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Supplier Induced Demand in the Dutch Hospital Sector”

ABSTRACT

In this paper we empirically examine the occurrence of Sugplierced Demand (SID)

in the Dutch hospital sector. We obtained a unique panel dataset aiedtinel number

of patients per 4-digit ZIP-code area during the years 2006-2009etbbad demand and
supply side variables including the physician density. We find tie#¢ris paribus, an

increase in the physician density leads to an increase inuth&er of patients for the
major part of the sixteen treatments we analyze. The sitesoéffect is estimated to be
substantial and dependent on the remuneration method of the physician. Dgmendi
the type of treatment, a 1% increase in the total number of pdrysics estimated to

increase the number of patients by 0.1%-0.7% if these extracnsiare all paid on a
fee-for-service basis.

1. Introduction

The topic of Supplier Induced Demand (SID) has been discussed eglbgnsithe
health economics literature. A clear definition of SID is givgnBickerdyke, Dolamore,
Monday, and Preston (2002) who define SID as ‘the notion that doctorsjrig astagents
for their patients, can use their ‘discretionary power’ to engagelemand-shifting or
inducement activities such that their recommended care diffars that which an informed
agent would deem appropriate’.

This definition captures the main idea that SID occurs in healt markets as a
result of information asymmetries between physicians and pat{eweifel, Breyer and
Kifmann, 2009). The patient is not well enough informed to analyze his oalth lstatus or
to evaluate the quality of the services supplied by the physicidact, the choice of medical
treatment is delegated to the better-informed physiciadodg as the interests of the patient
and the physician are perfectly aligned, it has no consequence®ithand is determined by
suppliers. The concept of SID refers to these cases wherestatare not perfectly aligned
and the physician’s decisions on the quantity supplied are influencdteipyown interests

(e.g. income maintenance, full employment).

" | am grateful to CPB Netherlands Bureau for Ecoicofolicy Analysis for giving me the opportunity vaite
my master thesis based on an internship. | woldel b thank Rudy Douven (CPB), Arthur van Soeslb{irg
University), and llaria Mosca (Dutch Healthcare Baiiity) for their research assistance and helpfuhments.
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For policy makers it is important to know what role SID exapthys in health care
markets, since this enables them to prevent the possibly negéaets of SID. Negative
implications of SID include the increase in health care volumehaatlh care costs. Possible
policy measures are the regulation of physician fees and the schooling @igots/si

The early paper by Evans (1974) forms the basis for the theadratodels explaining
SID in health care markets. Evans assumes that physiciatsiize a utility function which
depends positively on income and negatively on inducement. Under theseocmnditie
physician is only willing to induce demand when this leads to a higheme. According to
McGuire (2000), the empirical literature on SID is set predomipamthin these models of
physician utility maximization.

The subject of SID has been examined in a bunch of empirical studiemne
influential paper, Fuchs (1978) finds strong support for the hypothesisl#hatirgeons shift
the demand for operations. A 10% increase in the number of surgeonseasctea rate of
surgery by 3% according to his estimates. In a similar stGdymwell and Mitchell (1986)
confirm these results, although the estimated inducement effentaler. So far, there has
been very little research about SID in the Netherlands mainlyt@aelack of data. Pomp
(2009) finds some evidence for the occurrence of SID in the Dutcht@losgctor. However,
the effects on the total volume of health care are found to be only minor.

We contribute to the existing empirical literature by exangrthe occurrence of SID
in the Netherlands using a unique panel dataset. The dataset cqatadsligit ZIP-code
area the number of patients who received a treatment in a Dutchahakping the years
2006-2009. The analysis is restricted to sixteen different typesatiment We find strong
evidence for the occurrence of SID for the major part of thatrtments we analyze and the
size of the inducement effects is estimated to be substantiaPoAncrease in the total
number of physicians leads on average to a 0.1%-0.7% increase in ther mirpbéents
depending on the type of treatment and the remuneration method of the physician.

The set up of this paper is as follows. In the next section e#lybdiscuss some
literature related to the empirical examination of SID in theehre markets and we provide a
brief description of some important characteristics of the Dhudpital sector. We describe
the datasets and present summary statistics in the thir@rsebti the fourth section, we

introduce our empirical strategy and we write down the formal inedesstimate. In section

! The choice of treatments is in line with choiceRafmp (2009) who argues that there are a priosaes to
believe that SID might occur for the selected tresatts.
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five we present the results and in section six we check the robsigtheur results. Finally,

we conclude in section seven.

2. Theory and Dutch Setting

2.1 SID in the Netherlands

Demand inducement in the health care sector can exist asila aesnformation
asymmetries between the physician and the patient. The petiemtgeneral not able to
evaluate the extent and the quality of the services supplied byhifsecian (Grytten and
Sgrensen, 2001). While acting as an agent of their patients, phys$iasmghe opportunity to
make decisions which are influenced by their own interests. Ihténgture, some conditions
have been identified making the inducement of demand by physicians more likely.

Zweifel et al. (2009) mention two important conditions facilitatidgmand
inducement. The first condition is full health care insurance coverhgatients. If patients
are fully insured for the cost of medical treatment, the priceedical treatments does no
longer play a role. That is, no limit is put to the consumption of raédervices. The second
condition deals with the risks associated with the medical tesgtriiVhenever it is unlikely
that the medical treatment harms the patient, the physicideviinore inclined to provide
the treatment although the patient does not really need it. Ambiguity in dihgnosis is
mentioned by Pomp (2009) as a third condition facilitating the ocawgren SID. A more
trivial condition facilitating the occurrence of SID deals witle incentives of the physician.
A physician will only create his own demand when an incentiveasiged to do so. This
idea is formalized by Evans (1974), who assumes that the physiaisiitg depends
positively on income and negatively on the level of inducement. In othreiswthe physician
is only willing to induce demand if this leads to a higher income.

The first condition is certainly satisfied in the Dutch casdiets are fully insured for
the costs of the medical treatments we consider. The second aonditat least partly
satisfied for the treatments we selected. According to Pomp (20@9jisk of harming the
patient is low for treatments such as cataract surgery andl¢otwsny. Moreover, the
diagnosis is ambiguous for these two treatments, which implieghi#tird condition is met
as well. However, we also analyze more risky treatments avihore unambiguous diagnosis
(e.g. breast reduction). Consequently, we expect to find differemcethe extent of
inducement according to the riskiness of the medical treatnmenth& ambiguity regarding
the diagnosis.



The fourth condition is satisfied in the Dutch case as well. In the Netherlandsatae
two types of physicians. About 30% of the physicians working in\isnerlands receive a
fixed wage, whereas the other 70% is paid on a fee-for-serbasis. Fee-for-service
physicians have a strong financial incentive to induce demand. Bsasing the number of
patients they treat, fee-for-service physicians are ablectease their own income. For our
research it is important to notice that more than 99% of the ole#rvan our dataset
concern treatments in the so-called B-segment where finaimci@htives were prevalent
during the period 2006-2009. This is in contrast with the A-segment, wirencial
incentives were introduced at the beginning of 2008. For fixed wagequmys, the financial
incentive to create their own demand is not prevalent. However, tighyt face an indirect
incentive when the hospital management stimulates them to indmeandein order to
increase hospital turnover. All in all, we expect to find a steorigducement effect for fee-
for-service physicians than for fixed wage physicians.

Given that the conditions facilitating SID are all (at lepattly) satisfied, it is
interesting to continue with an empirical investigation of SIDh@ Dutch hospital sector.

The next section deals with the problems related to the empirical examina8¢b. of

2.2 ldentification

Reviewing the empirical literature, we can identify variouatsgies to investigate the
prevalence of SID. In the spirit of Cromwell and Mitchell (1986) &uchs (1978) we relate
the physician/population ratio to the utilization of medical sesvioeall 4,000 4-digit ZIP-
code areas in the Netherlands. A positive relationship betweentthesaariables suggests
that SID might occur in the Dutch hospital market. We include bethathd factors and
supply side factors in our model to explain utilization of mediealises. In contrast to the
study by Cromwell and Mitchell, we do not need to take pricecesffento account since
patients are fully insured for the costs of the medical treatments we agonside

As in Grytten and Sgrensen (2001) and Pomp (2009), we distinguish between
types of physicians: physicians with a fixed wage contractfeador-service physicians.
Only the latter type of physicians has a clear finanaiemtive to induce demand. Compared
to the study on SID in the Netherlands by Pomp (2009) our datasetids richer. We
collected data for two extra years and in contrast to the sy&pomp (2009) we obtained the

actual number of physicians working in the Dutch hospitals during the years 2006-2009

2 Pomp (2009) uses the number of physicians workiriutch hospitals in 2004 as a proxy for the nundfe
physicians in the years 2006-2007.



The structure of the dataset allows us to use panel data technidpgeonly study on
SID using panel data we are aware of is the study by Bekttd Dormont (2003). They find
strong evidence for the occurrence of SID in the French sy&ierambulatory care. The
advantage of using panel data techniques is that we can take uedbbseterogeneity
between ZIP-code areas into account by specifying models with raadé@red individual
effects. Still, we cannot simply state that physicians induoeadd when we observe that per
capita utilization of medical services increases with plsidensity. According to Zweifel
et al. (2009), there are three alternative reasons explaining this empaseavation.

The first reason is that there might be permanent excesandefor medical services.
That is, the number of physicians is too low to serve all pati&ten the number of
physicians is higher in some area, the relative number ofrtezdis will also be higher in that
area. So when there is permanent excess demand, we empivicsdigve the same as we
expect to observe when SID exists. Fuchs (1978) takes this point into account byy ébeari
report on the US surgical market. This report states thatuhwer of operations per surgeon
is far below the level that surgeons consider a full workload. Weatdot the possibility of
demand rationing by including data on the length of waiting lists in our model.

Secondly, the outward shift of the demand curve associated wigagiieg physician
density can be explained by a decrease in indirect costsa@Virgg a medical treatment. One
could argue that the demand for medical treatments is linkdge tmdirect costs incurred by
patients. When new hospitals are opened, non-financial costs suelkedgiine are reduced.
This will shift the demand curve outward. We include data on théahildy of hospitals to
control for this possibility.

Finally, we need to control for the possibility of reverse catysdt is very well
possible that physicians locate themselves at places whedetiend for their services is
expected to be high enough. We control for these location effectxlyling a large set of
factors which are possibly related to the demand for medaalces. However, it is still
possible that we omitted a variable. Using Ordinary Least Sgy&@eS), this will lead to
biased estimates of the model parameters (omitted variable Biesording to Verbeek
(2008), the advantage of the panel data we obtained is that we mdy) (pzolve this
problem by including ZIP-code area specific effects. Sinyilarte can include fixed time
effects to capture the effect of all variables that do only waer time (and not over the
individual ZIP-code areas). This explains why the use of pateladm reduce the effects of

omitted variable bias.



Although the panel structure of our data reduces the effects dedmdriable bias, it
is still possible that the physician density is an endogenous variableattearpt to deal with
this problem we adopt an Instrumental Variable (IV) approach aSuchs (1978) and
Cromwell and Mitchell (1986). We use two-stage least squares)T8hd generalized
method of moments (GMM) to replace the actual physician/populatanby a fitted value
using a set of instruments. These instruments must be relatbd fuhysician density, but
may not be directly related to the demand for medical treagnBieixt, the panel structure of

the data allows us to use lagged physician densities as instruments.

2.3 Control treatments

In their paper Dranove and Wehner (1994) test the power of thegk6ach by
applying it to a case where induced demand surely does nottarisiemand for child births.
The idea is that if they find evidence for the occurrence Df . &ling the same techniques as
in Fuchs (1978) and Cromwell and Mitchell (1986), the results of theskestwould be
suspect. Dranove and Wehner (1994) indeed find evidence for the inducdrabkihd births,
which leads them to call the validity of the IV-approach into goestiThey give two
explanations for their findings: (1) the instruments used in eatigties are directly related
to demand for medical services (instrument exogeneity is violag@ddhe failure to account
for border crossing.

In order to address the first possibility we make an attempid instruments which
are related to the supply of physicians, but not directly reladetie demand for medical
treatments. The fact that we obtained information on the visitedthbspid the place of
residence for every patient enables us to take border crossmgaocbunt. When Dranove
and Wehner (1994) perform their IV-estimations at a more geogeadjyhaggregated level to
take border crossing into account, they find no statistical evidentegfanducement of child
births. This enforces the idea that an IV-approach might wodurncase if we can find the
right instruments.

In order to control for the possibility that we measure somegtdifferent than the
occurrence of SID we include hip fractures as a control treatmeotr analysis. For hip
fractures, the diagnosis is clear and an operation or treatmegjised. In Wennberg (2010)
it is shown that the incidence of surgical repair of the hiplasety related to the actual
incidence of hip fractures in the United States. In other wordsjuh®er of physicians per

capita should not be related to the per capita number of hip fractures.



3. Data Description

In this section we give a description of our data. Section 3.1 introdugemain
dataset from the Dutch Healthcare Authority (NZa). This datas#hins information on the
yearly number of patients in all Dutch hospitals during the y2@@6-2009 for the treatments
we selected. In section 3.2 we describe the dataset from iSsatiéetherlands (CBS)
containing the demand factors we include in our model and in sectione3deseribe the

supply side data and the instrumental variables.

3.1 Patients

We obtained DBC information system (DIS) data from the DutdaltHcare
Authority (NZa) on the number of patients in 177 hospitals, speciaigpitals, and private
hospitals in the Netherlands during the years 2006-2009. In the Netherlamtisalme
treatments are categorized using DBC’'s (Diagnose Behand€lomgbinatie). A DBC
describes the total health care package received by tleatpacluding the diagnosis and the
selected treatment. A DBC is said to be ‘opened’ at the moafahie first consult of the
patient. The DBC is closed at the moment the patient leavé®dpial after the last medical
examination. The maximum length of a DBC is one year.

We identify sixteen different treatments by means of theCl®Band a medical
specialty code. In our terminology, one treatment includes in fadipteuliniqgue DBC’s
corresponding to variations of the same medical treatment. &sample, Table A1 shows
that the treatment of cataract consists of eight unique DBC's.

The total number of DBC'’s in our dataset is equal to 1,906,668. FoiD&(Chn our
dataset we know the year in which it is opened and closed, the Z&Petdte patient (4-
digit), the age and gender of the patient, and the ZIP-code of theahd§pdigit). The
dependent variable in our model is for every treatment defisgdleanumber of patients per
1,000 inhabitants, per year, and per 4-digit ZIP-code area. We chooselyzeaha data
according to the year in which the DBC is opened. The reastratishte major part of the
DBC'’s (about 75%) is opened and closed during the same year.

The data is summarized in Table A2 showing the total number ofDBE average
age of the patients, and the share of men for the different tnetstrdering the years 2006-
2009. From Table A2 we can see that the number of patients is fmingost of the
treatments during the years 2006-2008. In 2009 we observe somewhat lowsgrsioh
patients. The reason is probably that the data for 2009 is not comgleteor kidney stones
and urethral stones there is a jump in the number of patient28f6. It is not completely
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clear what causes this jump. However, we do know that from the begiohiBg07 the
number of unique DBC-codes related to kidney stones and urethral stoores than
doubled.

3.2 Demand

We merge the patient dataset with a dataset containing aawmde of variables at the
4-digit ZIP-code level that are possibly related to the demanchédical treatments. At the
4-digit level, the number of unique ZIP-code areas increases from 4r88% in 2006 to
4,019 areas in 2009 as a result of newly built quartdrs.dataset is obtained from Statistics
Netherlands (CBS) and includes, among others, demographic andesonimmic factors.

In order to make a relevant comparison between ZIP-code aveasalculate the
number of patients and the number of physicians per inhabitant. Wetedlldata on the
population size of all 4-digit ZIP-code areas in the Netherlandsaee use this data to detect
outliers. For very small areas, the dependent variable showsoé \atiation, whereas this
variation becomes much lower when we look at larger areas. Furthermore, imisasithere
are a lot of missing values and outliers for the demand variablesefdfeewe decided to
exclude 4-digit ZIP-code areas with less than 500 inhabitantsdtwranalysis. This amounts
to the exclusion of about 850 ZIP-code areas every year, but we l@e@gye only about
1% of the total number of patients. Table A3 gives an overvielweofe¢arly number of ZIP-
code areas and the average population sizes. We continue with ataesaf the demand
variables included in our model.

For each 4-digit ZIP-code area, we can distinguish betweamty age groups ranging
from 0-5 years to >95 years. The percentage of inhabitants bedptoga specific age group
is captured by the variablege0_5...,age90_95andage95 The variablemenincludes the
percentage of men living in each 4-digit ZIP-code area. W [@ave data on the relative
number of foreigners living in each area. Someone is calfedegner if at least one of his
parents is born in another country than the Netherfaride group of foreigners is divided
into non-western foreignera@nwesternsand western foreignersvésterny. The category of
non-western foreigners includes foreigners originating from Turkéyca, Latin-America,
and Asia with the exception of Japan and Indonesia. The categorgstérw foreigners
includes foreigners originating from Europe, Northern-America, Oegalmdonesia, and

Japan. The variablenortality refers to the mortality rate in the ZIP-code area, whgh

¥ When excluding the year 2006 from the analysidine similar results for kidney stone and uretrstines.
* This definition includes both the so-called figeneration and the second generation of foreigners.
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defined as the number of deceased per 1,000 inhaBit&itse 2009 mortality rates are not
available in our dataset, we approximate them by using the nsrb&008. The variable
urbanizedis an indicator for the degree of urbanization of the ZIP-code diee indicator
depends on the number addresses per square kilometer. The variablMatagsdetween 1
and 5, where a value of 1 denotes a very high degree of urbanization dud afadenotes
a very low degree of urbanization.

With respect to work and income we collected data on the working gtapul the
distribution of income, and the number of people on welfare. The vat@biecomegives
the percentage of people in the lowest 40% of the national incomidwtish, whereas the
variablehighincomegives the percentage of people in the highest 20% of the natioaaienc
distribution. For 2008, no income data is available. We compute the aver&§®7 and
2009 and used this as an approximationhighincomeandlowincomein 2008. The number
of working people as a percentage of the total population betbfeand 65 years is denoted
by the variableworking The variableselfemployedgives the number of self-employed
persons as a percentage of the total number of working personswdikéeng and
selfemployeshumbers are not available for 2009. Therefore we use 2008 valugseay dor
working andselfemployedn 2009. Finally, the number of people receiving social assistance
per 1,000 inhabitants is captured by the varials&stance

Table A3 shows for each year the mean value of all demand fackwesjuency
histograms showing the distributions of our demand variables arenfedse Appendix B
(Figure 1-Figure 8). ZIP-code areas with less than 500 inhabdsmislready excluded from
these figures. The histograms show that the distributions of ourndenaxiables hardly
change over time. This supports the idea of using observations in subsegpeateding

years as proxies in case of missing values.

3.3 Supply

We obtained data from Dutch Hospital Data Foundation (DHD) on the mumhbe
physicians working at the various specialties in Dutch hospitaks.nimber of physicians is
expressed in full time equivalents, which enables us to make an apframmparison. The
data is available for about 85% of the observations in our datased,@igsician data is not

available for all hospitals. The data includes information on tipe ©f contract of the

®> The mortality rate could also be considered asutoome variable in the sense that access to bestgth care
should result in a lower mortality rate. However, the treatments we analyze this issue does ®eoh $e play
an important role.

® highincomeandlowincomeare excluded since the averages are by defir@@8a and 40% respectively.
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physicians. The variableFS gives the number of doctors working on a fee-for-services basis,
whereas the variabl&W denotes the number of physicians receiving a fixed wage. A
substantial share of the fixed wage physicians is working iachiieg hospital. For 2006 we
have no information about the number of physicians working in a teabbsgtal and we
use the values of 2007 as a proxy for the number of teaching hqepystians. The total
number (in fulltime equivalents) of each type of physician per ajtgss presented in Table
A4,

We include other variables related to the supply of hospitalicayar model as well.
The variablewaitinglists gives per ZIP-code area the average number of weeks a patgent
to wait before he can get a treatment in the hospital. We hatiegvsst data from the Dutch
Healthcare Authority (NZa) for seven out of the sixteen mneats we analyze. For the other
treatments, waiting list data is not available or therenarwaiting lists (e.g. for hip fractures
there is no waiting list since it concerns an emergency operation). TableesSagi overview
of the waiting list data.

Furthermore, we include data on the availability of health pareiders in the various
ZIP-code areas. As in Fuchs (1978) and Cromwell and Mitchell (198&)clele sources of
alternative care which might impact demand: the distance toltisest GP distGP), the
number of GP’s within three kilometer of the ZIP-code aee@GP, and the distance to the
closest GP centredistGPcentrg Next, we include the number of hospitals within twenty
kilometer of the ZIP-code areay20hospitgl measuring the availability of hospitals. This is
also in line with Cromwell and Mitchell (1986) who include the numbdrasipital beds per
1,000 inhabitants as an availability measure. These numbers werevaitdyple for the years
2007 and 2008. Since the numbers are relatively constant over theseata/one decided to
use the values of 2007 and 2008 as proxies for the years 2006 and 2009 respectively.

Finally, we include instrumental variables in order to pregicysician densities.
Fuchs (1978) finds that US physicians prefer to live in non-metropditaas which most
people consider desirable to visit. It is not clear if this aldb be the case in the Netherlands.
One could also argue that physicians have a preference ferumganized areas with more
(cultural) facilities. We use an indicator for house pricBgh@usepricg the number of
cinemas IVcinemg within a ten kilometer radius, and the distance to the closest park
(Ivdist_park as instruments. The latter two variables are only availadl€2008, so we
assume that they remain constant over time. Moreover, we add adblgameasuring the
distance to the closest teaching hospital as an instruiivels$t( TH. Cromwell and Mitchell
(1986) also include this as an instrument by arguing that physioians to reside in a

12



professional environment. In the Dutch case, the motivation for includidgt TH as an
instrument is that all physicians working in a teaching hosptaive a fixed wage. So in the
neighborhood of teaching hospitals we expect a higher number of fixgel physicians. The
mean values for all years of our instrumental variables andaailay factors are shown in
Table A3.

4. Methodology

4.1 Demand strategy

The strategy we follow is comparable to the approach of Fuchs (I@8hwell and
Mitchell (1986), and Pomp (2009). We are interested in the effect ofutimder of physicians
per capita (the physician density) on the number of patients pia ¢patient density). We
perform our analysis on the 4-digit ZIP-code level over the y2@@6-2009. In case of no
SID we expect that the number of treatments in a certaincanme be explained by the demand
factors. Our strategy is to relate the patient density ¢etaof demand factors in a first step
using pooled Ordinary Least Squares (OLS).

We use pooled OLS, because we are interested in the en. tEne error terms of
the demand equation can help us to give a first indication fovdberrence of SID. For the
moment we do not include ZIP-code specific effects, since thHisgsewould also (partly)
capture possible inducement effects. A high positive error teransipecific area might be a
first indication for SID, since it means that the actual nunmdfepatients is higher than
predicted by demand factors. If SID occurs, we expect to fiditations for inducement in
the same areas every year since there are no large flopgia demand factors and the
location of both people and physicians hardly changes over.tiNext, we expect that
inducement is geographically concentrated since we observe frordataurthat people in
adjacent areas usually visit the same hospitals and thus tleepbgysicians. To put it more
formally, in case of SID: (1) the error terms of our demaqdation are correlated over time;
(2) the error terms are spatially correlated. It is impurta notice that these two conditions

are only necessary, but not sufficient conditions for the occurrence of SID.

" The correlations over time of the population size about 0.99 for every year. The correlations diviee of
the number of physicians per hospital are betwe@n 8nd 0.99 for all specialties.
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4.2 Supply strategy

In a second step we include supply side factors and we use pamdkdaniques
(Random Effects and Fixed Effects) and instrumental variablesdier to estimate the effect
of the physician/population ration on utilization of medical care. Tlyepkeblem we face is
the allocation of physicians to ZIP-code areas. We have data onifitger of physicians per
hospital and we want to transform this data to a number of physjperidP-code area. This
is necessary because our dependent variable, as well as alhdémendent variables, is on

the 4-digit ZIP-code level. The allocation problem is illustrated in Figurddivbe

Figure 1: allocation of physicians to ZIP-code areas

Hospital A Hospital B
# physicians: 10 # physicians: 8

Hospital C
# physicians: ?

# treatments: 100 # treatments: 50 # treatments: 30

20 20
80 30
30
ZIP-code | ZIP-code Il <
# treatments: 100 # treatments: 80
Population: 10,000 Population: 15,000

In contrast to Fuchs (1978), the data allows us to exactly dededér crossing of
patients. We know both the name of the hospitals visited by the tpatienthe place of
residence of the patient. In our example the allocation of phgsid@a ZIP-code area | is
straightforward. A total number of 100 patients receive a mediieatment in area I. The
patients are divided between hospital A and hospital B: eightgmiatreceive a treatment in
hospital A, whereas twenty patients receive a treatment in tab&hi In hospital A, 100
patients are treated. So, patients from area | use 80% of séhedphcity of hospital A. Since
a total number of ten physicians are working in hospital A, we ahkoeight doctors of
hospital A to area I. Similarly, we allocate 3.2 out of thlghtphysicians working in hospital
B to area I. This gives us a total number of 11.2 physicians wpikiarea |. The physician
density is found by dividing the number of physicians by the population size.

For area ll, the allocation of the right number of physiciameage complicated. We
have no data on the number of physicians working in hospital C. In ordalculate the right

physician density, we have to adjust the population size. A total mwhBe patients living
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in area |l receive a treatment, but only for 50 patients we knowdiresponding number of
physicians. In order to prevent an underestimation of the physiciaityjleves scale down the
population size by a factor of 50/80.

We believe that a physician density must say something aboattkss people have
to physicians. When we compute physician densities for every #-di§-code area
separately, there may originate differences between veryl sdmcent areas. For the
Netherlands, it is not realistic to calculate unique physiciarsitles for such small areas.
Moreover, a problem arises when there are zero patients itaencarea. Using the allocation
method described above, this will lead to a physician density of Zérs would imply that
we can only find positive correlation between patient density and gaysiensity. For that
reasons we decided to calculate physician densities at thegeogeaphically aggregated 2-
digit ZIP-code level. So each 4-digit ZIP-code area withoedain 2-digit ZIP-code area is
assumed to have the same physician density. In the following solbseetiwill write down
the model we estimate in a more formal way.

We allocate physicians for each treatment separately lethissis the best way to
take into account that physicians working at one and the samalspgarform multiple
treatments. By doing so, we take into account that physicians ihaspetal might spend a
higher share of their time on one specific type of treatmem faysicians in another
hospital. As a consequence we calculate for example sixafifferthopedist densities, since

we analyze six different treatments performed by orthopedists.

4.3 Formal model

In this subsection we will write down the model in a more forws}. The number of
patients living in 4-digit ZIP-code aréatreated in hospitdl, in yeart is denoted by
Tyine ERy foralli=1,..,1, forallh =1,...,H, and for allt = 1,...,T. The same number,
but then on the 2-digit ZIP-code level is denoted’by,. We do not use a subscript for the
specific medical treatment, because the same model is &stire@parately for all sixteen
treatments included in the analysis. In our model we distinguishebatwwo types of
physicians: physicians of tyg@/ receive a fixed wage, whereas physicians of #/p8g are
paid per treatment. The number of physicians of §@e{FW, FFS} working in hospitah,
in yeart is given byPg,, (fulltime equivalents)Z;; denotes the vector of demand factors for

4-digit ZIP-code areéin yeart andS;; denotes the vector of remaining supply side variables.
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Finally, N, ;. represents the total population of 4-digit ZIP-code dréa yeart andN, ;;
stands for the population size on the 2-digit ZIP-code level.
The dependent variable in our model is the patient density in 4ZdRyitode area in

yeart and is denoted by;;:

H .
Vi = Zh=1T4int (1)

Nyt

4.3.1 Demand

We start with relating our dependent variable to the vector of n@dztorsZ;,. We
also include year dummies to control for year specific effac$ estimate the following
demand equation using pooled OLS:

Yie =a+VY+ Zi'tﬁ + it (2)

In case SID occurs, we expect that the error teem¥ dre not randomly distributed.
Since the location of both people and physicians remains relatitedbje sover time, we
expect that the error terms exhibit positive autocorrelation andiyeospatial correlation in
that case. If we find autocorrelation and spatial correlation iretre terms, this is a first
indication for the occurrence of SID. It does not prove the existencBID, since the
correlation can also be the result of omitted demand variables.

We test for the existence of autocorrelation by relatingetier terms of ZIP-code
areai in successive years to each other. We estimate equation 1(8) psoled OLS and

formulate our first hypothesis.

Eit = A+ PacEit-1 T Nit (3)

HYPOTHESIS l:a necessary, but not sufficient, condition for the occurrence of SHatisnt

equation (3) the estimated coefficigpt > 0.

In order to test for spatial correlation we relate the error term$Ret@de areato the
unweighted average of the errors term in the five nearesc@dle arease(,;;). For every
yeart =1,...,T we estimate equation (4) using OLS and we formulate the second
hypothesis.
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Eit = & + PscEwit T Vit (4)

HYPOTHESIS ll:a necessary, but not sufficient, condition for the occurrence of Shats t

in equation (4) the estimated coefficiggt > 0.

4.3.2 Supply

In this subsection we formally discuss the allocation of physcia ZIP-code areas
and the inclusion of other supply factors in our model. We have data onuthber of
physicians working in hospital, in yeart. However, we want to calculate physician densities
for each ZIP-code ardain yeart. We will calculate these densities on the 2-digit ZIP-code
level for reasons explained in section 4.2.

Before we can start with the allocation of physicians to ZIP-eneas we need to take
into account that the hospital entered a non-existing patientadP for about 6% of the
observations. For these patients no demand data is availableeasltaand therefore the
observations are not included in our analysis. For that reason, we ne@tett the number
of physicians working in each hospital. If we do not correctritiaber of physicians, we
would allocate physicians who treated patients with a non-exigtidgode to areas with an
existing ZIP-code. As a result, we would overestimate the numhsrysicians (and thus the
physician density) in the areas included in our analysis. Threated number of physicians
of type 6 working in hospital h in year t is given by equation (5),

1 if ZIP-code i exists

wherea; = { .
0 otherwise

5 Yie1 aiTa
Pont = Pont (M) (5)

T
Yi=1Taint

Using equation (5), we can start with the allocation of physidiarsdigit ZIP-code
areas. Following Figure 1 in section 4.2, the number of physiebmsated to 2-digit ZIP-

code area, in yeart is given by equation (6).

T, : ~

Pgir = Zgzl (Z{:f;?iht Peht) (6)
From equation (6) we can calculate the corresponding physiciaitydimsareai in

yeart. We only need to correct the population size for the possibility ghgénts visited
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hospitals for which no physician data was available. In order to deesopunt the number of
patients in ared in yeart who visited hospitals for which we do know the number of
physicians and divide it by the total number of patients in aieayeart. We multiply this

ratio with the actual population size to obtain the corrected populsizenas is shown by

1 if we observe the number of physicians in hospital £

equation (7), wherg, = {0 otherwise

— YA bpT,;
Nyit = Nyt <M> (7)

a0
Yh=1T2int

We calculate the physician density for physicians of &jpe ZIP-code areg and in
yeart using equation (6) and equation (7). The physician dengitys on the 4-digit ZIP-
code level, but the density is the same for every 4-digit ZIP-aceke within a certain 2-digit

ZIP-code area.

Poi
Xit = == _t 8)

We add the resulting physician densities, together with the otingplys side
variablesS;; (such as waiting lists, availability of hospitals), to our madedquation (2). So
we try to explain the patient density from demand factors and\stggibrs in one equation.
We do not need to take price effects into account as patienfidlgnasured for the costs of
the medical treatments we consider. This specification islaino Fuchs (1978) and
Cromwell and Mitchell (1986), who estimate a comparable equation usstigimental
variables in order to take the possible endogeneity of the physiagityde;; into account.
We first estimate equation (9) using pooled OLS and panel démaigqees (Random Effects
and Fixed Effects) allowing for a ZIP-code specific eftect We finish by estimating
equation (9) using two stage least squares (TSLS) and gengratiethod of moments

(GMM) to control for the possible endogeneityxgf;.

Yie = & + Ve + SpwXrw it + OppsXprs,ic + ZiB + Si + &t 9)

We expect that physicians only induce demand for the semvieggrovide in case an
incentive is provided to do so. We find an indication for the occurren&off the fee-for-

service density is positively related to the patient derasity there is no or at least a weaker
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relationship between the fixed wage density and the patient densdgder to compare the
effect of the two physician densities, we need to calculateetbeant marginal effects. We
are interested in the ceteris paribus effect on the number angmtif the number of
physicians increases by 1%. Note that a 1% increase in the nofmtigysicians (patients) is
equivalent to a 1% increase of the physician density (patienttglendie have to take into
account that the FW-density is on average much lower than the FBByd&hat implies that
a 1% increase of the FW-density would have a much lower impabeguatient density than
a 1% increase of the FFS-density would have, even if both tygds/sicians induce demand
to the same extent. Therefore, we calculate the effect on the nwhbpatients of a 1%
increase of the total number of physicians if (1) this incréasaused by an increase in the

number of FW-physicians only (2) this increase is caused by amase in the number of

FFS-physicians only. The resulting estimated ceteris paribus effiectienoted b .

s 8gYg %
§o =002 (10)

HYPOTHESIS Ill:when SID occurs, we expect to find that ézrc >> &qyy = 0.

Besides that, we expect to find that for our control treatmemt filaictures) the
physician density is unrelated to the patient density irrespeatittee remuneration method.

This hypothesis controls for the possibility that we measure somethingdiftean SID.
HYPOTHESIS IV:for hip fractures we expect to find thaks = &pyy = 0.

The panel structure of our data also allows us to use another technique to overcome the
endogeneity problem of the physician density. We can use lagged valties pifiysician
densities as instruments. This means that we can no longer uB&-#&imator since the
strict exogeneity conditionExy;.€;} = 0 for all s, t) will be violated. The first-difference
estimator is consistent under the weaker condition Bf{atg;; — xg;¢—1)(&ic — €i6-1)}-

Therefore, we first take first-differences to eliminate #iE-code specific effects and year

dummies:

Yit = Yit-1 = (xBit - xGi,t—l)bﬂ + (Zit - Zi,t—l)'ﬁ + (Sit - Si,t—l)'{ + (eit - 3i,t—1) (11)
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If the physician densities are indeed endogenous, then the(xtg;;nor xei,t—l) is
correlated with the error ter(r.r,it - Ei,t—1)- Under the assumption thej;,_; is not
correlated withe;;, we can instrument the ter®g;; — xg;r—1) by (Xgir—2 — Xpi¢-3). We
have data for four years, which is just enough to apply this methoddiShdvantage of this
approach is that we lose about 75% of the data. For that reasonsivesfimate equation
(11) using OLS and compare the results to what we find from ounasgin of equation (9).
Finally, we use two-stage least squares (TSLS) withabged first-differenced densities as

instruments to estimate the effect of the number of physicians on the numbeewfspati
5. Results

5.1 Demand

We estimate equation (2) using pooled OLS for all sixteemtiegas. As an example
we present the estimation results for cataract surgerybte 6. Since mostly older people
undergo cataract surgery (see Table A2), we find a significantiygogffect of the age
groupsage75_80andage80_85at the 5% significance level). The coefficients of the other
age groups are not reported, but they are all smaller and insighifidae year dummies are
all highly significant and the estimates are in line withdheaual variation in the number of
treatments as we observed in Table A2. Three other variabdesigmificant. A higher
percentage of western foreigners results, ceteris paribus)dwer number of patients. The
coefficient of urbanizedsuggests that patient density is on average higher in urban areas
compared to rural areas. Also the percentage of self-employ&dniicant indicating that
they seek less hospital care.

We are mainly interested in the error terms of the demandienquaince they can
give us a first indication for the occurrence of SID. The autetatrons and spatial
correlations are provided in Table A7. We present also the Méanléte Error (MAE) and
the average patient densify) to get an impression of the size of the error terms.

The conclusion that we draw from Table A7 is that we cannot exghedeccurrence
of SID for most of the treatments we analyze. For alkineats except hip fractures in young
patients, Hypothesis | and Hypothesis Il are confirmed. That igstimated autocorrelations
and spatial correlations are all positive and statisticagjgicant at a significance level of at
least 0.05, while the major part of the correlations is sigmtiat the 0.001 level. Only for
hip fractures in young patients we do not find significant poséivi@correlations and spatial
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correlations. From Table A7 it also follows that the relative size ofrtioe &2rms is relatively
larger for treatments with a low patient density. In line witih expectations, we can exclude
the possibility of inducement for hip fractures in young people. We dd fositive
correlations for hip fractures in all patients. This is in conttaah with our expectations and
this could be an indication for SID. However, it does not prove the @rmerof SID so we

cannot draw a conclusion on the inducement of hip fractures yet.

5.2 Supply

We estimated equation (9) using the pooled OLS estimator, tliomareffects
estimator, and the fixed effects estimator. We provide the dsliits of our estimations for
cataract surgery as an example in Table A8. We find a positigesignificant effect of the
physician densities on the patient density in all threeiBpations. The effect of waiting lists
in the RE and FE model is as expected: a longer waiting gas|to a higher number of
treatments ceteris paribus. This effect is the same foother treatments for which we
obtained waiting list data. With respect to the other supply sidablas we do not find a
clear pattern. For cataract surgery, we find a significant, tvegampact of the hospital
availability on the patient density. The indicators for altewgasuppliers of health care
(distGP, av3GP and distGPcentrg are not significant in the FE modetlistGP and
distGPcentreare significant in the OLS and RE model: we find that a higistance to the
closest GP or GP centre leads to a lower patient density holding everytarapestant.

We test the RE model against the OLS model using the BreusdPagiash Lagrange
multiplier test for random effects. The null hypothesis of th# is that the variance of the
random effects is equal to zero. At a significance level of Bteject the null hypothesis for
all treatments, which implies that we reject the OLS modédavor of the RE model. Next,
we conduct a generalized Hausman test in order to test the RE agadiest the FE model.
This test is conducted in Stata using #teverid command (Schaffer and Stillman, 2010).
Both the RE estimator and the FE estimator are consistent inedaull hypothesis, but the
RE estimator is the most efficient. Under the alternatiygothesis only the FE estimator is
consistent. For all but two treatments (hip fractures in youngmatisurgery) and urethral
stones) we reject the null hypothesis, which implies that thenééel is favored. Therefore
we will mainly focus on the results of the FE model, but vwerethe OLS and RE estimates
as well to give an impression of the differences between the estimatestiofed models.

We calculate for each treatment the ceteris paribus effedte phtysician densities on
the patient density using equation (10). The results are presienfeable A9. For most
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treatments the results of the three different specificatiomgjaite similar. For hip fractures,
our control treatment, we find no or very little evidence for SIDn@dt all estimated effects
for hip fractures are either statistically or economicahgignificant, especially for hip
fractures in young patients. That is, we find some statilstisggnificant positive effects, but
these effects are relatively small compared to the effects we findd@ther treatments.

We use Wald tests to assess whether the FW-coefficients EBatdefficients are
equal. The p-values of these tests are shown in Table A10. Fratipres we fail to reject
the null hypothesis of equal coefficients, which implies that hypsth¥sis at least partly
confirmed. Moreover, for hip fractures treated by orthopedistsnaed larger effect for FW-
physicians than for FFS-physicians, which implies that hypothikiss certainly not
confirmed. Based on the four hypotheses formulated in section 4.3 we eoticdddor hip
fractures we found no evidence for the occurrence of SID. This camelisssummarized in
the last column of Table A9.

For most of the other treatments, we find strong indications fandberrence of SID.
From Table A9 and Table A10 we conclude that hypothesis Il is coedirin ten out of the
fourteen cases (this holds for the FE estimator). For FFS-pawysiwve find estimated effects
between 0.16 and 0.71, while for FW physicians the estimated effectsueh smaller and
vary between -0.02 and 0.32 depending on the type of treatment. Tieese iadicate that if
the total number of physicians increases by 1%, and thesepbyseians are all of the FFS-
type, then the total number of patients is expected to increaBel6%-0.71%. We find the
strongest effects for tonsils, inguinal hernias, and hernias drégt@eurologists. Moreover,
the estimated effects for FFS-physicians are all sigmficwhereas this is not the case for the
estimated effects for FW-physicians. For breast reductionspasibn of the hip,
malposition of the knee, and urethral stones we find no evidence for Si€asan could be
that these treatments are more risky or that the diagnosis is less ambiguous

Although FW-physicians do not have a direct financial incentivendode demand,
we do find a positive relationship between the FW-density and the nurhipatients for
most of the treatments. A possible reason that could explainitidmg is that demand
inducement takes place at the management level at the hosp#aaho$pital obtains money
from the insurer for every treatment. For that reason, the geament of the hospital has an
incentive to increase the number of patients. This could result dimeat inducement
incentives for FW-physicians. However, it can also be the tadeotir estimates are biased.
It is for instance possible that the fixed effects do not capiltenobserved heterogeneity in
our model because we omitted an important demand variable antheéhathytsician density
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variable is endogenous. In the next section we take this possitititgccount by performing

an instrumental variable analysis.

5.31V-analysis

In this section we control for the possible endogeneity of thesighyp densities.
Endogeneity would imply that we find a correlation between theiplay densities and the
patient density just because physicians locate themselvescat pldoere they expect high
demand. Although we did an attempt to control for this reverse causglibcluding a bunch
of demand factors and ZIP-code specific effects, it ismtiisible that we did not completely
resolve the problem. To overcome this possible problem we estimaétian (9) by using
two stage least squares (TSLS) and generalized method of nso(@vitM). We include
IVhouseprice IVcinema IVdist_park and IVdist_TH as instrumental variables in our first
stage regressions.

We test for the validity of instruments using Sargan’s (1958)sgbared test (for
TSLS) and Hansen’s (1982) J-statistic chi-squared test (for NiMthirteen out of the
eighteen cases we reject the null hypothesis of valid instremé&he test does not indicate
which instruments are invalid. We argue th#tousepriceas an indicator for wealth, may be
directly related to the demand for medical treatments, when the wealtliétgehines health
preferences. Therefore we reduce our set of instrument¥doema IVdist park and
IVdist TH Again, we perform the overidentification test and now we find that null
hypothesis of valid instruments is rejected in seven out oéitjigeen cases. We could not
think of an economical reason to exclude one of the remaining threaniesits, so we
perform the analysis with the remaining three instruments.

Although there are a few exemptions, we find a clear patterour first stage
regressions. For both types of physicians we find that a highandesto the closest public
park leads, ceteris paribus, to a higher physician density.cblis point to higher physician
densities in urban areas. Next, we find on average higher FWtidenand lower FFS
densities in areas close to teaching hospitals. This is exglainéne fact that all physicians
working in teaching hospitals receive a fixed wage. Finally,fwwd that the number of
cinemas is on average positively related to the FW density, lieeffect on the FFS
density is negative. Almost all first stage coefficients significant at the 5% level. As an
example we present the first stage results for the treatment cddctatailable A11.

The effects of the physician densities on the number of patrestlting from the
second stage estimates are presented in Table A12. The edtiaffgicts do not compare to
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the results we found in section 5.2. For FFS-physicians we find sineggtive and
significant effects in some cases (hernias treated by negexmns and varicose veins treated
by dermatologists), whereas we find very strong positive ajrdfigsiant relationships in other
cases (hip fractures treated by orthopedists and tonsillectdwext. to that, we still find
positive and significant effects for FW-physicians for about 50% of thirtezds.

The results of the IV-estimation do not confirm the results we fonrgkction 5.2.
Especially the fact that we find large negative effects angel positive effects cannot be
explained. Next to that, we find that the standard errors oplilysician density coefficients
are very high compared to the corresponding standard errors in thenOdel and panel data
techniques. For some treatments (e.g. hernias treated by ngeassirhip fractures treated
by surgeons) we reject the null hypothesis of valid instrumentghwdauld explain that our
results are not in line with what we found before. However, for dffeatments the null
hypothesis of valid instruments is not rejected (e.g. hip fractteated by orthopedists) and
the effects we find are still unrealistically large. Moreowee tried to exclude either one of
the remaining three instruments, but the results did not become more realsstiesalt.

A possible reason for the unrealistic results of the IV-arsmlgghat we are not able to
explain the observed physician densities well enough in the first stagssiems. The idea of
including instruments such d¥cinema and IVdist_park is that we want to explain the
locational choices of physicians. However, we only obtained informatiothe number of
physicians per hospital and we allocate physicians to ZIP-coeses aising the method
described in section 4.2. The problem is that the allocation of physitwaZIP-code areas is
mainly determined by the distribution over the ZIP-code aredbeopatients they treat. So
there is no reason to believe that the physician densit@sfiagd in our model are related to
the actual locational choices of physicians. For that reasomgitt be a bad idea to use
IVcinemaandIVdist_parkas instruments in our model.

Another reason whivcinemaandIVdist_parkdo not predict the physician densities
very well could be that individual decisions of the hospital managemantapl important
role. Consider for example the case of orthopedics. From oumgatzan observe that the
average number of orthopedists per hospital is about four. Suppose thmatrtagement of an
average hospital decides, for some reason, to hire one extra orthofedista decision
would have a major impact on the physician density since the nwhloethopedists at the
average hospital would increase by 20% as a result. The impaattotiscisions cannot be

explained by the instruments we include in our model.
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5.4 Lagged explanatory variables

The estimated effects of the number of physicians on patidizatitin using lagged
first-differenced densities as instruments are presented i Peld. When we use OLS, the
estimated effects are comparable to the effects presentadle A9. However, we no longer
find evidence for the occurrence of SID for hernias (neurosyxgkidney stones, arthrosis
(knee), and varicose veins (surgery). A possible explanation fofirkisg is that we have
much less observations since three of the four waves of data are excludednalftsis.a

Next, we use TSLS to overcome the possible endogeneity problemfirste
differenced physician densities are instrumented by laggeddiifstenced physician
densities. The resulting estimated effects are also showrbie A43. The major part of the
estimated effects is not significant. Moreover, we find both vieong positive and negative
estimates. For none of the treatments we find evidence forctherence of SID. Again, the
results of the instrumental variable approach do not seem to besadistic. This is probably
caused by the fact that our instruments are not strong enougbdiotphysician densities in
the first stage. It is not very likely that the problem isseal by the decrease in the number of
observations. When we use OLS to estimate the effects, thesraslhuch more in line with

our previous estimates.

6. Robustness Checks

6.1 3-digit patient density

Since the number of patients is very low for some of theneats we consider, we
perform our analysis at a more geographically aggregated level. Fopkexamevery year, in
about 50% of the 4-digit ZIP-code areas there are no patientswdicakuffer a hip fracture.
This large number of zeros values of the dependent variable could pdsamlour results.
Another disadvantage of the low (absolute) number of patients ishthable of coincidence
is relatively high. One patient more or less causes a sulasteiméinge in the patient density,
which makes it more difficult to explain patient densities frormaled variables. In order to
reduce the large number of zeros and to increase the (absolute)rrafrplagients per area,
we perform the same analysis at the more geographically gaggee 3-digit ZIP-code level.
The total number of 3-digit ZIP-code areas is about 800 and the average poputatisnust
above 20,000, which is substantially higher than 5,000; the average populatiah sz 4-

digit ZIP-code areas.
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The resulting effects of the physician densities on the numlpatieints are presented
in Table Al4. The estimates shown in Table Al14 confirm the resuliofnalysis with
patient densities on the 4-digit level. Again, we test the RHBeainagainst the OLS model and
the RE model against the FE model. Next, we perform testiseoaquality of the FW-effect
and the FFS-effect. The conclusions are the same as befoeel @athe summary results in
the last column of Table A14 we draw exactly the same conclua®msTable A10 and the

magnitudes of the effects are very similar.

6.2 Country border areas

As a second check of our results, we consider the impact of coumttgrltareas. In
the areas next to the Belgian and German border it is likalydatients cross the border to
receive medical treatments. If that is the case, the observed patisitiet will be lower than
predicted by the demand variables. Since we fail to correateiorand properly in that case,
our results could be biased. Moreover, the allocation of physiciafi$toode areas is based
on the number of patients. This implies that we allocate avellatow number of physicians
to border areas in case of country border crossing. This, in turrd bew source of artificial
correlation between patient density and physician densities. Roetdsons we exclude all 2-
digit ZIP-code areas adjacent to the Belgian and German ro#@e2-digit areas in total,
which reduces the number of observations in our regressions by abouaB0%alculate the
estimated inducement effects again.

The results are presented in Table A15. Compared to the restible A9, we find
indications for inducement of hip fractures by surgeons and we no léingendications for
inducement of knee operations (arthrosis) and kidney stone operations wlexclude the
border areas. The magnitudes of the other effects are comparable toenfirat when border
areas are included. For FFS-physicians we find effects betuédnand 0.73 and for FW-
physicians we find effects between 0.02 and 0.39.

The fact that we find indications for the inducement of hip frastis not in line with
our expectations. One alternative explanations for this finding isttbauld be the case that
the diagnosis and related treatment of hip fractures is not ctatyplmambiguous for elderly
people. That is, when we only select the group of young people we dma@nfiindication

for the inducement of hip fractures.
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7. Conclusion

We formulated and tested a model of SID in the Dutch hospitalrséctour model,
the per capita number of physicians is related to the demansixteen different medical
treatments. We have a unique dataset at our disposal includingrttieer of patients treated
in all Dutch hospitals during the years 2006-2009. The dataset allowes identify every
patient’s place of residence based on a 4-digit ZIP-code, whaglesrit possible to calculate
the yearly number of patients per capita for all 4,000 4-digit ZIP-codes in thertd@ds.

In a first step, we use OLS to relate the number of patiemtsgpta to a set of
demand factors. The idea is to obtain a first indication for the occurrence of &playning
regional variations in the so-called patient density from demartdréaonly. If the error
terms of the demand equation exhibit zero or negative autocasrekatid spatial correlation
we can exclude the possibility of SID straight away. Howewerall treatments, except two
control treatments (hip fractures in young patients treatesubyeons and orthopedists) we
found significant positive correlations.

Therefore the inclusion of supply side variables forms the second step gipooach.
We obtained data on the number of physicians per hospital and the retomnerathod of
those physicians for the major part of the Dutch hospitals. The pnalmlem we face is the
allocation of physicians to ZIP-code areas and the calculatidreafdrresponding physician
densities. Our dataset, however, allows us to take border crossm@dobunt and we
allocated physicians on the 2-digit ZIP-code level to make tlysighn density a more
realistic measure of the access that people have to @nsicihe idea of our estimation is
that we find an indication for the occurrence of SID if a higiteysician density corresponds
to a higher number of patients. Moreover, we expect to find a straftpat for fee-for-
service physicians compared to fixed wage physicians siec®timer type of physicians has
a strong financial incentive to induce demand.

The structure of the data allows us to use panel data techniques, Wds the
advantage that we can include ZIP-code specific effects to otofdr unobserved
heterogeneity. We do not find indications for SID for our contrahttreent, hip fractures,
which confirms our earlier result. However, for the majority leé bther treatments we find
strong indications for the occurrence of SID. We find that a 1%aser in the total number
of physicians leads to an increase of 0.16%-0.71% in the number aherdai when the
extra physicians are all paid on a fee-for-service basis. ihhontrast with fixed wage
physicians, where we find effects between -0.02% and 0.32%. The odegoit the effect
differs per type of treatment. We find strong evidence for fiDtonsillectomy, inguinal
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hernias, and hernias treated by neurologists. For breast reduchatmosition of the hip,
malposition of the knee, and urethral stones we find no evidence for SID.

We checked the robustness of our results by performing the aaahesis at the more
geographically aggregated 3-digit ZIP-code level and by excludiegs adjacent to the
Belgian and German border. The robustness analysis confirms thénmpostant results we
find. Next, we took the possible endogeneity of physician densitiesactount by using
instrumental variable techniques. The results of these estimagi@nsiot very reliable,
probably because of invalid instruments that did not adequately ptieeliphysician densities
in the first stage.

For further research it is interesting to study upcoding as eogpital evidence for
the occurrence of SID. That is, physicians might classifiepit in more expensive DBC'’s
than necessary in order to increase their incomes. As is sholiabla Al, ‘cataract surgery’
actually consists of eight different treatments. If we camkrthese treatments in order of
profitability for a specialist, we can investigate whethenot fee-for-service physicians are
more inclined to perform more profitable treatments. Another imapbrpolicy question is
whether SID occurs at the hospital level or at the level of ecaédipecialists. In order to
answer this question, one must find a method to calculate the underprodoction
overproduction per hospital for a number of different treatments. This murahebe related
to hospital dummies and the percentage of fee-for-service physipamspecialty in a

hospital in order to find out which factor causes hospitals to overproduce.
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Appendix A - Tables

Table Al: unique DBC'’s cataract surgery

DBC-code Treatment Description

110005540031 cataract out-patient treatment

110005540032 cataract one-day care surgery

110005540033 cataract treatment in hospital and admission to hospital
110005540036 cataract treatment in hospital, no admission to own hospital
210005540031 cataract out-patient treatment

210005540032 cataract one-day care surgery

210005540033 cataract treatment in hospital and admission to hospital
210005540036 cataract treatment in hospital, no admission to own hospital
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Table A2: descriptive statistics number of treatments and patient characteristics

Treatment Specialty Number of Patients Averageage % men Number of hospitals
2006 2007 2008 2009
Hip fracturé Surgery 9,428 9,648 10,141 9,493 76 30 96
Hip fracture, young patients Surgery 1,755 1,561 1,881 1,829 43 48 96
Hip fracturé Orthopedics 6,364 6,643 6,825 6,279 73 28 100
Hip fracture, young patients Orthopedics 1,784 1,111 1,260 1,070 36 40 96
Cataract Ophthalmology 134,107 144,874 160,231 145,339 70 39 117
Tonsils Otolaryngology 61,707 62,000 57,007 53,178 10 50 103
Inguinal hernia Surgery 29,105 30,983 30,415 27,555 48 89 109
Varicose veins Surgery 26,551 30,721 34,491 33,912 49 25 123
Breast reduction Plastic surgery 5,869 5,069 5,126 4,170 39 0 102
Arthrosis (knee) Orthopedics 30,561 32,721 34,272 31,016 60 39 111
Arthrosis (pelvis/hip/upper leg) Orthopedics 21,765 22,155 23,222 21,099 66 32 104
Malposition hip (after replacement Orthopedics 6,458 6,777 7,637 6,923 69 32 107
Malpostion knee (after replacemer Orthopedics 3,162 3,704 4,247 3,967 66 33 108
Kidney stone Urology 4,888 9,941 10,342 9,561 52 59 97
Urethral stone Urology 3,568 6,373 6,770 6,420 51 67 98
Hernia Neurosurgery 9,850 9,740 9,483 7,766 45 54 69
Varicose veins Dermatology 37,366 45,526 53,510 56,051 49 15 139
Hernia Neurology 49,682 49,180 53,130 52,001 49 51 107

* control treatments
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Table A3: descriptive statistics ZIP-code areas

2006 2007 2008 2009

Number of 4-digit ZIP-code areas 4,007 4,014 4,015 4,019
Number of 4-digit ZIP-code areas
(population > 500) 3,162 3,167 3,171 3,167

Average population 5,105 5,105 5,114 5,145
Demand variables

age0_5 (%) 6.1 59 57 55
age5_10 6.3 6.3 64 6.3
agel0_15 6.3 6.3 6.2 6.2
agel5 20 6.1 6.2 6.2 6.2
age20_25 55 55 55 56
age25_ 30 5.5 54 54 54
age30_35 65 6.1 58 56
age35_40 7.9 7.8 7.6 7.3
age40_45 81 81 80 8.0
age45 50 7.6 7.7 7.8 7.9
age50_55 71 71 72 713
ageb5_60 73 71 69 6.9
age60_65 54 59 6.4 6.6
age65_70 44 45 46 4.7
age70_75 36 36 37 38
age75_80 28 29 29 30
age80_85 20 20 20 20
age85_90 1.0 10 11 1.2
age90 95 04 04 04 04
age9s 01 01 01 01
men (%) 499 499 499 499
mortality (per 1,000) 7.5 74 7.5 n/a
westerns (%) 77 78 78 79
nonwesterns (%) 7.1 7.1 7.2 7.4
assistance (per 1,000) 354 323 29.7 28.9
working (% of population between 15and ¢ 71.3 734 743 nla
selfemployed (% of working people) 9.2 94 95 n/a
Supply variables

distGP (km) nfa. 1.3 14 nla
av3GP na 7.0 6.8 n/a
distGPcentre (km) na 73 7.3 n/a
av20hospital nfa 43 44 n/a
Instrumental variables

IVhouseprice (in 1,000s) 220.2 237.3 254.2 262.4
IVcinema na. nla 18 nla
IVdist_park (km) nfa nfa 0.9 n/a

IVdist_TH (km) 47.0 47.0 47.0 46.9
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Table A4: descriptive statistics physicians

Specialty Total number of physicians
2006 2007 2008 2009

FFS FW TH FFS FW TH FFS FW TH FFS FW TH
Ophthalmology 298 38 n/a] 293 28 65| 286 28 68| 293 36 76
Otolaryngology 250 29 n/a] 239 30 67| 235 29 67257 25 71
Surgery 560 71 n/a| 546 68 250| 549 71 249| 595 60 238
Plastic surgery 101 7 nla| 97 8 34105 7 37115 9 37
Orthopedics 310 54 n/a| 308 48 54| 309 41 59| 337 41 57
Urology 201 20 n/aj 192 23 53| 194 18 53| 215 20 55
Neurosurgery 38 23 n/a] 45 16 54| 49 12 57| 56 15 57
Dermatology 184 37 n/a] 186 30 52| 187 27 53| 201 24 53
Neurology 295 101 n/a| 290 90 121| 279 100 120| 328 87 123
Number of hospitals 84 87 84 90
Table A5: descriptive statistics waiting lists
Treatment Specialty Average waiting time (in weeks)

2006 2007 2008 2009

Cataract Ophthalmology 6.7 6.7 6.3 5.0
Tonsils Otolaryngology 4.9 4.6 4.2 3.8
Inguinal hernia Surgery 4.5 4.3 4.4 4.0
Varicose veins Surgery 6.6 6.2 54 4.3
Breast reduction Plastic surgery 159 13.1  10.5 5.6
Arthrosis (knee) Orthopedics 9.9 8.2 8.4 6.8
Arthrosis (pelvis/hip/upper leg Orthopedics 8.2 7.6 7.7 6.9
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Table A6: OLS results of demand equation cataract surgery (robust standard errors in parentheses)

Dependent variable: 4-digit patient density

(OLS)
age75_80 0.92
(0.43)
age80_85 1.00
(0.44)
men -0.04
(0.04)
mortality -0.02
(0.01)
westerns -0.10"
(0.01)
nonwesterns 0.01
(0.01)
urbanized -0.14
(0.04)
assistance 0.00
(0.00)
working -0.01
(0.01)
selfemployed -0.04”
(0.01)
lowincome -0.02
(0.01)
highincome 0.00
(0.01)
dummy 2007 1.13"
(0.10)
dummy 2008 1.80"
(0.12)
dummy 2009 1117
(0.13)
constant -2.01
(42.33)
Number of observations 12,152
R? 0.4318

" significant at p<0.05: significant at p<0.01"" significant at p<0.001

34



Table A7: autocorrelations and spatial correlations

Treatment Specialty Autocorrelation (p,sc)  Spatial Correlation (pgc) y (MAE)
2006 2007 2008 2009
Hip fracturé Surgery 58" 397 36 327 347 05 0.4
Hip fracture, young patierits Surgery .03 08 .06 .100 .08 0.1 0.1
Hip fracturé Orthopedics 337 397 337 427 397 04 0.3
Hip fracture, young patients Orthopedics 07" 217 .00 .07 .02 0.1 0.1
Cataract Ophthalmology 36 827 65 .68 64 83 2.5
Tonsils Otolaryngology 307 78" 55 63 56 33 1.3
Inguinal hernia Surgery 127 637 260 327 200 18 0.7
Varicose veins Surgery 38" 58" 60 .63 58 1.9 0.9
Breast reduction Plastic surgery .05~ 187 157 .09 197 03 0.2
Arthrosis (knee) Orthopedics 337 700 627 61" 57 19 0.9
Arthrosis (pelvis/hip/upper leg)  Orthopedics 137 487 217 260 217 1.3 0.6
Malposition hip (after replacement Orthopedics 28" 347 257 237 157 04 0.3
Malpostion knee (after replacemer Orthopedics 27" 187 277 247 200 0.2 0.2
Kidney stone Urology 307 407 187 217 147 05 0.5
Urethral stone Urology A7 247 217 227 247 03 0.3
Hernia Neurosurgery 20" 427 300 327 387 05 0.4
Varicose veins Dermatology 70" 86 907 90 917 28 1.8
Hernia Neurology 41" 747 66 64 55 29 1.2
Number of observations 9073 3011 3013 3028 3023 1215252

* control treatments
significant at p<0.05: significant at p<0.01° significant at p<0.001 (based on robust standard errors)
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Table A8: OLS, RE, and FE results of demand and supply equation cataract surgery (robust standard errors in parentheses)

Dependent variable: 4-digit patient density

(OLS) (RE) (FE)
density FW 26.79°  33.24"  59.34"
(3.31) (3.56) (7.56)
density FFS 142.05° 146.59° 153.89"
(4.94) (5.78) (7.98)
waitinglist -0.02 0.03 0.09"
(0.01) (0.01) (0.02)
distGP -0.10° -0.09 0.29
(0.04) (0.04) (0.37)
av3GP -0.01 -0.01 -0.14
(0.01) (0.01) (0.10)
distGPcentre -0.02 -0.02 -0.13
(0.01) (0.02) (0.19)
av20hospital -0.04” -0.04 -0.79"
(0.01) (0.02) (0.15)
age75_80 1.11 1.08 1.01
(0.41) (0.44) (0.55)
age80_85 1.14 1.03 0.82
(0.42) (0.46) (0.53)
men -0.05 -0.03 0.06
(0.04) (0.06) (0.11)
mortality -0.02 -0.01 -0.00
(0.01) (0.02) (0.02)
westerns -0.08™ -0.08" 0.04
(0.01) (0.01) (0.07)
nonwesterns 0.03” 0.03” -0.09
(0.01) (0.02) (0.08)
urbanized -0.09 -0.08 1.14
(0.05) (0.07) (0.39)
assistance -0.00 -0.00 0.00
(0.00) (0.00) (0.01)
working -0.00 -0.00 -0.01
(0.01) (0.01) (0.04)
selfemployed -0.02 -0.03 -0.09
(0.01) (0.02) (0.08)
lowincome -0.01 -0.01 -0.01
(0.01) (0.02) (0.02)
highincome 0.00 -0.00 -0.03
(0.01) (0.01) (0.03)
dummy 2007 1.117 1.13"7 1.38"
(0.09) (0.08) (0.13)
dummy 2008 1.73" 1.74" 217"
(0.11) (0.11) (0.20)
dummy 2009 0.96" 1.01" 1.56 "
(0.12) (0.12) (0.24)
constant -23.81 -18.73 -18.78

(40.77)  (43.61)  (51.27)

Number of observations 12,141 12,141 12,141

Number of groups 3,063 3,063
R? 0.4792

R? within 0.1608 0.1717
R? between 0.6452 0.0698
R? overall 0.4777 0.0644

" significant at p<0.0§ significant at p<0.0f? significant at p<0.001
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Table A9: estimated effects of a 1% increase in the number of physicians if it concerns (1) FW-physicians only (2) FFS-physicians only (OLS, RE, and FE)

dependent variable: 4-digit patient density

Number of Evidence

Treatment Specialty FW FFS observations for SID?
(OLS) (RE) (FE) (OLS) (RE) (FE)
Hip fracturé Surgery 0.05 007 0.07 -003 0127 0417 12,141 no
Hip fracture, young patierits Surgery -0.04 -004 -010 -0.10° -0.09° -0.04 11,600 no
Hip fracturé Orthopedics -0.09 0.06 040 -0.08 0.05 0.26 12,141 no
Hip fracture, young patients Orthopedics 002 003 019 -014 -0.13 0.04 11,547 no
Cataract Ophthalmology 0.09° 0.11" 0.20° 0.49° 051  0.53" 12,141 yes
Tonsils Otolaryngology 0.19° 0.20° 0.32° 0.70° 0.71° 0.71 12,141 yes
Inguinal hernia Surgery 0147 014" 015 061 062  0.67 12,141 yes
Varicose veins Surgery 0.05° 0.06° 0.07 044" 036 016 12,141 yes
Breast reduction Plastic surgery 0.06 0.06 0.06 0.11° 0.11° 0.13 12,141 no
Arthrosis (knee) Orthopedics 0.26° 0.27° 031 0447 048 0547 12,141 yes
Arthrosis (pelvis/hip/upper leg)  Orthopedics 0227 022" 029 047 048 0537 12,141 yes
Malposition hip (after replacement Orthopedics 0.46° 041" 0.29° 010 013 0.237 12,141 no
Malpostion knee (after replacemer Orthopedics 0.46° 037" 020 011 011 0.2 12,141 no
Kidney stone Urology 0.08 008 007 0147 018 0.28" 12,062 yes
Urethral stone Urology -0.14° -0.14 -0.05 -0.01" -0.0I" -0.01 12,058 no
Hernia Neurosurgery 0.01  0.02 0.03 0.38° 037 031 12,062 yes
Varicose veins Dermatology ~ 0.22° 0.09° -0.02 0.67 047  0.30 12,141 yes
Hernia Neurology 0.04 009" 021" 051 056 0.64 12,141 yes

* control treatments
significant at p<0.05; significant at p<0.01°" significant at p<0.001 (based on robust standard errors)
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Table A10: p-values of the test for equality of coefficients

Treatment Specialty Ho:&pps = Erw  Ho: &pps = Epw
(RE) (FE)
Hip fracturé Surgery 0.228 0.081
Hip fracture, young patients Surgery 0.276 0.354
Hip fracturé Orthopedics 0.878 0.060
Hip fracture, young patients Orthopedics 0.127 0.272
Cataract Ophthalmology 0.000 0.000
Tonsils Otolaryngology 0.000 0.000
Inguinal hernia Surgery 0.000 0.000
Varicose veins Surgery 0.000 0.019
Breast reduction Plastic surgery 0.221 0.342
Arthrosis (knee) Orthopedics 0.000 0.000
Arthrosis (pelvis/hip/upper leg) Orthopedics 0.000 0.000
Malposition hip (after replacement Orthopedics 0.000 0.392
Malpostion knee (after replacemer Orthopedics 0.001 0.290
Kidney stone Urology 0.077 0.018
Urethral stone Urology 0.013 0.642
Hernia Neurosurgery 0.000 0.000
Varicose veins Dermatology 0.000 0.000
Hernia Neurology 0.000 0.000

* control treatments
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Table A11: first stage regressions cataract

Dependent variable: Dependent variable:
2-digit FW-density  2-digit FFS-density

(OLS) (OLS)
IVdist_park 0.0003 -0.0010"
(0.0002) (0.0002)
IVcinema 0.0012" -0.0001"
(0.0001) (0.0000)
IVdistance TH -0.0001™ 0.0000"
(0.0000) (0.0000)
waitinglist -0.0001" 0.0001"
(0.0000) (0.0000)
distGP -0.0002 -0.0003”
(0.0001) (0.0001)
av3GP -0.0000 0.0000
(0.0000) (0.0000)
distGPcentre 0.0000 0.0001"
(0.0000) (0.0000)
av20hospital -0.0004" 0.0003”
(0.0000) (0.0000)
age75_80 0.0009 -0.0018
(0.0009) (0.0010)
age80_85 0.0005 -0.0013
(0.0009) (0.0010)
men -0.0001 0.0001
(0.0001) (0.0001)
mortality -0.0001" -0.0000
(0.0000) (0.0000)
westerns 0.0003" -0.0001”
(0.0000) (0.0000)
nonwesterns -0.0001™ -0.0000
(0.0000) (0.0000)
urbanized -0.0002 -0.0004"
(0.0002) (0.0001)
assistance -0.0000 0.0000"
(0.0000) (0.0000)
working -0.0002™ -0.0001"
(0.0000) (0.0000)
selfemployed 0.0002" 0.0000
(0.0000) (0.0000)
lowincome -0.0001 -0.0001"
(0.0000) (0.0000)
highincome -0.0001" 0.0000
(0.0000) (0.0000)
dummy 2007 -0.0003 0.0003
(0.0003) (0.0002)
dummy 2008 0.0005 0.0007"
(0.0003) (0.0002)
dummy 2009 0.0014” 0.0010"
(0.0004) (0.0003)
constant -0.0330 0.1845
(0.0874) (0.0716)
Number of observations 12,141 12,141
R? 0.2049 0.0641

" significant at p<0.0§ significant at p<0.0f? significant at p<0.001
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Table A12: estimated effects of a 1% increase in the number of physicians if it concerns (1) FW-physicians only (2) FFS-physicians only (TSLS and GMM)

dependent variable: 4-digit patient density

. Number of p-valuetest
Treatment Specialty FW FFS observations overidentification
(TSLS) (GMM) (TSLS) (GMM)
Hip fracturé Surgery 0147 016 -1.36 -1.34" 12,141 0.042
Hip fracture, young patierits Surgery 013 0.13 -046 -043 11,600 0.250
Hip fracturé Orthopedics 053 053 221" 22T 12,141 0.655
Hip fracture, young patierits Orthopedics -0.34 -0.34 064 0.63 11,547 0.763
Cataract Ophthalmology -0.04 0.00 -0.03 0.11 12,141 0.000
Tonsils Otolaryngology 0.32" 0.27° 1.28° 1.00 12,141 0.000
Inguinal hernia Surgery 0.15° 0.16 024 0.27 12,141 0.556
Varicose veins Surgery -0.03 -0.03 0.12 0.10 12,141 0.073
Breast reduction Plastic surgery 0.09  0.12 -0.53° -0.28 12,141 0.000
Arthrosis (knee) Orthopedics 0347 035 0.38° 0.38 12,141 0.129
Arthrosis (pelvis/hip/upper leg)  Orthopedics 0300 027 045 0.39 12,141 0.110
Malposition hip (after replacement Orthopedics 0.01 -0.03 -052° -056 12,141 0.376
Malpostion knee (after replacemer Orthopedics  -0.46  -0.44 -0.49° -0.46" 12,141 0.484
Kidney stone Urology 062 063 088 0.89 12,062 0.540
Urethral stone Urology -0.38° -0.39° 024 025 12,058 0.224
Hernia Neurosurgery 0.58° 0.59° -3.47 -3.54" 12,062 0.004
Varicose veins Dermatology ~ 1.02° 1.31° -2.66 -3.87 12,141 0.000
Hernia Neurology 011" -011" -018 -0.21 12,141 0.005

* control treatments
significant at p<0.05; significant at p<0.01°" significant at p<0.001 (based on robust standard errors)
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Table A13: estimated effects of a 1% increase in the number of physicians if it concerns (1) FW-physicians only (2) FFS-physicians only (OLS and TSLS)

dependent variable: 4-digit patient density

. Number of
Treatment Specialty FW FFS observations
(OLS) (TSLS) (OLS) (TSLS) (TSLS)
Hip fracturé Surgery 013 -0.29 0.171 0.23 3,041
Hip fracture, young patients Surgery -0.14 -054 -0.04 -0.15 2,755
Hip fracturé Orthopedics 0.12 1.87 0.03 -0.45 3,041
Hip fracture, young patients Orthopedics 0.16 1253 -0.17 -7.47 2,655
Cataract Ophthalmology 0.21° -0.52 0.76  -0.48 3,042
Tonsils Otolaryngology 0.35° 855 051 -3.51 3,042
Inguinal hernia Surgery 0.15° 0.67 044" 224 3,041
Varicose veins Surgery 0.09° 0.07 0.18 -0.16 3,041
Breast reduction Plastic surgery -0.01 1.86 0.14 -0.59 3,042
Arthrosis (knee) Orthopedics 0337 036 0477 0.45 3,042
Arthrosis (pelvis/hip/upper leg) ~ Orthopedics 013 017 041" -161 3,042
Malposition hip (after replacement Orthopedics 0317 026 024 -0.43 3,041
Malpostion knee (after replacemer Orthopedics 0.09 0.42 0.16 0.20 3,041
Kidney stone Urology 0.18 -0.20 0.07 3.69 2,961
Urethral stone Urology -0.06 0.08 -0.02 3.25 2,958
Hernia Neurosurgery 0.04 -4.71 -0.08 10.53 3,002
Varicose veins Dermatology -0.04 -0.07 0.24° 1.16 3,041
Hernia Neurology 0.09 -023 051" 0.37 3,042

* control treatments
significant at p<0.05; significant at p<0.01°" significant at p<0.001 (based on robust standard errors)
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Table A14: estimated effects of a 1% increase in the number of physicians if it concerns (1) FW-physicians only (2) FFS-physicians only (OLS, RE, and FE)

dependent variable: 3-digit patient density

. Number of Evidence
Treatment Specialty FW FFS observations for SID?
(OLS) (RE) (FE) (OLS) (RE) (FE)
Hip fracturé Surgery 008 0.11° 0.09 0.02 0.14" 019 3,112 no
Hip fracture, young patients Surgery 0.04 0.02 -0.04 0.00 0.00 -0.01 2,964 no
Hip fracturé Orthopedics -0.05 0.16 044" -0.04 0.13 0.31 3,112 no
Hip fracture, young patients Orthopedics 0.14 0.11 -0.09 -0.12 -0.10 -0.07 2,935 no
Cataract Ophthalmology 0.10° 0.12° 0.17 050 050 051 3,112 yes
Tonsils Otolaryngology 0.17° 0.21° 0.32° 0.69 071" 0.73" 3,112 yes
Inguinal hernia Surgery 0.157 0.15 014" 0.62° 063 0.66 3,112 yes
Varicose veins Surgery 0.02 003 0.03 0347 024" 0127 3,112 yes
Breast reduction Plastic surgery 0.01  0.02 0.05 0.10 0.11 0.18" 3,112 no
Arthrosis (knee) Orthopedics 0237 025 024 040 046 0537 3,112 yes
Arthrosis (pelvis/hip/upper leg)  Orthopedics 0217 021" 0227 047" 048 050 3,112 yes
Malposition hip (after replacement Orthopedics 0.48" 044" 036 0187 020 0.237 3,112 no
Malpostion knee (after replacemer Orthopedics 039" 037" 035 008 009 0.09 3,112 no
Kidney stone Urology 0.02 -001 -014 016 019 0.24" 3,093 yes
Urethral stone Urology -0.05 -0.02 0.07 -0.0I" -0.01" -0.01 3,093 no
Hernia Neurosurgery 0.02  0.04 0.04 0327 031 028 3,094 yes
Varicose veins Dermatology ~ 0.18° 0.05 -0.02 071" 042" 027 3,112 yes
Hernia Neurology 0.04 010 018" 049 055 0.61° 3,112 yes

* control treatments

" significant at p<0.05: significant at p<0.01; significant at p<0.001 (based on robust standard errors)
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Table A15: estimated effects of a 1% increase in the number of physicians if it concerns (1) FW-physicians only (2) FFS-physicians only (OLS, RE, and FE)

dependent variable: 4-digit patient density (excluding border areas)

Number of Evidence

Treatment Specialty FW FFS observations for SID?
(OLS) (RE) (FE) (OLS) (RE) (FE)
Hip fracturé Surgery -0.09° 000 0.07 005 019  0.26 8,617 yes
Hip fracture, young patierits Surgery -0.11 -011 -010 -0.05 -0.05 0.00 8,445 no
Hip fracturé Orthopedics 0.19° 027" 044" 001 005 017 8,617 no
Hip fracture, young patients Orthopedics 017 0.17 0.28 -0.15 -0.14 -0.01 8,244 no
Cataract Ophthalmology 0.127 0.15° 0.29° 0.46  0.44" 0.42" 8,617 yes
Tonsils Otolaryngology 0.22° 024" 0.32° 064 067 0.73 8,617 yes
Inguinal hernia Surgery 0.137 0.14° 020 057 060 0.70 8,617 yes
Varicose veins Surgery 0.08°7 0.07° 0.06 041 033" 0147 8,617 yes
Breast reduction Plastic surgery 0.03 0.03 0.06 0.12° 0.12° 0.15 8,617 no
Arthrosis (knee) Orthopedics 059" 055 0437 0417 045 0527 8,617 no
Arthrosis (pelvis/hip/upper leg)  Orthopedics 0277 028" 039 046 048" 055 8,617 yes
Malposition hip (after replacement Orthopedics 056 0.46 031 017 0.21° 0327 8,617 no
Malpostion knee (after replacemer Orthopedics 0597 046 025 010 0.12 0.4 8,617 no
Kidney stone Urology 012 008 008 005 011 018 8,617 no
Urethral stone Urology -0.14 -011 0.03 -0.0I" -0.01" -0.01 8,617 no
Hernia Neurosurgery 0.01 0.03 006 010 014 023 8,617 yes
Varicose veins Dermatology ~ 0.26° 0.13° 0.02 059 040 025 8,617 yes
Hernia Neurology 0.066 011" 020 046 049 055 8,617 yes

* control treatments
significant at p<0.05; significant at p<0.01°" significant at p<0.001 (based on robust standard errors)
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Appendix B - Figures

Frequency

1500

=

Frequency

500 1000 1500

0

500 1000

0

0 200 400 600 800

.

200 400 600 800

0

—
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Figure 2: Percentage of western foreigners
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Figure 3: Mortality rate

(number of deceased per 1,000 inhabitants)
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Figure 4: Low incomes
(percentage of people belonging to lowest 40% of income distribution)
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Figure 5: High incomes

(percentage of people belonging to highest 20% of income distribution)
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Figure 6: Percentage of working people
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Figure 7: Percentage of self-employed people
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Figure 8: Number of people receiving social assistance
(per 1,000 inhabitants)
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