physical
resources within a health care system. Physicalurees include everything utilized by
the health care system to alter health and inclhdspital beds, pharmaceutical drugs,
hospital equipment (MRI scanners, CT scanners), eied hospital property among
others.

The empirical results from studies that analyzerétationship between health
care spending and health outcome have produceddmesellts. Most studies using
aggregated data for developed countries at a $peaiint in time have failed to find a
significant relationship between health expendgwed health outcome. Using various
mortality indicators as health measures, Poikolagred Eskola (1988), Mackenbach
(1991), Musgrove (1996), and Babazano and Hillmi®@94) each find that health
spending is not a significant determinant of heaklewhouse (1977) further asserts that

health care is a luxury good that is more closelyetated with per capita GDP rather
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than health status. Other interesting explanawasupplier-induced demand theories
(Evans, 1974; Fuchs, 1978) and Foxiicalization theory (Fox, 1977§. Conversely,
Wolfe (1986) and Wolfe and Gabay (1987) producesimountry findings that propose
health status is significantly and positively ctated with spending.

Various results from regional studies are likewmsmnclusive. The majority of
those who have examined the U.S. health care syst@mshown health care spending to
have a negligible or negative relationship withltiestatus (Austeet al., 1969; Silver,
1972; Benham and Benham, 1975; Dietal., 1979; Newhouse and Friedlander, 1980;
Ruhm, 1996). Hadley (1982), on the other handpdatlnat increases in health care
spending lead to a significant decline in mortatdtes. Results from European studies
tend to agree with the conclusion that health spending demonstrates a positive
relationship with health outcome (Collins and K|€1980; Forbes and McGregor, 1984;
Elolaet al., 1995).

Ultimately, the conflicting empirical evidence dda#e to convince one that
aggregate health care expenditures play no rafet@rmining a country’s health status.

Furthermore, casual empiricism suggests that heal#ninterventions serve to improve

* Supplier induced demand is the amount of demaeated by doctors, which exists beyond what would
have occurred in a market in which consumers dhgifformed. For example, it is proposed that whe
there are an increasing number of physicians, ¢aef treat fewer patients and begin to providetheal
services where the marginal cost exceeds the naigémefit in order contribute to their income.xBo
medicalization theory, on the other hand, statasghysicians are filling the social support vdidittis left
by the absence of family members in increasingipa®lized societies. This is a role where a doctay
not be very effective. Furthermore, this may cadesgendence on health care providers where more
spending leads to diminished health.
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health, and therefore it is hypothesized that tio¢alith expenditures will have a positive

impact on the status of health.

Labor

A second component in the health care system imbwe input. Health labor is
undoubtedly a prerequisite for health care as mmdstventions require treatment from a
trained physician or nurse (Dussault and Duboi®420However, there has been very
little literature that investigates the associatietween health worker density and health
outcome. Robinson and Wharrad (2000, 2001) ingat&d this relationship and found
that a high density of doctors is linked with imped mortality rates. On the other hand,
Kim and Moody (1992) and Hertt al. (1994) found that physician density did not bear
a significant impact on health outcome. Furtheemtrose studies that include nursing
density tend to find that nurse density is not gigantly correlated with health.

All of these studies have noteworthy limitationattehould be considered when
making statistical inferences. For one, they sdl gross national income measured in
US$ at exchange rates rather than internationdddaht PPP. Measuring income using
exchange rates tends to exaggerate the real ingambetween the rich and the poor and
leads to overstated estimates of regression cesffse Another severe shortcoming is
that each of these studies uses stepwise regrasssatect independent regressors.
While this may find those variables which are statally significant, it undoubtedly over
fits the model and may also result in finding spus statistical results that have no

behavioral justification.
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As with health expenditures, there have also baeties that are based on
regional or intra-national data to examine theu@fice of health care human resources
(Thomaset al., 1991; Frankenberg, 1995; Frankenberg and Tho2@dd,; Gulliford,
2002; Needlemast al., 2002; Aikenet al., 2002). However, these studies have
conflicting results and do little to provide closwn the issue.

Although there has been some evidence that doleéwmes a positive impact on
health status, this information has not been agplexy thoroughly. Moreover, an
insignificant relationship between nurse densitg health outcome would suggest that
nurses do not play any role in improving healtlurtiker investigation of the impact of
these two occupations is needed to provide an itapbfoundation on which
administrators should base employment decisiorase® on casual empiricism, it is

expected that both nurses and physicians haveitiveasfluence on health status.

Environment
Of course, it should not be assumed that healftraxluced” in a vacuum without
any influence from exogenous factors. Bhelo-economic environment also has a
bearing on health status. Many empirical studastshown various socio-economic
indicators to have a significant relationship wimalth outcome (Austet al., 1969;
Silver, 1972; Grossman, 1972). Similarly, Valkor{#@88) finds a positive relationship
between educational attainment and health statoigjher educational attainment

presumably increases the knowledge on which a pdrases his or her decisions. This,
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in turn, improves the consequences of decisiortsfifect health (e.g. the decision of
exercising rather than watching television).

Low access to quality housing may limit a persabgity to escape harmful
environmental factors including weather and warfaEenway (2007) shows that
housing is a key determinant of individual healtld argues that expenditure on housing
is an effective way to achieve improvements in teaSimilar studies with slightly
weaker recommendations also show a significantioalship between housing and health
(Rauhet al., 1988; Fuller-Thomsost al, 2000). Moreover, access to clean water and
sanitation facilities has a direct impact on healibh that low access magnifies the risk
of disease and nutrition (Esrey, 1996; Krawtal., 1999).

Perhaps because of its strong correlation with $actors as education, housing,
and sanitation, per capita gross domestic prodsDR) is often included in health
studies as an approximation for income. It isoeable to expect that income has a
positive relationship with health. When viewingsthelationship on an aggregate level,
however, contradicting results have been foundévipus analyses (Austeral., 1969;
Rodgers, 1979; Wilkinson, 1992; Christiansen, 18i#her, 1996).

Even so, a sensible explanation suggests that higt@mes lead to increased
consumption of goods that will positively affectadjty of life such as schooling and
food. Income can therefore serve as an all-ingtusidicator that has many socio-
economic factors built in, including those previgussted. The majority of high income
nations are well developed in terms of femaleditgrrate (often used to measure

educational attainment) and access to water anthgan (environmental risk factors)
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and are assumed to have 99% attainment levelsganimations such as UNICEF.
Consequently, Occam’s Razor suggests the includiper capita GDP as an overall
environmental indicator while excluding the aforemened others. An increase in GDP
would then imply an improvement in all socio-ecomnofactors and is thus expected to
have a positive relationship with health.

Separate from the socio-economic factors are datants that stem from the
physical environment. A lack of data makes it difficult for health dtas include a
variety of indicators relating to the physical eoviment. Nevertheless, pollution is
thought to be a contributor to physical environnrésk and therefore warrants inclusion
as a health determinant. The WHO estimates th2002, nearly 2.4 million people died
as a direct result to poor air qualftyPoor air quality generally affects the human bsdy
respiratory and cardiovascular systems resultingéathing problems and the
aggravation of existing cardiac problems (Pepa., 1995). Pollution has become a
popular political topic and has led to an incregsinmber of national emission
standards. Recent regulation includes a 1990 sixterno the Environmental Protection
Agency'’s Clean Air Act and the Kyoto Protocol adepin 1997 by the Framework
Convention on Climate Change. Specifically, thgamiy of such legislation attempts to
reduce ground-level ozone pollutants such as sdiiide (SQ), nitrous oxide (NG),
carbon monoxide (CO), carbon dioxide (§CGand lead.

An abundance of pollution indicators has allowedthe factor to be included in

similar health studies. Among those analysesupoh has been found to have a

® Retrieved from World Health Organization (2008).
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significant negative impact health (Bates, 198Qpfricket al., 1990; Dockery and
Pope, 1994). Similarly, Touloumi (1994) shows ghty statistically significant inverse
relationship between CO and daily mortality. O0@Q), on the other hand, finds a
significant positive relationship between polluti@and health outcome. A noteworthy
limitation in Or’s study is the use of N@missionger capita as opposed to a spatial
unit of measure. Pollutants should be examingtercontext of their emissions
densities and should therefore be measured relatithee size of the country.

The relative toxicity of various pollutants are Moty understood and biological
studies have not provided convincing evidence gmest one measure is better than the
rest. Or (2000) states his decision to usg Bi€a pollution measure was the result of
“the lack of better indicators.” Nonetheless, G@issions per square kilometer will be
used to account for the effects of the physicalrenment on the production of health

and is expected to have a negative relationshilp k& expectancy.

Lifestyle
In contrast to environmental risk factors include@ broad measure of socio-
economic status are those risk factors that vaigpendently from environmental
development. These are factors that are charaetehy an individual'éifestyle and
include illicit drug, tobacco and alcohol consuroptamong others. There is often a
stigma associated with certain lifestyle factonsl¢gal issues in the case of drug
consumption) thereby making it very difficult toméi complete and reliable data on

individual consumption patters. Westerbetrgl. (2004) finds that current methods are
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fairly reliable in estimating the drug use of freqticonsumers but not occasional users.
Furthermore, cross-national differences in estiomatechniques limit the capacity to
compare country-level data.

To account for differences in lifestyles among does, the per capita
consumption of alcohol is included in this studecause of the difficulty in quantifying
the lifestyle factor, it can be argued that alcatemisumption is the best proxy. Previous
studies have controlled for individual behavioiakrusing smoking prevalence and
butter and fat consumption in addition to alcormigsumption (Cremieux, 2000; Or,
2000). However, extensive longitudinal data fasth indicators does not exist.
Furthermore, Napier (1990) has found tobacco aowhal to be complementary goods
that are highly correlatet The use of alcohol consumption is therefore thlg variable
used to proxy for lifestyle risk. Based on theutesof prior literature and general

knowledge, alcohol is expected to be negativelyatated with life expectancy.

In summary, there is a lack of literature regagdmirse and physician marginal
productivity and an efficient allocation of theseotresources. A study that examines the
relative impact of these two inputs on health ooteshould provide some insight as to
the current state of health system efficiency latien to labor. There is no generally
accepted health production model in the literathe there is an abundance of related
statistical inquiry. From this knowledge, a neasslical production function can provide

the basis for which factors are deemed appropitatdne model. Furthermore,

® This is supported by Koopmahal.’s (1996) study on adult twins and Cremieux’s (20p@vince-level
study on Canada’s health.
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conflicting results in previous literature failspoovide consistent expectations for the
signs of coefficients of these factors. Basedmvipusly discussed reasoning, the
expectations for these signs in this study areddofable 1 along with previous
literature that supports these expectations.

The production process can be used to examingatttern of production for
certain goods including health. The theory behiredproduction process is instrumental
in understanding the impact that input relationsiipve on the production of health.
This is essential in the interpretation of the esgron results and considering the degree
to which various health inputs interact and howythmatter. In the next chapter,
economic theory that explains the production preeesl the significance of the nurse-
physician relationship and the capital-labor relaship in the production of health will

be discussed.
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Table 1: Expected Coefficient Signsand Related Literature

Variable Measure Exgi(;cr:ed Associated Results
Collins and Klein (1980);
Per Capita Total Health Hadley (1982); Forbes and
TOTALSPEND Expenditures * McGregor (1984); Elolat
al. (1985)
Quantity of Physicians per Robinson and Wharrad
PHYSICIANQUANT + (2000, 2001); Anand and
1,000 o
Barnighausen (2004)
NURSEQUANT Quantity of Nurses per 1,000 + None
Wilkinson (1992); Filmer
. , and Pritchett (1997); Gupta
PERCAPGDP Per Capita Gross Domestic + et al. (1999): Or (2000);
Product .
Anand and Barnighausen
(2004)
Carbon Monoxide (CO) Bates (19_80); Krupnickt
o al. (1990); Dockery and
POLLUTION Emissions per Square - 994): I -
Kilometer Pope (1994); Touloumi
(1994)
ALCOHOL Per Capita Alcohol i Napier (1990); Cremieux

Consumption

(2000); Or (2000)
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II1. THEORY

The preceding Review of Literature chapter outlisedindicators that have been
deemed significant health determinants by prevgtudies. This chapter will generalize
the health production function and examine therggzal lens through which the
econometric results should be viewed.

The primary use of the production function is teastigate resource allocation in
order that resource productivity can be maximizedroduce the highest output possible.
The production function is a mathematical desasiptf the production
process and can be used to find the marginal ptvitycof each input. With this
information and information on input prices, it wdtherefore be possible to find the
input which produces health at the highest raiiced to the cost of that input.

Inherent in any multivariate production functiathe fact that there are many
different ways to produce a given amount of outdoputs can be altered such that
different levels of each input produce the samewarhof a product. Each input,
therefore, has a relationship with the other factdrthe production function. For
example, with output held constant, one input nwesteduced in order to compensate for
an increase in another input. The rate at whieltridde-off is made is called the
marginal rate of technical substitution (MRTS). Estimating the MRTS between two

inputs is central to the idea of optimal resourdt@cation. The underlying production
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theory and the subsequent derivation of the MRTIEten allow further exploration

into technical efficiency.

The generalized classical production function fridnwas constructed based on
apriori argumentation and previous literature on the prodan of health. It reveals that
health outcome is a function of health care cagitaland labor I() among other

environmental ) and lifestyle F) factors.

1) H=f(K,L EF)

More specifically, think of health care labor asnmgised of two inputs:
physicians and nurses. Therefore, the labor faanibe extrapolated into divisions of

physicians and nurses such tHais a function of physicians and nurses:

2 H=f(K,P,N,EF)

whereP andN are factors that describe physicians and nurespectively.
The derivative of any production function measurew the output changes when
the values of the inputs change. Therefore, tathiegotal differential of (2) yields the

change in health output with respect to changesah input (3):

"It should be understood that in generalized mosiai$ as those described above, each factor'somwtat
delineates all aspects of the factor. For exantpienurse input indicated B describes all aspects of
nurse labor including nurse quantity, quality (teichl education and effort), location, availabiligtc.
While examining abstract relationships, it is assdrthat these descriptive aspects are known.
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(3) dH=Mak + M gp+ M N+ e+ 9 o
oK oP N oE oF

wherethe coefficientsa—H oH oH oH oH refer to the respectivearginal

0K ' 9P 'ON ' OE ' oF
productivity (MP) of each inpukK, P, N, E, andF. In other words, the marginal product
of an input is how much health increases or deeseagien the input increases or

decreases by one additional unéteris paribus.

Consider the marginal products of the labor fad®andN. An increase in the

physician factordP>0) will lead to a%—'l;l increase in healtlegteris paribus, while an

increase in the nurse factaiN>0) will lead to ag—: Increase in healtlteteris paribus.

Each of these inputs have a marginal productivigg,twhen viewing a higher output of
health as the objective, can be assigned relatiltees that describe how much each input
is worth compared to the other.

The MRTS can then be found for each 2-factor cowtiton of inputs by looking
at how one factor changes with a correspondinggdamnanother factor. It must be
acknowledged that one factor within the model wifect the relationships the other
factors have with health, and therefore all factbeg aren’t being examined must be held
constant (i.edK, dE, dF = 0). Specifically, an examination of the tradébetween
doctors and nurses for a given level of health eamegants that the level of health

production also be held constant so titat= 0.
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(4) O:O+a—HdP+a—HdN +0
oP oN

(5) “H =M e
N P
oH
dN __op
©) o
oN

Solving ford—’:, (6) shows the change in the quantity of nursasriust

accompany a change in the quantity of physiciamsdmtain a fixed output of health.

There are four possible combinations of marginatpctivity signs that could determine

the sign of the MRTSTgble 2).

Table2: MP and MRTS Signs

Combinations 6_H g—: SI\I/IOFS.IG_SOf
(A + + :
(8) . : .
() + - +
(D) : + +

The MRTS is negative when both partials have tineessign. Two positive signs

entail that both sources of labor have benefiogdacts on health and an increase in the
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two factors subsequently leads to an increasealftthproduction. Two negative signs
suggest that health iaken away with an associated increaseHrandN and that
additional physicians and nurses are harming iddafs.

On the other hand, (C) and (D) produce a margatal of technical substitution
that is positive. The implications of the positMRTS slope for (C) and (D) are such
that a given increase in the physician factor waddessitate an increase in nurses to
keep the production of health constant. (C) isciieverse of (D) and describes a
situation where nurses have a negative marginalymtcand an increase Mmust be
accompanied by an increase in the physician faotoraintain health production.

The MRTS ratio is the slope of the isoquant—a euhat shows the
combinations of inputs that can produce the saned tf output. Table 3 lists the four

main properties of isoquants aRjure 2 is an illustration of an isoquant map.
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Properties

Table 3: Isoquant Properties

Explanation

Isoquants further from the
origin represent greater
outputs

There is a different isoquant for every level oéltie that could be
produced with isoquants further from the originigading higher levels
of health output.

Along a given isoquant, the quantity of health dater employed is

Isoquants slope down and tainversely related to the quantity of capital emgdiving the isoquant

the right

Isoquants do not intersect

Isoquants are usually
convex to the origin

a negative slope. Both inputs’ marginal producyivitust be positive.

Since each isoquant refers to a specific levekadth, no two isoquants
intersect. Such an intersection would indicat¢ tia same combination
of labor and capital could, with equal efficienpypduce two different
levels of heatlh.

Moving along the isoquant, as more units of caital fewer units of
labor are employed, the marginal product of capiéallines and the
marginal product of labor increases, so it takesencapital to make up
for a reduction in labor.

Input Y

Output 4

Output 3

Output 2
Output 1

Input X

Figure 2: Isoquant Map

The second isoquant property states the curvegatively sloped which means

the isoquant framework can only be applied to gspgsstitutes. If the relationship
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between nurses and physicians takes the form obic@tion (C) and (D) fronTable 2,
the isoquant illustration cannot be usedNaandP.
Now consider that the health production procesei®ved to have the Cobb-

Douglas functional form in (7):

(7) H=AK?L”

whereA represents thital factor productivity and @ and 5 are parameters that

characterize the respective relationshipK aindL with H. The total factor productivity
addresses the impacts of any effects in outputaiigahot caused by the capital or labor
inputs or economies of scale.

In the review of literature, the logic behind thelusion of certain factors in the
health production function was discussed. It asomable that the factors which are not
characterized bil andL are comprehensive components of the total factodyztivity.

In other wordsA is comprised of environmental and lifestyle fastérandF such that
each has a relationship with health. Furthermibie]abor factor is again divided into

physician P) and nurseN) components (8).

(8) H=K*P°N’E'F*

Similar to the exponents fét andL; J, J, y, andA are real number parameters that

characterize the factoR N, E, andF, respectively.
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The Cobb-Douglas functional form of health produtiprovides a more specific
approach to solving for the marginal rate of techhsubstitution between two inputs.
When working with exponential relationships suclthexse in (8), natural logarithms
permit easy factor manipulation with simple linaaalysis. Transforming the fully

logged form of (8) using the product and power suteen yields (9):

(9) INH =a(nK) +3(In P) + 3(n N) + y(In E) + A(In F)

so that:

(10) dinH =a(dInK) +&(dInP)+(dIn N) + y(dIn E) + A(d In F)

where (10) explains the percentage chand¢ tinat accompanies changes in the inputs as
measured by percentageConsequently, the relevant coefficient of theurgltlog term
is interpreted as the partial output elasticityhaf input.

Contemplate an example where each of the inp@wtaihautput elasticity such

thata+d+J+y+A=1 Inthis case, a one percent increase in eattteahputs

would add up to a one percent increasd @nd the production process would have
constant returns to scale. If the sum of the impugre less than 1, the process would
have decreasing returns to scale and if the suimeahputs were greater than 1, returns

to scale would be increasing.

8 See Appendix 1 for a derivation of this interptieia.
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| LRAC

Increasing Returns Decreasing Returns
to Scale to Scale

s Health Output
Constant Returns

to Scale

Figure 3: Returns to Scale

Casual empiricism suggests that returns to scelendeed decreasing with
respect to health production. Decreasing retwrssdle states that the long-run average
cost of health rises at a rate more rapidly thai ¢l output (i.e. rising marginal cost; see
Figure 3). Furthermore, increasing the inputs beyond tagepoint (where they produce
more output than that which achieves constantmetta scale) generates slower output
growth suggesting that diminishing returns are eissed with decreasing returns to
scale. If the sum of the partial output elasestis less than 1, the health production

process is experiencing diminishing returns as.well
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HoldingH, K, E, andF constant so thad InH =dInK =dInE=dInF =0 we

have:

(11) 0=0(dInP)+Z(dInN)
(12) -3(dInN)=4(dInP)
(13) _3EE=§

dN

P

so that the MRTS of nurses for physicians is:

(15) d_N:—éxﬂ
dpP g P

Capital-labor tradeoffs can also be determinefiriding the MRTS of labor for

capital. This is done by adding and& so that a single elasticity is found for labor:

(16) dinH =4(dInP) +(dIn N)

SettingdInP=dInN:
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(17) dinH = +J)dInL

dinH
dinL

(18) =5+9=0

whereL is the comprehensive labor factor with a coeffitig . Beta can then be

compared with capital’s coefficiert in the context of the isoquant. Applying (15) to

capital and labor, we get the MRTS of labor foritap

(19) - =

Without any constraints, an unlimited amount gfuts would produce an infinite
amount of health. Monetary resources are limitexdyever, and the health care system
operates under the constraint of a budget. Fdr eagntry there is a maximum output
that can be achieved with a given budget andtitasretically the purpose of a health
care system to produce this maximum. For exantipéeoutput level H.1 in Figure 4 is
associated with the maximum output that can beywmed with a budget B.1. In order to

increase output to H.2, a higher budget (B.2) wdnddhecessary.
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H.2
H.1
B.1 \ B.2

Figure 4: Efficient Input Allocation

Producing the maximum output with current inpgtghie definition of efficiency.
This point of efficiency is achieved when the slgb¢he isoquant (MRTS) is tangent
with the slope of the budget line (isocost).

If a budgeB is exhausted between capikahnd labol, the budget is equal to
the factor cost of capital plus the factor paynmenabor. The budget line would then

look like (21)where P, and P, are the prices of capital and labor, respectively.

(20) B=P,K+PL

(21) L=



If the prices of capital and labor are known, @wbb-Douglas exponents
and S can be estimated to determine if a health syssemperating with an efficient
resource allocation.. Based on the Cobb-Douglastional form in (9), this estimation

is completed using the multiplicative (double legpnometric model.

The neo-classical and Cobb-Douglas production fanstprovide a theoretical
explanation of how certain inputs interact in theduction process to generate health.
Not only does the marginal rate of technical subttin shed light on the tradeoff of
certain inputs; it also permits an examination i@ efficiency of resource allocation
within health care systems. In order to maximigeproduction of health with a limited
budget, the relative price of each input must etpuMRTS of the two factors.
Fortunately, the Cobb-Douglas function can be estith using an econometric
exploration of available health data. The nexiptéawill present the data and

methodology used in the health production regressio
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IV.DATA AND METHODOLOGY

While the theory provides a lens through which etogl results should be
interpreted, the data and methodology are the meankich the results are achieved.
This chapter will present the data and the econocn@iethods that are used to estimate
the health production function.

The definitions of the variables are ascertaineduth the following
descriptions. The sources and validity of the daéadiscussed which is essential in
determining how reliable the model is. The randeffacts model is the method used to
analyze the panel data and will be described imtathodology subheading.
Furthermore, methodology will include the descriptstatistics that convey the context

to which the results can be applied.

Data
Initially, cross-sectional data for 191 countriesh the year 2000 was used. The
information was retrieved from a number of diffeéreaurces. Substantial difficulties
arose with the dataset, however. The majorithefdata came from the World Health
Organization’s (WHO) World Health Report, and désphe organization’s dedication to

providing reliable statistical data, it did not piwe results for enough observations.
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Information was available for the year 2000, butfleo consecutive preceding or
succeeding years limiting the size of the dataset.

A second perceived difficulty was the fact tha ttataset was cross-sectional.
Health status cannot simply change overnight, ailter is affected by actions taken in
previous time periods. For instance, smallpox wet®mns were introduced to the Horn
of Africa in 1975 and were not completely circuthta the area until 1979. To affect the
region’s health status, its entire population néealsess to the vaccination, and it can
therefore be said that the vaccination had littleat in 1975 alone.

Another problem arose with the comparability of ttata used in the original
dataset. Health care labor is an essential fagtbin the health production function, but
the WHO had very incomplete information for a sengear. Physician quantity and
nurse quantity, as a result, were retrieved frorargety of sources including national
statistical bureaus. Because such data is estimatieer than observed, different
methods of estimation lead to limited reliability.

These problems are typical of any cross-natioralth study, especially those
examining low income countries with substantialgwfed statistical estimation practices.
The conclusion was made that data from a singleceouas the best alternative for a
more reliable study. Therefore, the dataset waseal from cross-sectional observations
consisting of 191 countries to longitudinal datasisting of the 30 OECD member
nations for a seven year period from 1999 to 2005.

The OECD is generally considered a dependableamgplete source for

country-level data. The organization’s Qualityfewvork and Guidelines adopted in
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2003 have reinforced a commitment to extensivedopn and re-inspection of all
statistical estimations. Unless otherwise notath ¢ extracted from the SourceOECD
general database and is defined using the sounckesiathods identified in the database
(OECD, 2008).

The measure of health status that this studyus#! is life expectancy at birth
represented by the variadleFEXPECT. The OECD defines Life Expectancy at Birth as
the average number of years a person can be expedige assuming age-specific
mortality levels remain constant. Life Expectamgstimated by the OECD Secretariat
for all countries utilizing various governmentalsces including the EU’s Eurostat and
the US’s National Center for Health Statistics amothers.

TOTALSPEND is the proxy variable for the capital componen&adiealth care
system and is measured by total health expenditukesording to the OECD’System
of Health Accounts statistical manual, total expenditure on healthsness “the final use
of resident units of health care goods and senptesgross capital formation in health
care provider industries (institutions where healle is the predominant activity)
(OECD, 2000).” Total Expenditure does not incledgorts of health care services such
as health service spending by foreigners withinoteerved country, but does include
spending by domestic residents while traveling atiroFurthermore, health care
providers are often compensated in the form ofinttipayments or may even go unpaid
for their services. These services are valuedrkehaalue that corresponds to the size

and scope of the services performed.
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The OECD estimates health expenditures using conBiarchasing Power Parity
(PPP) methods. PPP estimations are generally ad&dged as superior to exchange
rate estimations due their considerations of cbhving and inflationary pressures and
are therefore more effective for spatial and terapeomparisons (Callen, 2007)The
OECD'’s comparative price levels used in assessitfg &e listed i\ppendix 2.

The physician factor will be indicated by the numbgphysicians per 1,000
population and will be described by the variaPleYSQUANT. The OECD measures
physician density by quantifying the practicing pityans that provide services directly
to patients. FurthermorHYSQUANT measures all physicians consisting of general
practitioners as well as specialifisin its estimation of physician density, the OECD

includes:

= Persons who have completed studies in medicinaiag¢rsity level (granted by
adequate diploma) and who are licensed to practice

= Interns and resident physicians (with adequateodipland providing services
under supervision of other medical doctors durhmgrtpostgraduate internship in
a health care facility)

= Salaried and self-employed physicians deliveringises irrespectively of the

place of service provision

® Callen notes in 2006 the World Economic Officéreated global economic growth to be 5.1 percent
using PPP methods and only 3.8 percent at martex.ra

1 General practitioner refers to a physician whosduat limit his or her practice to certain disease
categories and assumes the responsibility for cehgusive care. Specialist refers to a physiciam wh
diagnoses and treats physical and mental diseadedisorders using special testing, diagnostic,icaéd
and surgical techniques and includes: pediatricigyisecologists and obstetricians, anesthetistgesus
and psychiatrists/neuropsychiatrists.
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= Foreign physicians licensed to practice and agtipehcticing in the country.

It is also noteworthy that the OECD excludes tHeo¥ang from the estimates:

= Students who have not yet graduated

= Dentists and stomatologists/dental surgeons

= Physicians working administration, research anadtier posts that do not have
direct contact with patients

= Unemployed and retired physicians

= Physicians working abroad.

NURSEQUANT is the proxy variable for the nurse labor factod & used to
measure the quantity of practicing nurses per 1gaQulation. A nurse is a person who
has completed a program of basic nursing educanans qualified and authorized in his
or her country to practice nursing in all settingske physicians, nurses must provide

services directly to patients to be included in@€CD'’s data. This data includes:

= Persons who have completed their education in mgiiend who are licensed to
practice (including both higher-level nurses angldolevel nurses such as
associate/practical/vocational nurses)

= Salaried and self-employed nurses delivering sesvicespectively of the place

of service provision
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= Foreign nurses licensed to practice and activedgtmring in the country.

and excludes:

= Students who have not yet graduated

= Nursing assistants and care workers who do not Aayeecognized
qualification/certification in nursing

=  Midwives

= Nurses working in administration, research andtireoposts that do not have
direct contact with patients

= Unemployed and retired nurses

= Nurses working abroad.

PERCAPGDP is one of the two proxy variables used to measukgonmental
factors. Per capita gross domestic product igrtbasure of output in an economy and
often represents all of the environmental and dgrakental factors that are related to
socio-economic conditions such as education, acoesater and sanitation, housing,
income, etc. Per capita GDP figures were measusid) constant PPP 2000 prices in
US dollars.

There is an important distinction between currertgpand constant price
measures. Current price GDP could grow rapidly pegause prices are growing.

Constant price GDP, however, shows how the quaotibutput is changing.
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Furthermore, constant prices are measured usingri&g@ids providing more accurate
comparisons across countries.

The second component of the environmental factpollsition. Pollution is
accounted for by thBOLLUTE variable which measures carbon monoxide man-made
emissions retrieved from the OECD EnvironmentalaDatblication (OECD, 2007).
Many studies have used pollution data that meagireEnhouse gases such as carbon
dioxide and methane, but these pollutants arehmight to have an immediate direct
effect on human health and therefore the more agye carbon monoxide pollutant is
used. Carbon monoxide is a pollutant that is pcedyrimarily from internal
combustion engines, including those found in autoites and factories. Emission data
is based on the best available engineering estadtihe time of collection.

The OECD provides carbon monoxide emission datharform of total
emissions in thousands of tons. To provide a apateasure of pollution, the author
manipulated emission data dividing total emissioypshe country’s land area (measured
in square kilometers) to give the total emissidn8@0 tons) per square kilometer as the
unit. It is believed that a spatial measure maueately represents the pollutant’s effect
rather than a per capita measure.

The lifestyle factor is represented by thieCOHOL variable which measures
alcohol consumption in liters per capita, agesdd @ver. It should be recognized that
alcohol consumption refers pure alcohol rather than drinks that include alcohalhile
consumption data are retrieved from various soutbesmajority come from national

statistical bureaus. The methodology to convexdladlic drinks to pure alcohol may
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differ across countries, but typical conversionsgivebeer with 4-5% alcohol, wine with
11-16% alcohol, and spirits with 40% alcohol. Mumrer, different collection methods
warrant caution with any cross-country comparisons.

As with any econometric study, a model is only valg within the scope of the
data used in the study. For example, life exp@gtastimations range from 71.8
(Turkey) to 84.0 (Japan) for all OECD countried899. Inferences cannot be drawn
from this study in relation to Ethiopia which hatifa expectancy of 42.4 years in the
same year (The World Bank, 1999)able 4 provides descriptive statistics about the
entire dataset and the context in which the resuitst be interpreted. Furthermore,
Table 5 uses Germany'’s data to provide a single-countrgrgegon of health
determinants for the seven-year span, Batale 6 is a summary of the variables for the
median year, 2002.

The majority of the data comes from the SourceOE@@base and is more
reliable than would come from the WHO which hassfaable estimations for some of
the underdeveloped countries. The dependableatiat@ed for a dependable regression
model. The next section will present the methogplosed to estimate the health

production function regression.
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Methodology

The use of panel data was necessary to providegbrmuservations for a reliable
study. In panel analysis, there are three motialsare used depending on the effects
displayed by the dataset: the naive least squanéglnthe fixed effects model, and the
random effects model.

A naive least squares model, or pooled regressmutel, is applicable in
situations where there are neither significant sf@suntry nor significant over-time
effects that impact the coefficients of the modessentially, all of the data is pooled
together and treated as a standard OLS model.cdipwith panel data, however, there
are country or temporal effects present so thaptwded regression model is not
appropriate.

A second model uses the fixed effects method wtherenodel’s slopes are
assumed to be constant but the intercept coeftisi@mes across countries. In other
words, using dummy variables, the cross-sectioffi@tts on the response variable are
estimated folN countries and added to the intercept. The résalshifting intercept that
yieldsN best-fit parallel lines. Similarly, if significawvariation over time is suspected,
an additional temporal intercept can be added usidgmmy variable for each year.

Because a fixed effects model is conditional enuhits used in the dataset, they
are typically used with longitudinal data that emp@asses an entire population. A good
example of this would be a sample employing evenntry in European Union from
2000 until now to assess the impact of an import tdowever, the dataset that is used in

this study is not intended to account for the enpiopulation (even for the 30 OECD
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countries). Rather, it is believed that throughk #nalysis inferences can be drawn
regarding other countries with similar levels o#ltle determinants, or regarding OECD
countries in future periods.

A third model is designed to allow for such infeces to be made and that is the
random effects model. This model is intended &ngle sets from large populations
thereby making it appropriate for this studyln contrast to the fixed effects model
where the country-specific variation is estimalite, random effects model assumes the
intercept is a random outcome variable that isn@tion of a mean and a cross-sectional

random error ¢,) (22):

(22) Bo =B, U,

where the random errar, is heterogeneity-specific to each country and chmgwvary
over time.

Another error term is the traditional one thatimsque to an individual
observation €, ). This term accounts for the variation in the elegent variable that is
not explained by the regressors and is in addtbaross-sectional error. The model’s

total error can therefore be thought of as the stiy and ¢, .*

1 A Hausman specification test determines whethefised effects or random effects model is
appropriate by examining the correlation betweenaitior terms and the regressors. The resultseof t
Hausman test will be presented in the next chapter.

12 A two-way model is one with a third error componaddressing time variation. With only seven years
included in the dataset and very little temporalatéons, it was determined that a one-way model is
appropriate.
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The following generalized random effects model wsed to estimate the

determinants of health outcomes across OECD casrfior the years 1999 to 2005:

(23) Yy =B, + X B, Xy +U, + &

whereY is the dependent variabl¢,s a vector of independent variablgsis a vector of
coefficients that is constant across country ame tisubscripi refers to cross-sectional
unit, subscript refers to time, and subscriptefers to the independent variabfe.

Applying (23) to the production function discussedhe previous chapters then yields

(24).

Equation3:  H, =L, +aK; + P, +IN, + ), +AF, +0u, +¢&,

Natural logs will be used in this study for two pases. First, it is hypothesized
that total health expenditures and per capita G&®F monlinear relationships with health
and taking the natural log will linearize the redaships. Second, logs on both sides of
the equation provides the output elasticities tartefactor and will transform the model

into a Cobb-Douglas functional form (25).

(25) In(H, )= 5, + ain(K;)+oIn(R)+IIn(N,)+ yIn(E,) + AIn(F, )+ 4, + &,

13 See Appendix 3 for random effects model assumgtion
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In LIFEXPECT, = 3, +a InTOTSPEND, + 3 In PHYSQUANT, +
(26) 8In NURSEQUANT, + yIn PERCAPGDP, +61n POLLUTE, +
Aln ALCOHOL,

Finally, inserting the proxy variables into Cobb+itas formula, (26is the
model that will be estimated.

A proper investigation of the health determinarasrot be conducted unless the
actual definitions of the variables are known. tRermore, inferences couldn’t be drawn
without an understanding of how the model was estioh Now that data and
methodology behind this random effects analysishiess established, the next chapter
will present the empirical results from the estiethinodel followed by a discussion of

the results.

4 Due to Assumptions 3 and 4 in Appendix 2, thereieams are dropped from the regression model.
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V. RESULTSAND DISCUSSION

The following section will present and discuss iggults of the multivariate
health production function that was estimated usired.imdep statistical software.
Overall, there were 60 omitted observations leagirsgmple size of 150 observations.
Limdep is already configured to account for unbalancetepédata.

To test for correct model specification, the Hausriast deemed a random
effects model more appropriate than the fixed ¢$ferodel. The random effects
assumptions state there is no correlation betweegross-sectional error term and the
regressors. Under the null hypothesis of the HaunsTrest, both random effects and
fixed effects estimators are consistent, but onéyrandom effects estimators are
efficient. Under the alternative, the fixed effeestimators are consistent while the
random effects extimators are not. ThereforeHABsman test statistic of 5.88 suggests
the random effects model is best.

There is some evidence of serial correlation anadysgrvation-specific error
terms (0.9681). However, having only seven timeéogks and six regressors prevents
reliable corrections.

The explanatory variables in the model accountedniore than 99 percent of the
variation in life expectancy and the Lagrange Mulikir Test was significant at the one

percent level.Table 7 reports the regression results.
46



Table 7: Regression Results

Standard
Variables (natural logs) Coefficient Error t-ratio P[|T|>t]
Constant 3.7973 0.0736 51.578 0.0000
TOTALSPEND 0.0277 0.0045 6.175 0.0000
PHYSQUANT 0.0218 0.0067 3.283 0.0010
NURSEQUANT -0.0071 0.0046 -1.538 0.1240
PERCAPGDP 0.0371 0.0103 3.591 0.0003
POLLUTE -0.0062 0.0027 -2.308 0.0210
ALCOHOL -0.0095 0.0059 -1.621 0.1051
R-squared 0.9929
Lagrange Multiplier Test| 306.74 (0.0000)
Hausman Test 5.88 (0.4366)
var [si 0.0000108
Var [vi] 0.0003278

The results display the relative elasticitieshaf tleterminants of health.
Previously discussed in the Theory chapter wasithien that the sum of the coefficients
determines what kind of returns to scale is inheirethe production of health. In this
regression, the sum of the elasticities is 0.068f)ssting extreme decreasing returns to
scale. Furthermore, associated with the ideahbalth is being produced with an
increasing average cost is the notion that themetto input increases are diminishing.
The nominal elasticity levels of health factorsatése the diminishing slope found in
Stage 2 of the health production cunkggure 5 is a general illustration of the point

where the average OECD country is on the healtdymtion curve:
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H=LIFEXPECT

=f(TOTALSPEND, PHYSQUANT,
NURSEQUANT, PERCAPGDP,
POLLUTE, ALCOHOL)

I

Figure 5: Health Production Curve

whereH.1 is the 77.85 sample average &rids a function of the input means for the
sample®®

The implications of Law of Diminishing Returns dhat more developed
countries with higher levels of inputs will bendéss from factor increases. The OECD
is comprised of industrialized nations and doesofier an accurate representation of
underdeveloped and many developing countries. efbe, low elasticity levels were to
be expected for high-income representatives withrttarginal products. Conversely, a
study examining less developed nations would mksky have much higher health

output elasticities as they have more to gain.

13j.e. TOTALSPEND = 2,262.23;PHYSQUANT = 2.90;NURSEQUANT = 8.33;PERCAPGDP =
24,448.19POLLUTE = 8.84,ALCOHOL = 9.50.
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Non-Medical Factors

Among the non-medical determinants of healthréselts confirm the expected
signs of all three variables. A 10 percent benafithange irPERCAPGDP, POLLUTE
andALCOHOL would produce a 0.52 percent increase in life etgreey (i.e. roughly
150 days based on the sample averdye).

Per capita gross domestic product is often useshasdicator for development.
It is the measure of a country’s output, or incoarg] is a main factor in quality of life.
Increasing the average income is highly correlatgd improvements in many
developmental factors such as: access to cleam eadesanitation, access to quality
housing, resources for education, and the avaitalil nutritional food. Enhancing the
all-inclusive socio-economic measure, thereforeusthproduce higher levels of health.

The results signifPERCAPGDP’s output elasticity is indeed highly significant
and the 0.0371 slope is the largest among eadtedix regressor coefficients. The
average per capita GDP of OECD countries in théystvas approximately $24,450 and
a 100 percent increase would raise life expectéayayearly three years.

Substantial GDP growth is an arduous task that tales years before significant
results are seen. Although many factors affedliexelopment are largely out of reach
for policy makers, it is worthwhile for governmendsfocus on bolstering economic

conditions in an effort to improve health.

18 A 10 percent beneficial changeROLLUTE and ALCOHOL would be a 10 percent reduction:
%ALIFEXPECT = A(%APERCAPGDP) + 8(%APOLLUTE) + A(%AALCOHOL )
%ALIFEXPECT = 0.03710.10)- 0.0064- 010)- 0.0095- 0.10)
%ALIFEXPECT = 0.0052¢
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ThePOLLUTE variable is used to account for risks relatecheoghysical
environment. Carbon monoxide emissions were thbtoghave a negative impact on the
respiratory and cardiovascular health of a popoatan expectation confirmed by the
results. The elasticity coefficient fBOLLUTE is negative and significant at the five
percent level § =-0. 0062 However, the magnitude of the elasticity is liheest in the
model.

The largest negative impact on health status cdroesalcohol consumption.

The variableALCOHOL is statistically significant at the ten percemndefor a one-tailed
test. Decreasing a country’s per capita alcohnsamption will, on average, lead to
better health outcomes. Luxembourg, Ireland, aaddée are the countries that consume
the most alcohol in a given year. In 2003, a s (ten percent) decrease in per capita
alcohol consumption would have benefitted Luxembawith expected 27 additional
days (0.1 percent) to live. Additionally, if Luxéourg were to completely eradicate the

consumption of alcohol, life expectancy would irage by 284 days.

Medical Factors
Within the health care system, the sum of the ieitiss of medical factors is
0.0424'" Holding the non-medical factors constant, 33 perincreases in each health
care input would lead to a 4.2 percent increaséeiexpectancy.
A priori, the relationship between health spending and hetdtiis was expected

to be positive. The actual effect depends largelyhe sources and the uses of the

" TOTALSPEND, PHYSQUANT, andNURSEQUANT.
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capital. Funding for health care interventions esrfrom the public and private sectors,
a factor distinction that numerous studies havedoio be a significant determindft.
Furthermore, for health spending to have a posithygct on health, the assumption
must be made that money entering the health caterayis used in an appropriate
manner to purchase the capital resources thahauglht to improve health.

Similar to the literature of Collins and Klein (1®3Hadley (1982), Forbes and
MacGregor (1984), and Elok al., the results indicate that health spending is a
significantly positive determinant of health statithin a country. The factor’s 0.0277
elasticity, however, is substantially lower thansveaiggested by Or (200t).A 100
percent increase in health spending leads to hegsa 3 percent increase in health.
Consider the sample means of $2,262 per capitéhhegbenditure and 77.85 year life
expectancy. On average, doubling health spendigg 524 per person would result in a
two year increase in life expectancy.

The elasticity result of thEOTALSPEND factor can be extended to determine
how much one additional year of life expectancyasth to a collective population.
Ceteris paribus, the relationship between the change in capitdleachange in life

expectancy is characterized by the parameter

H,-H K, - K
(27) 2 120( 2 1}
Kl

18 See Leu (1986), Babazano and Hillman (1994) an(2@00).
19 Or (2000) found the output elasticity of total lie@xpenditure to be 0.17.
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whereH refers to the health status meadufeEXPECT, K refers to the capital resource
measurdf OTALSPEND, anda is the output elasticity 0FOTALSPEND. The percent
change inNTOTALSPEND that is necessary for a one year increase¢HEXPECT is

represented by (28).

1

28 ——=0a(9

(29) LIFEXPECT « ()
1

29 S S

(29) aLIFEXPECT , “

wher is the percentage of one year life expectancyuenetl at the mean

e:
LIFEXPECT
for a given countryif and yeart). Therefore, inserting a value far and taking the

product of ¢ andTOTALSPEND yields the amount of money that is spent on health

care to gain an additional year of population éif@ectancy (30).

(30) = L TOTALSPEND:
(0.0277)LIFEXPECT ,
31) ~__ TOTALSPEND.

~ (0.0277)LIFEXPECT ;

There is a significant difference in health spegdamong OECD countries.
Turkey, spending $591 per person on health, isatlvest in 2005 while the United States
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is the predictably the highest at $6,347 per cagfiar countries like Turkey that have
very low levels of capital, the cost of an extraiyef life expectancy is lower than
countries with high levels of capital. For exammheTurkey, spending an additional
$299 on health per person would have resultedoineayear increase in life expectancy
on average. On the other hand, it would have t#kemverage person in the United
States nearly $3,000 gain an additional year, @dighat is $1,000 more than the next
highest price.Table 8 ranks OECD countries’ cost of an additional yeasdd on 2005

C, calculations.

Differences in the cost-of-life are due the notibat the marginal product of one
more dollar spent on health in the US is smallantthe marginal product of health care
spending in Turkey. A higheC, results in lower marginal returns and as the to¢alth
expenditure gap decreases between countries, dudivmarginal products of health
spending will converge an@, will become homogenous among different populations

Similarly, as a country has successively highetthexpenditures across time, the cost

of an additional year of life becomes higher.
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Table 8: Cost of Life Calculations

Country 1999 2000 2001 2002 2003 2004 2005
United States 2,032.39 2,148.20 2,301.39 2,480.78 2,646.79 2,790.64 2,945.16
Norway 1,280.11 1,392.27 1,494.37 1,658.36 1,741.56 1,839.76 1,945.77
Luxembourg 1,104.81 1,182.08 1,268.87 1,424.17 1,662.13 1,863.47 1,885.88
Switzerland 1,406.49 1,471.15 1,558.54 1,665.76 1,715.03 1,773.93 1,804.61
Austria 1,264.93 1,321.55 1,327.38 1,405.56 1,468.78 1,546.47 1,592.53
Belgium 1,011.02 1,102.99 1,148.21 1,239.53 1,455.58 1,51496 1,561.34
Canada 1,103.14 1,144.04 1,238.59 1,301.81 1,381.69 1,448.54 1,553.60
Iceland 1,24993 1,233.12 1,281.09 1,413.59 1,421.81 1,487.72 1,499.62
France 1,042.77 1,103.54 1,179.09 1,263.99 1,360.28 1,401.33 1,488.16
Germany 1,201.21 1,233.07 1,291.82 1,350.69 1,419.24 1,441.31 1,478.14
Denmark 1,075.02 1,116.83 1,181.96 1,262.37 1,317.18 1,405.99 1,461.10
Netherlands 1,009.35 1,081.64 1,178.47 1,304.52 1,372.39 1,438,557 1,451.32
Ireland 770.35 848.80 995.12 1,093.69 1,158.09 1,246.38 1,419.52
Sweden 966.78 1,034.57 1,134.54 1,223.10 1,278.84 1,327.59 1,349.09
Australia 956.91 1,031.13 1,085.75 1,157.94 1,207.57 1,292.20 1,338.28
United Kingdom 787.24 855.95 933.00 998.20 1,040.21 1,148.01 1,177.51
Finland 791.89 833.53 883.14 963.16 1,016.35 1,102.23 1,151.49
Japan 820.23 874.52 921.35 943.13 981.53 1,027.63 1,089.20
Greece 678.57 661.39 767.55 822.02 882.17 908.69 1,039.33
Spain 663.45 698.38 741.05 789.43 914.53 956.70 1,014.78
New Zealand 699.95 735.78 783.03 843.58 846.01 937.00 1,004.41
Portugal 629.64 710.25 735.62 774.86 850.75 882.01 937.89
Hungary 413.02 428.98 484.84 553.95 647.43 658.05 714.09
Czech Republic 452.11 471.09 518.06 572.16 642.44 660.19 686.44
Korea 321.80 357.69 428.58 447.28 480.88 518.84 586.82
Slovak Republic 295.82 296.98 326.19 357.10 386.90 515.45 551.27
Poland 284.54 284.80 311.94 354.72 361.98 388.93 405.24
Mexico 230.22 247.49 267.36 282.61 302.69 325.97 346.19
Turkey 193.23 221.22 233.17 246.28 255.25 292.05 298.82
Italy 851.12 926.44 997.06 999.41 1,025.27 1,071.43

The relationship between health care workers aatttheutcome was also
expected to be positive. An increase in the gtyofiphysicians and nurses would
broaden the collective ability to treat patienltswas suggested, therefore, that an
increase in the number of each health care workeldvMmprove a population’s access
to health care.

The variablePHYSQUANT describes the number of physicians practicing in a

country per 1,000 residents. The output elastmityHYSQUANT was estimated to be
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0.0218. Similar td OTALSPEND, PHYSQUANT's elasticity is significant at the 1%
level, but is much smaller than those estimateather studies. Anand and Béarnighausen
(2004) used infant mortality to suggest physici@stcity to be 0.18 while Robinson and
Wharrad (2001) estimated elasticity to be as high.82 using maternal mortality rates.
Differences in measures of health status are urtddlyomajor contributors to result
discrepancies. For example, physicians are véegtafe in addressing simple childbirth
concerns and therefore have a large impact ontiafach maternal mortality. On the
other hand, a wide variety of complications affiet life expectancy of an individual
limiting the extent to which physician interventgare helpful.

Contrary to expectations, the coefficientNiRSEQUANT is negative. The
elasticity estimate is -0.0071 and is not significat the one, five, or ten percent levels.
This statistically insignificant result is in liveith those of previous studies, suggesting
that the quantity of nurses does not have a sutstanpact on health status.

An aggregate analysis of health care labor reveealse percent increase in both
physician and nurse quantities leads to a 0.01%¥ease irLIFEXPECT. Having a
comprehensive estimate of labor elasticity perat®xamination of a capital-labor
isoquant function. The mean OECD health expengituthe study is approximately
$2,262 while adding the physician and nurse dassitields an average of 11.23 health
care workers per 1,000 residents. Without a widelyepted unit of capital, it is assumed
that the price of one unit of capital is $1,000réy normalizing the sample mean to be
2.262 units of capital. Applyingquation 12, the marginal rate of technical substitution

of labor for capital within this study is -9.35% order to keep health production
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constant, the average OECD country’s tradeoffde@ease in health workers by 9.355
for an additional unit of capital (or a 0.1069 uraipital reduction for each additional
health workerf®

The capital-labor tradeoff from the study is ithaded inFigure 6:

Figure 6: Capital-L abor Tradeoff

where the combination of 11.23 workers and 2.2¢#tabunits yields an isoquant slope
of -9.355 for a 77.85 year life expectancy.

Including a budget constraint determines if a thesystem is producing health
with an efficient allocation of capital and labokgain assuming the price of one unit of

capital is $1,000 and the average wage for a healtker in OECD countries is

20 Of course, this interpretation is based on tha ithat health worker salaries constitute a sligittfon of
total health expenditures.
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$48,298! the slope of the budget constraint is approximyat®l0207. There is a
substantial difference between the relative inpigepand the capital-labor tradeoff
suggesting that the average OECD health systear fsdm operating efficiently. It
seems that health care workers do not have théatagsources they need to produce

efficiently and that a drastic increase in capgaleeded compared to labor.

The aggregate production function in this studiyardy supports many claims
from previous literature; it also provides valuainlisight into OECD health systems that
has been somewhat unexplored in previous literatAthough the input elasticities
confirm that OECD nations are experiencing extreln@nishing returns in the
production of health, cost of life calculations basstablished direction as to which
entities will benefit the most from capital rescaiadditions. Furthermore, the
complementary relationship between physicians amges has been substantiated
through a positive MRTS while the MRTS of labor @apital suggests these inputs are

allocated inefficiently relative to each other.

2L See Appendix 4 for calculation.
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V1. CONCLUSIONS

Over the past fifty years, a growing interest imfam capital has led to increased
research regarding the production of health. Theke been a number of studies that
have examined and estimated the health produatioctibn, but there has been little
agreement among them as to what should be inclasi@determinant of health.
Additional questions concerning the extent to whaeltain factors contribute to the
production of health has prompted this study tthierr investigate health determinants.

Using country-level data from 30 OECD countriemtir1999 to 2005, a random
effects model was estimated to describe the pramtuof health. Factors based on neo-
classical production theory were represented usimgndicators: per capita health
expenditure, quantity of physicians per 1,000 papaih, quantity of nurses per 1,000
population, per capita GDP, carbon monoxide emmssper square kilometer, and per
capita alcohol consumption.

The results of this study indicate that OECD cdestare experiencing extreme
decreasing returns to scale, an idea that hasemot &ddressed in previous literature. If
the average country doubles every health fac®papulation would see a 6.38 percent
rise in life expectancy which translates to roughliyve year increase. An important
concept to realize, however, is that the less d@esl OECD nations benefit more from

factor increases than developed countries.
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Overall, the biggest contributor to the productodrealth is the general socio-
economic environment as measured by per capita GDProving certain factors such
as educational attainment, access to housing, watdrsanitation, and income provide a
higher return on investment than is realized byigadactor improvements. However,
the difficulty in achieving developmental progréss significant barrier to health
production and must be addressed specifically am €auntry.

Within the health care system, the partial ougdasticity of health expenditure
was used to calculate the cost of an additional gElfe expectancy for each
observation. The calculations show that the cbbteofor lower-income countries is
much cheaper than that of higher-income countri@gthermore, this cost has risen over
time in each country illustrating the decreasinggmal production that the average
country is experiencing.

Moreover, the capital-labor tradeoff was examiaged it was determined that, in
general, industrialized health care systems mrstléok to increase capital resources
before hiring more labor. As itis, the averageGDEcountry has too much health care
labor in relation to capital based on current inmites. Consequently, health care
systems are far from operating efficiently.

The goal of attaining efficiency is one that slibloé a top priority for every
fiduciary institution, and decision makers mustgipped with results and sound
economic interpretations. It is hoped that thiglgthas provided a better understanding
of the production of health and the interactiomeélth care inputs so that limited

resources can be maximized.
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APPENDIX 1: The Interpretation of Double Log Coeiéints

The derivation of the interpretation that logarithserve as an approximation of the
percentage change in a factor

Logarithm Product Rule:  In(x,x,)=In(x,)+In(x,)

Logarithm Quotient Rule: In(éj =In(x,) - In(x,)
2

Assumption: In(1+ J)=J for small values 0B
(1)  Take a natural log regression:  In(y)= 4, + 8, In(x)
(2)  Increasex by J percent: In(y*)= 8, + B, In[x(1+ J)]
(3)  Transform using product rule:  In(y*)= 4, + B, In(x)+ B, In(1+ 9)
(4)  simplify. In(y*)= 5, + B, In( )+ B0
(5)  Subtract (1) from (4): In(y*)-In(y)= 2
(6) Transform using quotient rule: In y?j =0
(7 Manipulate the left hand side: In Y- +1—1J = [0
y
@8)  Substitute? for 1: In| Y=+ Y- Xj =B,
y y Yy 'y
Q)  Simplify: In| =¥ +X] = B3
y y
(10)  Substitute 1 fo. : Inf1+Y _yJ =0
y y
(11) According to Assumption: In| 1+ y —y] A |
y y
(12)  Simplify: Y " Y.ps
y

0

A o percent change in x leads to an approxim@i@ percent change in y for small
values ofd .
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APPENDIX 2: Comparative Price Levels used by theCDEn Calculating PPP Figures

1999 2000 2001 2002 2003 2004 2005
AUSTRALIA 1.30 1.31 1.33 1.34 1.35 1.37 1.39
AUSTRIA 0.917 0.901 0.917 0.896 0.884 0.873 0.874
BELGIUM 0.921 0.892 0.885 0.865 0.878 0.895 0.899
CANADA 1.19 1.23 1.22 1.23 1.23 1.23 121
CZECH REPUBLIC 14.14 14.23 14.22 14.32 14.02 14.27 14.40
DENMARK 8.47 8.42 8.46 8.30 8.53 8.39 8.52
FINLAND 1.003 0.996 1.011 1.003 1.01 0.974 0.983
FRANCE 0.960 0.940 0.918 0.905 0.937 0.939 0.923
GERMANY 0.97 0.968 0.955 0.942 0.917 0.895 0.893
GREECE 0.681 0.679 0.671 0.660 0.688 0.695 0.702
HUNGARY 101.07 108.02 110.61 114.88 120.44 126.13 12851
ICELAND 79.68 84.42 88.89 91.34 94.42 94.12 97.06
IRELAND 0.930 0.963 0.993 1.00 1.01 1.00 1.02
ITALY 0.818 0.818 0.807 0.845 0.853 0.872 0.875
JAPAN 162 155 149 144 140 134 130
KOREA 755 749 757 770 796 794 789
LUXEMBOURG 0.941 0.941 0.948 0.934 0.941 0.921 0.922
MEXICO 5.63 6.11 6.31 6.55 6.82 7.12 7.13
NETHERLANDS 0.907 0.894 0.906 0.902 0.926 0.908 0.898
NEW ZEALAND 1.43 1.45 1.47 1.47 1.50 151 1.54
NORWAY 9.33 9.14 9.18 9.11 9.11 8.98 8.84
POLAND 1.74 1.84 1.86 1.83 1.84 1.86 1.90
PORTUGAL 0.697 0.701 0.705 0.708 0.706 0.715 0.707
SLOVAK REPUBLIC 15.08 15.86 15.71 15.90 16.71 17.23 17.20
SPAIN 0.733 0.735 0.739 0.733 0.752 0.758 0.768
SWEDEN 9.29 9.15 9.35 9.35 9.33 9.09 9.24
SWITZERLAND 1.87 1.85 1.84 1.77 1.77 1.75 1.74
TURKEY 0.202 0.283 0.428 0.613 0.773 0.811 0.868
UNITED KINGDOM 0.653 0.637 0.626 0.628 0.640 0.632 0.649
UNITED STATES 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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APPENDIX 3: Random Effects Model Assumptions

A

We have a random sample from the cross section.

There are no perfect linear relationships amongxpdanatory variables

E(e, | X,,u,)=0: Given the explanatory variables in all time pds@ndy, , for each
t the expected value &f, is zero.

E(v, | X,)= B, : Given all explanatory variables, the expectddeaf v, is constant.
Var(g, | X,,v,)=Var(e,)=0?,0t =1,....T : The variance of the sample’s
observation-specific error is equal to the variaoicéhe population’s observation-
specific variance.

Var(u, | X, )= o2 Given all explanatory variables, the variance/dé constant.
Cov(g,,&. | X,,v,)=0,00t # s : For all time periods where# s, the observation-
specific error terms to not correlate over timedaingle cross-sectional unit.
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APPENDIX 4: Calculating the Average Health Workeay#

Currenc Weekly Physicians Weekly Nurses per VXSégrgte:
Country >y Year Physician per 1,000 Nurse Wage, 1,000 9
Conversion Wage, USD Population USsD Population Health

ge, P P Wage, USD
Australia tgg D=0.7468 | 5404 1,288.98 2.7 762.78 10.1 873.78
Austria tSE;rO =09763 | H400 915.04 3.3 673.40 7.1 750.07
Canada tggD = 08507 | 5005 884.24 2.1 752.38 8.7 778.02
Denmark tgg’”e =0.16221 5005 | 2,811.06 3.6t 1,140.33 14.8t 1,467.2
Finland ﬁSEgro =12098 | 5005 | 157515 2.7 819.94 8.0 1,010.51
Germany | LEWO =209 | 5005 | 134379 3.4 746.45 9.7 901.48
Hungary ﬁgg”m =00048 | 5005 | 1,094.02 2.8 798.21 5.9 893.41
Italy Leoro= 1209 | 2005 | 1,389.36 3.8 581.27 7.0 865.60
Japan ﬁgg” =0.0087 | 005 1,801.86 2.0t 672.25 9.0t 877.63
Mexico Lljggso =0.0920 | 5405 1,148.10 1.8 581.87 2.3 830.46
Poland tgg’ty =0.2926 | 5004 905.54 2.3 853.12 4.9 869.87
Slovak 1 Koruna =
Republic 0.0911 USD 2005 796.59 3.1t 445.88 6.3t 561.54
United 1 Pound =1.7837| ;445 2,116.18 2.4 823.53 12.3 1,034.57
Kingdom usD
United 1USD=1USD | 2004 2,762.40 2.4 946.00 10.3 1,289.2
States
T Year's estimate not available. Figure is frond20Wage information taken from ILO Statisticalt&izase.

To estimate an average country-level health wonkage, the weighted average was
taken based on health worker density in each cpufthe arithmetic average of the
country-level wages is then annualized to proviol@garability with total health

expenditure figures.

Average Weekly Wage:

Average Yearly Wage:

$928.82

$48,298.38
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