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Abstract 
 

Despite the claim that technology has been one of the most important drivers of healthcare 

spending growth over the past decades, technology variables are rarely introduced explicitly 

in cost equations. Furthermore, technology is often considered exogenous. 

Using 1996-2007 panel data on Swiss geographical areas, we assessed the impact of 

technology availability on per capita healthcare costs covered by basic health insurance while 

controlling for the endogeneity of health technology availability variables. Our results suggest 

that medical research, patent intensity and the density of employees working in the medical 

device industry are influential factors for the adoption of technology and can be used as 

instruments for technology availability variables in the cost equation. Our results are similar 

to previous findings: CT and PET scanner adoption is associated with increased healthcare 

costs while increased availability of PTCA facilities is associated with reductions in per capita 

spending. Nevertheless, our results suggest that the magnitude of these relationships is much 

greater in absolute value than that suggested by previous studies which did not control for the 

possible endogeneity of the availability of technologies.  

Keywords: healthcare costs, technology change, medical research 
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1 Introduction  

 

It is widely accepted that technological change is one of the most important drivers of 

healthcare spending growth (Fuchs, 1996). Newhouse (1992) suggests that in the five decades 

preceding 1990, 50% of US healthcare growth was attributable to new technologies. Barros 

(1998) suggests that technological change may explain 30% of healthcare expenditure 

increases in OECD countries. Despite this, research measuring the influence of technology on 

rising healthcare costs is scarce (Okunade and Murthy, 2002; McGuire and Serra-Sastre, 

2009). Few studies on costs have explicitly introduced technology variables (Chernew and 

Newhouse, 2012). Instead the focus is placed on new drugs (Lichtenberg, 2006; Cïvan and 

Köksal, 2010) perhaps because technological change is difficult to measure accurately.  

 

This study aimed to investigate whether healthcare technology is an important explanatory 

factor in rising healthcare costs. Our methodological approach was to introduce genuine 

technology variables. Building on a previous study (Baker et al., 2003) we analyzed 

healthcare technology implementation and use by analyzing the availability of medical 

technologies, which are potentially important cost drivers as they are costly to implement 

and/or are used to treat patients with expensive conditions. More specifically, we examined 

the effects of infrastructure-intensive facilities associated with cardiac patient treatment 

(Percutaneous Transluminal Coronary Angioplasty - PTCA; Pacemaker) and diagnostic 

imaging (Computed Tomography - CT; Positron Emission Tomography - PET). We 

considered that digital imaging technology  is a good proxy for health technology progress for 

the following reasons:  digital imaging technology is pervasive to several medical fields, is 

likely to complement new non-imaging technologies and treatments (including drugs), is used 

intensively in the most expensive therapeutic areas (Dunn et al., 2012) (oncology, cardiology, 
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neurology and orthopedics) and represents the fastest growing part of medical expenditures in 

the US (Mitchell et al., 2008).  

 

Our research differs from previous work in three major ways. First, we assessed the impact of 

technology availability on per capita healthcare costs
1
 while controlling for the endogeneity of 

technology variables by investigating the factors associated with technology availability. 

Results suggest that medical research, patent intensity and employee density in the medical 

device industry are influential factors in technology adoption and can be used as instruments 

for technology availability variables in the cost equation. Second, we relied on a unique 

exhaustive Swiss dataset of available radiology devices, including devices operated in public 

hospitals, private hospitals and private practices. In contrast, most US studies are based on the 

number of hospitals and other locations (e.g. private practices or specialized clinics) reporting 

to have at least one of these devices, rather than the total number of devices used. 

Furthermore, our data cover a much longer time span than previous research. Results suggest 

that previous studies underestimated the magnitude of the relationship between technology 

availability and healthcare costs, and that this relationship is not the same across technologies. 

Whereas increased availability of CT and PET scanners is associated with increased 

healthcare costs, the opposite is observed for PTCA facilities. 

Our research represents a significant contribution both to the literature assessing the impact of 

technology on healthcare expenditures and to that identifying the determinants of health 

technology adoption. 

 

This paper is structured as follows: Section 2 surveys the economic literature on the impact of 

medical technology on healthcare costs. Section 3 reviews previous work studying the factors 

                                                 
1
 As explained below, healthcare costs considered in this article are utilization costs reimbursed by basic health 

insurance, plus out-of-pocket expenditures in basic health insurance 
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associated with the diffusion of medical technologies. Section 4 presents data and methods, 

while Section 5 provides and discusses empirical results. A final section concludes.  

 

 

 

2 The impact of technology on costs: literature background 

 

The main theoretical mechanisms to date are described before outlining the empirical methods 

generally used to measure the impact of technologies on costs. 

 

2.1 Theoretical mechanisms 

 

The literature describes several mechanisms underlying the positive impact of technological 

change on healthcare expenditures. Two model types exist, one considering technological 

progress as exogenous, the other endogenous (Chernew and Newhouse, 2012). 

The first model type investigates how market equilibrium changes as new technology is 

introduced. Technological progress may have supply-side effects (shifting the technology 

supply curve to the right or left, depending on whether the new technology engenders higher 

or lower unit costs) and demand-side effects. The latter reflects a “treatment expansion effect” 

whereby new technologies lead more people to be treated for disease (Cutler and McClellan, 

2001). This may help explain how new healthcare technology with lower unit costs 

sometimes results in higher total healthcare expenditures (Cutler and Huckman, 2003). The 

other model type focusses on the process of technical innovation, in particular, modeling the 

relationship between technology change and medical expenditures through healthcare 

insurance (Weisbrod, 1991; Feldstein, 1977; Chandra and Skinner, 2012). On the one hand, 

new technologies increase demand for health insurance. On the other hand, increased 

insurance leads to higher utilization of new technologies and therefore creates incentives to 

innovate. Consequently, under this model type, long-term healthcare expenditure growth is a 

by-product of the interaction between innovation and insurance.  
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2.2 Empirical studies 

 

Residual estimates and technology proxies serve as measures of technological change when 

empirically assessing its impact on healthcare expenditures. 

The residual estimates approach assesses the impact of easily observable cost drivers, 

including income per capita, population age distribution, physician density and extent of 

insurance coverage
2
 on health care costs. It then attributes the portion of healthcare spending 

not accounted for to healthcare technology (Newhouse, 1992; Barros, 1998). One drawback 

with this approach is that the impact of technology may be overestimated if other factors are 

incorrectly specified. 

 

To date, various proxies have been used in the technology proxies approach. Some studies 

have used insurance coverage as a proxy for medical technology (Peden and Freeland, 1998). 

Others have incorporated a linear time trend (Blomqvist and Carter, 1997) since technological 

change occurs over time. However, a trend variable may capture effects of various non-

stationary variables, and its incorporation severely affects the parameter estimates of other 

explanatory variables, in particular income (Roberts, 1999). Furthermore, the linear nature 

may be inappropriate if medical technology innovation is not linear (Willemé and Dumont, 

2014). Still other studies have used R&D spending specific to healthcare (Okunade and 

Murthy, 2002) or non-commercial medical research (Peden and Freeland, 1995). One problem 

with this proxy type is that it approximates innovation inputs but not innovation diffusion 

(Kleinknecht et al., 2002). 

In order to alleviate such shortcomings, a fourth set of proxy-based studies in the literature 

have used explicit measures of medical equipment, such as the percentage of hospitals with 

high-tech equipment or the availability of infrastructure-intensive facilities. These studies 

                                                 
2
 For a review of the literature on the determinants of per-capita health expenditures, see for example Gerdtham 

and Jönsson (2000). 
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have reported a positive impact on total costs for PET scanners (Koenig et al., 2003; Baker et 

al., 2003), CT scanners (Baker et al., 2003; Baker et al, 2008), Magnetic Resonance Imaging 

(MRI) (Koenig et al., 2003, Baker et al., 2008), implantable cardioverter defibrillator facilities 

(Baker et al., 2003) and neonatal intensive care units (NICUs) (Baker et al., 2003), and a 

negative impact on costs for PTCA (Baker et al., 2003; Hearle et al., 2003). Non-significant 

results or inconsistent results have been found for single-photon emission computed 

tomography scanners (SPECT) (Koenig et al., 2003; Hearle et al., 2003) and radioisotope 

services (Hay et al, 2003; Hearle et al., 2003). Despite introducing genuine technology 

variables, this fourth set of studies share a major caveat with the others: technology is 

considered exogenous, even though theoretical literature suggests technology availability 

might in fact be endogenous.  

Our paper contributes to this fourth set of proxy-based studies and builds on the theoretical 

literature dealing with endogeneity. We capture technology through genuine technology 

variables, contending that technology availability might be endogenous to the extent that 

unobserved factors may have an impact both on healthcare costs and on technology density in 

a given area. For example, it could be that areas which subscribe less to medical care (and 

place greater focus on promoting preventive behaviors) are more attracted to new 

technologies (especially those involving early diagnostic procedures). To understand the costs 

associated with introducing new medical technologies, an analysis of the factors associated 

with technology adoption is required (Gelijns and Rosenberg 1994).  

 

3    Developing the endogeneity view of medical technology adoption 

 

This section provides a review of the literature studying factors associated with technology 

adoption. To identify possible drivers of medical technology adoption, we focus on health 

economics literature complementing it with research in economics of innovation dealing with 
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technology adoption in other fields. Determinants of technology adoption include adopter 

characteristics, the characteristics of medical device companies and the financing and 

geographic environments where technologies evolve.  

 

3.1 The characteristics of adopters (demand for medical technologies) 

 

Demand for medical technologies is driven by providers (physicians) and consumers 

(patients).  

For providers, the adoption of new technologies is influenced by informed and influential 

individuals (Huckman and Pisano, 2006; Aarons et al., 2011). Adoption has been shown to 

depend on the positive influence of specialist physicians (Baker, 2001). However, learning 

capabilities - based primarily on research capabilities - are the main driver for the 

identification and utilization of external new technologies and knowledge. Three main factors 

explain the critical role of researchers in technology adoption: first, researchers are more 

likely to be aware of the latest inventions or technological changes through research networks 

(Spangenberg et al., 1990; Escarce, 1996; Bobrowski, 2000; Cutler and Kadiyala, 2003; 

Estabrooks et al., 2008; Angst et al., 2010). Second, as well as being adopters, researchers are 

producers of knowledge likely to be shared with device suppliers in order to convert their 

ideas into innovations. These specific technology users are thus kept up to date and even 

mollycoddled by device suppliers (Von Hippel and Finkelstein, 1979; Rosenberg, 1992; 

Riggs and Von Hippel, 1994; Heidenreich and McClellan, 2003; Lettl et al., 2006 ; Hyysalo, 

2006 ; Chatterji et al., 2008). Finally, researchers have lower adoption costs because they are 

more accustomed to exploring and absorbing new technologies (Cohen and Levinthal, 1989; 

Åstebro, 2004).  
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With respect to patients, previous research has highlighted the role of income and education in 

the diffusion of new technologies. GDP per capita is a major driver of the early adoption of 

medical technologies (Slade and Anderson, 2001). This has also been found at the micro level 

but with more mixed results (Cutler and McClellan, 1996; Baker, 2001). Other research has 

highlighted that people with higher educational levels are more likely to be aware of recent 

innovation in medical imaging devices and have easier access to related procedures (Lleras-

Muney and Lichtenberg, 2002). 

 

3.2 The supply of medical technologies  

 

With respect to the device industry, the presence of a local high-tech industry is considered 

influential in the adoption and diffusion of technologies. The adoption and performance of 

novel technologies usually involves important complementary assets (Teece, 1986; Milgrom 

and Roberts, 1990) such as high-tech equipment or intermediary goods and services. These 

include skilled employees (Barley, 1986; Schumacher, 2002; Dranove et al., 2012) (e.g. 

remote control information and communications technology (ICT) specialists for 

pacemakers), complementary high-tech equipment (e.g. computer-aided design software, 

robots, cardiac monitoring devices, etc.), intermediary goods (e.g. contrast agents for PET 

scanners), and services (Lee, 1992) (e.g. training, maintenance).  In this respect, the presence 

of a local high-tech industry may foster adoption for two main reasons. First, a larger local 

market lowers the costs of complementary human resources and services. Second, a large 

number of experienced local human resources and invention capabilities increase availability 

of information and knowledge about new technologies.  

 

3.3 Financing and geographic environments 
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Regarding healthcare financing, numerous empirical studies highlight faster adoption of new 

technologies in areas where insurance coverage is higher (Russell, 1979; Cutler and Sheiner, 

1998). There is also evidence that a reduction in financial incentives for healthcare providers 

may slow the adoption of new technologies. For example, prospective payment systems (PPS) 

in hospital financing have been shown to delay the diffusion of cost-increasing technologies
 

(Romeo et al., 1984). This is also true for MRI in HMO (Health Maintenance Organizations) 

programs in the American system (Baker, 2001), for angioplasty (Cutler and McClellan, 

1996) and NICUs
 
(Baker et al., 2002). However, other studies did not find any relationship 

between the HMO market share and technology diffusion (Hill and Wolfe, 1997).  

 

Finally, geographic distance between healthcare providers can accelerate or hamper adoption 

strategies among healthcare units competing in the same health market. Acceleration arises 

from competition with already-equipped neighbors (competition behavior), while delays 

occur if patients can be transferred to already-equipped neighbors (cooperation behavior) 

(Cutler and McClellan, 1996).  

 

Although the role of researchers and the existence of a local high-tech medical industry are 

common factors in the study of economics of innovation dealing with technology adoption in 

several fields, the present study is the first to test whether they are possible determinants of 

innovation adoption in the medical device sector. We also investigated whether these two 

variables could serve as instruments for technology availability in the healthcare cost 

equation. We expected them to have a direct impact on the adoption of new technology and an 

indirect impact on costs - through the availability of costly technology - as there is no reason 

why they should have a direct impact on expenditures reimbursed by basic insurance
3
. 

                                                 
3
 Research activities impact other sources of healthcare financing (i.e. public subsidies) and do not directly lead 

to higher healthcare utilization costs.  
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4 Methods and data 

 

We studied the impact of technology availability on costs, and the factors associated with 

healthcare technology availability. We built a longitudinal dataset for Switzerland
4
 using the 

period 1996-2007, information being reported at two levels: canton (c) and year (t). Our 

database comprised 312 observations.  Tables 1 and 2 describe all variables and sources. 

We modelled per capita expenditures on healthcare services (denoted Cct) as follows:   

 

1 2 3 4 5( )ct ct ct ct ct t c ctLog C T D S I Y c                (1)  

 

Cct included services covered by compulsory basic health insurance for adults over 25
5
.  

Tct is a vector of four technology density variables, with  , , ,ct ct ct ct ctT CT PET PTCA PACE
6
. 

Dct included demand variables such as the population distribution by age, education level, 

unemployment rate and yearly per capita income.  

Sct covers supply variables such the density of specialist physicians.  

Ict captures Insurance variables: percentages of the population which opted for higher 

deductible options, for plans with limited choice of providers and a DRG variable
7
. 

Yt  included year dummies  

                                                 
4
 A brief summary of the Swiss system is available in Appendix 1 

5
 Healthcare costs considered in this article represented 41% of the total healthcare costs in Switzerland in 2007. 

The other main sources of healthcare financing included expenses covered by voluntary supplementary health 

insurance (9.2%), household direct contributions (25%) through out-of-pocket payments for healthcare goods not 

included in the basic or supplementary benefit packages, and public subsidies to local facilities (16.2%). The first 

two sources of healthcare financing were not considered for data availability reasons, the latter because it is not a 

good measure of healthcare costs generated by citizens. In particular, public subsidies include expenditure for 

prevention as well as support for research and teaching activities. Note that it is crucial not to consider this latter 

type of cost for the relevance of our proposed instruments. 
6
 MRI was not included in the set of variables because information on MRI availability was not collected in 

medical practice settings by federal authorities. Note that 96.4% of hospital centers which were equipped with 

MRI were also equipped with CT scanners (source: authors’ computations on Swiss hospital key figures 

published by Federal Office of Public Health, 2003 – 2012). Further research may consider to build an index of 

technology based on imaging devices. 
7
 Switzerland progressively implemented a Diagnostic Related Group (DRG) payment system between 2002 and 

2012 



  

 

11 

Canton-fixed effects (cc) captured unobserved heterogeneity between cantons (e.g. cultural 

factors, inclination to use healthcare). 

 

A canton fixed-effects linear model was estimated, thus controlling for the panel structure of 

the data. A key econometric issue is that the coefficient β1 is likely to be biased if technology 

variables are endogenous. 

 

Davidson-MacKinnon exogeneity tests were performed.  The possible endogeneity of Tct 

variables was accounted for using an Instrument Variable (IV) approach. When the four 

technologies were introduced together in (1), at least four instruments were needed. To 

identify potential instruments (i.e. variables that are correlated with technology densities but 

which have no direct effect on healthcare costs and are thus excluded from the cost equation) 

for the technology density variables, we estimated a Tobit model based on the density of each 

technology. A Tobit model seemed the natural solution to account for the censored nature of 

our data. Zero values for technology density in a small number of cantons did not mean those 

cantons had zero willingness to pay for installations of technologies, but that their willingness 

to pay was lower than an “adoption threshold” (not observed). Thus, estimations were based 

on the latent variables *

ctT : 

 

*

1 2 3 4ct ct ct ct t c ctT A MD FG Y c v               (2)

    

with 
* *

ct ct ctT =T if T >0  and 0 otherwise.  

 

Act is a vector of adopter’s characteristics variables. In addition to the demand and supply 

variables described above, certain variables were specific to the technology adoption 
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equations. The role of research was estimated using the density of medical publications 

computed for the four most costly medical fields (cardiology, oncology, neurology, 

orthopedics) (Dunn et al., 2012) and for radiology (Appendix 2). These are the research fields 

most likely to influence the adoption of the four technologies under investigation.  

Regarding the characteristics of medical device companies included in MDct, the presence of a 

local high tech industry was captured using locally experienced human resources (employee 

density in the medical device industry) and inventive capabilities (patent intensity) (Appendix 

2).  

FGct refers to financing and geographic variables. To capture potential spatial interactions, we 

computed a weighted index of devices installed in other cantons (Appendix 2). Regarding the 

financing environment, we used the insurance variables described above.  

Research, skilled human resources, patent densities and neighbour variables were lagged in 

the regressions to mitigate potential endogeneity problems.  

 

We formally tested the validity of our potential instruments. Three tests were performed.  

First, in order to rule out any direct effect of the potential instruments on the cost variable, we 

ran the cost equation (1) including potential instruments as covariates. Second, we performed 

a Sargan test in order to test the assumption that instruments were uncorrelated with ct . 

Third, in order to test for the strength of our instruments, we computed from the first-stage 

regressions (i.e. equations 2) F-statistics of a joint test whether all excluded instruments were 

significant  (Staiger and Stock, 1997). 

 

5     Results 

5.1 Descriptive results  

 

Figure 1, which displays mean monthly per capita healthcare expenditures in each canton in 

2007, shows the huge inter-canton variability in healthcare costs. Per capita expenditures 
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ranged from 187 (AI
8
) to 376 (BS) Swiss Francs. Figure 1 also displays each canton’s 

healthcare expenditure evolution between 1996 and 2007. Cantons with low levels of 

healthcare expenditures exhibited higher growth rates, suggesting a catch-up phenomenon.  

 

CT and PET scanner densities rose sharply over time. CT scanners arrived in Switzerland in 

1988, with the first 5 being installed in 3 cantons (AG, BE, ZH). In late 1997, 172 CT 

scanners were operating in Switzerland in 23 cantons. By late 2007, this number had 

increased to 227 in 24 cantons. Over this 20-year period, 611 CT scanners were installed in 

Switzerland
9
. The mean operating time was 5.5 years during this period. PET scanner 

diffusion has been slower. In 1996, 3 PET scanners were in operation. In 2007, this number 

was 17 provided in only 10 cantons. In 2007 CT and PET scanner density varied substantially 

between cantons (Figure 2). The four most expensive cantons (BS, GE, TI, VD) were well 

equipped with both technologies. Furthermore, of the 10 cantons with the lowest per capita 

health costs, only 2 were equipped with PET facilities.    

 

The number of centers with PTCA facilities rose by 55% between 1996 and 2007, from 18 to 

28 centers, in 10 and 13 cantons, respectively. The number of centers with pacemaker 

capabilities remained quite stable from 1996 to 2007 with 64 and 69 centers in 22 and 23 

cantons, respectively. Only 3 cantons were not equipped with pacemaker facilities in 2007. 

Figure 3 displays the PTCA and pacemaker facility densities across cantons in 2007. BS, GE 

and VD were the best equipped with PTCA facilities. However, other cantons with high 

healthcare costs such as JU, NE, BL and SH did not offer any PTCA facilities. Furthermore, 

SG, LU, GR, TG, AG and VS, which exhibited low/average healthcare costs, were well 

                                                 
8
 See Table 3 for the meaning of abbreviations of Swiss cantons 

9
 Note that CT scanner adoption is reversible. Some hospitals and medical practices were equipped at some point 

but were no longer equipped a couple of years later. 
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equipped with PTCA facilities. A mixed pattern was also found for pacemakers, with high 

densities in cantons with high (e.g. JU, NE) and low (e.g. UR, AR) healthcare expenditures. 

 

Table 3 displays the average values for publication, patent and medical device employee 

densities over 1996-2007 in each canton. Cantons with university hospitals (BS, GE, VD, ZH, 

BE) came first for publication densities. However, research activity was also found in cantons 

with no research hospitals. Furthermore, many cantons in Switzerland had a patenting medical 

device industry. ZG, SH and SO were the most invention-intensive. These three cantons also 

exhibited the highest densities of employees working in the medical device industry. 

 

 

5.2     The determinants of technology adoption 

 

As the equations studying factors associated with technology diffusion aim to identify 

potential instruments for technology density, we will first comment on the analyses of the 

determinants of technology adoption. The econometric results are displayed in Table 4 (CT 

and PET scanner densities) and Table 5 (densities in PTCA and pacemaker facilities). For 

each technological device, columns (1) to (6) in Tables 4 and 5 display results when the 

various research fields investigated are introduced one by one before being introduced 

altogether in column (7).  

 

According to columns 1-5 in Tables 4 and 5, intensive research in cardiology, oncology, 

neurology, radiology and orthopedics was a significant driver of CT scanner and PTCA 

densities. Research in neurology, radiology and orthopedics was significantly associated with 

the adoption of PET scanners. Research in cardiology, oncology and radiology was 

significantly associated with increased densities in pacemaker facilities. For each 
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technological device, the intensity of publications (all fields) was also positively influential 

(column 6).  

The positive influence of publications in various fields variables remained but their 

significance was reduced when introduced simultaneously (columns 7 in Tables 4 and 5). A 

Wald test confirmed that we could not reject the assumption that the five coefficients were 

jointly different from zero, thereby confirming the role of various academic activities on the 

adoption of new medical technologies.  

In line with previous research, specialist physician density had a positive, significant impact 

on the four technologies. The percentage of over-65’s had a positive influence on CT, PET 

scanner and PTCA availability. This population boosted the installation of new devices, 

suggesting its contribution to technological change. The results for other socio-demographic 

variables were reasonably consistent with the literature: per capita income was positively 

associated with technology densities. This was significant for PTCA and pacemaker facilities, 

less significant for PET scanner densities. A higher unemployment rate was significantly 

negatively associated with CT and PTCA densities. Cantons with a higher percentage of less-

educated inhabitants were less equipped but this was only statistically significant for PET 

scanners.  

 

Concerning variables of the MD vector, the density of patents in medical devices had a 

significant positive impact on CT scanner density. The density of people working in the 

medical instrument industry had a positive influence both on CT scanner and pacemaker 

facility installations. These results support the hypothesis that both local invention capabilities 

and technician availability are important in the adoption of large medical devices, especially 

CT scanners.  Only the density of people working in the medical instrument industry 

influenced the density of pacemaker facilities. This supports the interpretation that the number 
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of available local technicians matters but that the skill level required for pacemakers is lower 

than for more recent technologies. Despite widespread availability and continuous 

improvement, pacemaker technology, unlike CT scanner technology, does not require 

invention skills. None of the effects mentioned above was found for PET scanners or PTCA. 

 

Spatial market interactions were negative for CT scanners, PTCA and pacemakers, suggesting 

cooperation rather than competition between cantons, but associated coefficients were not 

significant. Conversely, the coefficient was significant and positive for PET scanners, 

suggesting competition. Regarding financing variables, there was no significant relationship 

between the proportion of HMO subscribers and CT/PET scanner density. These findings 

contrast with previous US –based results. However, Swiss HMOs are not directly comparable 

with their US counterparts, as they are mostly restricted to outpatient practices and do not 

include hospital facilities. Accordingly, there is no incentive to reduce hospital costs or slow 

the adoption of new technologies in hospitals. Our results are not surprising given that the 

majority of CT (70% in 2007) and PET (76% in 2007) scanners were operating in hospitals. 

Areas with a higher proportion of HMO subscribers were associated with a higher density of 

PTCA and pacemaker facilities. This can be interpreted in the light of the results on costs (see 

next section). HMOs boosted the introduction of equipment which reduces costs (PTCA). In 

this respect, HMOs may be expected to reduce healthcare costs.  

A higher percentage of insurance policyholders with high deductibles was not significantly 

associated with the diffusion of technologies. Unlike other studies, we did not find that the 

higher the extent of insurance coverage the higher the density in technology (Russell, 1979). 

This may be explained by the fact that the Swiss population benefits from wide insurance 

coverage in all plans, including those with the highest deductibles.  



  

 

17 

The DRG payment variable was not associated with any technology densities and was 

therefore dropped from regressions. This may be because our dataset does not cover the full 

period during which DRG payment system was implemented. 

 

Our analysis of technology adoption enabled us to identify variables associated with 

technology variables and thus which might serve as instruments for technology variables in 

the cost equation: CARDIOLOGY, ONCOLOGY, NEUROLOGY, RADIOLOGY, ORTHOPEDICS, 

EMPLOYEES, PATENT and NEIGHBOUR
10

.  As explained above, there is no reason why research 

activity, which is financed through other financing sources, might have a direct impact on 

health care utilization costs reimbursed by basic insurance. Neither were the density of 

employees working in medical instrument manufacturing industries and patent intensity 

(which approximates the importance of inventors in the field of medical devices) expected to 

directly impact health care costs, as manufacturing employees and inventors  do not carry out 

medical examinations but facilitate the availability of devices for physicians.  The fact that all 

instrument variables were not significant when introduced together into the cost equation (p = 

0.621)
11

 confirmed this.  Each instrument variable was also individually introduced into the 

cost equation. None was significantly associated with healthcare costs (Appendix 3).  

Furthermore, a Sargan test led to the non-rejection of the null hypothesis that these 

instruments are uncorrelated with ct (p = 0.810)
12

. Furthermore, F-statistics from the first 

stage regressions show that F > 10 (columns 2-5 in Table 6), suggesting that our instruments 

meet Staiger and Stock’s (1997) strong instrument criteria. Altogether these results suggest 

that our instruments are valid.  

 

                                                 
10

 NEIGHBOR is  more a control variable  and will technically serve as an  instrument 
11

 Joint test that all coefficients are zero 
12

 The Sargan Test was performed on specification 6 (Table 6). This result is important because it rules out the 

possibility that our instruments could have been correlated with technologies not captured by our technology 

variables (e.g. availability of certain drug technologies). 
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5.3    The impact of technology on costs 

 

Table 6 reports the analyses examining the relationship between availability of the 

technologies considered and healthcare expenditure. Estimations in column 1 treated 

technology availability measures as exogenous. Columns 2 to 6 controlled for the endogeneity 

of technology availability variables using the IV method, one technology being introduced at 

a time (columns 2-5), all four being introduced in column 6.  

The general pattern in our results is that greater CT and PET scanner availability were 

associated with higher per capita healthcare costs. Conversely, increases in the availability of 

PTCA facilities were associated with reductions in per capita healthcare costs. Finally, the 

density of pacemaker capabilities was not significantly associated with per capita healthcare 

expenditures. There are several possible explanations for these results. Although increased 

availability may directly result in greater diffusion for some technologies, for others, 

healthcare utilization may be relatively fixed, irrespective of increased availability. For 

example, it might be easier to increment diagnostic imaging procedures than cardiac 

procedures. The negative coefficient for PTCA may also suggest that the use of this 

technology tends to reduce the use of other medical services (for example by preventing 

further complications or reducing admissions). The fact that pacemaker technology is old 

might explain its non-significance. The general pattern in our results confirms Baker et al.’s 

(2003) findings.  

 

One important result is that the magnitude of the relationship between technology availability 

and healthcare costs was much stronger when we controlled for the endogeneity of the 

availability of technologies (columns 2-6). The Davidson-MacKinnon's tests reported in Table 

6 rejected the null hypothesis that technology variables were exogenous. We found that the 

magnitude of the coefficients for PET and CT scanners was twice as big when controlling for 
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the endogeneity of the technology variable (comparing column 6 with column 1). The 

endogeneity bias was even stronger for PTCA with the absolute value coefficient of this 

technology being almost five times larger when controlling for endogeneity (comparing 

column 6 with column 1). In column 7, for robustness purposes, the cost equation was 

estimated simultaneously with the four technology equations using 3SLS.The results are very 

similar to those of the IV specifications including all four technologies (column 6), 

confirming the importance of the downward bias, in absolute value, characterizing results that 

did not control for endogeneity
13

.  

However, our results suggest that possible mechanisms underlying CT/PET and PTCA 

endogeneity may be different. The increase in the coefficient for CT and PET would suggest 

that areas which subscribe less to medical care (and place greater focus on promoting 

preventive behaviors) are more attracted to implementing CT and PET devices. Patients in 

these areas would value diagnostic devices or consider such imaging technology more as an 

insurance in case of health problems. Regarding the increase of the absolute value of the 

coefficient for PTCA, it could be that areas that have strong preferences for healthcare are 

more attracted to treatment solutions such as PTCA facilities. The demand for treatment 

solutions would therefore drive both technology adoption and healthcare spending. 

 

In addition to reinforcing  previous assessments about the importance of technological change 

on healthcare costs, the instruments we identified to control for the endogeneity of technology 

variables also shed some light on the mechanisms through which some areas are more 

equipped in expensive technologies and thus may exhibit higher healthcare costs. In 

particular, intensive medical research or the presence of a local medical high-tech industry 

may lead to higher densities in medical technology and higher healthcare costs. The 

                                                 
13

 Per capita expenditures were also known for outpatient (
o

ctC ) and inpatient care (
i

ctC ) Results were not 

qualitatively different when run on outpatient and inpatient health care costs. 
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importance of medical research as a driver for technology adoption also suggests that costly 

medical devices are not only adopted for treatment reasons but may be installed for medical 

research. This creates another source of benefit associated with new technologies. However, 

intensive medical research and the presence of a medical high-tech industry do not 

systematically lead to increased healthcare costs (e.g. pacemakers and PTCA).  

 

With respect to other control variables in the cost equation, a higher income level was not 

significantly associated with higher healthcare expenditures. This result is consistent with 

others on Swiss data (Crivelli et al., 2006). Neither was a higher unemployment rate 

associated with healthcare expenditures. In contrast, a higher density of specialist physicians 

was associated with higher healthcare costs. This is not surprising in a fee-for-service system 

and may suggest a potential supply-induced demand problem (Crivelli et al, 2006; Reich et 

al., 2012). A higher percentage of elderly people in the Swiss population was not significantly 

associated with healthcare costs, although it did have an indirect impact through the 

availability of devices (positive for CT and PET density, negative for PTCA density). A 

higher percentage of less-educated people was associated with reduced healthcare costs. The 

percentage of enrollees with high deductible health plans was not significantly associated with 

healthcare costs. This suggests that the introduction of deductibles in Switzerland did not help 

solve the moral hazard problem (Schellhorn, 2001). Areas with a higher percentage of 

enrollees in HMO-type plans had lower healthcare expenditures. This is consistent with Reich 

et al. (2012). The DRG variable was not significant and was dropped from regressions. 

 

6 Conclusion  

 

Our study investigated the direction and magnitude of the relationship between selected 

technologies and healthcare costs and is, to our knowledge, the first to control for the possible 
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endogeneity of technological availability. Our results suggest that increased availability of CT 

and PET devices is associated with increased healthcare costs. The opposite relationship is 

observed for PTCA facilities. This is consistent with studies which, unlike ours, did not 

account for the endogeneity of the supply of technologies. However, the magnitude of these 

relationships in our study is much bigger in absolute value. We show that the bias associated 

with endogeneity is substantial and thus strongly reduces the actual impact of technology on 

costs. Our results highlight that medical research, patent intensity and the local availability of 

a skilled labor force working in the medical device industry facilitate the adoption of medical 

technology and can be used as valid instruments for technology availability in the cost 

equation. In this respect, our work contributes significantly both to the literature assessing the 

impact of technology on healthcare expenditures, and to that identifying the determinants of 

health technology adoption, shedding light on the mechanism through which certain 

geographic areas are more equipped in expensive technologies than others and thus may 

exhibit higher health care costs. 

 

Although a selected number of technologies can only partially capture the overall level of  

technology availability in a geographic area, our paper is an important contribution to the 

literature, given that it is one of the first to look at the relationship between technological 

change and health care costs outside the US. Furthermore, the proposed methodology to 

account for the possible endogeneity of technology availability can be easily applied to the 

understanding of health care costs variability within any given country or between two or 

more countries, as publicly available datasets, PATSTAT and SCOPUS, were used to 

compute patent intensity and research intensity , respectively.  
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Overall, our results question whether it is appropriate to point the finger at those cantons with 

higher healthcare costs. Since expensive cantons may also be the ones with intensive medical 

research, they are the cantons contributing most to future treatments which in time will 

become available to all cantons. In this respect, these results remind us of the necessity to 

assess the benefits associated with new medical technologies in a global and dynamic fashion.  
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Appendix 1: The Swiss health insurance system  

 

Switzerland (population 7.8 million in 2009) is divided into 26 geographic areas (cantons), 

with each canton responsible for the organization of its own healthcare system. The basic 

health insurance system is regulated by the Federal Law on Social Health Insurance (LAMal). 

 

Basic health insurance is obligatory in Switzerland and a standardized  benefit package is 

defined by law. However the extent of coverage varies as policyholders may choose between 

contracts with a low deductible level (300 CHF) (41.6% of enrollees in 2007), a higher 

deductible level  ( 500, 1000, 1500, 2000 or 2500 CHF) (34% of enrollees in 2007), and 

contracts with limited choice of providers (HMO-style contracts) (24.3 percent of enrollees in 

2007). This latter figure reflects HMOs recently increasing market share, given that only 8.2% 

of enrollees held HMO-contracts in 2003.  Physicians are paid on a fee-for-service basis 

except for physicians who provide services within HMO-contracts (paid on a per-capita 

basis). 

 

Cost-sharing arrangements in basic insurance 

All contracts include a deductible on yearly expenditures. Once the deductible level has been 

reached, enrollees pay a 10% co-insurance rate up to a maximum of 700 CHF. Hence, if the 

enrollee chooses a 300 CHF deductible, then the maximum out-of-pocket amount that he or 

she may have to pay is 1000 CHF. 
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Appendix 2: Computation methods for the number of publications, employees working 

in the medical device industry, patents and for spatial interactions 

 

Number of publications 

We computed the annual number of publications in medical fields including at least one 

author with a Swiss affiliation.  Only publications of articles, editorials and letters in journals 

listed in Scopus over 1995-2006 were taken into account. The cantonal count was weighted 

and computed as the number of authors affiliated in a given canton divided by the number of 

authors affiliated with Swiss institutions. For example, an article with 2 authors from a Bern 

institute, 1 author from a Geneva institute and 2 non-Swiss authors associated with 2 non-

Swiss institutes will lead us to credit the Bern and Geneva Cantons respectively of 2/3 and 1/3 

publications. Similarly, we computed the number of academic publications in five specific 

medical fields (cardiology, oncology, neurology, radiology, orthopedics) 

 

Number of employees working in the medical device industry 

The total number of employees working in the medical device industry was computed, using 

the ISIC classification (NOGA in Switzerland) at the three digit level, as the sum of 

employees in two industries, the ISIC 266 industry that is the manufacture of irradiation, 

electromedical and electrotherapeutic equipments, and the ISIC 325 industry which is the 

manufacture of medical and dental instruments and supplies. Hospitals and medical 

laboratories can find skilled technicians in these two industries. The number of employees in 

these industries were available only for 1995, 2001, 2005 and 2008. The annual values were 

approximated taking the nearest year into consideration.  

 

Number of patents 

The patents considered in this study are those including applicants or inventors who provided 

an address in Switzerland and belonged to the A61B subclass in the IPC classification filed 

between 1992 and 2006. This IPC subclass covers instruments, implements, and processes for 

diagnostic, surgical and person-identification purposes, including obstetrics, instruments for 

cutting corns, vaccination instruments, finger-printing and psycho-physical tests. The year 

considered for invention is the earliest priority date (filing). The number of patents was 

calculated at the canton level according to the NUTS3 classification taken from the REGPAT 

database (OECD, 2008).  

 

Spatial interactions 

Following Shroder (1995) and Figlio et al. (1999), we used the inter-canton hospital patient 

mobility data in order to weight the competing offers of other cantons where patients can be 

treated
14

. The weight is the fraction of patients who went to (an)other canton(s) to be treated: 

canton i assigns each other canton j a weight of                ∑         
  

  
   
   

 where 

            is the number of patients of canton i going to be cured in canton j.     is thus the 

share of patient of canton i that is treated in canton j out of the total number of patients treated 

outside canton i, in one of the other 25 cantons. Canton i is assigned a weight of zero (   

                                                 
14

 Insured people may choose to be treated at any hospital or at any physician’s practice and therefore may be 

treated in cantons other than the one where they live. However, there are restrictions on reimbursement by basic 

insurance for inpatient care received outside the canton of residence or for outpatient care received outside the 

canton where policyholders live or work. An individual will be reimbursed only up to the amount that would 

have been charged in his/her canton of residence. If it is imperative to receive outpatient care outside the canton 

in which the individual lives or works, e.g. in an emergency or because he/she requires special treatment, health 

insurance will cover all the costs. 
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 ), and all weights sum to 1. The weight is then multiplied by the technology density in each 

canton, to provide a composite indicator of neighboring competitors in each technology for 

each canton i. For example, for CT scanners, for each canton i we generated the variable 

          
   ∑            

  
   . The NEIGHBOUR variable was computed in a 

similar way for the three other technologies. 
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Appendix 3: Relationship between instrument variables and insurance medical costs 

  

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

GLS GLS GLS GLS GLS GLS GLS GLS GLS GLS GLS

coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t

CTt 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005*** 0.005***

(7.222) (7.312) (7.523) (7.875) (7.237) (7.157) (7.455) (7.359) (7.687) (7.698) (7.403)

PETt 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011*** 0.011***

(3.701) (3.709) (3.612) (3.662) (3.917) (3.623) (3.711) (3.689) (3.917) (3.772) (3.709)

PTCAt -0.011** -0.011** -0.011** -0.012** -0.011** -0.011** -0.011** -0.011** -0.011** -0.011** -0.011**

(-2.578) (-2.448) (-2.445) (-2.625) (-2.447) (-2.425) (-2.442) (-2.504) (-2.342) (-2.445) (-2.650)

PACEt 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.008

(0.471) (0.377) (0.371) (0.371) (0.371) (0.371) (0.371) (0.371) (0.371) (0.371) (0.371)

log(INCOMEt) 0.112 0.108 0.109 0.111 0.109 0.112 0.107 0.109 0.107 0.110 0.108

(0.067) (0.055) (0.061) (0.062) (0.058) (0.051) (0.049) (0.050) (0.042) (0.046) (0.045)

EDUCATIONt -0.002** -0.002** -0.002** -0.002** -0.002** -0.002** -0.002** -0.002** -0.002** -0.002** -0.002**

(-2.232) (-2.221) (-2.033) (-2.207) (-2.247) (-2.364) (-2.432) (-2.442) (-2.527) (-2.311) (-2.228)

ELDERLYt 2.274* 2.125* 2.138* 2.311* 2.142* 2.140* 2.521* 2.143* 2.231* 2.251* 2.092*

(1.869) (1.828) (1.884) (1.756) (1.796) (1.822) (1.744) (1.735) (1.729) (1.756) (1.785)

UNEMPLOYMENTt -1.180 -1.065 -1.024 -1.032 -1.083 -1.075 -1.072 -1.063 -1.084 -1.086 -1.069

(-1.518) (-1.418) (-1.563) (-1.435) (-1.452) (-1.475) (-1.493) (-1.494) (-1.521) (-1.602) (-1.558)

SPECIALISTt 0.128*** 0.129*** 0.127*** 0.125*** 0.128*** 0.129*** 0.126*** 0.128*** 0.128*** 0.127*** 0.128***

(7.713) (7.796) (7.963) (7.462) (7.935) (7.425) (7.517) (7.378) (7.728) (7.893) (7.957)

HMOt -0.001** -0.001** -0.001** -0.001** -0.001** -0.001** -0.001** -0.001** -0.001** -0.001** -0.001**

(-2.714) (-2.219) (-2.345) (-2.549) (-2.372) (-2.341) (-2.298) (-2.256) (-2.384) (-2.355) (-2.589)

HIGHDEDt 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002

(0.930) (0.935) (0.725) (0.630) (0.752) (0.831) (1.102) (0.883) (0.972) (0.846) (0.751)

CARDIOLOGYt-1 1.739

(0.554)

ONCOLOGYt-1 0.737

(-0.072)

NEUROLOGYt-1 -0.217

(-0.261)

RADIOLOGYt-1 -0.471

(-0.28)

ORTHOPEDICSt-1 -0.223

(-0.897)

PATENTt-1 0.001

(0.228)

EMPLOYEESt-1 0.000

(0.006)

NEIGHBOURt-1
CT 0.002

(0.154)

NEIGHBOURt-1
PET 0.002

(0.053)

NEIGHBOURt-1
PTCA 0.002

(0.128)

NEIGHBOURt-1
PACE 0.002

(0.078)
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Table 1: Variables for the cost equation (All variables were reported at two levels: canton (c) 

and year (t)) 
Variable category   Variable definition Data source 

EXPLAINED VARIABLES 

 

COSTS  

Per capita health expenditures (for adults) covered by basic health insurance + 

out-of-pocket expenditures in basic health insurance (i.e. deductible and co-

insurance) expressed  in year 2007 constant Swiss Francs FOPH 

EXPLANATORY VARIABLES    

  Technology CT* Number of CT scanners per million inhabitants  FOPHa 

 PET* Number of PET scanners per million inhabitants FOPHa 

 
PTCA 

Number of percutaneous transluminal coronary angioplasty (PTCA) facilities 

per million inhabitants SSCb 

 PACE Number of pacemaker facilities per million inhabitants SSCc 

  Demand INCOME Yearly per-capita income (in thousands, year 2007 constant Swiss Francs)   FOS 

 EDUCATION  % first-cycle regular track only  (i.e. compulsory school) SHS 

 ELDERLY Population age distribution (% over 65) FOS 

 UNEMPLOYMENT Percentage of unemployed  FOS 

  Supply  SPECIALIST Density of specialists working in private practices per 1000 inhabitants FOPH 

  Insurance  HMO % population  with limited choice of providers health insurance FOPH 

 
HIGHDED 

% population with higher deductible options in basic insurance (2500 Swiss 

Francs) FOPH 

 DRG DRG = 1 if the DRG system was partially or fully implemented in the canton CDS 

FOPH : Federal Office of Public Health 
FOS: Federal Office of Statistics 

SHS: Swiss Health Survey (1997, 2002, 2007) conducted by the FOS  

SSC: Swiss Society of Cardiology 
CDS: Conférence Suisse des directrices et directeurs cantonaux de la santé 
a based on the full list of federal licenses granted in Switzerland since the introduction of these technologies. 
b information collected since 1987 in a nationwide annual survey by the working group “interventional cardiology and acute coronary 
syndrome” (Pedrazzini, 1998; Roffi, 1999; Roffi, 2000; Wahl, 2001; Togni, 2002; Schülter et al, 2004; Maeder et al., 2006; Maeder et al., 

2007; Maeder et al., 2008; Maeder et al., 2010) 
c information collected by the working group “Arrhythmia and Electrophysiology” since 1992 (http://www.pacemaker.ch) 
* CTct and PETct were corrected for, using the number of months during which each CT and PET device was actually in operation. This data 

was available thanks to the availability of installation and withdrawal dates (for withdrawn devices). Combined PET/CT devices (“combos”) 

were included in the number of PET scanners, without any consequence on our results. 
 

 
 

Table 2: Description of additional variables introduced in the technology equations (All 

variables were reported at two levels: canton (c) and year (t)) 
Variable category   Variable definition Data source 

Medical research TOTAL PUBLI Numbera of medical academic publications per 1000 inhabitants Scopus 

 CARDIOLOGY Numbera of academic publications in Cardiology per 1000 inhabitants Scopus 
 ONCOLOGY Numbera of academic publications in Oncology per 1000 inhabitants Scopus  

 NEUROLOGY Numbera of academic publications in Neurology per 1000 inhabitants Scopus 

 RADIOLOGY Numbera of academic publications in Radiology per 1000 inhabitants Scopus 
 ORTHOPEDICS Numbera of academic publications in Orthopedics per 1000 inhabitants Scopus 

 

Local high-tech industry 
EMPLOYEES 

 

Number of employeesb in the medical device industry per 1000 
inhabitants  

FOS 

 PATENT Number of patentsb in medical instruments per 1000000 inhabitants  

 

PATSTAT 
REGPAT-EPO 

Other cantons’ influence NEIGHBOURb. 

 

Patient mobility weighted number of devices installed in neighboring 
cantons 

FOS 

EPO (European Patent Office) 
aweighted (see Appendix 2) 
b see Appendix 2 
* Dummy variable 

 
 
 

 
  

http://www.pacemaker.ch/
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Table 3: Average values for medical research and local high tech industry variables (1996-

2007) 

 

 

 

 

  

CARDIOLOGY ONCOLOGY NEUROLOGY RADIOLOGY ORTHOPEDICS TOTAL PUBLI EMPLOYEES PATENT
(a) (b)

AG Aargau 0.003 0.008 0.003 0.011 0.007 0.035 0.456 7.025

AI Appenzell Innerrhoden 0 0 0 0 0 0 0 0

AR Appenzell Ausserrhoden 0 0 0 0.002 0 0.003 0.076 3.844

BE Bern 0.030 0.038 0.011 0.027 0.010 0.119 1.847 13.936

BL Basel-Landschaft 0.011 0.008 0.003 0.011 0.005 0.040 2.285 18.507

BS Basel-Stadt 0.151 0.313 0.071 0.150 0.122 0.871 1.910 8.474

FR Fribourg 0.007 0.007 0.008 0.011 0.006 0.045 1.582 4.111

GE Geneva 0.085 0.117 0.040 0.081 0.090 0.437 0.551 9.499

GL Glarus 0.002 0 0 0.002 0 0.004 0.286 22.354

GR Graubünden 0.009 0.006 0.002 0.036 0.004 0.061 0.418 18.640

JU Jura 0.005 0 0 0 0 0.006 0.338 13.710

LU Lucerne 0.007 0.003 0.005 0.008 0.002 0.029 0.948 4.056

NE Neuchâtel 0.006 0.011 0.006 0.011 0.008 0.044 3.963 19.398

NW Nidwalden 0 0 0 0.001 0 0 0 2.058

OW Obwalden 0.002 0 0 0 0 0.002 0.425 1.646

SG St. Gallen 0.006 0.014 0.003 0.008 0.009 0.047 1.238 14.670

SH Schaffhausen 0.003 0.001 0.002 0.002 0.001 0.004 4.947 50.594

SO Solothurn 0.002 0.001 0.001 0.004 0.001 0.005 4.767 28.129

SZ Schwyz 0 0.002 0 0.002 0 0.004 0.789 11.320

TG Thurgau 0.003 0.002 0.001 0.002 0.002 0.006 1.351 8.510

TI Ticino 0.005 0.032 0.003 0.004 0.002 0.050 2.578 4.814

UR Uri 0 0 0 0 0 0 0 0

VD Vaud 0.063 0.090 0.028 0.047 0.050 0.285 2.311 11.680

VS Valais 0.002 0.008 0.002 0.002 0.001 0.015 0.311 1.568

ZG Zug 0.002 0.005 0.001 0.003 0.002 0.015 13.646 57.271

ZH Zurich 0.036 0.043 0.021 0.044 0.003 0.153 1.938 12.874

(a) Abbreviation

(b) Full name

canton
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Table 4: The determinants of CT and PET scanner adoption 

 

 
 

  

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7)

coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t

log(INCOMEt) 4.994 3.059 4.120 1.273 1.485 0.769 1.841 2.143 3.398 3.235* 7.747* 3.582* 2.078* 8.693**

(0.687) (0.395) (0.572) (0.156) (0.459) (0.098) (0.221) (1.395) (1.599) (1.799) (1.912) (1.768) (1.844) (2.031)

EDUCATIONt -0.047 -0.025 -0.041 -0.034 -0.057 -0.004 -0.031 -45.400*** -43.841*** -40.312** -38.156*** -42.186*** -46.014*** -35.652**

(-0.239) (-0.127) (-0.210) (-0.174) (-0.125) (-0.024) (-0.157) (-2.826) (-2.708) (-2.019) (-2.595) (-2.958) (-2.854) (-2.398)

ELDERLYt 327.854*** 351.367*** 350.095*** 356.044*** 354.214*** 371.203*** 363.977*** 216.016** 206.933** 200.160** 193.571** 196.528** 216.275** 181.019**

(3.618) (3.818) (3.853) (3.937) (3.588) (4.061) (3.927) (2.437) (2.359) (2.303) (2.295) (2.527) (2.423) (2.421)

UNEMPLOYMENTt -72.045*** -73.024*** -68.048** -68.958*** -72.186*** -76.278*** -74.569** -44.166 -44.883 -45.293 -42.892 -42.869 -42.879 -43.089

(-2.863) (-2.711) (-2.089) (-2.769) (-3.011) (-2.967) (-2.468) (-0.184) (-0.165) (-0.072) (-0.072) (-0.177) (-0.116) (-0.021)

SPECIALISTt 6.236** 7.679** 7.428** 6.903** 6.589** 6.532** 6.873** 4.985** 4.429** 4.169** 4.463** 4.571** 4.815*** 4.141**

(2.001) (2.112) (2.105) (2.220) (2.352) (2.004) (2.224) (2.393) (2.177) (2.037) (2.501) (2.463) (2.684) (2.215)

CARDIOLOGYt-1 69.053** 5.720*
a

5.438 4.953
b

(2.315) (1.645) (0.239) (1.283)

ONCOLOGYt-1 43.732** 13.213**
a

5.982 9.226
b

(2.342) (1.986) (0.456) (0.682)

NEUROLOGYt-1 122.074** 40.253*
a

51.268** 7.839*
b

(2.491) (1.816) (2.322) (1.669)

RADIOLOGYt-1 98.654*** 75.509**
a

41.113** 51.732**
b

(3.307) (2.392) (2.090) (2.121)

ORTHOPEDICSt-1 74.259*** 56.153***
a

54.279** 48.567**
b

(3.684) (3.124) (2.237) (2.457)

TOTAL PUBLIt-1 26.425*** -0.903

(4.271) (-0.157)

PATENTt-1 0.072*** 0.070*** 0.067*** 0.065*** 0.074*** 0.068*** 0.067*** 0.004 0.006 0.003 0.006 0.005 0.004 -0.000

(3.128) (3.068) (2.978) (2.887) (3.175) (3.058) (2.956) (0.128) (0.205) (0.105) (0.184) (0.099) (0.139) (-0.006)

EMPLOYEESt-1 0.216** 0.197** 0.233** 0.241** 0.356** 0.196** 0.222** 0.779 0.522 0.582 0.232 0.947 0.816 0.529

(1.953) (1.980) (2.185) (1.930) (2.289) (2.163) (2.301) (1.200) (0.708) (1.050) (0.437) (0.987) (1.192) (0.859)

NEIGHBOURt-1
c

-0.204 -0.200 -0.209 -0.230 -0.253 -0.195 -0.230 1.880*** 1.904*** 1.961*** 1.929*** 1.897*** 1.915*** 1.824***

(-1.210) (-1.192) (-1.236) (-1.364) (-1.254) (-1.175) (-1.358) (5.897) (6.264) (6.264) (6.770) (6.147) (6.291) (6.077)

HMOt 0.205* 0.194 0.188 0.175 0.201 0.159 0.167 0.161 0.151 0.149 0.122 0.158 0.161 0.139

(1.699) (1.632) (1.571) (1.466) (1.396) (1.366) (1.413) (1.604) (1.523) (1.201) (1.193) (1.025) (1.157) (1.096)

HIGHDEDt -0.075 -0.071 -0.085 -0.140 -0.102 -0.089 -0.127 0.102 0.098 0.081 0.070 0.071 0.069 0.061

(-0.808) (-0.768) (-0.914) (-1.516) (-1.286) (-0.965) (-1.372) (1.225) (1.183) (0.980) (0.921) (0.857) (0.862) (0.820)

*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

All regressions are Tobit panel data with canton fixed effects and time dummies

N = 312 (t=12)
a Wald test of H0: the coefficients of the five publication variables are jointly equal to zero:  P=0.0015
b Wald test of H0: the coefficients of the five publication variables are jointly equal to zero:  P=0.0023
c the variable NEIGHBOUR is specific to each technology (see Appendix 2)

CT PET
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Table 5: The determinants of PTCA and PACEMAKER capacity adoption 

 

 
 

 

  

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7)

coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t coef/t

log(INCOMEt) 9.251*** 9.020*** 9.214*** 7.845*** 8.027*** 7.644*** 7.896*** 3.619 4.639* 3.615 5.610** 5.952** 5.732** 5.896**

(5.678) (4.919) (5.397) (4.952) (5.159) (4.337) (4.690) (1.406) (1.702) (1.333) (2.111) (2.234) (2.057) (2.136)

EDUCATIONt -0.315 -0.365 -1.289 -0.202 -0.587 -1.134 -0.425 -0.118* -0.107 -0.118* -0.094 -0.105 -0.098 -0.092

(-0.076) (-0.087) (-0.309) (-0.049) (-0.274) (-0.284) (-0.108) (-1.731) (-1.596) (-1.756) (-1.382) (-1.446) (-1.454) (-1.361)

ELDERLYt 5.706** 6.592** 3.902** 5.276** 6.489** 10.820** 5.487** -20.192 -10.960 -15.644 -14.636 -16.726 -5.242 -10.015

(2.292) (2.341) (2.196) (2.275) (2.389) (2.564) (2.289) (-0.686) (-0.385) (-0.541) (-0.504) (-0.268) (-0.184) (-0.349)

UNEMPLOYMENTt -18.124*** -19.324*** -18.758** -20.572*** -22.058*** -19.934*** -14.277** 61.079 62.107 60.219 68.958 65.086 62.161 60.892

(-2.796) (-2.827) (-2.225) (-2.855) (-3.477) (-2.757) (-2.227) (0.468) (0.235) (0.414) (0.224) (0.557) (0.301) (0.326)

SPECIALISTt 1.805*** 1.621** 1.620** 2.121*** 1.688*** 1.784*** 2.020** 2.446** 2.944** 2.689** 2.036** 2.359** 2.461** 2.454**

(2.681) (2.284) (2.267) (3.051) (2.785) (2.848) (2.287) (2.471) (2.462) (2.572) (2.265) (2.558) (2.565) (2.504)

CARDIOLOGYt-1 12.252** 8.255**
a

18.895** 5.708*
b

(2.260) (1.996) (2.223) (1.678)

ONCOLOGYt-1 7.332** 0.303*
a

16.853** 12.880*
b

(2.355) (1.655) (2.459) (1.654)

NEUROLOGYt-1 19.428** 1.776
a

23.233 5.756
b

(2.049) (0.102) (1.397) (0.334)

RADIOLOGYt-1 16.970*** 12.732**
a

29.346*** 22.321**
b

(3.232) (1.982) (3.180) (2.236)

ORTHOPEDICSt-1 12.782** 5.622
a

15.298* 11.547
b

(1.981) (1.627) (1.857) (1.598)

TOTAL PUBLIt-1 5.450*** 8.927***

(4.609) (3.240)

PATENTt-1 0.015 0.015 0.015 0.016 0.015 0.016 0.016 0.001 0.000 -0.001 0.001 -0.001 0.001 0.001

(1.048) (1.117) (1.111) (1.156) (1.134) (1.205) (1.157) (0.114) (0.026) (-0.081) (0.098) (-0.056) (0.060) (0.102)

EMPLOYEESt-1 0.143 0.151 0.184 0.141 0.194 0.037 0.130 1.173*** 1.180*** 1.071** 1.073** 1.173** 1.213*** 1.153**

(0.751) (0.831) (0.958) (0.696) (0.745) (0.196) (0.706) (2.633) (2.683) (2.463) (2.406) (2.829) (2.757) (2.540)

NEIGHBOURt-1 -0.235 -0.231 -0.215 -0.236 -0.254 -0.246* -0.233 -0.029 -0.027 -0.044 -0.010 -0.052 -0.010 -0.009

(-1.519) (-1.490) (-1.389) (-1.553) (-1.602) (-1.684) (-1.544) (-0.336) (-0.309) (-0.516) (-0.107) (-0.631) (-0.115) (-0.101)

HMOt 0.057** 0.059** 0.060** 0.058** 0.061** 0.054** 0.056** 0.126** 0.120** 0.126** 0.114** 0.115** 0.109** 0.113**

(2.161) (2.210) (2.204) (2.204) (2.225) (2.194) (2.211) (2.274) (2.205) (2.256) (2.084) (2.182) (2.017) (2.084)

HIGHDEDt 0.004 0.004 0.002 -0.005 -0.004 0.006 -0.002 0.017 0.019 0.016 -0.001 0.002 0.013 0.005

(0.191) (0.197) (0.085) (-0.216) (-0.365) (0.290) (-0.103) (0.521) (0.555) (0.453) (-0.019) (0.365) (0.386) (0.152)

*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

All regressions are Tobit panel data with canton fixed effects and time dummies

N = 312 (t=12)
a Wald test of H0: the coefficients of the five publication variables are jointly equal to zero:  P=0.0015
b Wald test of H0: the coefficients of the five publication variables are jointly equal to zero:  P=0.0023
c the variable NEIGHBOUR is specific to each technology (see Appendix 2)

PTCA PACEMAKER
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Table 6: Influence of medical technologies on total insurance costs 

 

 
  

(1) (2) (3) (4) (5) (6) (7)

GLS 3SLS

coef/t coef/t coef/t coef/t coef/t coef/t coef/t

CTt 0.005*** 0.008***a 0.011*** 0.012***

(7.454) (4.825) (4.962) (6.728)

PETt 0.011*** 0.017***b 0.027*** 0.0357***

(3.709) (4.770) (3.770) (4.451)

PTCAt -0.011** -0.033*** c -0.052*** -0.053***

(-2.449) (-3.114) (-3.338) (-3.177)

PACEt 0.008 0.022*d 0.021 0.018

(0.371) (1.702) (1.458) (1.576)

log(INCOMEt) 0.109 0.176 0.148 0.230 0.247 0.361 0.378

(0.045) (1.295) (1.432) (1.587) (1.352) (1.145) (1.457)

EDUCATIONt -0.002** -0.002** -0.003** -0.003** -0.002** -0.002** -0.002**

(-2.209) (-2.362) (-2.162) (-2.297) (-2.013) (-2.158) (-2.277)

ELDERLYt 2.135* 2.690 2.527 2.355 2.421 2.004* 2.367*

(1.784) (1.424) (1.457) (1.555) (1.196) (1.678) (1.712)

UNEMPLOYMENTt -1.087 -1.186 -1.017 -1.154 -0.768 -1.267 -0.725

(-1.493) (-0.989) (-1.551) (-1.002) (-1.430) (-1.573) (-1.128)

SPECIALISTt 0.128*** 0.110*** 0.121*** 0.144*** 0.109*** 0.125*** 0.125***

(7.713) (7.887) (7.999) (8.810) (7.967) (6.897) (6.133)

HMOt -0.001** -0.002** -0.002** -0.002** -0.003** -0.011** -0.002**

(-2.219) (-1.949) (-2.469) (-2.013) (-2.219) (-1.990) (-2.493)

HIGHDEDt 0.002 0.002 0.001 0.001 0.002 0.006 0.003

(0.935) (1.397) (1.292) (0.332) (1.231) (0.454) (1.001)

F-statistic  that all excluded

 instruments are equal to zero 18.582 15.22 15.288 12.295

*** p<0.01, ** p<0.05, * p<0.1

All regressions are panel data with canton fixed effects and time dummies

N = 312

Col 1: Technology variables are exogeneous

Col 2-5 : Technology variables are introduced one by one and instrumented

Col 6: Technology variables are all introduced and instrumented

IV are: cardiology,  oncology, neurology, radiology, orthopedics, patent, employees, neighbour

Col 7: Simultaneous system (3SLS)
a Davidson-MacKinnon's test (H0 : exogeneity of the technology variable): p < 0.001
b Davidson-MacKinnon's test (H0 : exogeneity of the technology variable): p = 0.041
c Davidson-MacKinnon's test (H0 : exogeneity of the technology variable): p = 0.050
d Davidson-MacKinnon's test (H0 : exogeneity of the technology variable): p = 0.008

IV
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Figure 1: Level (2007) and evolution (1996-2007) of monthly per capita healthcare 

expenditures for adults older than 25, by canton 
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Figure 2: Swiss CT and PET density in 2007, by canton 
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Figure 3: Swiss PTCA and Pacemaker facility density in 2007, by canton 
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