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ABSTRACT 
 

 Rapid growth in health care costs in developed countries has been a pressing policy issue 

for decades. Health economists agree that innovation and diffusion of technology in health care 

is among the most important factors contributing to growth in health expenditures in the 

developed countries. Technological innovation is difficult to observe directly so most researchers 

have relied on indirect measures of innovation such as time trends, patents, and research and 

development spending. This research evaluates a more direct measure of technological 

innovation and diffusion by examining the relationship between magnetic resonance imaging 

(MRI) and computed tomography (CT) units per capita and health expenditures per capita among 

member countries of the Organization for Economic Cooperation and Development (OECD), 

while controlling for other factors known to affect health care spending including GDP per 

capita, population health, health insurance system factors, and other health care resources. The 

analysis uses the OECD June 2010 health dataset and includes 21 of the 33 OECD countries 

between the years 1990 and 2008. A fixed effects model was employed to control for unobserved 

country and time effects. Results indicate that while per capita national income is by far the most 

significant and largest determinant of per capita health expenditures in the model, each additional 

MRI unit per million people is associated with increased health spending per capita of about $26 
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to $43 (depending on model specification). The estimated relationship for CT units is positive 

but insignificant. The results provide some evidence that the rapid increase in MRI, but not CT, 

is related to the rapidly rising level of health expenditures in OECD countries. Higher levels of 

MRI, but not CT, are associated with higher levels of per capita health expenditures within 

countries. This study is nonetheless agnostic to any benefits attributed to increased health 

expenditures due to technological innovation and should not necessarily be interpreted as 

recommending controls on technological diffusion. Future research could examine the 

relationship between similar factors on the growth in addition to the level, of health expenditures. 

It should also explore the role of other technology-related cost drivers and link technological 

innovation and diffusion to measures of health care outcomes.   
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CHAPTER 1. INTRODUCTION 
 
 

There is a great degree of variation in health care expenditures among developed 

countries. For example, according to data from the Organization for Economic Cooperation and 

Development (OECD) in 2008, the United States spent 16% of its gross domestic product (GDP) 

on health care, or $7,538 per capita, while the United Kingdom spent 8.7% of GDP or $3,129 per 

capita. At the lower end, Estonia only spent 6.1% of GDP or $1,263 per capita. Spending more 

on health care is not necessarily a bad thing if it leads to better outcomes for patients or higher 

satisfaction. However, to the extent that rapid growth across the OECD in recent decades has 

taken place without a commensurate improvement in outcomes, much of health care spending 

might be unnecessary. For example, while average per capita health care costs among OECD 

countries increased by 145.2% (from $1,189 to $2,915) between 1990 and 2007, average life 

expectancy increased by only 9.6% (from 74.7 to 79.0 years) over the same time period.  

Health economists have examined a large number of potential reasons why variation in 

health costs might exist and what factors drive health expenditure growth. These factors are 

generally grouped into categories such as growth in wealth and incomes, supply of health care 

resources, the type of health insurance payment and service delivery system, and the health status 

of the population. While policy can impact the supply of hospital beds and diffusion of medical 

technology, the aging of the population and growth in national wealth impact demand for 

medical care but are more difficult and not necessarily desirable to control.  

There has been considerable impetus among policy makers interested in health cost 

containment in isolating the impact of the factors that empirically drive health cost growth. For 
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example, health reform legislation passed in the United States in March 2010 launches a national 

pilot program in 2013 to experiment with new Medicare payment mechanisms in an effort to 

restrain cost growth. The newly created Independent Payment Advisory Board may have the 

ability to draw on successful pilot programs to enact changes in payment policies for the entire 

Medicare program (Kaiser 2010). 

The consensus among health economists is that technological innovation and its diffusion 

are the primary drivers of health expenditure growth in developed countries. Of course, 

technological change in health care includes a wide variety of things such as pharmaceuticals, 

medical devices, surgical tools, surgical procedures, diagnostic tests, biomedical research 

breakthroughs, and medical equipment and supplies. Technological innovation can sometimes 

have a negative impact on health expenditures. For example, relatively cheap vaccines for 

common childhood diseases are so cost-effective they have likely saved both considerable health 

expenditures and lives. However, new technologies usually cost more per patient treated than the 

technology they replace by virtue of production monopolies, complexity, and higher resource 

costs leading to higher health expenditures overall (Moïse 2003).  

Aspects of both supply limitations and demand for health services affect how technology 

develops and diffuses. The speed of adoption and diffusion of new health technologies depends 

on the specific regulatory and payment aspects of a particular health care system. Health care 

systems vary widely across the OECD in how they regulate and reimburse the use of new 

technologies. These policy differences could explain large degree of heretofore unexplained 

health cost variation. Additionally, evidence suggests that the growth in the breadth and depth of 

insurance coverage in OECD countries has also amplified the consumer demand for 
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technological diffusion. Financial incentives for manufacturers and providers also play a role in 

the diffusion of technology (Weisbrod 1991).  It nevertheless remains a challenge both to 

account for the factors that affect technological diffusion and to measure this diffusion 

empirically.  

This paper is intended to contribute to the existing body of research related to technology 

and health expenditures. Specifically, it examines whether the diffusion of magnetic resonance 

imaging (MRI) and computed tomography (CT) scanners (adjusted for the population of the 

country) correlates with greater levels of health care spending per capita in OECD countries over 

time. Although many factors contribute to health spending, my research question is whether MRI 

and CT are themselves significantly related with health expenditures while holding other 

observable factors constant.  MRI and CT units are promising because of their recent rapid 

diffusion, wide array of applications, the ease of demand inducement, the non-invasive nature of 

imaging, and their potential to discover more ailments beyond those for which the patient was 

originally being scanned. To the extent that MRI and CT are found to be significant contributors 

to national per capita health expenditures, one could infer that they are good proxy for the kind 

of technological innovation that drives health spending. Countries (or regions) that are adopting 

more advanced imaging equipment may also be adopting other high-cost medical technology and 

procedures to accompany more aggressive diagnosis and treatment practice patterns.  
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CHAPTER 2. BACKGROUND 
 

Advanced diagnostic imaging, widespread since the 1980s, has come to replace more 

invasive diagnostic procedures (such as biopsies and exploratory surgery) and older technologies 

such as x-rays and ultrasounds in many cases. The first CT (CAT) on humans was performed in 

1971 and the first MRI was performed in 1977. Advanced diagnostic imaging relies on radiation 

or magnetic fields to create detailed cross-sections of body tissues and a special dye or contrast 

material can be added to highlight areas of interest and create distinction. CT directs x-ray 

radiation at part of the body to create and contrast slices of the body. The radiation travels 

through the body to the detector so it can stack the images together to generate a three-

dimensional rendering. These images can then be viewed on radiographic film or digitally on a 

computer. MRI uses magnetic fields and radio waves with varying modulations from different 

angles to create a three-dimensional image. The magnetic fields and radio waves are directed to 

align and charge molecules in the body to produce photons which the scanner detects (the 

emissions are proportionate to the amount of energy absorbed by each kind of tissue) to create 

the image (Novelline 2004).  

 There are important distinctions between MRI and CT in terms of when they are ideally 

used. MRI is much better distinguishing between soft tissues while CT is better for 

distinguishing bony structures. However, either can be used on almost any area of the body 

depending on the symptoms, medical indications, and machine availability. While CT exposes 

the patient to significant amounts of ionizing radiation, the MRI only uses magnetic fields and 

thus no radiation exposure (but cannot be used on patients with metal-based implants). While 
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there are low-radiation CT models, there is generally a tradeoff between low radiation exposure 

and image quality (Mayo Clinic 2010).  

MRI is somewhat more expensive than CT but both are considerably more expensive to 

own and operate than traditional x-ray and ultrasound imaging because of their ability to create 

very detailed images of the body. An MRI often costs over $1,000,000 with a significantly 

higher annual cost of operation and maintenance (Savage 2008). A CT unit costs a similar 

amount and as of 2008 doctors could bill private insurers between $500 and $1,500 per CT scan 

of the heart (Berenson & Abelson 2008). In 2006, the average Medicare reimbursement for an 

MRI of the brain was $1,118, but only $233 for a head CT. By comparison, an x-ray of the chest 

was only reimbursed $28 on average (GAO 2008). While the quality of the machines and 

facilities that perform advanced imaging is regulated in the United States through a patchwork of 

state regulations and voluntary accreditation programs by the American College of Radiology, 

the European Commission has had a standardized medical imaging exposure directive since 

1997. This directive requires each member state to implement and maintain similar clinical 

guidelines for imaging (Brenner & Hricak 2010). 

Where practice guidelines for use of imaging are ambiguous, financial incentives may be 

critical. Advanced diagnostic medical imaging is a technology that has expanded rapidly in the 

United States in recent years. From 2000 to 2006 Medicare spending on all physician services 

grew 31% but spending grew 61% for imaging services. Across U.S. states, physician office 

spending on imaging services per Medicare beneficiary varied 8-fold (GAO, 2008). According to 

the Medicare Payment Advisory Commission (2009), there is higher spending for Medicare 

episodes of care that utilize imaging than for those that don’t. This is not necessarily intuitive; 
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imaging may be substituting for more invasive diagnostic procedures that cost more and have 

more complications. In practice, it appears imaging leads to additional spending because it is 

linked to higher cost episodes and also because it diagnoses unrelated conditions leading to 

additional spending in those areas. Additionally, imaging studies frequently misdiagnose or yield 

inconclusive results which require follow-up imaging or other tests (Scarborough 2008). These 

studies may discover ailments or warning signs for ailments that will never cause a problem for 

the patient but nevertheless lead to more tests, treatments, and procedures.  
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CHAPTER 3. LITERATURE REVIEW 
 

Health economists usually consider technological innovation to be the major driver of 

health care spending in developed countries. Estimates range from 38% to 65% of spending 

growth (Newhouse 1992; CBO 2008), but finding an effective way to measure technological 

change has been a consistent challenge. Researchers who examine technological innovation 

sometimes use health technology patents (Di Matteo & Grootendorst 2002) or research and 

development spending (Okunade & Murthy 2002) as indicators (neither of which has been found 

to be significant). However, most studies use a residual model attributing all cost growth that is 

unexplained by an aging population and increased country wealth (among other things) to 

technological development (e.g., including a dummy variable for each year in the data). While 

many studies use multivariate analysis to explain variation in health expenditures in a given year 

or health cost growth over time, few studies examine the diffusion of a particular type of 

technology and its relationship with health expenditures. To my knowledge, no previous study 

singles out variation in advanced diagnostic imaging units for international comparison in a 

regression analysis context.  

There are generally two bodies of literature that my thesis draws from. One body uses 

OECD health panel data to compare countries and is generally focused on discovering a national 

income elasticity of demand for health care. In other words, how fast is health spending per 

capita growing relative to GDP per capita? The general consensus is that health care is a “normal 

good”— as countries get richer they spend more on health care. There is no consensus as to how 

much of each new dollar of income goes to health care; the results vary based on the countries, 
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time frame, and specification of the models in the studies. These studies also attempt to control 

for other predictors of health spending. Anindya Sen (2005) includes average length of hospital 

stay, physicians per thousand population, proportion of population over age 65, and infant 

mortality in her model examining a panel of OECD countries in the 1990s. She finds along with 

per capita income only average length of hospital stay significant and slightly positive. Pedro 

Barros (1998) similarly examined a 24-country OECD panel regressing both the growth rate in, 

and level of, health expenditures per capita on other factors. He finds that public reimbursement 

systems have lower expenditures on average compared to public contract and integrated systems 

and spending greater shares of public expenditures on health tends to reduce health expenditures 

holding other factors constant. However, neither of these factors affects growth in health 

expenditures. Neither primary care physicians acting as "gatekeepers” nor the proportion of the 

population over age 65 are significant explanatory variables. .  

All of the above studies use country and year fixed effects as is common with panel data 

to control for unobserved characteristics within a given country and year. Another study 

performs similar analysis in a North American context. Using state and province-level data from 

the United States and Canada between 1975 and 2000, Livio di Matteo (2005) regresses personal 

health expenditure on real per capita income, state or provincial population, and age distribution 

of the population. He finds real per capita income significantly positive and he also finds positive 

significant coefficients on the young (the proportion of the population under age 44) and the old 

(the proportion over age 65) following a u-shape in the costliness of the age distribution that is 

common in the literature.  
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The second body of literature focuses on within and between county variation in health 

care resources and their effects on health spending within a defined geography. These studies are 

generally focused on a U.S. context and measure such health resources as hospital beds per 

capita, the specialists to generalist ratio, and a wide array of relatively new, high-cost health 

technologies. Baker and colleagues (2003) analyze U.S. metropolitan statistical areas (MSAs) 

between the years 1989 and 2001 and find health spending is highly correlated with 

technological availability in the areas of diagnostic imaging, cardiac, cancer, and newborn care. 

Findings indicate that increased availability of technologies is not only associated with increased 

spending on the service provided by the technology, but also spending on other ancillary services 

and total health care spending in the MSA. The authors include controls for age, sex, income, 

education, unemployment, physicians, hospital beds, ER visits, population density, and case 

severity for each geographic area in their model. In another study, Baker and colleagues (2008) 

find increases in CT and MRI units between 1995 and 2004 in MSAs were associated with a 

dramatic increase in Medicare-reimbursed imaging (an additional 733 annual scans per 

additional MRI unit and 2,224 annual scans per additional CT unit) controlling for the number of 

Medicare beneficiaries in each MSA. Both of these studies strongly suggest that supply of health 

care resources can create their own demand. My thesis draws from both of the above bodies of 

literature in constructing my empirical model.  

In a third body of related literature, several smaller scale studies focusing on variation 

and growth in use of advanced diagnostic imaging have been conducted in individual OECD 

countries. France has a health care system that has somewhat higher per capita health spending 

than the OECD average but the number of CT and MRI scanners is far lower than average. This 
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is due to strict global budgets for hospitals and restrictions on private practice physicians 

acquiring the machines. However, French radiologists appeared to be successfully lobbying the 

government to loosen these restrictions at the time of the article’s publication, claiming the 

number of MRI units in the country should “increase 2.6 fold” to reach parity with other 

European countries (Lavayssiere and Cabee 2001).   

At the end of the 1990s, Japan had among the highest number of MRI units among 

OECD countries. In spite of this, spending on diagnostic imaging in Japan was substantially 

lower than in the U.S. Korogi and Takahasi (1997) surveyed diagnostic imaging centers in both 

countries and found that fierce competition in Japan among producers drove down costs and 

created a focus on compact scanners that could fit in most offices. Also, due to strict price 

controls in Japan, the average charge per scan was just over a fifth ($200) of the average charge 

in the U.S. ($950). The authors do note, however, the potential for overutilization of MRI due to 

the low charge per scan if providers focus on recouping their investment.  

Europe is generally considered to have stricter radiology standards than the U.S. 

However, a recent study in European Radiology found through a detailed examination of medical 

records that an average of 30% of CT scans (3% to 72% depending on the body part imaged) 

performed at the Oulu University Hospital in Finland in 2005 on patients under age 35 did not 

meet the European Commission’s appropriateness criteria (Oikarinen et al. 2009). 
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CHAPTER 4. CONCEPTUAL FRAMEWORK 
 

Based on the literature, it appears that nearly all factors that impact per capita health cost 

levels and growth fall into five broad categories: technological innovation and diffusion, national 

income, population health, health insurance system factors, and other health resources. While 

economists agree that technological development and diffusion are the primary drivers of health 

expenditures, this innovation is difficult to measure and past researchers have employed different 

methodologies to approximate it with the available data (as described above). In order to isolate 

and measure the effect of specific technological innovation embodied in diffusion of advanced 

medical imaging units, it's critical to understand the other categories that play a role in national 

health expenditures.  

As nations become wealthier, they demand more care on average; empirical studies find 

fairly strong positive relationships (Sen 2005; Barros 1998). Wealthier countries can afford to 

spend more public and private resources on health care technologies that, for example, save 

premature babies and provide more intensive end-of-life care to extend life spans. So in addition 

to demanding more of the type of health care currently available, this may lead to increased 

demand for technological innovation, providing two potential mechanisms for increased health 

spending due to national income growth.  

The health status and health behaviors of the population are also important. Regardless of 

the efficiency of the health care system, poorer health and negative health behaviors of the 

patients that show up to be treated by the health care system will require more resources to 

achieve a given health outcome. Thus, any health status variables (age, drinking, smoking, 
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obesity, etc.) that could on average lead a country’s population to require more care are likely to 

increase health spending all else equal. There is a potential for endogeneity if the level of health 

spending also affects health status.  

For the fourth category, we need to measure factors particular to health insurance and 

delivery systems in the OECD. Individual demand for health depends on what value consumers 

place on it but also on what they actually have to pay for the health services they receive. In the 

context of widespread, comprehensive insurance coverage for medical care in OECD countries, 

moral hazard could play a critical role in driving demand, utilization, and spending. Another 

important consideration is the extent to which health expenditures are directed by the public 

sector or by private players. This could impact the efficiency of health spending as well as the 

relative leverage for the government to implement cost containment measures.  

 The final category is health care resources as distinct from resources related to 

technological innovation. In other words, these are the sort of basic supply capacity measures 

that determine whether patients can get care they demand right away (e.g., can they see a doctor 

or get admitted to a hospital?) or they will have to wait. Without sufficient supply of health 

resources, health care that consumers demand will either be delayed to future years or they will 

decide to spend their money on something else and both public and private insurers could save 

money. While greater supply generally leads to lower prices in many areas of the economy 

(holding other things constant), greater supply of health resources would be positively associated 

with health spending if physicians and hospitals induce or encourage demand for services in 

order to achieve an ideal level of resource utilization or income (McGuire & Pauly 1991). This is 

possible due to the asymmetric information inherent in the health care market where physicians 
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might exploit their expertise and patients’ insurance coverage to encourage care that is 

marginally beneficial.  
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CHAPTER 5. DATA AND METHODS 
  

This study utilizes data from the October 2010 update of the June 2010 OECD Health 

2010 “Statistics and Indicators.” This is a panel data set with a variety of health cost, quality, and 

access indicators as well as social, demographic, and economic statistics for OECD members. 

Each observation is composed of one country year, or the value for the entire year in a given 

country. While OECD is composed of 33 countries, I analyze only a subset of 21 countries for 

which relatively complete data are available on MRI and CT units per million people over the 

timeframe of 1990-20081

The OECD health data were collected by the health ministry or statistics bureau from the 

country in question, Eurostat, World Health Organization (WHO), or other government sources 

and international agencies depending on the statistic. The methodologies for collecting the data 

differ somewhat between countries with varying degrees of data completeness, sample sizes, 

target populations, and time frames. The data are collected using divergent methodologies in 

each country described in more detail online

. The criterion for inclusion was the availability of at least 5 country-

year observations for MRI or CT over the time period. The 21 countries examined over a 19-year 

period during which MRI and CT were mature enough technologies to have significantly 

diffused throughout the OECD yielded 399 observations.  

2

 

. 

 
 
                                                 
1 Countries analyzed are Australia, Austria, Canada, Czech Republic, Denmark, Finland, Hungary, Iceland, Italy, 
Japan, Korea, Luxembourg, Mexico, Netherlands, New Zealand, Poland, Slovak Republic, Turkey, United Kingdom, 
United States, and Israel. Israel was considered an OECD accession country from 1990-2008 and became a full 
member in 2010.  
2 http://www.ecosante.fr/index2.php?base=OCDE&langs=ENG&langh=ENG&valeur=&source=1 
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ANALYSIS PLAN 
 

My model includes two sets of specifications: one estimating the effect of the level of 

MRI units per million population on per capita health expenditures in the country and the other 

estimating the same for CT diffusion. Each set will draw on both theoretical models and 

empirical evidence of factors that affect health expenditures. These variables include national 

income, insurance system factors, and health care resources and are described in more detail 

below. In addition to accounting for variables that are related to health expenditures, I run a two-

way fixed effects model to control for unobserved characteristics of each country and 

observation year in the data. This is a very common adjustment for panel datasets (which follow 

the same group over time) and it’s important because not every aspect of countries and years in 

the model can be controlled for. The country fixed effects control for unobserved aspects of the 

countries that remain constant overtime. The year fixed effects control for factors that affect all 

countries equally in a given year. The series of year dummy variables partially account for 

technological innovation not otherwise captured in the model. Finally all standard errors are 

robust or White-adjusted for deviations from the ordinary least squares assumption of 

homoscedasticity which is common in panel datasets. In practice, this adjustment inflates 

standard errors and makes it more difficult to establish statistical significance. 

PerCapitaHealthSpendit=β0+ β1GDPpercapitait + β2MRI(CT)it + β3%>Age65it  + β4%<Age15it + 
β5LowBirthweightit + β6PublicShareit + β7OutofPocketShare + β8PracticingPhysiciansit + 
β9HospitalBedsit + αi + αt + εit  
αi = Fixed effect for country 
αt = Fixed effect for year 
εit = Error term 
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The dependent variable, per capita health expenditures, is provided in terms of 

purchasing power parity (PPP), which is a measure that adjusts for differences in purchasing 

power of currency across countries. PPP is expressed in constant dollars from the year 2000 

which effectively adjusts for inflation in the value of the dollar over the time period. National 

income, or gross domestic product is expressed similarly (PPP in year 2000 dollars) and in per 

capita terms.  MRI and CT units are both provided in units per million people. The health status 

of the population is proxied by two variables that reflect the age distribution — specifically, the 

proportions of the population over 65 and under 15. Another health status variable, the 

proportion of infants considered low birthweight, is the percentage of live births of infants that 

weigh less than 2500 grams. The health system variables include the percentage of total health 

expenditures spent out-of-pocket by households, and the percentage of total health expenditures 

financed by the public sector. Finally, the health resources variables are the numbers of 

practicing physicians and hospital beds per thousand population. Several variables that are 

theoretically important in determining health expenditures were considered but ruled out due to 

an excessive number of missing observation values. These include smoking rates, obesity rates, 

and alcohol consumption.  

I run different specifications of the model listed above. This is important to see how 

coefficients change with the inclusion of new variables in the model. The first specification is 

minimal, regressing health expenditures only on national income and MRI or CT units. 

Following the minimal specification, the three subsequent specifications respectively include the 

health status, health system, and other health resources variables. The final specification utilizes 

the model from specification 2 with the sample from specification 4 to isolate the effects of 
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declining sample size from specification changes. This order was chosen in order to maximize 

sample size at the beginning (variables with relatively few missing observations were included 

first).  
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CHAPTER 6. RESULTS 
 

DESCRIPTIVE STATISTICS 
 

 The graphs in Figures 1 and 2, below, plot MRI and CT units respectively against per capita 

health expenditures in 2007. Based on the bivariate analysis there is a clear correlation between 

health expenditures in a given year the per capita level of medical imaging units. This curve is 

slightly steeper between health expenditures and MRIs, indicating that the relationship is 

somewhat stronger than for CT and health expenditures in 2007. 

 

Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” from 17 
countries: Australia, Austria, Canada, Czech Republic, Finland, Hungary, Iceland, Italy, Korea, 
Mexico, Netherlands, New Zealand, Poland, Slovak Republic, Turkey, United States, Israel. 
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Figure 1: MRI Units and 
Health Expenditures, 2007
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Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” from 16 
countries: Austria, Canada, Czech Republic, Finland, Hungary, Iceland, Italy, Korea, Mexico, 
Netherlands, New Zealand, Poland, Slovak Republic, Turkey, United States, Israel. 
 

 Within-year correlations between imaging units and per capita health expenditures are not the 

only remarkable findings. Both health expenditures per capita and medical imaging diffusion 

have increased dramatically between 1990 and 2008. Due to irregular survey intervals for 

imaging for certain high-utilization countries including the United States and Japan, comparing 

single years to one another would be highly volatile and would not provide an accurate portrayal 

of the underlying trend. Therefore measurements for three two-year periods are averaged 

together to illustrate the trends overtime. The first, second, and third periods are as follows: 

1990-1991, 1999-2000, and 2007-2008.  

 Average per capita health expenditures among the OECD countries in my panel increased 

from $1,404 in period 1 to $1,807 in period 2 to $2,367 in period 3. The rate of growth increased 

slightly from 29% between the first and second periods to 31% between the second and third 

periods. The standard deviation between the countries in each period increased from $818 to 
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Figure 2: CT Units and 
Health Expenditures, 2007
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$1,292 between periods one and three, meaning the difference between OECD countries’ health 

expenditures grew farther apart over time.  

 Average MRI and CT units per million in the panel also grew very quickly over the time 

period, but much more quickly for MRI than for CT. Average MRI units per million increased 

from 1.8 in period one to 6.3 in period two to 10.4 units in period three. The rate of growth 

between the first and second periods was a very rapid 248% but that slowed to 63% between the 

second and third periods (467% cumulative average growth). Average CT units increased from 

9.5 in period one to 17.6 units in period two to 19.61 units in period three. The rate of growth 

between periods one and two reached 87% from a much higher base than MRI, but slowed 

dramatically to 11.2% between periods two and three (108% cumulative average growth). 

Standard deviation increased slightly but steadily between both the first and second and second 

and third periods for both average MRI and CT units per million.  

 

Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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 The following are country-specific descriptive statistics tables for the most critical variables 

of interest in my model. The per capita gap between the highest and lowest spending countries 

(The United States and Turkey respectively) grew from $3,095 to $5,476 between 1990 and 

2008.  The United States and Turkey also had the highest and lowest respective average per 

capita health expenditures from 1995 until 2008 while Mexico is the lowest with observations 

that cover the entire 1990-2008 time period. Mexico has the lowest number of both MRI and CT 

units per million among the countries examined. The U.S. is an outlier in that it has much higher 

health expenditures, MRI and CT units than the OECD average. On the other hand, Japan has the 

highest concentration of MRI and CT units per million but near average per capita health 

expenditures 
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Table 1: Total per capita expenditures on health in PPP, constant 2000 dollars 
(1990-2008) 

 
Country Minimum Maximum Mean 2007 Years 

Available 
Australia 1,494 (1990) 2,776 (2007) 2,124 2,776 1990-2007 
Austria 1,952 (1990) 3,431 (2008) 2,707 3,314 1990-2008 
Canada 2,099 (1990) 3,292 (2008) 2,572 3,187 1990-2008 
Czech Republic 636 (1991) 1,490 (2008) 1,032 1,373 1990-2008 
Denmark 1,925 (1991) 3,074 (2007) 2,381 3,074 1990-2007 
Finland 1,526 (1994) 2,650 (2008) 1,973 2,571 1990-2008 
Hungary 688 (1991) 1,272 (2006) 922 1,182 1991-2008 
Iceland 1,900 (1992) 3,237 (2007) 2,545 3,237 1990-2008 
Italy 1,692 (1990) 2,393 (2008) 2,000 2,313 1990-2008 
Japan 1,388 (1990) 2,301 (2007) 1,864 2,301 1990-2007 
Korea 435 (1990) 1,527 (2008) 843 1,458 1990-2008 
Luxembourg 2,083 (1995) 3,664 (2004) 3,011 3,478 1995-2008 
Mexico 368 (1990) 657 (2008) 509 648 1990-2008 
Netherlands 1,838 (1990) 3,288 (2008) 2,442 3,183 1990-2008 
New Zealand 1,228 (1990) 2,329 (2008) 1,646 2,189 1990-2008 
Poland 354 (1990) 1,031 (2008) 605 901 1990-2008 
Slovak Republic 602 (1997) 1,418 (2008) 852 1,296 1997-2008 
Turkey 195 (1995) 684 (2008) 384 673 1990-2008 
United Kingdom 1,229 (1990) 2,637 (2008) 1,854 2,571 1990-2008 
United States 3,449 (1990) 6,160 (2008) 4,748 6,080 1990-2008 
Israel 1,237 (1991) 2,010 (2008) 1,669 1,966 1990-2008 
 

Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table 2: MRI scanners per million population (1990-2008) 
 

Country Minimum Maximum Mean 2007  Years Available 
Australia 0.6 (1990) 6.0 (1999) 3.4 5.1 1990-2008 
Austria 7.5 (1996) 18.0 (2008) 13.1 17.7 1996-2008 
Canada 0.7 (1990) 6.7 (2007) 3.1 6.7 1990-5, 1997, 2000-1, 2003-7 
Czech Republic 0.2 (1991) 5.1 (2008) 2.0 4.4 1991-2008 
Denmark 5.4 (2000) 10.2 (2004) 8.3 N.A. 2000, 2002-4 
Finland 1.8 (1990) 16.2 (2008) 8.9 15.3 1990-2008 
Hungary 0.1 (1990) 2.8 (2008) 1.6 2.8 1990-2008 
Iceland 3.8 (1992) 20.5 (2004) 11.3 19.3 1990-2008 
Italy 4.1 (1997) 20.0 (2007) 11.2 20 1997-2007 
Japan 6.1 (1990) 43.1 (2008) 25.6 N.A. 1990, 3, 6, 9, 2002, 5, 8 
Korea 1.4 (1992) 17.6 (2008) 8.0 16 1992-7, 2000-8 
Luxembourg 2.3 (1999) 12.7 (2008) 5.3 10.4 1991-2008 
Mexico 1.1 (2001) 1.5 (2008) 1.4 1.5 2000-8 
Netherlands 0.9 (1990) 10.4 (2008) 4.9 7.6 1990-3, 1995, 2004-8 
New Zealand 2.6 (1997) 9.6 (2008) 5.0 8.8 1996-8, 2003, 2007-8 
Poland 0.9 (2002) 2.9 (2008) 1.9 2.7 2002-8 
Slovak Republic 1.1 (2000) 6.1 (2008) 3.4 5.7 2000-8 
Turkey 0.6 (1996) 6.9 (2008) 3.6 5.3 1996, 2002-4, 2006-8 
United Kingdom 4.4 (2000) 5.6 (2008) 5.1 N.A. 2000-6, 2008 
United States 11.5 (1993) 26.6 (2004) 19.3 25.9 1993, 5, 7, 9, 2001, 2003-4, 2006-7 
Israel 0.9 (1995) 1.9 (2007) 1.5 1.9 1995-2008 

 
 

Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table 3: CT scanners per million population (1990-2008) 
 

Country Minimum Maximum Mean 2007  Years Available 
Australia 13.8 (1990) 56.0 (2006) 29.7 N.A. 1990, 2, 1994-2006 
Austria 24.2 (1996) 29.9 (2008) 27.5 29.9 1996-2008 
Canada 7.1 (1990) 12.7 (2007) 9.2 12.7 1990-5, 7, 2001, 2003-7 
Czech Republic 

2.1 (1991) 13.5 (2008) 9.3 12.9 1991-2008 
Denmark 11.4 (2000) 21.5 (2008) 15.2 18.5 2000-8 
Finland 9.8 (1990) 16.5 (2007) 12.8 16.5 1990-2007 
Hungary 1.9 (1990) 7.3 (2007) 5.3 7.3 1990-2008 
Iceland 11.8 (1990) 32.1 (2007) 20.2 32.1 1990-2008 
Italy 14.8 (1997) 31.0 (2007) 23.5 31 1997-2007 
Japan 55.2 (1990) 97.3 (2008) 78.0 N.A. 1990, 3, 6, 9, 2002, 8 
Korea 12.2 (1993) 37.1 (2007) 26.2 37.1 1993-2008 
Luxembourg 5.2 (1990) 28.4 (2004) 23.9 27.1 1990-2008 
Mexico 2.5 (2001) 4.2 (2008) 3.4 4 2001-8 
Netherlands 7.1 (2004) 10.3 (2008) 8.2 7.8 1990, 2-3, 2004-8 
New Zealand 3.5 (1990) 12.4 (2008) 9.7 12.3 1990, 1996-2004, 2007-8 
Poland 3.5 (1998) 10.9 (2008) 6.7 9.7 1998-2008 
Slovak Republic 8.7 (2003) 13.7 (2008) 11.6 13.7 2003-8 
Turkey 1.6 (1990) 10.2 (2008) 6.1 7.7 1990, 4, 6-9, 2002-3, 5-8 
United Kingdom 4.5 (2000) 7.6 (2006) 6.7 N.A. 2000-6, 8 
United States 24.1 (1997) 34.3 (2007) 29.7 34.3 1997, 99, 2001, 3-4, 6-7 
Israel 1.7 (1995) 7.4 (2008) 5.5 7.2 1995-2008 
 

Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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REGRESSION RESULTS 
 

I’m interested in estimating the relationship between the diffusion of MRI and CT 

scanners, adjusted for the country’s population, on health care expenditures for members of the 

OECD. I estimated the impact of MRI and CT scanners separately because the levels of MRI and 

CT units are highly correlated within country years. The correlation coefficient between MRI 

and CT units in my panel is about 0.7. A high degree of multicollinearity between independent 

variables could make it difficult for regression analysis to differentiate the effects of each 

imaging modality separately. Therefore, MRI-only specifications are included below in Table 4, 

and CT is used in equivalent specifications in Table 5.  Each specification sequentially adds 

regressor variables that fall under its categorization. This approach was used because not all 

variables in the fully-specified model are available in all country-years.  As more independent 

variables are included in the model the number of observations included in the analysis 

decreases.  The fifth model uses the second specification to analyze the sample from the fourth 

specification (which is the smallest sample). It is designed to determine whether coefficient 

changes are being driven by sample size changes or new variables in the model and is described 

in greater detail in the “sensitivity analysis” below. 
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Table 4: Results of Fixed-effect MRI Models Regression on OECD National Health Expenditures  
 (1) (2) (3) (4) (5) 
Regressors Minimal 

Model 
Health 
Status 

Health 
System 

Health 
Supply 

Reduced 
Sample 

       
MRI units per million  14.74 28.11** 25.70** 43.48** 40.55** 
 (0.142) (0.0307) (0.0412) (0.0179) (0.0410) 
Per capita GDP 0.0618*** 0.0731*** 0.0733*** 0.0824*** 0.0842*** 
 (0.000) (0.000) (0.000) (0.00434) (0.00291) 
Population over age 65 (%)  -112.3 -143.3* -178.3** -133.5* 
  (0.108) (0.0851) (0.0343) (0.0643) 
Population under age 15 (%)  14.14 0.764 37.87 32.68 
  (0.631) (0.983) (0.405) (0.407) 
Low birthweight infants (%)  -12.03 -23.49 -40.00 -11.95 
  (0.738) (0.563) (0.317) (0.818) 
Public health expenditure (%)   15.60 11.46  
   (0.161) (0.236)  
Out-of-pocket health 
expenditure (%) 

  11.28 12.73  

   (0.355) (0.149)  
Practicing physicians per 
thousand  

   -30.98  

    (0.745)  
Hospital beds per thousand     58.61  
    (0.248)  
Year 2 74.67* 127.9** 89.27* 78.53 6.360 
 (0.0710) (0.0318) (0.0705) (0.281) (0.925) 
Year 3 128.4*** 177.4*** 149.6*** 162.3 55.35 
 (0.00666) (0.00380) (0.00570) (0.101) (0.502) 
Year 4 83.50 134.1*** 143.7*** 155.9* 40.01 
 (0.287) (0.000) (0.00265) (0.0782) (0.583) 
Year 5 135.7** 190.6*** 186.0*** 206.2* 81.58 
 (0.0266) (3.15e-05) (0.000184) (0.0600) (0.159) 
Year 6 66.50 158.5*** 147.7*** 208.0 78.49 
 (0.405) (0.001) (0.00941) (0.116) (0.284) 
Year 7 133.5* 204.9*** 188.5** 270.3* 140.6* 
 (0.0530) (0.00202) (0.0323) (0.0964) (0.0590) 
Year 8 81.73 173.2*** 176.4** 280.5 111.2 
 (0.317) (0.00801) (0.0387) (0.139) (0.149) 
 
Year 9 

 
154.5** 

 
248.4** 

 
257.0* 

 
334.2 

 
162.8* 

 (0.0441) (0.0142) (0.0524) (0.148) (0.0725) 
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Year 10 159.7 279.8** 281.6* 300.2 118.3 
 (0.117) (0.0181) (0.0531) (0.261) (0.287) 
Year 11 216.7* 278.9** 295.2* 351.2 157.5 
 (0.0840) (0.0336) (0.0781) (0.242) (0.239) 
Year 12 244.3* 318.1** 339.2** 392.6 185.1 
 (0.0537) (0.0121) (0.0416) (0.210) (0.161) 
Year 13 311.5** 391.9*** 409.4** 444.1 226.6 
 (0.0355) (0.00908) (0.0396) (0.215) (0.156) 
Year 14 343.8*** 422.3** 454.0** 536.5 304.4* 
 (0.00732) (0.0117) (0.0397) (0.178) (0.0952) 
Year 15 385.1** 451.2** 485.8** 557.4 311.2 
 (0.0116) (0.0131) (0.0352) (0.189) (0.131) 
Year 16 361.3** 470.3** 510.1** 589.2 335.8 
 (0.0231) (0.0142) (0.0392) (0.195) (0.137) 
Year 17 390.0** 492.2** 536.6* 629.1 362.5 
 (0.0123) (0.0225) (0.0525) (0.213) (0.158) 
Year 18 376.2** 515.5** 560.2* 628.6 327.8 
 (0.0142) (0.0318) (0.0636) (0.252) (0.244) 
Year 19 362.0** 519.4** 566.3* 665.8 373.9 
 (0.0265) (0.0371) (0.0654) (0.248) (0.212) 
Constant 112.5 945.1 315.5 -302.4 595.9 
 (0.606) (0.399) (0.850) (0.846) (0.666) 
      
Observations 246 229 218 150 150 
R-squared 0.867 0.915 0.917 0.930 0.924 
Number of countries 21 21 20 16 16 
P-values in parentheses based on robust standard errors  
*** p<0.01, ** p<0.05, * p<0.1 
Note: Health expenditures and GDP are measured in PPP in constant year 2000 dollars.  
Two-way fixed effects model controls for both country and year fixed effects. 
Specification 3 has no observations from Turkey, Specifications 4 and 5 have no observations for Canada,  
Italy, Netherlands, New Zealand, and Turkey. Some observations Australia, Austria, Czech Republic, Denmark,  
Finland, Hungary, Iceland, Japan, South Korea, Luxembourg, Mexico, Poland, Slovak Republic, United Kingdom,  
United States, and Israel are present in every specification. 

  Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 

 
  

Each subsequent specification adds a conceptually consistent group of variables to the 

model. Each variable has either a theoretical or empirical relationship with a country’s health 

expenditures based on previous research. Each specification was estimated using a two-way 

fixed effects model that controls for fixed but unobservable characteristics of each country and 
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year. The base year is 1990 and each subsequent year (beginning with year 2 or 1991) is 

compared to 1990.  

Looking across the first four specifications provides a sense of their advantages and 

disadvantages and places the results in context. The first specification is a regression of health 

expenditures on the countries’ per capita GDP and MRI units. Nearly all previous research has 

found variation in national income to be a prime driver of variation in health expenditures and 

these results are consistent with this. As expected, per capita income has a positive and highly 

statistically significant relationship with health expenditures in all specifications. Health 

expenditures and GDP are measured in PPP in constant 2000 dollars which adjusts for both 

differences in prices of goods and services between countries and for inflation over time. For 

each additional dollar of per capita income in a country year, we can expect an additional 6.2 to 

8.2 cents of spending on health care, holding other factors constant.    

There is a significant relationship (at the 5% level) between my key independent variable, 

MRI units per million people, and per capita health expenditures in OECD countries in every 

specification of the model except for the first. The magnitude varies from between $28.11 of 

increased health spending for every additional MRI unit per million to $43.48 in the fourth 

model which controls for health status, health system factors, and health resources. The 

proportion of the population over age 65 is statistically significant at the 10% level in three of the 

four specifications. The sign is unexpectedly negative as an older population was expected to 

generally be more costly to treat.   

None of the other coefficients on the regressors are statistically significant. However, 

several have an unexpected sign. The coefficient on the proportion of the population under age 
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15, a theoretically inexpensive population, is positive but insignificant in all specifications. The 

coefficient on low birthweight infants and out-of-pocket expenses are similarly unexpected since 

low birthweight infants are expensive to care for and out-of-pocket expenses should reduce 

consumer demand for and spending on health care services. The coefficient on hospital beds was 

positive as expected. Based on empirical research, there were no firm expectations as to the sign 

on the coefficients on public expenditures or physicians.  

In spite of the lack of significance on many of the variables in the fourth specification, it 

likely provides the best estimate for the coefficient on MRI with omitted variable bias 

minimized. The fact that the coefficients on many of the year dummy variables change from 

significant to insignificant between the first and fourth specifications (some variables that were 

formerly unobserved and captured by the time fixed effects in specifications one through three 

are then included in the fourth model) lends support to this hypothesis. However, it does not rule 

out the possibility that the estimates in the fourth specification are due to reduced sample sizes as 

compared to earlier specifications. It is more difficult to achieve significance with smaller 

sample sizes due to increased standard errors.  

 
Sensitivity Analysis: Are magnitudes of coefficients shifting due to changes in specification 
or sample size and composition?  

 
It is important to note the extent to which sample size declines in each subsequent 

specification of the model. Observations with missing values drop out of the sample and this 

problem gets larger as more variables are added. The sample size changes from 245 (drawn from 

21 countries) to 149 (drawn from 16 countries) between the first and fourth specifications. So it 

is not clear whether changes in the coefficient estimates are due to a reduction in omitted 
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variable bias or to changes in the sample composition. To gain insight into this question, the fifth 

specification utilizes the same sample as the fourth full model specification (that is, the smallest 

sample) and the same regressors as in the second model. I chose the second specification for 

comparison of sample sizes to allow for comparison of more coefficients than possible with the 

first model but also to maximize the difference in sample size. Based on a comparison of the fifth 

specification with the second (which has the same model but a larger sample), the magnitudes of 

the coefficients on the regressors are larger but have the same signs. The coefficient on the 

proportion of the population over age 65 is significant in the 5th model at the 10% level but just 

outside the 10% significance threshold in the second specification.  

The comparison does not confirm whether changes in coefficient estimates are driven by 

including more independent variables in the model or solely by changing sample composition. 

However, in subsequent model specifications, it does appear that the relationship between MRI 

and health expenditures and national income and health expenditures becomes stronger. In other 

words, the estimates in the fifth specification are closer to those in the fourth specification than 

the second. It seems likely that this is driven by changes in the sample. Both specifications are 

based on the same sample even though their models differ. However, the signs on and 

significance of the coefficients are not changing between the second, fourth, and fifth 

specifications (with the exception of the proportion of the population over age 65) and, most 

notably, the coefficient on MRI remains significant in specifications two through five. Taken 

together, this implies that sample composition plays a role in the variance in results between 

specifications, although not an overwhelming one. 
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Table 5: Results of Fixed-effect CT Models Regression on OECD National Health Expenditures 

 (1) (2) (3) (4) (5) 
Regressors Minimal 

Model 
Health 
Status 

Health 
System 

Health 
Supply 

Reduced 
Sample 

       
CT units per million  4.293 7.654 3.176 6.689 8.141 
 (0.229) (0.155) (0.499) (0.255) (0.187) 
Per capita GDP 0.0677*** 0.0871*** 0.0861*** 0.0936*** 0.103*** 
 (0.000) (0.000) (0.000) (0.000) (0.000) 
Population over age 65 (%)  -41.79 -84.16 -68.74 -60.12 
  (0.415) (0.169) (0.427) (0.388) 
Population under age 15 (%)  39.98* 26.93 51.05 43.89 
  (0.0965) (0.336) (0.361) (0.331) 
 
Low birthweight infants (%) 

  
-16.87 

 
-26.19 

 
27.77 

 
28.41 

  (0.662) (0.514) (0.642) (0.628) 
Public health expenditure (%)   19.71** 7.589  
   (0.0227) (0.480)  
Out-of-pocket health 
expenditure (%) 

  13.82* -0.140  

   (0.0869) (0.992)  
Practicing physicians per 
thousand  

   55.79  

    (0.489)  
Hospital beds per thousand     -16.49  
    (0.725)  
Year 2 125.6** 116.8 80.58 27.76 33.06 
 (0.0467) (0.108) (0.260) (0.591) (0.193) 
Year 3 104.7** 161.3** 149.7** 32.07 47.94 
 (0.0190) (0.0111) (0.0168) (0.776) (0.462) 
Year 4 140.9*** 156.5*** 192.4*** 140.4 131.5** 
 (0.005) (0.000) (0.000) (0.183) (0.0441) 
Year 5 146.8** 172.0*** 193.0*** 57.93 70.25 
 (0.0209) (0.000) (0.000) (0.644) (0.202) 
Year 6 143.2** 183.6*** 206.0*** 72.58 74.80 
 (0.0181) (0.000) (0.000) (0.633) (0.286) 
Year 7 135.9** 180.4*** 207.0** 57.76 49.78 
 (0.0256) (0.001) (0.0105) (0.756) (0.565) 
Year 8 81.38 127.2** 175.2** 2.757 -7.438 
 (0.281) (0.0154) (0.0227) (0.990) (0.954) 
Year 9 176.7** 216.9*** 274.5** 90.56 69.57 
 (0.0226) (0.00732) (0.0221) (0.716) (0.564) 

 



 

 
 

32 

 

 
Year 10 

 
169.5* 

 
226.8** 

 
278.0** 

 
34.73 

 
6.276 

 (0.0701) (0.0241) (0.0382) (0.902) (0.970) 
Year 11 226.2** 239.7** 316.4* 78.37 22.54 
 (0.0470) (0.0385) (0.0531) (0.799) (0.897) 
Year 12 245.0** 272.0** 356.4** 103.7 48.65 
 (0.0268) (0.0184) (0.0298) (0.740) (0.782) 
Year 13 330.7** 371.8*** 457.4** 170.9 114.1 
 (0.0110) (0.00905) (0.0210) (0.622) (0.546) 
Year 14 350.4*** 390.8** 490.6** 216.3 166.9 
 (0.00409) (0.0121) (0.0266) (0.560) (0.412) 
Year 15 401.0*** 433.4** 536.9** 259.5 193.2 
 (0.00346) (0.0110) (0.0205) (0.510) (0.392) 
Year 16 394.6*** 440.3** 556.1** 272.9 195.5 
 (0.00427) (0.0134) (0.0228) (0.507) (0.422) 
Year 17 404.9*** 463.8** 594.0** 294.4 211.1 
 (0.00523) (0.0215) (0.0298) (0.515) (0.435) 
Year 18 397.3*** 488.5** 627.5** 322.9 221.4 
 (0.00652) (0.0295) (0.0335) (0.511) (0.462) 
Year 19 386.3** 508.7** 640.3** 327.5 230.2 
 (0.0107) (0.0329) (0.0346) (0.524) (0.485) 
Constant -42.29 -712.3 -1,546 -1,437 -1,018 
 (0.844) (0.368) (0.177) (0.350) (0.348) 
      
Observations 253 235 224 149 149 
R-squared 0.859 0.898 0.903 0.893 0.887 
Number of countries 21 21 20 16 16 
P-values in parentheses based on robust standard errors  
*** p<0.01, ** p<0.05, * p<0.1 
Note: Health expenditures and GDP are measured in PPP in constant year 2000 dollars. 
Two-way fixed effects model controls for both country and year fixed effects 
Specification three has no observations from Turkey, Specifications 4 and 5 have no observations from Canada, Italy,  
Netherlands, New Zealand, and Turkey. Some observations Australia, Austria, Czech Republic, Denmark,  
Finland, Hungary, Iceland, Japan, South Korea, Luxembourg, Mexico, Poland, Slovak Republic, United Kingdom,  
United States, and Israel are present in every specification. 

  Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
 

The diffusion of CT units per million people is not significant across any specification. 

The coefficients on GDP are strongly significant across all specifications, just as they are in 

Table 4. These range from 6.8 cents of additional health spending per dollar increase in GDP in 

the first specification to 9.4 cents in the fourth specification, estimates which are broadly 
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consistent in magnitude to those in Table 1, if slightly larger. The coefficient estimates on other 

control variables are similar to those in the MRI specifications except for the following 

differences: the coefficient on the population under age 15 is significantly positive at the 10% 

level in the second specification, coefficients on public health expenditures and out-of-pocket 

expenses are significantly positive in the third specification, the coefficient on the proportion of 

the population over 65 is consistently insignificant (and negative), and the signs on physicians 

and hospital beds are flipped from the specification with MRI (positive and negative, 

respectively) but still insignificant.  

The sample sizes are is broadly consistent with that in the MRI specifications. This is 

because there is overwhelming overlap between the data availability on MRI scanners and CT 

scanners so each specification largely corresponds to the same country years as above. Similar to 

the case with the MRI specifications in Table 4, the evidence points to changes in sample size 

and composition affecting the results to a minor extent. The coefficient estimates in 

specifications 4 and 5 are closer than between 2 and 5. The coefficient on low birthweight 

changes from negative to positive between specification 2 to 5 and the coefficient on the 

proportion of the population under age 15 becomes insignificant. However, these are relatively 

minor differences. The coefficient on CT scanners is consistently insignificant and the rest of the 

output is unsurprising in light of the results from Table 1.  

 

 

 

 



 

 
 

34 

CHAPTER 7. DISCUSSION AND POLICY IMPLICATIONS  
 

This paper rests critically on the assumption that increasing diffusion of advanced 

imaging modalities is an appropriate measure of, or proxy for, the kind technological change and 

diffusion that drives health care cost expenditures. Both CT and MRI are defined by unclear 

practice guidelines, testing and diagnosis that can lead to more spending on treatments, and being 

relatively costly and new technologies that are rapidly diffusing throughout the developed world. 

Due to their wide array of applications and research indicating that access to imaging units 

greatly increases the amount they will be used (Baker 2003, 2008), it seemed likely that CT and 

MRI diffusion could be associated with higher utilization of other high-tech procedures and 

treatments that drive health spending. The findings are a bit unexpected, however. MRI and CT 

diffusion are highly correlated (0.7) but the regression results show MRI diffusion has a 

significant positive relationship with health spending while CT diffusion has no significant, 

independent, positive relationship with health expenditures,  

 MRI is a newer technology than CT, with its first use on human patients occurring 6 years 

later. CT diffused rapidly in the 1980s throughout the OECD. Between 1981 and 1990, the 

average number of CT units per million increased from 4.3 to 11, or 156%. However, MRI was a 

relatively small niche until the 1990s. There were 1.8 MRI units per million on average across 

the OECD in 1990. But MRI experienced explosive growth in the 1990s while CT growth 

slowed. MRI diffusion slowed but was still robust in the 2000s while the rate of CT diffusion 

stagnated [see Figure 3]. This is a common illustration of the cycle of technological innovation, 

with quick growth as a new modality’s utility becomes apparent followed by a leveling off or 

plateauing. This suggests that MRI growth is also likely to slow in coming years. But between 
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1990-2008, in spite of the high correlation between the number of CT and MRI units within a 

country year, MRI was more strongly and significantly associated with health expenditure. 

 While the coefficient on income is strong and positive in all specifications, the income 

elasticity of health expenditures is lower than most previous research suggests. Previous research 

generally estimates this income elasticity between 0.7 and 1.4 (Di Matteo 2005); the latter figure 

suggests that 140% of each additional dollar of national income is spent on health care. This is 

starkly different from my finding of an income elasticity between 0.06 and 0.10. However, most 

of this previous research adjusts little, if at all, for other factors that impact health expenditures.  

 The coefficients on the health status variables are unexpected but there could be sources of 

endogeneity or reverse causation. Countries that have greater proportions of low birthweight 

infants may have better neonatal intensive care units so that more babies are saved who would 

otherwise not survived and are counted as low birthweight. Countries with greater proportion of 

their population over 65 may have unobserved quality outcomes in the health care system which 

are enabling greater numbers of people to live that long.  

 As stated above, this study has weaknesses that make it difficult to draw policy conclusions. 

While per capita national income and health expenditures are adjusted both for inflation and 

differences in price levels across countries, the ideal would be to develop a medical care price-

specific index to adjust for solely those prices across countries. However, these data were not 

readily accessible. Another possible weakness is that all country year observations from OECD 

countries are treated equally and not weighted by population or economy size when computing 

means. This may not be a weakness if we want to think of each country as equally important 
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conceptually, but it could be if we want a more accurate depiction of health care statistics for an 

average OECD population. 

 The more fundamental limitations of this study are related to the weaknesses of the dataset 

used. Twelve OECD countries which had insufficient country year observations for MRI or CT 

were dropped entirely. The hope is that they are not systematically different from the countries 

included so that the countries included give an accurate depiction of the OECD. The dataset was 

also skewed by the fact that the surveying and sampling of different countries did not take place 

consistently for many variables in my model. This led to a large issue of many observations with 

missing values dropping out of my model. If they were missing for any systematic reasons 

(perhaps related to the choice of whether to report data), this could introduce bias into my 

estimates. Because the data are collected by agencies in individual countries, they each develop 

their own methodology for gathering the data and how they define the variables. This introduces 

the possibility of measurement error or worse if variables were defined completely differently. 

Also, because of the small sample size we might worry about the extent to which the results are 

driven by outliers.  A final issue is probable omitted variable bias since so many things affect the 

per capita health expenditures in a given country. I tried to minimize the importance of this 

source of bias by introducing country and year fixed effects into the model.   

 While some of the results of this paper are surprising, the relationship between the diffusion 

of technology associated with higher health expenditures that are not explained by other factors 

is broadly consistent with the existing literature. While every effort was taken to minimize 

potential sources of bias, there are many reasons to be skeptical of the results due to weaknesses 

inherent in using an incomplete dataset as well as other practical limitations. Advanced medical 



 

 
 

37 

imaging technology diffusion was not linked to health quality indicators to measure benefits 

associated with higher spending. Because of these limitations, it is difficult to definitively draw 

conclusions from this research that yield clear implications for policy makers interested in health 

care cost containment in a way that maintains or increases health care quality.  

 Policy makers in OECD countries should be cautious about interpreting these results as an 

indication of the need to clamp down on fast growing technologies such as MRI in an effort to 

contain national health expenditures. Any such effort should be undertaken with extreme caution. 

Even to the extent that technological innovation and diffusion can be convincingly linked to 

higher health expenditures not accounted for by other things, this says nothing about the benefits 

of this innovation.  

 There has been considerable empirical research related to the inappropriate use of both 

imaging and other technologies beyond what is medically indicated. This is consistent with 

research that points to geographic variation in spending exceeding variation in outcomes. In fact 

greater health spending may be negatively correlated with outcomes in some cases. (Fisher 

2009). However, even if there is considerable inefficiency in allocating these new tests, 

procedures, and treatments, the benefits can considerably outweigh the costs of access to new 

technology. David Cutler (2001) found that the benefits (in terms of Quality Adjusted Life 

Years) of technological change in treating cataracts, heart disease, low birthweight infants, and 

depression in vastly outweigh the costs. These are specific examples and this is not necessarily 

the case across the whole array of medical technologies. For example, Cutler found that the 

benefits of new treatments for breast cancer were just on par with the costs.  
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 Yet it is also clear that the problem of medical cost growth cannot be analyzed solely from a 

cost-benefit analysis standpoint. Analysts must also consider productive efficiency, in other 

words, are the benefits of health care inputs being maximized or could they be moved around in 

such a way to increase their utility? It is important to not only ascertain that technology is 

diffusing and that more people are getting access but also, do those who would obtain marginal 

benefits greater than the costs have access to it? On one hand, if there are barriers such as cost it 

could restrict access from those who need it. On the other hand, if there are no cost barriers for 

the treatment that may or may not be necessary, it may encourage utilization in marginal cases 

for which costs exceed benefits on average.  In addition, allocative efficiency calls into question 

the optimal amount of resources to devote to health care compared to other sectors of the 

economy. Benefits of technology diffusion can be net positive without achieving either 

productive or allocative efficiency.  

 Comparative effectiveness research could be useful to critically assess the benefits of new 

health technologies on the back end, but health care systems need reform to realign incentives. 

For example, how is new technology paid for? Is it funded before benefits are proven? Is it only 

reimbursed if used for certain defined, approved indications? To the extent that the answer to 

these questions is yes, the downside to restricting reimbursements could be reduced incentives 

for spurring the kind of technological innovation and diffusion whose benefits more clearly 

outweigh its costs.  

 Due to the promising nature and policy relevance of my results in spite of the limitations of 

the study, this research into the role MRI and CT as technological drivers of health expenditures 

should be expanded upon in the future. This could entail analyzing the effect of growth in CT 



 

 
 

39 

and MRI on the growth of health expenditures. The theory of the role of CT and MRI as drivers 

of other high-cost procedures and complementary technologies would be strengthened if they 

were found to be highly correlated with advanced diagnostic imaging. Research into even newer 

forms of advanced imaging, such as nuclear (e.g. Positron Emission Tomography or PET) 

imaging, could be useful to investigate whether it is in an early phase of the technological 

lifecycle (which MRI and CT have already passed). Another alternative avenue could be linking 

desirable health quality indicators with MRI and CT diffusion. This research will be critical to 

establishing a firmer link between different measures of technological innovation and health 

expenditures. In an era of explosive cost health expenditure growth in OECD countries, it is 

critical to find ways to ensure this cost growth is reduced to a more sustainable level while 

simultaneously avoiding discouraging beneficial technological innovation and preventing 

substantial reductions in health care quality.  
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Table A1: Total per capita national income in PPP, constant 2000 
dollars (1990-2008) 

 
Country Minimum Maximum Mean 2007 Years 

Available 
Australia 21,926 (1991) 32,390 (2007) 27,291 32,390 1990-2008 
Austria 23,395 (1990) 32,852 (2008) 27,571 32,289 1990-2008 
Canada 22,819 (1992) 31,625 (2007) 27,106 31,625 1990-2008 
Czech Republic 12,789 (1992) 20,607 (2008) 15,534 20,320 1990-2008 

Denmark 23,164 (1990) 31,501 (2007) 27,465 31,501 1990-2008 
Finland 19,240 (1993) 31,570 (2008) 24,638 31,427 1990-2008 
Hungary 9,626 (1993) 15,749 (2008) 12,230 15,592 1991-2008 
Iceland 23,282 (1992) 35,602 (2007) 28,326 35,602 1990-2008 
Italy 21,954 (1990) 26,563 (2007) 24,530 26,563 1990-2008 
Japan 23,381 (1990) 28,347(2007) 25,587 28,347 1990-2008 
Korea 10,017 (1990) 23,428 (2008) 16,549 22,973 1990-2008 
Luxembourg 37,497 (1990) 65,140 (2007) 50,475 65,140 1990-2008 
Mexico 8,306 (1995) 11,210 (2008) 9,599 11,135 1990-2008 
Netherlands 22,936 (1990) 33,288 (2008) 27,747 32,797 1990-2008 
New Zealand 17,403 (1992) 24,296 (2007) 21,005 24,296 1990-2008 
Poland 6,805 (1991) 14,722 (2008) 10,061 14,004 1990-2008 
Slovak Republic 8,253 (1992) 17,689 (2008) 11,793 16,743 1992-2008 
Turkey 7,401 (1991) 11,724 (2007) 9,116 11,724 1990-2008 
United Kingdom 20,497 (1992) 30,058 (2007) 25,112 30,058 1990-2008 
United States 27,789 (1991) 38,642 (2007) 33,333 38,642 1990-2008 
Israel 20,834 (1995) 26,088 (2008) 22,995 25,479 1995-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A2: Percentage of total population over age 65 (1990-2008) 
 

Country Minimum Maximum Mean 2007  Years 
Available 

Australia 11.1 13.2 12.3 13.1 1990-2008 
Austria 14.9 17.1 15.6 17.0 1990-2008 
Canada 11.3 13.6 12.4 13.4 1990-2008 
Czech Republic 12.5 14.7 13.6 14.5 1990-2008 

Denmark 14.8 15.7 15.2 15.5 1990-2008 
Finland 13.4 16.6 14.9 16.5 1990-2008 
Hungary 13.3 16.3 14.8 16.1 1990-2008 
Iceland 10.6 11.7 11.4 11.5 1990-2008 
Italy 14.9 20.3 17.8 20.0 1990-2008 
Japan 12.1 22.1 16.9 21.5 1990-2008 
Korea 5.1 10.3 7.2 9.9 1990-2008 
Luxembourg 13.4 14.5 14.0 14.0 1990-2008 
Mexico 4.1 5.6 4.7 5.5 1990-2008 
Netherlands 12.8 14.9 13.6 14.6 1990-2008 
New Zealand 11.2 12.6 11.7 12.5 1990-2008 
Poland 10.1 13.5 12.0 13.4 1990-2008 
Slovak Republic 10.3 11.9 11.3 11.8 1990-2008 
Turkey 4.4 6.1 5.3 6.0 1990-2008 
United Kingdom 15.5 16.0 15.8 15.5 1990-2008 
United States 12.4 12.7 12.5 12.6 1990-2008 
Israel 9.1 9.9 9.7 9.8 1990-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A3: Percentage of total population under age 15 (1990-2008) 
 

Country Minimum Maximum Mean 2007  Years 
Available 

Australia 19.3 22.0 20.8 19.4 1990-2008 
Austria 15.3 17.8 16.9 15.5 1990-2008 
Canada 16.7 20.7 19.2 17.0 1990-2008 
Czech Republic 13.8 21.5 17.1 14.3 1990-2008 

Denmark 17.0 18.8 18.0 18.5 1990-2008 
Finland 16.8 19.3 18.3 17.0 1990-2008 
Hungary 15.0 20.2 17.2 15.2 1990-2008 
Iceland 20.7 24.9 23.3 21.0 1990-2008 
Italy 14.0 16.6 14.6 14.0 1990-2008 
Japan 13.5 18.2 15.2 13.5 1990-2008 
Korea 17.4 25.6 21.6 18.0 1990-2008 
Luxembourg 17.4 18.9 18.4 18.2 1990-2008 
Mexico 29.4 39.0 34.4 30.0 1990-2008 
Netherlands 17.8 18.6 18.4 18.0 1990-2008 
New Zealand 20.8 23.1 22.5 21.0 1990-2008 
Poland 15.4 24.7 19.8 15.6 1990-2008 
Slovak Republic 15.2 25.3 20.2 16.0 1990-2008 
Turkey 27.3 34.8 30.6 27.7 1990-2008 
United Kingdom 17.7 19.5 18.8 17.8 1990-2008 
United States 20.1 22.0 21.3 20.2 1990-2008 
Israel 28.3 31.3 29.1 28.4 1990-2008 
 
Source: Author’s analysis of OECD Health Data 2010: Statistics and Indicators 
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Table A4: Low birthweight infants (<2500 grams) as a percentage of 
total live births (1990-2008) 

 
Country Minimum Maximum Mean 2007  Years 

Available 
Australia 5.8 6.4 6.1 6.2 1990-2007 
Austria 5.4 7.2 6.3 7.2 1990-2008 
Canada 5.5 6.1 5.7 6.0 1990-2007 
Czech Republic 5.5 7.4 6.1 7.4 1990-2008 

Denmark 4.7 6.7 5.4 6.7 1990-2008 
Finland 3.6 4.4 4.1 4.3 1990-2008 
Hungary 8.2 9.3 8.5 8.2 1990-2008 
Iceland 2.9 4.5 3.7 3.8 1990-2008 
Italy 5.6 6.8 6.2 N.A. 1990-2006 
Japan 6.3 9.7 8.2 9.7 1990-2008 
Korea 2.6 4.9 3.8 4.7 1993-2008 
Luxembourg 3.9 6.8 5.3 N.A. 1990-8, 2001-

4 
Mexico 7.8 9.7 9.0 7.8 1995-2008 
Netherlands 4.5 6.2 5.3 6.2 1990, 3, 6, 

1999-2007 
New Zealand 5.8 6.5 6.1 5.9 1990-2008 
Poland 5.7 8.1 6.5 6.1 1990-2008 
Slovak Republic 5.8 7.5 6.7 7.5 1990-2008 
Turkey 11.0 11.3 11.2 N.A. 2003, 8 
United Kingdom 6.7 7.6 7.2 7.1 1990-2008 
United States 7.1 8.3 7.6 8.2 1990-2007 
Israel 7.2 8.5 8.0 8.5 1990-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A5: Public expenditure on health as a percentage of total health 
expenditures (1990-2008) 

 
Country Minimum Maximum Mean 2007  Years 

Available 
Australia 65.0 68.4 66.3 67.5 1990-2007 
Austria 73.2 76.9 75.3 76.4 1990-2008 
Canada 69.6 74.6 71.2 70.3 1990-2008 
Czech Republic 82.5 97.4 90.7 85.2 1990-2008 

Denmark 82.0 84.5 83.0 84.5 1990-2007 
Finland 71.1 81.1 74.2 74.5 1990-2008 
Hungary 69.0 89.1 77.1 70.4 1991-2008 
Iceland 80.4 86.7 82.8 82.5 1990-2008 
Italy 70.4 79.5 74.6 76.4 1990-2008 
Japan 77.6 83.0 80.8 81.9 1990-2007 
Korea 33.5 55.3 44.8 55.2 1990-2008 
Luxembourg 87.9 93.1 91.3 N.A. 1990-2006 
Mexico 40.4 47.8 44.5 45.4 1990-2008 
Netherlands 62.5 73.6 67.4 N.A. 1990-2002 
New Zealand 76.4 82.4 78.2 79.8 1990-2008 
Poland 65.4 91.7 72.6 70.8 1990-2008 
Slovak Republic 66.8 91.7 81.8 66.8 1997-2008 
Turkey 61.0 71.9 67.7 67.8 1990-2007 
United Kingdom 79.3 85.1 82.0 82.0 1990-2008 
United States 39.2 46.5 43.8 45.5 1990-2008 
Israel 56.0 68.7 62.0 56.0 1995-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A6: Out-of-pocket expenditure on health as a percentage of 
total health expenditures (1990-2008) 

 
Country Minimum Maximum Mean 2007  Years 

Available 
Australia 16.1 19.9 17.9 18.0 1990-2007 
Austria 15.1 16.5 15.6 15.4 1995-2008 
Canada 14.2 16.8 15.2 14.7 1990-2008 
Czech Republic 2.6 15.7 8.9 13.2 1990-2008 

Denmark 13.8 16.7 15.6 13.8 1990-2007 
Finland 15.5 22.3 20.1 19.0 1990-2008 
Hungary 10.9 27.7 20.6 24.3 1991-2008 
Iceland 13.3 19.6 16.8 16.0 1990-2008 
Italy 17.1 26.7 22.3 20.1 1990-2008 
Japan 14.3 17.5 16.0 14.6 1995-2007 
Korea 35.0 60.5 46.7 35.5 1990-2008 
Luxembourg 5.5 7.6 6.6 N.A. 1990-2006 
Mexico 49.3 58.3 53.1 50.9 1990-2008 
Netherlands 5.5 9.0 7.4 5.5 1998-2008 
New Zealand 13.9 17.9 15.9 14.3 1990-2008 
Poland 8.3 34.6 25.9 24.2 1990-2008 
Slovak Republic 8.3 26.2 15.9 26.2 1997-2008 
Turkey 18.5 31.5 25.5 21.8 1992-6, 1999-

2007 
United Kingdom 10.6 14.1 12.1 11.7 1990-2008 
United States 12.1 19.4 14.6 12.3 1990-2008 
Israel 20.9 29.7 25.9 27.2 1996-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A7: Practicing physicians per thousand population (1990-2008) 
 

Country Minimum Maximum Mean 2007 Years 
Available 

Australia 2.2 3.0 2.5 3.0 1990-2007 
Austria 3.0 4.6 3.8 4.5 1990-2008 
Canada N.A. N.A. N.A. N.A. N.A. 
Czech Republic 2.7 3.6 3.2 3.6 1990-2008 

Denmark 2.4 3.4 2.9 3.4 1990-2007 
Finland 2.2 2.7 2.5 2.7 1995-2008 
Hungary 2.7 3.3 3.0 2.8 1990-2008 
Iceland 2.9 3.7 3.3 3.7 1990-2008 
Italy N.A. N.A. N.A. N.A. N.A. 
Japan 1.7 2.2 1.9 N.A. 1990, 2, 4, 6, 

8, 2000, 2, 4, 
6, 8 

Korea 0.8 1.9 1.3 1.7 1990-2008 
Luxembourg 2.0 2.8 2.3 2.8 1990-2007 
Mexico 1.0 2.0 1.6 2.0 1990-2008 
Netherlands N.A. N.A. N.A. N.A. N.A. 
New Zealand 2.1 2.5 2.2 2.3 2000-8 
Poland 2.1 2.4 2.3 2.2 1990-2008 
Slovak Republic 3.0 3.2 3.2 3.0 2000-4, 7 
Turkey N.A. N.A. N.A. N.A. N.A. 
United Kingdom 1.6 2.6 2.0 2.5 1990-2008 
United States 2.1 2.4 2.3 2.4 1993-2008 
Israel 3.1 4.0 3.5 3.5 1995-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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Table A8: Hospital beds per thousand population (1990-2008) 
 

Country Minimum Maximum Mean 2007  Years Available 
Australia 3.9 4.9 4.2 N.A. 1991-2006 
Austria 7.6 9.3 8.2 7.8 1990-2008 
Canada 3.4 6.0 4.3 3.5 1990-3, 1995-

2007 
Czech Republic 7.3 9.9 7.9 7.3 1990, 1995- 

2008 
Denmark 3.6 4.6 4.1 3.7 1997-2008 
Finland 6.5 8.3 7.5 6.7 1993-2008 
Hungary 7.0 9.3 8.0 7.1 1994-2008 
Iceland 5.8 10.5 9.2 5.8 1990-6, 2007 
Italy 3.8 7.2 5.3 3.8 1990-2008 
Japan 13.8 15.6 14.7 13.9 1993-2008 
Korea 2.3 7.8 4.4 7.3 1990-2008 
Luxembourg 5.7 6.4 5.9 5.7 2004-8 
Mexico 1.6 1.9 1.8 1.7 1990-2008 
Netherlands 4.3 5.8 5.0 4.3 1990-2008 
New Zealand N.A. N.A. N.A. N.A. N.A. 
Poland 6.4 6.7 6.6 6.4 2003-8 
Slovak Republic 6.6 8.3 7.4 6.8 1996-2008 
Turkey 2.0 2.3 2.2 2.3 2000-8 
United Kingdom 3.4 4.1 3.8 3.5 2000-8 
United States 3.1 4.9 3.8 3.1 1990-2008 
Israel 3.7 5.0 4.4 3.8 1990-2008 
 
Source: Author’s analysis of “OECD Health Data 2010: Statistics and Indicators” 
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