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Votápková, for her valuable advices, suggestions as well as for the overall sup-

port. I am thankful to the Czech Ministry of Health for providing data. Fi-

nancial support by GAUK 910 855 is gratefully acknowledged.



Abstract

This study uses logistic regression to estimate the probability of choosing

the brand-name drug despite the presence of cheaper generics given patient

and drug characteristics in the Czech pharmaceutical market in the period

2009-2013. Results of the analysis may help guide policies to decrease phar-

maceutical costs. In order to motivate people who are more likely to choose

the original version of drug, policy makers may impose higher copayments and

lower subsidies on the original drugs which they use. Additionally, two sup-

plementary analyses were applied to sub-sectors of the pharmaceutical market:

antihypertensive drugs and antibiotics. Fixed effects logistic regression is em-

ployed to test the robustness of the results.
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Abstrakt

Práce zkoumá pravděpodobnost výběru originálńıho léku na českém trhu v

letech 2009-2013 s ohledem na charakteristiky jednotlivce a léku samotného.

Model je odhadován logistickou regreśı. Na základě výsledk̊u analýzy jsou

navržena politická doporučeńı k sńıžeńı náklad̊u na léky. Aby byli pacienti v́ıce

motivováni k výběru generika, je vhodné zavést vyšš́ı doplatky na originálńı

léky u těch substitučńıch skupin, které jsou sṕı̌se už́ıvány lidmi preferuj́ıćı ori-

ginálńı lék. Také jsou provedeny dvě analýzy podsegment̊u farmaceutického

trhu: léky na vysoký krevńı tlak a antibiotika. Výsledky hlavńı analýzy jsou

kontrolovány použit́ım logistického modelu s fixńımi efekty.

Klasifikace JEL I11, I18, C35, L65
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Topic characteristics When drug patent expires, some other medications

with same active chemical substances may enter the market. Pharmaceuticals

with the same therapeutic effect as the original drug are called generics/generic

drugs. Since these generic drugs contain the same active substances, they may

be certified as a substitute for the original certified medications. This leads

to a greater market competition - generic drugs have usually lower prices and

therefore, from economic point of view, they should be used more. However,

original brands often maintain a strong position in the market and patients re-

main loyal to it. Moreover generics can differ in some parameters such as color

shape etc. and patients may worry to use different drug, although it has the

same therapeutic qualities. Reimbursement of pharmaceutical expenses in the

Czech Republic is given by “reference reimbursement system” (Act No. 48/1997

Coll., on Public Health Insurance) where each ATC classification group of drugs

defines one medicament fully paid by the health insurance company (it deter-

mines reference price) and other drugs with the same active ingredient have

additional payment (paid by patient) equal to the difference between the refer-

ence price and price of the drug. We are aware that demand for certified drugs

is mainly physician driven but we also assume that patients know “reference

reimbursement system” and therefore have a choice to switch drug consump-

tion. In the master thesis, we will investigate whether demand for certified

medications in post-patent markets, i.e. when patent protection has expired, is

persistent and also examine the importance of patient and drug characteristics

for the decision to switch drug consumption from the original certified drugs to
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cheaper generic equivalents in the Czech Republic. Moreover we suppose that

there is greater effect when price of the certified drug is considerably higher than

the price of generic. Therefore the probability of switching to generic product

should increase with this price differential. We will use panel data containing

information on individuals from the entire Czech population and prescriptions

for each individual over the time period 2009-2012. The dataset is obtained

from the Ministry of Health of the Czech Republic. The data specify patients’

age, sex, place of residence, insurance company and yearly drug expenditures.

The dataset contains further information on the prescribed pharmaceuticals:

product name, dosage, package size, producer’s trade names, manufacturers’

price, the date of prescription and insurance reimbursements. Empirical evi-

dence dealing with the analysis of substitution effects between a certified drug

and its generics is considerably rich. Conclusions however seem to be area-

dependent. Coscelli (2000) found significant evidence of time-dependence in

prescription choices in Rome. Furu et al. (2008) examined that price differ-

ence between brands and the generic version of the drug affects demand for the

original products in Norway. Skipper and Vejlin (2013) found from the data

provided by The Statistics Denmark that the socio-economic characteristics of

patients have a low explanatory power in the model identifying substitution

effects. However, Decollogny et al. (2011) found that patient health status

is a significant determinant for the decision of switching drug consumption in

Switzerland. The current discussion in literature about demand for certified

drugs versus their generics is extensive, but does not include analysis of the

demand in the Czech pharmaceuticals market. Therefore we would like to an-

alyze the pharmaceuticals market in the Czech Republic and contribute to this

stream of missing research.

Hypotheses

1. Demand for certified medications in post-patent markets is persistent

2. The likelihood of switching to generic product increases with price differ-

entials between certified drug and its generic equivalent.

3. Patients with poor health status are more likely to use generic drugs.

4. Patients in area with highest level of unemployment have higher probabil-

ity of switching drug consumption from certified drugs to cheaper generic

equivalents.
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5. Probability that a patient switches drug consumption to a new generic

product increases with the number of firms producing generic drugs.

6. Patients are more likely to switch from certified medication to generic

product when this new generic product recently enters the market.

7. The likelihood of accepting generic product increases with the length of

time from the first prescription.

8. Patients with higher drug expenditure have higher probability to use

generic products.

Methodology In our analysis we will use a logistic regression model. The

dependent variable is the use of drug which has at least one substitute in the

market. For the purpose of the analysis, a dummy variable for a certified drug

is created which equals 1 if the original certified product is chosen and zero

otherwise. Several independent variables reflecting patient and drug charac-

teristics enter the regression - gender, age, place of residence, health status,

insurance company of the patient, drug expenditures, drug information such

as product name, its price, dosage, package size, producer’s trade names, man-

ufacturers’ price, the date of prescription and insurance reimbursements. Let

iε{1, . . . , l} index patients. The logistic model takes the following form:

Dit = α + βxit + γzit + εit,

where xit is a matrix of characteristics of the patient, zit is a matrix of

information available on the product and εit is the error term.
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Chapter 1

Introduction

In many countries, drug expenditures have remained considerably high over

years because of high research and development costs for new drugs and rising

drug consumption. In the Czech Republic, about one fifth of healthcare spend-

ing was allocated to pharmaceuticals in 2011, which is above the OECD average

(16%). In comparison, about 400 USD per capita was spent on pharmaceuticals

each year; this makes 4 billion USD in total.

One strategy to reduce increasing pharmaceutical costs without deteriorat-

ing quality of care is generic substitution. When a drug patent expires, other

medications with the same active chemical substances may enter the market.

Pharmaceuticals with the same therapeutic effect, pharmaceutical form and

administration route as the original drug are called generics or generic drugs.

Since these generic drugs are therapeutically equivalent to the patented drug

and generally also cheaper, their use reduces pharmaceutical expenditures.

The addition of generics into the market can lead to greater market com-

petition. Generic drugs are cheaper, and, therefore, from an economic point

of view, demand for them should increase. As a result, overall pharmaceutical

prices should decrease. However, the pharmaceutical market is characterized

by information asymmetries between physicians and patients and uncertainty

about drug effectiveness.

Demand for pharmaceutical products is not the same as the standard con-

sumer decision making task. The physician is often the one who makes decisions

about drug choice; however, she or he is not exposed to costs of the pharmaceu-

tical products prescribed. Moreover, physicians do not know market prices of

all drugs available; Wosinska (2002) concluded that physicians trust advertise-

ments, medical literature, the opinion of other physicians and the suppliers of
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the drugs. Physicians, therefore, may not make the most cost-effective decisions

regarding prescriptions.

Additionally, consumers often do not have all the information regarding

pharmaceutical costs. Consumers do not pay the full price of the pharmaceu-

tical because part of the pharmaceutical price is reimbursed by the insurance

company. Consumers, therefore, do not face true product costs, and they can

also make decisions based on their perceptions and beliefs rather than facts.

Since generics can differ in some parameters such as color, shape etc., patients

may be concerned about using a different drug, although the generic has the

same therapeutic qualities. Himmel et al. (2005) found from the survey in

Germany that almost 40% of respondents are sceptical about generic drugs.

Although generic drugs are cost-effective, original brands often maintain a

strong position in the market and patients remain loyal to them. Therefore

many countries, including the Czech Republic in 2008, have enacted generic

substitution laws. According to this law, patients can take advantage of the

pharmacist’s advice and may substitute the prescribed drug with a cheaper

pharmaceutical product with the same therapeutically equivalent effect. Phar-

macists are aware of relative prices, and patients can behave according to their

price elasticity. Patients can decide whether they consume the drug prescribed

by the physician or accept generics which are usually cheaper.

Generic substitution laws contribute to a reduction of pharmaceutical ex-

penditure. Andersson et al. (2007) found that generic substitution introduced

in Sweden in 2002 led to significant monetary savings for the Swedish health-

care system. Andersson et al. (2007) highlighted that “the introduction of

generic substitution was associated with a shift in trend from an increase into

a decrease both for patients’ and society’s expenditures”. Also Kanavos (2006)

found that promotion of generic substitution by the UK government and health

insurance companies can improve the cost effectiveness of prescription drugs.

The share of generics in the Czech Republic accounted for under 40% of

the volume of all pharmaceuticals in 2011, which is below most of the OECD

countries. Lower share of generics could be caused by the lower promotion of

generics in the Czech Republic, despite the generic substitution law.

The current discussion in the literature about demand for original drugs

versus their generics is extensive, but does not include analysis of the demand

in the Czech pharmaceuticals market. The purpose of this study is to an-

alyze the Czech Republic pharmaceutical market to offer policy suggestions

to help reduce pharmaceutical costs by promoting generic substitution. The
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pharmaceutical pricing policies could be designed with respect to different price

elasticity and willingness to pay of different groups of population.

We investigated the probability of using the original drug despite the avail-

ability of cheaper generics given patient and drug characteristics in the Czech

pharmaceutical market. We are aware that demand for original drugs is mainly

physician driven, but we also assume that patients are interested in their health

status. Today, patients have many opportunities to get information about

generics. They can obtain information from the physician, pharmacies as well

as find additional information on websites.

We assume that low generic substitution is a proxy for low price sensitivity

and low willingness to pay. To motivate people who are more likely to choose

the original version of various drugs to substitute towards the generics, higher

copayment may be imposed and lower subsidies may be provided on the orig-

inal drugs they use. Since the cheaper generics will be subsidized and higher

copayments will be imposed on original drugs, generic substitution is expected

to increase and pharmaceutical expenditure will fall.

We answer the following questions:

• What patient and drug characteristics determine the choice of the original

drug?

• Do patient and drug characteristics have the same effects on the prob-

ability of the choice of the original drugs in key sub-segments of drugs:

antibiotics and antihypertensives?

• On which drugs should higher copayments be imposed?

The dataset was provided by the Ministry of Health of the Czech Republic

and contains all pharmaceuticals dispensed in the Czech Republic during the

period 2009-2013. The final dataset consist of a total of 16,836,334 prescriptions

issued to 4,984,982 patients between 18 and 107 years. Prescriptions form 11

substitution groups, which are divided into 96 different drugs regardless of the

strength and package size.

To find the effect of patient and drug characteristics on the drug choice, we

employ a logistic regression model with a binary outcome variable named orig-

inal, which takes a value one if the original drug is chosen and zero otherwise.

We also carry out a robustness check where we employ fixed effects logistic

regression which estimates within-individual differences, as opposed to logistic
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regression of the pooled cross sectional data where we used information about

differences between individuals.

Patients are characterized by socioeconomic variables including sex, age,

income of the region where the patient lives with respect to gender. Additional

patient characteristics include public health costs and the number of different

drugs used per year. Drugs are characterized by their purpose, i.e. whether

they are prescribed to treat the acute or chronic disease, the number of years

since patent protection of the original expired, the number of generics available,

and price differential between the original and its cheapest generics.

We found that the characteristics of patients influence the choice between

original and generic drugs. The results show that older patients, people who

use several different drugs and patients living in high-income region tend to use

the generics. This group of people demonstrates lower willingness to pay. The

results also show that younger people, patients who use fewer different drugs

and people living in lower-income region prefer the original version of drugs.

This group needs to be motivated to substitute towards generics. Higher co-

payments and lower subsidies could be implemented on the original drugs these

groups use. The results further show lower substitution rates for males and

people with poor health status who have higher than average expenditure on

health care. These groups demonstrate a willingness to pay more, and therefore

higher copayments and lower subsidies could be implemented on the original

drugs these groups use.

We also found that the characteristics of drugs influence the choice between

original and generic drugs. When the illness is chronic or there is larger differ-

ence in price between original drug and cheapest generic drug, the patient is

more likely to choose the original. People who use the drugs from these sub-

stitution groups demonstrate a higher willingness to pay, and therefore higher

copayments and lower subsidies could be imposed on the original drugs from

these substitution groups to reduce pharmaceutical costs. Substitution groups,

with more recent entry of generic drugs or with more generics, are associated

with higher substitution rates. People who use drugs from these substitu-

tion groups demonstrate lower willingness to pay. In contrast, people who use

drugs from the substitution groups with later entry of generic drugs or with

fewer generics in the market have to be motivated to substitute towards gener-

ics. Policy makers could impose higher co-payment and lower subsidies on the

original drugs from these substitution groups.

We also examined the choice between original or generic version of the
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drug in a specific sub-sector of the pharmaceutical market: antihypertensives

and antibiotics. The choice between original and generics of antihypertensive

drugs is consistent with the main results. In contrast, the results from the

analysis of antibiotics are not always consistent with our main analysis. Our

results indicate that women prefer original antibiotics. High income patients

face higher opportunity costs and lower savings when they try to find the most

cost-effective options among antibiotics, which are used occasionally. Patients

prefer original antibiotics regardless of how long the market has been opened

for competition.

The thesis is organized as follows: Chapter 2 provides overview of related

literature, Chapter 3 investigates the stylized facts of Czech Healthcare, Chap-

ter 4 describes the pharmaceutical market in the Czech Republic, Chapter 5

gives an economic background about decision process in the pharmaceutical

market, Chapters 6 and 7 introduce the dataset and explain theoretical un-

derpinnings, Chapter 8 presents results of the analysis, Chapter 9 discusses

practical application of the results and Chapter 10 concludes and provides mo-

tivation for further research.



Chapter 2

Literature Review

Empirical evidence dealing with models of substitution effects between a cer-

tified drug and its generics is extensive. The results, however, seem to be

country specific. Country’s regulatory conditions is one of the important fac-

tors. Generic substitution is not allowed in Austria, Belgium etc. The Czech

Republic, France, Hungary, Portugal, Poland, Slovakia, Switzerland, United

Kingdom and United States (U.S.A.) encourage generic substitution (indica-

tive generic substitution). Generic substitution is mandatory in Germany, Den-

mark, Finland, Norway, Spain and Sweden. In these countries, the pharmacists

have to dispense the least expensive generic drug regardless of what the doctor

precsribed. When patients refuse a generic drug, they have to pay the price

difference between original drugs and the least expensive substitutes.

Empirical studies analysing generic substitutions generally find that de-

mand for original drugs is affected by a number of factors: patient charac-

teristics, physician habits, differences between drugs, information received in

the pharmacy and regulatory conditions. Analyzing the data provided by The

Statistics Denmark, Skipper & Vejlin (2013) found that the socio-economic

characteristics of patients have a high explanatory power and doctor charac-

teristics explained only 0.7% of the variation in drug choice. Farfan-Portet

et al. (2012) studied the effect of patient characteristics on the drug substitu-

tion in Belgium. They found that patient characteristics have significant but

mixed effect on the choice of drugs in Belgium. However, Lambert et al. (1980)

discovered that patient characteristics such as age, income, mobility and an-

nual expenditures on prescription drugs have no significant effect among older

people in the USA.

Dalen et al. (2011) found that not only patient characteristics have sig-
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nificant effect on drug choice in Norway but also price, doctor and patient

characteristics and level of coverage by social insurance play an important role

in drug substitution. Recommendation from medical practitioners is important

for patients in Australia as found by Hassali et al. (2005).

As opposed to the studies previously mentioned, Hellerstein (1998) discov-

ered that observable characteristics of patients in the U.S.A. do not significantly

affect drug choice. Only physicians are important determinants in defining

whether patients choose original drugs or generics. “The results indicate that

almost all physicians prescribe both types of drugs to their patients. There is,

however, persistence in the prescription behavior of physicians, so that some

physicians are more likely to prescribe trade-name drugs, while others more

often prescribe generics” (Hellerstein 1998).

The effect of specific patient and drug characteristics is mixed. The effect

of the patient characteristic Income is inconclusive. Skipper & Vejlin (2013)

found that there is no effect of income on drug choice in Norway. Additionally,

Federman et al. (2006) found that pensioners in the U.S.A. with lower income

were only somewhat more likely to choose generic cardiovascular drugs than

pensioners with higher income. The original drugs were used more by the

wealthier in a southern Brazilian city (Bertoldi et al. 2005). Farfan-Portet

et al. (2012) estimated that a variable “guaranteed income” has a mixed effect

on the choice of drugs in Belgium. However, having a guaranteed income was

associated with the preference for generics in most cases. Similarly, Shrank

et al. (2007) examined data from the Western U.S.A to assess the effect of the

regional income on the drug choice. Patients in high-income zip code were more

likely to use generic drugs than patients in lower-income zip code.

Patient education is an important determinant in the drug choice. H̊akonsen

et al. (2009) examined the data from the personal interviews with 174 Norwe-

gian hypertensive patients who were 50 years old. They found that hypertensive

patients with low education chose original drugs more often. Analysing the data

from the anonymous self-administered questionnaires in Portugal, Figueiras

et al. (2008) confirm that more educated people are confident in the efficacy of

generic medicines. In contrast, Bertoldi et al. (2005) found that more educated

people more likely use original drugs in southern Brazilian cities. Farfan-Portet

et al. (2012) found education level to have mixed effect on the drug choice in

Belgium. However, for most drug groups, Farfan-Portet et al. (2012) found

that higher use of generics was associated with areas with low education level.

Males are more likely to select cost-effective options. Decollogny et al.
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(2011) discovered that low substitution rates were found for females in Switzer-

land. Lambert et al. (1980) found similar results for females in the U.S.A. The

study found that females in the U.S.A. were more likely to reject generics than

males. However, Bertoldi et al. (2005) found that gender has no effect on drug

choice in southern Brazilian cities.

Age of the patient is important variable in the drug choice as found by

Merino-Castelló (2003). However, the effect is mixed. Decollogny et al. (2011)

assert that low generic substitution was found for older patients in Switzerland.

The same result for Portuguese elderly was observed by Figueiras et al. (2008).

Older people in Spain demonstrate more loyalty to the original drugs. Results

of the study by Hassali et al. (2005) also indicate that elderly consumers in

Australia prefer to use the original drug. These patients are worried that

possible ineffectiveness could have serious consequences. Age of the patient

has significant effect on drug choice in Norway; older people are more likely to

choose original drugs (Dalen et al. 2011). These results are in contrast with

Bertoldi et al. (2005) who found that original drugs were used more by the

younger in a southern Brazilian city. Shrank et al. (2007) confirm results of

the study by Bertoldi et al. (2005); older patients are more likely to use generic

drugs in the U.S.A. It suggests that older people may be more experienced

in generic substitution. The sample from this study was, however, relatively

young (people aged 16 to 74 years) and most of the patients were employed.

Decollogny et al. (2011) examined that low substitution rates in Switzerland

was found for people who use more than 10 different drugs in a year.

H̊akonsen et al. (2009) confirm results of the study by Decollogny et al. (2011),

patients who use several drugs choose generics over original drugs.

Differences in price between the original and generic drugs impacts generic

substitution. Dalen et al. (2011) found that price difference affects generic sub-

stitution in Norway. Decollogny et al. (2011) found that the difference in price

between the original and generic drug increases the use of generic drug in

Switzerland. If relative price savings increase by one quintile, use of generic in-

creases by 1.5%. However, Lambert et al. (1980) assert that people in Norway

are concerned about drug effectiveness when generic drugs cost significantly

less in comparison with the original pharmaceutical. Lambert et al. (1980)

concluded that patients think that low priced generics are not as safe and ef-

fective as original drugs.

When the illness is more serious or chronic, patient acceptance of generic

medicines is lower as noted by Figueiras et al. (2008). Merino-Castelló (2003)
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confirm this conclusion; chronically ill patients from Spain often trust their

doctor’s recommendations, and these patients are also more price inelastic.

Patients with chronic or serious conditions in Australia choose to keep taking

the original drug (Hassali et al. 2005). These patients are worried that possi-

ble ineffectiveness could have serious consequences. In contrast, Farfan-Portet

et al. (2012) found that chronically ill patients behave differently when they

use medications from different drug groups.

Various studies indicate that pharmacies impact the rates of generic sub-

stitution. Dalen et al. (2011) concluded that pharmacies in Norway affect

generic substitution. The pharmacists play an important role in generic substi-

tution in the U.S.A. (Mott & Cline 2002). The pharmacists in the U.S.A. can

substitute drug with the same therapeutically equivalent effect for prescribed

pharmaceutical product when generic substitution is not explicitly prohibited

by the physician on the prescription. Mott & Cline (2002) indicate that pa-

tients often override doctors’ decisions, and the patients follow the pharmacist’s

advice.

Many studies indicate that the type of physician may impact the choice

of generic drugs. Dalen et al. (2011) found that Norwegian patients often use

the original drugs when they are prescribed by general practitioners (GP).

However, Federman et al. (2007) found that the elderly patients (66+) in the

U.S.A. are less likely use generic drugs when the prescription is made by a

cardiologist compared with a prescription by a GP. General physicians in the

Western United States are more likely to prescribe generics than specialists

(Shrank et al. 2007).

Granlund (2009) found that private physicians in Sweden are more likely

to prohibit generic substitution than publicly employed ones working for fixed

monthly salary. Granlund (2009) concluded that “allowing substitution might

also be time-consuming for the physician, if it worries the patient. Hence, it

could reduce the number of patient-visits per day, which would be more costly

for private physicians, since their income depends on that number.”

Patients who pay large out-of-pocket payments are more likely to

select cost-effective options. Using the dataset of all prescriptions from two

pharmacies in the Swedish municipality of Tierp from 1972-1994, Lundin (2000)

found that patients are less likely prescribed the original drugs when they pay

large out-of-pocket payments. Federman et al. (2006) confirm this result;

pensioners without prescription drug coverage in the U.S.A. are more likely

to use generic. As opposed to the studies previously mentioned, Chen & Wu
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(2008) found that uninsured children were more likely to be prescribed generic

drugs than privately insured patients.

Skipper & Vejlin (2013) found that unemployment has highly significant

effect on drug choice; unemployed patients in Norway have a lower proba-

bility of choosing original drugs. Patient health status is a significant de-

terminant for the decision of generic substitution in Switzerland (Decollogny

et al. 2011). H̊akonsen et al. (2009) assert that the original drugs are more

widespread among people who have insufficient information about generic

drugs in Norway. Farfan-Portet et al. (2012) found that physician loyalty

has a mixed effect on the choice of drugs in Belgium. However, for most drug

groups, Farfan-Portet et al. (2012) found that higher use of generics was associ-

ated with physician loyalty. Decollogny et al. (2011) found that more generics

in the market in Switzerland increased generic use; if additional generics en-

ter the market, substitution rates increase from 8% to 12%. The length of

time a generic has been available in Norway affects generic substitution

(Dalen et al. 2011). In markets with more recent entry of generic drugs, the

patients were more likely to choose the original. Hellerstein (1998) observed

that generics are more frequent among commonly prescribed drugs.

The studies generally found that demand for pharmaceuticals is affected

either by patient characteristics, physician habits or drug characteristics. The

conclusions seem to be area-dependent. Table 2.1 summarizes the results of

the studies.

To estimate the effect of independent variables on the probability to use the

original drugs each study employed a different model. Moreover, each study

used a different type of dataset (all prescriptions from insurance fund, random

sample of drugs, random sample of patients, only specific drugs, dataset from

a survey, patients over 18 years old, prescriptions from a specific physician

etc.). Decollogny et al. (2011) analysed the data provided by a large Swiss

health insurer in 2003 which contained 173,212 dispensed prescriptions. They

employed logistic regression to find the results. The study by Farfan-Portet

et al. (2012) employed the same regression. They used logistic regression for

ten highly prescribed pharmaceutical molecules applying it on the sample of

all general practitioners in Belgium in 2008. Hellerstein (1998) employed a

probit model to estimate the effect of various characteristics on drug choice.

The authors used a dataset which contained all prescriptions of 1,223 American

physicians in 1989.

Other two studies used a model with random effects. Dalen et al. (2011)



2. Literature Review 11

Table 2.1: How patient and drug characteristics affect the probability
of choosing the original

1 2 3 4 5 6 7 8 9 10 11 12

Skipper & Vejlin (2013) -
Decollogny et al. (2011) - - - + +
H̊akonsen et al. (2009) + -
Figueiras et al. (2008) + - +
Bertoldi et al. (2005) - + +
Dalen et al. (2011) + - +
Merino-Castelló (2003) + +
Hassali et al. (2005) + +
Lundin (2000) +
Federman et al. (2007) -
Shrank et al. (2007) - - -
Federman et al. (2006) +
Lambert et al. (1980) + -
Chen & Wu (2008) +

Note: 1=Unemployed person; 2=Number of generics offered in the mar-
ket; 3=Price difference between trade-name and cheapest substitute; 4=Man;
5=Pensioner; 6=Number of different drugs used per year; 7=Educated per-
son; 8=Person is chronically ill; 9=Income; 10=Length of generic availability;
11=Generalist; 12= Coverage
Symbol “+” signifies that variable increases the probability of choosing the
original drug; symbol “-” signifies that variable decreases the probability of
choosing the original drug.

analysed all the prescriptions categorized in 23 different substitution groups

in Norway. They employed a binomial mixed logit model with random effects

to estimate the probability of choosing the original drugs in these substitution

groups. Mott & Cline (2002) employed a random-effects logistic regression of

panel data.

Two studies employed generalized logit. Dataset, which Merino-Castelló

(2003) used in the analysis, contain a total sample of 439 adults from 20 to 65

years old living in Spain. A generalization of conditional logit regression model

was employed for the analysis. Shrank et al. (2007) analysed data covering

prescriptions of chronic medications using generalized estimating equations.

Other studies employed multivariable or multivariate analysis. Federman

et al. (2006) used data from the 2001 Medicare Current Beneficiary Survey and

employed weighted multivariable logistic regression to investigate the results
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from their study. Lambert et al. (1980) employed multivariate logistic regres-

sion on a dataset obtained from the questionnaires of respondents aged 65 years

and older from the U.S.A. Additionally, Skipper & Vejlin (2013) employed a

two-way fixed effects model. Their dataset contained information of all Danish

individuals above the age of 18 in the period from 1998 to 2008.

No analysis about generic substitution exists to this day in the Czech Re-

public. Only Hromádková & Zdenek (2013) examined the effects of introduction

of user charges on the demand for prescription drugs by elderly patients. They

found that after the introduction of user charges the number of prescriptions

and also total pharmaceutical spending decreased. However, field of this study

is different from ours.



Chapter 3

Stylized facts of healthcare

expenditure in the Czech Republic

In 2012, the Czech Republic spent 290,288 million CZK (21 835 million USD

in Purchasing Power Parity (PPP)) on healthcare (OECD 2015). Most of

the healthcare is publicly financed through contributions paid by an employ-

ers, employees, self-employed, voluntary unemployed individuals and state for

economically inactive people, e.g. children, students, unemployed people and

pensioners. Nearly 84% of healthcare expenditure was publicly financed in the

Czech Republic in 2012. As shown in Figure 3.1, this share in the Czech Re-

public is above the average of EU-14 countries (76% in 2012) and also above all

the countries of Visegrad Group, which includes the Czech Republic, Hungary,

Poland and the Slovak Republic.

Figure 3.1: Public health expenditure as a share of total health ex-
penditure in 2012

Data source: OECD Health Statistics

As shown in Figure 3.2, total expenditure on health at PPP per capita in

the Czech Republic (2,029 USD) is below OECD-34 average (3,458 USD), but
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around the level of the Visegrad countries (1,831 USD) each year. Between

2009 and 2011, annual average growth rate in per capita health expenditures

significantly slowed down in all EU countries. Figure 3.3 shows that growth

rate in per capita health expenditures was negative between 2009 and 2011

in the Czech Republic, health spending decreased by 0.8%. This drop was

caused by the economic crisis resulting in introduction of a number of govern-

ment measures which were designed to cut public spending. Therefore, since

2009 health spending has been substantially decreasing each year in many EU

countries including the Czech Republic.

Figure 3.2: Trends in health expenditure per capita in USD PPP from
2000 to 2011 in OECD countries

Data source: OECD Health Statistics

Figure 3.3: Annual average growth rate (%) in per capita health ex-
penditure, real terms, 2000 to 2011 (or nearest year)

Data source: OECD Health Statistics

However, since the beginning of the economic crisis GDP has dropped faster

than health spending in the Czech Republic. Health spending accounted for

6.8% of GDP in 2008, compared with 7.8% in 2009 (Table A.1). The health

spending to GDP ratio increased considerably after 2008 and reached a peak
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in 2009. This increase is mainly caused by the rapid decline in GDP at the

beginning of the economic crisis and also caused by the fact that insurance funds

had enough reserves not to be forced to markedly decrease health expenditure.

After 2010, the total health expenditure as a share of GDP decreased and

then stabilized around 7.5%. The same trend can be observed in most OECD

countries (Table A.1).

Total health expenditure in the Czech Republic as a share of GDP is still

relatively low (7.5% in 2011) compared to OECD-34 average (9.2% in 2011)

(Figure 3.4). Share of health spending to GDP in the Czech Republic is also

below average of the Visegrad Group (7.6% in 2011).

Figure 3.4: Health expenditure as a share of GDP, 2011

Data source: OECD Health Statistics

3.1 Pharmaceutical expenditure

Because of high research and development cost for new drugs, aging population

(Table A.2) and rising drug consumption, drug expenditures account for a

significant share of the total health expenditures in many countries. Figure 3.5

shows that 19% of health spending was allocated to pharmaceuticals in the

Czech Republic in 2011, which is above average of OECD23 countries (16%)

but below average of Visegrad countries (25%). Pharmaceutical expenditure

published by the OECD includes full price (wholesale price, pharmacy margins

and VAT) of both prescribed as well as over-the counter medicines. However,

this reported pharmaceutical expenditure does not cover the costs of drugs used

in hospitals; therefore the pharmaceutical expenditure published by the OECD

is undervalued.
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Figure 3.5: Pharmaceutical expenditure as a share (%) of total health
expenditure 2011

Data source: OECD Health Statistics

As shown in Figure 3.6, expenditure on pharmaceuticals as a share of total

health expenditure in the Czech Republic has decreased markedly since 2005,

falling from 25% in 2005 to 18% in 2012. This is mainly due to government

measures to curb healthcare expenditures during economic crises and due to

growing share of generic market. Government measures which influence phar-

maceutical market include generic substitution, restriction on the quantity of a

drug purchased, exclusion of some pharmaceuticals from reimbursement, user

fees for prescribed pharmaceutical and a “positive lists of pharmaceuticals”

(Table 3.1).

Figure 3.6: Trends in pharmaceutical expenditure as a share (%) of
total health expenditure in the Czech Republic

Data source: OECD Health Statistics

Generic substitution effectively reduces pharmaceutical expenditures. Sub-

stituting original drugs with their generic equivalent is an effective way to slow

the increasing pharmaceutical costs without impacting quality of care. Share

of generics accounted for 34.4% of the volume of all pharmaceuticals sold in the

Czech Republic in 2011, which is below average of OECD-19 countries (40.5%)
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Table 3.1: Government measures

Government measure Description Year of im-
plementation

Generic substitution The pharmacist may dispense any
substitute of the drug.

2008

Restriction on the quan-
tity of a drug

Number of packages of a certain
pharmaceutical is limited to a sin-
gle patient because of a threat of
illegal trading.

2009

Exclusion of some phar-
maceuticals from reim-
bursement

Some pharmaceuticals are now
available in the market also with-
out prescription but the patient
has to pay full price.

2012

User fees for prescribed
pharmaceutical

Patients were subject to 30 CZK
co-payment for prescription in the
period January 2008 – December
2014.

2008

Positive lists of pharma-
ceuticals

Some insurance funds recommend
physicians to prescribe pharma-
ceuticals from these lists.

2013

(Figure 3.7). This could be caused by the low promotion of the availability of

generic drugs in the Czech Republic.

Figure 3.7: Share of generics in the total pharmaceutical market, 2011
(or nearest year)

Data source: OECD Health Statistics

In absolute terms, 373 USD per capita was spent on pharmaceuticals in
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the Czech Republic in 2012 (this makes 4 billion USD in total); 293 USD

per capita on prescribed pharmaceuticals and 81 USD per capita on over-the-

counter pharmaceuticals. As opposed to the total expenditure on pharmaceu-

ticals as a share of total health expenditure which has been decreasing over the

last years, the trend of the pharmaceutical expenditures per capita has been

inconclusive (Table 3.2).

Table 3.2: Pharmaceutical expenditure per capita in USD

2005 2006 2007 2008 2009 2010 2011 2012

Denmark 266 297 320 324 322 333 300 266
Estonia 198 226 239 277 322 277 280 272
Poland 240 254 263 285 311 317 326 319
Luxembourg 380 405 408 406 430 390 359 325
Norway 389 399 393 395 385 399 388 357
Czech Republic 365 354 356 360 395 375 394 373
Slovenia 408 429 420 446 462 464 471 433
Finland 413 405 430 467 463 449 446 436
Sweden 396 427 449 472 472 464 474 443
Spain 456 487 509 541 560 556 536 500
Austria 447 482 511 548 517 525 533 520
Switzerland 427 442 471 500 523 513 531 531
Hungary 435 467 444 474 509 545 564 541
France 545 568 595 613 634 637 641 615
Belgium 540 545 567 610 633 641 631 627
Germany 505 525 559 596 622 640 633 632

Data source: OECD Health Statistics

In comparison with other EU countries, pharmaceutical expenditures per

capita are relatively low in the Czech Republic (Table 3.2). Differences in

spending per capita on pharmaceutical across countries are due to the amount

of pharmaceuticals that are consumed, GDP per capita, regulatory approaches

(some policies encourage physician to prescribe and pharmacists to dispense

generic versions of drugs), level of VAT, pharmacy margin, the mix of phar-

maceutical products (brands versus generics), and their prices (Kanavos et al.

2011).

Although pharmaceutical expenditure per capita are relatively low in the

Czech Republic, the consumption of antihypertensive and antidiabetic medica-

tions per capita is higher in comparison with other OECD countries. Figure 3.8

and Figure 3.9 show that each day 1 000 people in the Czech Republic used
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438 DDD (defined daily dose) of antihypertensive medications and 76 DDD

of antidiabetic medications. This volume is one of the highest among OECD

countries.

Figure 3.8: Hypertension drug consumption in DDD per 1000 people
per day, 2011 (or nearest year)

Data source: OECD Health Statistics

Figure 3.9: Antidiabetics consumption in DDD per 1000 people per
day, 2011 (or nearest year)

Data source: OECD Health Statistics

There is variation in coverage of pharmaceutical costs between countries.

Pharmaceutical payments accounts for half of all out-of-pocket healthcare ex-

penditures of households in the Czech Republic. The degree of pharmaceutical

coverage in the Czech Republic is lower than average of OECD-22 countries

(37%) and almost at the same level as countries of the Visegrad Group (50%)

(Figure 3.10).
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Figure 3.10: Share of out-of-pocket medical spending by services and
goods, 2011)

Data source: OECD Health Statistics



Chapter 4

The pharmaceutical market in the

Czech Republic

In the Czech Republic, the pharmaceutical market is regulated by the State

Institute for Drug Control (SUKL), the Ministry of Health of the Czech Repub-

lic and the Industrial Property Office. SUKL is an administrative institution

established by the Act no. 79/1997 Coll. which is under the control of the

Ministry of Health, and its main activities are drug registration, quality con-

trol of medications, price control of medical products and decision on the level

and conditions of drug reimbursement from the public health insurance. Since

January 2008, SUKL also regulates pharmaceutical expenditure which was pre-

viously carried out by the ministry of Finance and Health. The Ministry of

Health is responsible for public health insurance, ensuring health care access,

support of health research activities, controlling health facilities etc. The In-

dustrial Property Office is responsible for industrial property protection and

acts as a patent and trademark office.

In order to enter the Czech pharmaceutical market, medical products have

to be registered either via centralized registration valid for all EU member

states or national registration made by SUKL which applies only for the area of

the Czech Republic. The authorisation procedure made by SUKL starts with

application submission and includes assessment of documentation about the

safety, efficacy, quality and other characteristics of the pharmaceutical product

which producers have to supply. Upon application the pharmaceutical company

pays a submission fee and decision is issued within 30 to 210 days according to

the type of registration and the type of drug.

In the pharmaceutical market, there are two types of drugs: the original
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pharmaceutical product, and its generic product. SUKL defines the first drug

containing certain active chemical substance in the Czech market as the orig-

inal pharmaceutical product and other pharmaceuticals with the same active

substance which enter the market later as generic products. The original drug

as classified by SUKL does not have to be the same as the original certified

drug abroad under patent protection because the first product which enters

the Czech market is always classified as the original even if it is considered a

generic abroad. Consequently, a product may be classified as original abroad

but classified as the generic in the Czech Republic based solely on when it

entered the Czech market. Therefore, the original drug according to SUKL

is the first one present in the market and a subsequent entrance is a generic

regardless of a patent protection abroad.

Another obligation of the SUKL is to decide whether a pharmaceutical

product will be reimbursed. The institute accepts applications for setting of the

reimbursement. Application formats are not same for the generic product and

the original pharmaceuticals (paragraph 39f and 39g of the Act No. 48/1997

Coll.). The application for reimbursement of a generic product is simpler than

the application for reimbursement of the original product. It includes a shorter

procedure and the applicant does not submit the results of pharmacological and

toxicological tests or clinical trials. The applicant only has to prove that the

generic drug is “bioequivalent” to the original drug. And also the application

fee for generics is lower than application fee for the original pharmaceuticals.

To regulate the pharmaceutical market, the Czech Republic regulates prices

and also sets reimbursement levels for pharmaceutical products, i.e. the share

of price which is paid for by the insurance company. Pricing and reimbursement

of pharmaceutical products are regulated mainly by the Act on Public Health

Insurance (Act No. 48/1997 Coll.). However, there are some other regulations

that play a role.1

1the Decree No. 376/2011 Coll., the Decree No. 384/2007 Coll., the Decree No. 63/2007
Coll., the Decree No. 378/2007 Coll. etc., Price Regulation and Decision of the Ministry of
Health – 1/2013/FAR and 1/13-FAR are currently in force and published on the basis of the
Act on the Competences of the Bodies of the Czech Republic in the Pricing Area (Act No.
265/1991 Coll.), the Act on Prices (Act No. 526/1990 Coll.) and the Act on Public Health
Insurance (No. 48/1997 Coll.)
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4.1 Price regulation

In the Czech Republic, only the price of reimbursed pharmaceuticals, those

which are covered from the system of public health insurance, are regulated.

Prices of non-reimbursable pharmaceuticals are not regulated; non-reimbursable

pharmaceuticals are subject to free market price competition. There are about

9,000 reimbursable drugs registered in the Czech Republic, but in reality there

are only 6,000 pharmaceutical products traded in the Czech market (MZCR

2012a) because drugs are mostly registered globally in all EU member states

regardless of whether the drug is traded in individual countries. Besides, there

are over 50,000 non-reimbursable drugs but only 2,000 drugs registered are

traded in the Czech Republic.

Price regulation consists of two components: setting the maximum ex-

factory price of a drug and regulation of the maximum distribution mark-up.

There are two groups of pharmaceuticals for which a regulation mix differs.

Drugs in the first groups are regulated by maximum ex-factory price and also

by the maximum mark-up scheme. Drugs in the second group are regulated

only by the mark-up scheme. A drug is not regulated by the maximum ex-

factory price when there are at least four pharmaceuticals with the same active

substance and the same route of administration from at least four different

producers in the Czech market (MZCR 2012a). Of 9,000 reimbursable phar-

maceuticals, half of them are regulated by the maximum ex-factory price.

4.1.1 The maximum ex-factory price

The maximum ex-factory price of a pharmaceutical product is set as the aver-

age of three lowest manufacturing prices of the particular drugs in the reference

countries (paragraph 39a of the Act No. 48/1997 Coll.). Reference countries

include all EU member states except Austria, Bulgaria, Cyprus, the Czech

Republic, Estonia, Germany, Luxembourg, Malta and Romania. If the phar-

maceutical is not marketed in at least three reference countries, the maximum

ex-factory price is computed as an average of three lowest manufacturing prices

of the given pharmaceutical in all member states of the EU. If none of these

conditions is met, the maximum ex-factory price is defined as the average of

three lowest prices of the nearest therapeutically comparable pharmaceutical

available in the Czech Republic or possibly in the reference states. This process

of setting the ex-factory price is called the process of external price reference.
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One exception is setting the maximum price for the first and second generic

product. If a generic drug manufacturer commits to delivering the product

to the Czech market, the SUKL determines the maximum price for the first

generic as a reduced maximum price of the original product by 25 percent and

maximum price for the second generic product is furthered lower by additional

10 percent (32,5% overall) (MZCR 2010).

4.1.2 The maximum distribution mark-up

The maximum mark-up level is the distribution margin by which all whole-

salers and pharmacists may increase the ex-factory price for the end-user. The

mark-up rate is determined by the Ministry of Health, and it is expressed as

the percentage of the ex-factory price. This scheme has a regressive character

– for the higher ex-factory price the mark-up ceiling is lower (1/2013/FAR). As

shown in Table 4.1, maximum distribution margin varies from 4 to 37 percent

for different pharmaceutical products. This margin is remuneration for phar-

macists and distributors that introduce the product to the Czech market, and

it should cover their costs. However, the sum of all wholesaler and pharmacist

margins cannot exceed the established maximum margin. In practice, there are

four subjects (one pharmacy and on average three distributors) who share the

maximum mark-up amount among themselves and mostly the pharmacy takes

the largest part of the maximum mark-up (MZCR 2012a). The product is not

usually priced at the maximum mark-up (i.e. at the maximum possible price),

which differentiates the price for which it is sold in different pharmacies. As

a result, the maximum pharmacy retail price consists of ex-factory price, fixed

wholesale and pharmacy margins and the VAT which is currently 10% on all

medical products.

Table 4.1: Maximum distribution margin

Maximum Price from (in CZK) Maximum Price to (in CZK) Mark-up
0 150 37%

150,01 300 33%
300,01 500 24%
500,01 1 000,00 20%

1 000,01 2 500,00 17%
2 500,01 5 000,00 14%
5 000,01 10 000,00 6%

10 000,01 9 999 999,00 4%
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There is one exception to price regulation. Individually prepared pharma-

ceutical products are not regulated by the above mentioned procedure. These

products are regulated, such that the maximum price is the sum of the maxi-

mum prices of drugs contained in individually prepared products (1/2013/FAR

section 4 and paragraph 6 of the Act No. 526/1990 Coll.).

4.2 Setting the reimbursement level

In the Czech Republic, the reimbursement rate of pharmaceutical products is

determined by the “reference reimbursement system”. The baseline reimburse-

ment is set separately for each reference group by one of several procedures.

Two widely applied methods are external and internal reference.

To set reimbursement through the external reference system, prices of all

products classified in the particular reference group in the Czech Republic

are compared across all EU member states. The cheapest product in any EU

country then determines the reimbursement level (paragraph 39c of the Act No.

48/1997 Coll.). This process takes into account only pharmaceuticals available

in the Czech market which constitutes three percent of the total sales of phar-

maceutical products from one reference group in the previous three months. If

the lowest price is more than 20% lower than the average of the second, third

and fourth lowest EU prices, then reimbursement amount is determined as the

average of four cheapest products in the EU (SUKL 2012). Furthermore, if

some drug has no therapeutically interchangeable substitute, this pharmaceu-

tical product forms the reference group of one drug.

Consequently, all international prices are recalculated to the defined daily

dose of the pharmaceutical product and adjusted for any differences in the

amounts of value added taxes and margins between the countries, wholesalers

and pharmacists. The SUKL then defines a base daily dose. Drugs of different

strengths, i.e. amount of active substances, are adjusted by being multiplied by

a coefficient set by the SUKL (MZCR 2012b). As a result, all pharmaceuticals

within the same reference group should have the same reimbursement price for

a defined daily dose.

However, the Ministry of Health sets two lists of groups of reimbursed phar-

maceuticals. The first list is determined by the “reference reimbursement sys-

tem” where pharmaceuticals that are therapeutically interchangeable create

one reference group (Act No. 48/1997 Coll., on Public Health Insurance). A

list of reference groups is determined by the executive regulation (the Decree
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No. 384/2007) which sets about 200 reference groups of pharmaceutical prod-

ucts.

The second list of specific groups of drugs is listed in Annex No. 2 of the

Act on Public Health Insurance (Act No. 48/1997 Coll.). It serves for internal

reference, according to which one medicament in each group in Annex No. 2

is to be fully paid by the health insurance (in most cases, the cheapest generic

from the defined group). The groups in Annex No. 2 are not always the same

as the reference groups. Every group in Annex No. 2 is a cluster of drugs

which are rather administratively similar than therapeutically bioequivalent.

Groups in Annex No. 2 were originally created only as a list of drugs which

were reimbursed by health insurance, and later it was decided that one drug in

each group of Annex 2 must be fully paid.

If, after application of external reference system, there is any group from

Annex No. 2 without at least one fully covered pharmaceutical, reference price

for this group is not set according to the international price comparison but the

amount of reimbursement increases and reimbursement level is set according

to the cheapest pharmaceutical in this group (paragraph 39c of the Act No.

48/1997 Coll.). Therefore all pharmaceuticals within the same reference group

may not have the same reimbursement price for a defined daily dose.

It is possible to set extra bonus or negative bonus (malus) to basic reim-

bursement for a unique drug because of its better efficacy, safety, etc. (para-

graph 39b(11) of the Act No. 48/1997 Coll.). Moreover, in addition to the

basic reimbursement level, a specific reimbursement level may be set to reflect

a particular patient or indication. For example, there are some medications

that are reimbursed more for some particular patients (e.g. children).

In case of inpatient care, the health insurance companies fully reimburse

pharmaceutical expenses; there is no direct payment from patients. How-

ever, there is a budget restriction on the drug expenditure for each health

care provider who is charged to discourage overspending. Therefore, hospitals

and other health care providers buy the cheapest pharmaceutical products in

the market and often announce buying via public tenders.

In general, patients are covered by the health insurance company only up to

the reimbursement level of a pharmaceutical product (drug, aid, etc.). Thus,

patients pay a co-payment which is equal to the difference between the con-

sumer price of a drug and the reimbursement. Additionally, patients were

subject to 30 CZK co-payment for prescription in the period January 2008 -
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December 2014. However, this year, 30 CZK co-payments for prescription were

abolished due to political reasons.



Chapter 5

Industry Background

The pharmaceutical market is a large international industry in which prices

of products are usually high. Hellerstein (1994) mentions that high prices of

pharmaceuticals are the result of high and rising cost of prescription phar-

maceuticals in the perfectly competitive market or it is the result of market

imperfections. The first reason would be explained by rising research and de-

velopment costs and the second reason would be due to existing regulation in

the pharmaceutical market all over the world.

Moreover, the pharmaceutical market is characterized by information asym-

metries between physicians and patients and uncertainty about drug effective-

ness. All medical knowledge held by the physician does not have to be provided

to the patient and every medicament can have different effects on different

patients due to varying underlying health and psychological circumstances.

For these reasons, the pharmaceutical market has always been of interest to

economists as the specific market which should be analyzed.

Demand for pharmaceutical products is different from the standard con-

sumer decision making task. For pharmaceutical products, the consumer does

not maximize a utility function under a budget constraint, because the choice

and payment for the product are not often made by consumer. The physician

is often the one who makes decisions about drug choice. The consumer does

not pay the full price of the pharmaceutical, part of the pharmaceutical price

is reimbursed by the insurance company, and as a result, the consumer does

not face the true product costs.

Most of the literature, for example Ellison et al. (1997), Merino-Castelló

(2003), Hellerstein (1994), Wosinska (2002), highlight that the purchase of

drugs is not a simple one-stage budgeting problem, but it is a two-stage decision
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process which models the final demand for pharmaceuticals. (1) Within the

decision making process, a physician writes a prescription for a drug. The

physician is core of the system, the person who decides on the treatment.

(2) Then a pharmacist dispenses the drug. And finally, a patient consumes

the product. The price of the product is shared between the patient and the

insurance company.

In the first stage, a physician is the main decision-maker, and the physician’s

behavior is influenced both by the patient and insurance companies. Insurance

companies can establish a list of preferred drugs (“positive list”) which should

be prescribed by the physicians. However physicians should choose the phar-

maceutical product which maximizes health outcome of the particular patient

taking into account patient and drug characteristics regardless of the positive

list.

However, physicians often do not know market prices of all drugs available.

Ellison et al. (1997) highlight that although the price should be one of the main

factors influencing drug prescription, some evidence indicates that physicians

do not have sufficient knowledge about prices and cost in the pharmaceutical

markets. Hellerstein (1994) noted that the lack of knowledge of drug prices

can be caused by the fact that acquiring information is not costly. Searching

for a new drug and its price takes physician’s time. Moreover, the physician

may also need time to gain confidence in the effect of a new pharmaceutical

product.

Therefore, physicians often believe the opinion of their colleagues, medical

literature, supplier of the drugs, and the experience of other patients they

have treated (Wosinska 2002). Additionally, brand loyalty plays an important

role in deciding which pharmaceutical product will be prescribed. Hellerstein

(1994) and Merino-Castelló (2003) concluded that physicians tend to prefer one

drug from the group of substitutes simply as a matter of habit regardless of

characteristics of patients, quality of drug or existence of cheaper alternatives.

Physicians are not exposed to expenditures of the pharmaceutical products

that they prescribe, and they do not benefit financially from the choice of the

cheaper substitutes. Ellison et al. (1997) and Wosinska (2002) discussed that

any observed price sensitivity is demonstrated by the patient and insurance

company, not the prescribing physician. Finally, even if the physician takes into

account all information about pharmaceutical costs imposed to patients, there

would be moral hazard associated with third party payer, insurance company,

which also bears some cost of prescription (Hellerstein 1994). Thus, physicians
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tend to makes less cost effective prescription decisions because they cannot

behave as a perfect agent for both the patient and insurance company.

Merino-Castelló (2003) noted that these problems can result in two in-

efficient situations in the pharmaceutical market: under-treatment or over-

treatment. If a patient receives a cheaper treatment than necessary, the result

is under-treatment. If a patient receives an expensive treatment when a cheaper

one would be sufficient, the result is a over-treatment known as a supplier in-

duced demand.

In the second stage of the decision process, the pharmacist dispenses the

drug which is prescribed. Many countries, including the Czech Republic in

2008, have enacted a permissive generic substitution law in the previous years

which allows pharmacists to substitute cheaper pharmaceutical product with

the same therapeutically equivalent effect for the product prescribed if substi-

tution is not explicitly prohibited by the physician on the prescription. Thus,

patients may override doctor’s decisions and follow their pharmacist’s advice.

This changes the physician-directed system to patient-directed system.

The advantage of the patient-directed system is that dispensing pharma-

cists are aware of relative prices, and patients can behave according to their

price elasticity. In this stage of the process, the patient has to decide whether

they consume the drug prescribed by the physician or accept generics which

are usually cheaper. Evidence supporting the impact of pharmacists’ sugges-

tions on generic substitution in the literature has been inconclusive. Ellickson

et al. (2001) found that in most cases patients consume the drug which is pre-

scribed by the physician and do not take advantage of the generic substitution

in the pharmacy. They also highlight that the rate of substitution depends

on the type of drug and disease which is treated. Moreover, Merino-Castelló

(2003) determined that young patients are easier influenced by a pharmacist’s

recommendation. The elderly and chronically ill are more influenced by their

physician’s expert inducement.

Finally, Ellison et al. (1997) analyzed the demand for pharmaceutical prod-

ucts and determined that there is some price sensitivity at both stages of the

process: at the prescribing level as well as dispensing level. However, they iden-

tified stronger evidence at dispensing stage. In contrast, Stern (1995) found

lower price sensitivity at the dispensing stage than in the prescribing stage.

Therefore, we can conclude that both stages are important in modelling the

demand for pharmaceutical products, but the level of importance differs across

regions.
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Data

6.1 Data sources

The data for our analysis were extracted from various sources. The main

dataset was provided by the Ministry of Health of the Czech Republic and

contains all pharmaceuticals dispensed in the Czech Republic during the pe-

riod 2009-2013. Dataset contains information on the entire Czech population.

Each record, i.e. prescribed and dispensed pharmaceutical, includes patient

characteristics such as age of the patient, sex, place of residence, insurance

company, total annual health care expenditures of a patient, total annual num-

ber of prescriptions of a patient and drug characteristics such as product name,

number of packages, dispensing date, purchase date and so on. This dataset

contains over 90 millions observations.

Lists of medical products released by the SUKL (2009-2013) provide us with

further information about drugs, such as producer’s trade names, release date,

Anatomical Therapeutic Chemical (ATC) code, dosage, package size, pharma-

ceutical form (tablets, drops etc), administration route (oral, inhalation, nasal

etc), strength, price, reimbursement and so on. This information will be used

to identify groups of substitutes and post-patent markets.

Using the information provided by the Charles University’s Faculty of Phar-

macy, we get information about patents for pharmaceuticals, which was used

to identify brand-name drugs and generics. Faculty of Pharmacy helped us

identify and drop substitution groups in which generic substitution is not rec-

ommended.1

1For example when the process of absorption of the active substance into the patient’s
body is important.
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6.2 Data Preparation

As the first step, we merged the data from various sources and adjusted this

extensive dataset in the following way:

• We identified corresponding generics to each original drug. These gener-

ics represented substitutes of the previously patented drug and are cat-

egorized into substitution groups. Each substitution group is thus iden-

tified by the original pharmaceutical and all its corresponding generics.

Generic version denoted a pharmaceutical with the same active substance

(ATC group), pharmaceutical form (tablets, drops etc) and administra-

tion route (oral, inhalation, nasal etc) as the original.

• Only substitution groups in which the original competes with at least

one generic in the Czech pharmaceutical market entered the analysis.

We excluded drugs with missing generic versions.

• Using the date of entry of the first generics into the market, we identified

the post-patent period, i.e. the period when the patent has already ex-

pired and patients may substitute in favour of a generic product. Due to

technical constraints, we used only substitution groups where the date of

entry of the first generics into the market is before 2009.

• We kept only the substitution groups in which the original drug entered

the Czech market earlier than generic pharmaceutical. If generics entered

the market first, results of the analysis may be biased, because the people

might not recognize what the original and a generic is.

• We dropped substitution groups in which generic substitution is not ap-

propriate (for example when the process of absorption of the active sub-

stance into the patient’s body is important). In these substitution groups,

it is likely that the doctor encourages the patient not to change the phar-

maceutical or even prohibits generic substitution.

• We excluded patients under 18 years. Children do not choose drugs them-

selves and therefore their characteristics do not influence the drug pur-

chase.

The dataset contains drug consumption in the Czech Republic between 2009

and 2013. Each case represents one drug prescription. The final dataset consist

of a total of 16,836,334 prescriptions issued to 4,984,982 patients aged between
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18 and 107 years old. The prescriptions form 11 substitution groups, which

contain 96 different drugs regardless of the strength and package size. When

distinguishing the strength and package size, there are 496 drugs in our dataset.

6.2.1 Robustness check

For the robustness check, we transformed our dataset into a panel data with

cross sectional component “ID of the patient” and dimensionless time unit.

Because of all positive or all negative outcomes, 9,417,565 observations (56%

of the sample) were dropped. Only patients whose values of the dependent

variables have changed across time are included into the analysis. We are left

with the 779,211 patients and 7,418,769 observations in total.

6.3 Dependent variable

The dependent variable in the model denotes a choice of pharmaceuticals in

the market where both the original and generics are available. It is a dummy

variable which takes a value 1 if the original is chosen and 0 if its generic version

is chosen.

6.4 Independent variables

Patients are characterized by socioeconomic variables including sex, age, in-

come of the region where the patient lives respecting one’s gender (Nomencla-

ture of Territorial Units for Statistics (NUTS)); patients are also characterized

by treatment complexity which is captured by individual public health expen-

diture and the number of different drugs used per year. Drugs are characterized

by their purpose, i.e. whether prescribed against acute or chronic disease, the

number of years since patent protection of the original expired, the number of

generics available, and price differential between the original and its cheapest

generics.

6.4.1 Patient characteristics

• Dummy variable Pensioner takes the value one if a man is aged over 61

years or woman is aged over 59 years. This is the average of retirement age
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in the Czech Republic according to Eurostat (2009). Variable Pensioner

serves as a proxy for patients’ attitudes towards, or knowledge of the

possibility of generic substitution. Shrank et al. (2007), Bertoldi et al.

(2005) and Nelson Jr & Gagnon (1975) found that older patients are

more likely to change demand to generic drugs from original drugs. On

the contrary, Decollogny et al. (2011), Dalen et al. (2011), Koulayev et al.

(2013) and Figueiras et al. (2008) found that older people in Switzerland

have lower substitution rate; older people are more likely to remain loyal

to the original drug because they worry about the efficacy of the new

drug. They think that these drugs are less effective than original drugs.

From the previous studies, we can conclude that the influence of age is

mixed. On one hand, brand loyalty is probably increasing with age. On

the other hand, older people are usually price elastic because they have

lower incomes. In the Czech Republic, we expect that the negative effect

of the variable Pensioner overweighs. In the Czech Republic, older people

tend to have lower incomes, and therefore they prefer generic drugs, which

usually have a lower price.

• Dummy variable Expenditures takes the value one if individual health care

costs paid from the public funds are above the average public health care

costs per capita in the Czech Republic (23,329 CZK in 2009 according to

UZIS (2013)). Higher health care expenditures are proxy for poor health

status, such as complications or operations. We expect a positive effect

of this variable because people with poor health status are mostly brand-

loyal customers. They also worry that cheaper drugs may worsen their

health conditions as found by Decollogny et al. (2011). Tootelian et al.

(1988), Ganther & Kreling (1999), Figueiras et al. (2008) showed that

people with poor health status are less likely accept the generics.

• Dummy variable Sex takes on the value one for males and zero for females.

We expect negative sign of this variable which is consistent with Heller-

stein (1994), Lambert et al. (1980), Koulayev et al. (2013). Women have

more comorbidities than men, which is supported by Roter et al. (1991)

or van Wijk et al. (1992). Women do not want to use a cheaper substitute

because they worry the drug may cause their health to deteriorate.

• Variable Income denotes average hourly wage at the level of the region

where patients live, respecting their gender. Average hourly wages are
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published by the Ministry of Labour and Social Affairs of the Czech Re-

public (MPSV 2009-2012). The variable Income is not proxy for real

individual income.2 Variable Income only controls for unobservable re-

gional characteristics similar to Farfan-Portet et al. (2012). When data

on individual income and other alternatives are not available, wage at

the level of the region where patients live is commonly used in healthcare

research as suggested by Shrank et al. (2007). We suppose a negative

influence of this variable as suggested by Shrank et al. (2007). Patients

living in high-income zip codes are more likely to use generics than pa-

tients in low-income regions. Similarly, Muirhead (1994) and Nelson Jr

& Gagnon (1975) assert that patients with lower income are more likely

to have negative beliefs about the quality of the generic version of the

product.

• Variable Drugs indicates the number of different drugs used per year. It

serves as a proxy for treatment complexity and existence of comorbidity.

Variable Drugs captures an additional effect not accounted for by the

variable Expenditure. A person taking multiple drugs may not necessarily

have higher than average expenditure on health care. Higher costs are

associated with technically demanding operations rather than multiple

drugs. The patients who take multiple drugs may be more experienced

in generic substitution, and therefore they may be more likely to use the

cheaper substitute. However, H̊akonsen et al. (2009) and Decollogny et al.

(2011) found that a negative attitude towards generics increases with the

number of prescribed drugs. We expect the same effect of our analysis.

6.4.2 Drug characteristics

• The length of generic availability is measured by a variable Patent. It is

a difference between the year of observation and the year in which patent

expired i.e. the market opened for generics. This variable controls for the

differences in the maturity of market competition. We suppose negative

influence of this variable. The longer the market is opened, the larger is

the probability of drug substitution as supported by Dalen et al. (2011).

• Variable Chronic is a dummy variable taking the value one if the drug

is used against chronic illnesses and zero otherwise. It provides another

2Data on education and real individual income are not available in our dataset.
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measure of patients’ overall health status, indicating whether the per-

son is chronically or just occasionally ill. We expect a positive effect of

this variable as found by Tootelian et al. (1988), Merino-Castelló (2003),

Figueiras et al. (2008), Hassali et al. (2005) and Himmel et al. (2005).

People with chronic illness may be concerned about the efficacy of a

cheaper version of the drug.

• Variable Market indicates the number of generics offered in the market

in each substitution group. This variable serves as a proxy for the level

of openness of the particular market. We expect the same effect as found

by Decollogny et al. (2011) who observed higher use of generics among

substitution groups containing many generics.

• Variable Price represents price differences between original drugs and the

cheapest substitutes in each substitution group. To calculate the price

difference, maximum possible prices that patients could pay in the phar-

macy as of November 2014 were used. However, maximum possible price

often differs from the real prices across pharmacies. Appelt (2010) and

Heikkilä et al. (2007) highlighted that price is the main reason for choos-

ing generic version. On one hand, difference in price between original

drug and cheapest generic drug may increase use of generic drug (Decol-

logny et al. 2011). On the other hand, people may be suspicious when

generic drug is too cheap (Lambert et al. 1980). The final decision de-

pends on whether consumers believe that price reflects the quality of the

product or consumers’ price elasticity.

6.5 Summary statistics

Correlation matrix in Table A.3 shows that there is no strong correlation be-

tween any two independent variables. Only a moderate positive relationship is

between variable Chronic and Market size. Other variables do not report any

statistically significant relationship.

Summary statistics of all variables are provided in Table 6.1.

• There is a greater proportion of the generic drugs than the original

patented products. Since most of the original drugs have more than two

substitutes, generic pharmaceuticals cover a higher share of pharmaceu-

tical market. Generic pharmaceuticals correspond to 66% of the dataset
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Table 6.1: Summary Statistics

Variable Mean Median Std. Deviation Minimum Maximum

Age 61.375 63 15.882 18 107
Original 0.339 0 0.473 0 1
Pensioner 0.583 1 0.493 0 1
Sex 0.433 0 0.496 0 1
Expend. 0.463 0 0.499 0 1
Chronic 0.572 1 0.495 0 1
Patent 5.417 5 1.945 1 12
Market 12.801 13 8.570 2 23
Drugs 4.219 4 2.722 1 40
Income 153.432 151 17.241 54 220
Price 299.116 298 181.019 66 763

Table 6.2: Summary statistics by sex – Mean

Original Pensioner Expend. Chronic Patent Market Drugs Income Price Age

Woman 0.3390 0.6346 0.4984 0.5121 5.4037 12.1232 4.3319 148.3774 300.2596 62.4924
Man 0.3388 0.5144 0.4169 0.6497 5.4347 13.6879 4.0705 160.0482 297.6179 59.9111

(Table 6.1). There is also greater proportion of prescriptions of generics

for both sexes (Table 6.2).

• In our dataset, the average age of a patient is 61 years. Since older people

took more medicine, more drugs are used by elderly. 58% of all prescribed

drug was used by pensioners in our sample (Table 6.1). The average age

of women is 62 years and average age of the men is 60 years (Table 6.2).

• The average length of generic availability is 5.5 years.

• Almost 50% of people in our sample have above average health expendi-

ture per capita.

• According to the mean of the variable sex, more prescriptions were issued

to females than males. It may reflect worse health status of women who

then buy more drugs.

• 57% of all prescriptions were drugs against chronic illness.

• The average patient takes four different drugs per year.

• Average hourly wage is 153 CZK.

• A substitution group contains 13 different generic drugs on average.
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• An average price difference between the original and the cheapest generic

drug is 299 CZK.
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Methodology

The main research part analyzes demand for drugs available only on prescrip-

tion, when both the original (previously patented) product and its generics are

present in the market. We estimate a logistic regression model with a binary

outcome variable named original and nine predictors. The model takes the

following form:

Dit = α + βxit + γzit + εit (7.1)

where Dit is a dummy variable for an original drug sold; xit is a matrix

of characteristics of the patient; zit is a matrix of information available on

the product and εit is the error term. Subscriptions i ∈ {1, . . . , I} and t ∈
{1, . . . , T} denote cross-sectional and time dimensions of the observations in

the pooled panel.

Variance of ε is assumed to be equal to
Π2

3
and a binary logit model is

defined as (Long & Freese 2006):

Pr(y = 1|x, z) =
exp(α + βx+ γz)

1 + exp(α + βx+ γz)
(7.2)

Binary models use maximum likelihood estimation which is obtained by iter-

ative methods where β̂ is computed by maximization of log-likelihood function

and function Q(β) is log-likelihood function for N independent observations.

Q(β) =
N∑
i=1

T∑
t=1

[
yitlnF (xTitβ) + (1− yit)ln

{
1− (xTitβ)

}]
(7.3)

Our model measures the probability of using the original drug p despite

the presence of cheaper generics given patient and drug characteristics in the
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Czech pharmaceutical market. In other words, we investigated the importance

of patient and drugs characteristics for choosing the original drug rather than

generics. Both the coefficients and odds ratio will be reported. The value

of the odds ratio is the exponential function of the coefficient. Odds ratios

are interpreted as the change in the probability of using the original drug as

compared to the probability of using generic drug for a one-unit change in the

independent variable.

odds(Y = 1) =
Pr(Y = 1)

Pr(Y = 0)
=

Pr(Y = 1)

1− Pr(Y = 1)
(7.4)

A positive regression coefficient suggests that with increasing value of inde-

pendent variables, a patient is more likely to use the original than a generic.

A negative regression coefficient means that with an increase in value of inde-

pendent variables, a patient is less likely to use the original. coefficients close

to zero indicate that the independent variable does not affect the dependent

variable.

Additionally, we evaluated goodness of fit of the model by the Hosmer-

Lemeshow specification test where null hypothesis is that the data fit model

well. The Hosmer-Lemeshow test statistic is:

Ĉ =

g∑
k=1

(Ok − n
′

kπk)2

n
′
kπk(1− πk)

(7.5)

where n
′

k is the total number of subjects in the kth group, Ok is the number

of responses among the ck covariate patterns, and πk is the average estimated

probability (Hosmer Jr & Lemeshow 2004). “The idea behind the Hosmer and

Lemeshow’s goodness-of-fit test is that the predicted frequency and observed

frequency should match closely, and that the more closely they match, the

better the fit” (Chen et al. 2015).

Other measure of goodness of fit is the classification table, the percentage

of correctly classified observations: “A prediction is classified as positive if

pj ≥ c1 and otherwise is classified as negative. The classification is correct if it

is positive and yj = 1 or if it is negative and yj = 1. Sensitivity is the fraction

of yj = 1 observations that are correctly classified. Specificity is the percentage

of yj = 0 observations that are correctly classified” (STATA 2015).

1c is the cutoff(0.5)
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7.1 Robustness check

For a robustness check, we employed a fixed effects logistic regression, which

estimates the probability of using the original drug from the panel dataset.

The fixed effects model estimates within-individual differences, as opposed to

logistic regression of the pooled cross sectional data where we used information

about differences between individuals.

“Fixed effects method helps to control for omitted variables bias by having

individuals serve as their own controls” (Williams 2013). On one hand, when

the fixed effects logistic regression is employed, we control for patient charac-

teristic, which are stable and are not included directly in the panel dataset.

On the other hand, fixed effects logistic regression ignores between-individual

variation which makes it potentially less efficient.

Fixed-effects logistic model is defined as

log

(
pit

1− pit

)
= µi + βxit + αi, t = 1, 2, . . . , T (7.6)

where pit is the probability that the patients choose the original drug, xit is

a vector of time-varying independent variables, and αi represents the combined

effects of all time-invariant unobserved variables (Allison 2009).
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Results

We estimate Equation 7.1.1 Estimation results are provided in Table 8.1. Co-

efficients and odds ratios are given for every independent variable. Odds ratio

denotes how the log-odds of being loyal to the original drug change with a

one-unit change in a regressor.

Table 8.1: Logistic Regression

Original Coef. Odds Ratio P-value 95% Conf. Interval

Pensioner -0.1344 0.87426 0.000 -0.13686 -0.13188
Expend. 0.0832 1.08679 0.000 0.08089 0.08556
Sex 0.0406 1.04147 0.000 0.03819 0.04307
Income -0.0005 0.99951 0.000 -0.00056 -0.00042
Chronic 1.0336 2.81109 0.000 1.03084 1.03631
Drugs -0.0151 0.98502 0.000 -0.01554 -0.01464
Patent -0.0650 0.93705 0.000 -0.06558 -0.06445
Market -0.1228 0.88444 0.000 -0.12295 -0.12265
Price 0.0007 1.00074 0.000 0.00072 0.00074
Intercept 0.4971 1.64389 0.000 0.48628 0.50784

All estimated coefficients of the equation 7.1 are statistically highly signifi-

cant at the 0.01 level. However, even small deviation from the null hypothesis

will be significant when our analysis is based on a very large sample. Besides

statistical significance, we also assessed the practical importance of the vari-

ables. The practical importance is examined by the value of the coefficients

with respect to confidence interval. Small but statistically significant coeffi-

cients are assumed not to have practical significant effect on the dependent

1According to value of the Likelihood-ratio (LR) test, we chose this model as the most
appropriate from all other models with more or different variables which we estimated.
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variable. Their statistical significance is caused only by a large sample size.

Our analysis does not contain any such variables.2

Table 8.1 shows narrow confidence intervals. Since confidence intervals in-

dicate range of possible values of the effect size, narrow confidence intervals

reveal a more precise estimate.

• The intercept increases the log odds of using the original drug when all

independent variables are zero.

• The coefficient for dummy variable Pensioner is -0.1344. Older people

are 12.6% (1 − e0.1344) less likely to choose the original than other age

cohorts, ceteris paribus. The negative effect suggests that the elderly are

price elastic and often opt for cheaper generics. Price elasticity outweighs

product loyalty.

• Higher than average expenditures on health care are associated with the

increase in odds of using the original pharmaceuticals. The coefficient for

variable Expenditures is 0.083. People who have higher public expenditure

on health care are 8.7% more likely to choose the original drug than the

rest of the population, ceteris paribus. The positive effect suggests that

people with poor health status are brand-loyal.

• The coefficient for variable Sex is 0.041. Men tend to prefer the original

by 4.1% more than women, ceteris paribus. The direction of the effect

suggests that since women suffer from more comorbidities then men, they

may be more experienced in generic substitution. However, there may be

other potential factors.

• The coefficient for variable Income is -0.0005. People living in region

with higher average income are less likely to choose the original drug.

With one unit increase in hourly wage, the odds of using original drug

decrease by 0.05%, ceteris paribus. The direction of the effect suggests

that people living in region with higher average income have probably

higher education, enough information about generic substitution and are

not concerned that generic drugs are less effective.

2Preliminary analyses excluded, for example, variable Zentiva (biggest generic producers
in the central Europe), which identifies substitution group, where at least one of the generic
producers is Zentiva.
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• The coefficient for variable Chronic is 1.034. People who use pharma-

ceuticals against a chronic illness are associated with 181.1% increase in

odds of choosing the original drug than people who use pharmaceuticals

against an acute illness, ceteris paribus. The results indicate that people

with chronic illness remain loyal to the original drug because they worry

about the effectiveness of the cheaper substitute.

• The coefficient for variable Drugs is -0.015. People who use multiple drugs

are less likely to choose the original drug. Using one more drug decreases

the odds of using original drug by 1.5%, ceteris paribus.

These results contradict those of the variables Expenditure and Chronic,

confirming our hypothesis that neither patients with high healthcare

costs, nor the chronically-ill necessarily take a multiple drugs. The pa-

tients who use multiple drugs may be more experienced in generic sub-

stitution or are price elastic.

• The coefficient for variable Patent is -0.065. A one year increase in the

length of generic availability is associated with 6.3% decrease in odds of

choosing original drug, ceteris paribus. The results show that the people

need more time to adjust to new products.

• The coefficient for variable Market is -0.125. People who use drugs from

the substitution groups, which contain more generics available in the mar-

ket, have lower probability of choosing the original drug. The probability

of using the original thus decreases with an additional substitute in the

substitution group by 11.6 %, holding all independent variables constant.

The wider the choice, the more likely the patients are to use generics

• In substitution groups where there is higher price differential between the

original and cheapest substitute, we can see increase in the odds of choos-

ing the original. The coefficient for variable Price is 0.0007. With one

unit increase in price difference, the odds of using original drug increase

by 0.07%, holding all independent variables constant. It suggests that

a larger price gap makes people suspicious about generics. In the Czech

environment, people often believe that price reflects quality and efficiency

of the product. However, it has to be acknowledged that pharmaceutical

prices are low in the Czech Republic.3 When the price difference exceed a

3Pharmaceutical prices are low because of the maximum ex-factory price of a pharma-
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specific threshold, the effect is expected not to be linear. The consumers

are then expected to respond differently to an increasing price differential.

Table 8.2: Measures of Fit for Logit Model

Log-Lik Intercept Only: −1.078 · 107 Log-Lik Full Model: −9.333 · 106

D(16836324): 1.867 · 107 LR(9): 2894193.614
Prob > LR: 0.000

McFadden’s R2: 0.134 McFadden’s Adj R2: 0.134
Maximum Likelihood R2: 1.000 Cragg & Uhler’s R2: 1.000
McKelvey and Zavoina’s R2: 0.203 Efron’s R2: 0.171
Variance of y*: 4.130 Variance of error: 3.290
Count R2: 0.726 Adj Count R2: 0.191
AIC: 1.109 AIC*n: 1.867 · 107

BIC: −2.615 · 108 BIC’: −2.894 · 106

Table 8.2 displays the measures of fit of our model, which strongly confirms

the appropriateness of the full logistic regression model. The first measure of fit

is the log-likelihood of full model. Likelihood-ratio test of the joint significance

of the regressors is 2,894,193.614 with nine degrees of freedom (nine predictors).

χ2 distribution with p-value = 0.000 denotes that our model fits significantly

better than the intercept-only model. We can reject the null hypothesis that

at least one of coefficients is equal to zero. We conclude that our model fits

data better than a nested model.

The second measure of fit is McFadden′sR2, which is defined as (Cameron

& Trivedi 2009)

McFadden′s R2 = 1− LFIT

lnL0

(8.1)

where lnL0 is the log-likelihood of an intercept-only model and LFIT is the

likelihood of our model. McFadden′s R2 (Pseudo R2) which denotes the im-

provement of log-likelihood of the fitted model to the model with only-intercept

is equal to 0.134 (Table 8.2). Other pseudo R2 in our analysis show similar re-

sults. Since the variance of the dependent variable is fixed in logistic regression,

pseudo R2 is not the measure of the level of variance of the dependent vari-

able explained by the model as coefficient of determination in linear regression.

However, Pseudo R2 is normally used to compare two models.

Other measures of fit are the Akaike’s information criterion (AIC) and the

Bayesian information criterion (BIC), which penalize the model for having more

ceutical product is set as the average of three lowest manufacturing prices of the particular
drugs in the reference countries.
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independent variables. Formulas for AIC and BIC statistics follow (Cameron

& Trivedi 2009):

AIC = −2 lnL+ 2k (8.2)

BIC = −2 lnL+ k lnN (8.3)

where the quantities 2k and k lnN are penalties for the model size. The

smaller the values of these statistics, the better the fit of the model. In our

case, AIC = 1.109 and BIC = −2.615 · 108. Another version of BIC is BIC’ =

−2.894 · 106. If it is positive, the null model is preferred. Otherwise the full

model is preferred. Another Pseudo R2 is Tjur’s coefficient of discrimination

(D), which also confirms appropriateness of the model.

The Hosmer-Lemeshow (H-L) test with p-value = 0.000 indicates misspec-

ification. The H-L test rejects the null hypothesis that there is no difference

between the observed and estimated values of the dependent variable, imply-

ing that logistic model is not an ideal fit. Since the significance of the Hosmer-

Lemeshow test is probably caused by the large sample size, we perform another

test.

The Table 8.3 shows the percentage of correctly specified values of the de-

pendent variable. This table compares actual and fitted values of estimations.

“The classification is correct if it is positive and yj = 1 or if it is negative

and yj = 1” (STATA 2015). From the first part of the table we can see that

1,208,872 + 3,407,418 values are misclassified. 1,208,872 values are incorrectly

classified as y = 1 (use of original drug). On the other hand 3,407,418 ob-

servations are misclassified as y = 0 (use of generic drug). The remaining

12,220,044 values are correctly specified. Thus 73% (1,208,872+9,922,062
16,836,334

) of cases

are correctly specified. In the null model only 66% (2,297,982+9,922,062
16,836,334

) of ob-

servations are correctly specified. We can conclude that including predictors

improves the model.4

4The sensitivity measure in the second part of the Table 8.3 shows the percentage share
of observations with dummy variable Original equal to 1 that are correctly specified. The
specificity measure denotes percentage of observations with dummy variable Original equals
to 0 that are correctly specified.
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Table 8.3: Classification Table

Classified D (yj = 1) ∼D (yj = 0) Total
+ (pj ≥ c) 2 297 982 1 208 872 3 506 854
– (pj < c) 3 407 418 9 922 062 13 329 480
Total 5 705 400 11 130 934 16 836 334
Classified + if predicted Pr(D) >= 0.5
True D defined as original != 0
Sensitivity Pr(+ | D) 40.28%
Specificity Pr(- | ∼D) 89.14%
Positive predictive value Pr(D | +) 65.53%
Negative predictive value Pr(∼D | -) 74.44%
False + rate for true D Pr(+ | ∼D) 10.86%
False - rate for true D Pr(- | D) 59.72%
False + rate for classified + Pr(∼D | +) 34.47%
False - rate for classified - Pr(D | -) 25.56%
Correctly classified 72.58%

8.1 Analysis of antihypertensive drugs

In addition to the central analysis, we conducted a supplementary analysis

for antihypertensive drugs as a representative of drugs agains chronic diseases.

Because the consumption of antihypertensive medications is higher in the Czech

Republic in comparison with other EU countries, we estimated the effect of

patient characteristics suffering from high blood pressure and antihypertensive

medication characteristics on the generic substitution in order to uncover a

potential scope for savings in this subsectorof the pharmaceutical market.

The sample is restricted only to drugs used against high blood pressure.

We estimate the logistic regression equation 7.1. The final dataset represent

the total of 7,870,753 prescriptions issued to 848,898 patients aged between the

ages of 18 and 107 years. The prescriptions are divided into two substitution

groups which contain 199 different drugs.

The results of supplemental analysis are provided in Table 8.4. The vari-

ables Chronic and Price are omitted because of perfect collinearity. After a

preliminary analysis, we also exclude variable Drugs which was insignificant.

The number of different drugs used per year does not affect the generic substi-

tution among hypertensive patients.

Other results are consistent with the results of the central analysis. All

the variables are significant at 0.05 level. Pensioners and people living in a

region with higher income are more likely to choose the generic version of
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Table 8.4: Logistic regression of antihypertensive medications

Original Coef. Odds Ratio P-value 95% Conf. Interval

Pensioner -0.00486 0.99516 0.016 -0.00880 -0.00091
Expend. 0.07419 1.07701 0.000 0.07058 0.07780
Sex 0.06742 1.06974 0.000 0.06350 0.07134
Income -0.00122 0.99878 0.000 -0.00135 -0.00108
Patent -0.17665 0.83807 0.000 -0.17815 -0.17514
Market -0.12684 0.88087 0.000 -0.12707 -0.12661
Intercept 2.45566 11.65408 0.000 2.43395 2.47737

the medication. The number of generic substitutes available in the market

and length of generic availability is also associated with increase in odds of

choosing generic drug. Additionally, consistent with the central analysis, men

and patients who have higher than average expenditure on health care are

more likely to choose the original drug. Appropriateness of the model was

tested (Table A.4).

8.2 Analysis of antibiotics

In addition to the analysis of antihypertensive pharmaceuticals, we studied

the most commonly prescribed acute pharmaceuticals – antibiotics. Only one

drug group which included macrolide antibiotic used for bacterial infections was

chosen. We estimated the logistic regression equation 7.1. The final dataset

consist of a total of 1,555,160 prescriptions issued to 1,123,252 patients aged

between the ages of 18 and 107 years. The prescriptions are divided into one

substitution group, which contain 23 different drugs.

The results of the supplementary analysis of antibiotics are provided in

Table 8.5. The variables Chronic, Price and Market are omitted because of

perfect collinearity. All the variables are significant at 0.05 level. Pensioners,

men and people who use multiple drugs per year are more likely to choose

the generic version of antibiotics. Additionally, patients who have higher than

average expenditure on health care and people living in region with higher

income are more likely to choose the original version. An increase in the length

of generic availability of the antibiotics is associated with an increase in odds

of choosing the original drug.

The effects of the variable Pensioner, Expenditures and Drugs are consistent

with the central results. However, the effects of the variable Sex, Patent and
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Table 8.5: Logistic regression of antibiotics

Original Coef. Odds Ratio P-value 95% Conf. Interval

Pensioner -0.10339 0.90178 0.000 -0.11141 -0.09537
Expend. 0.20151 1.22324 0.000 0.19446 0.20855
Sex -0.02825 0.97215 0.000 -0.03520 -0.02130
Income 0.00203 1.00204 0.000 0.00188 0.00219
Drugs -0.01487 0.98524 0.000 -0.01642 -0.01332
Patent 0.12013 1.12764 0.000 0.11756 0.12270
Intercept - 1.54426 0.21347 0.000 -1.57162 -1.51689

Income contradict the results of the main analysis and the analysis of drugs

against high blood pressure. This contradiction suggests that the demand for

acute drugs such as antibiotics and demand for chronic medications such as

antihypertensive pharmaceuticals behave differently and should be analyzed

separately. The coefficient for variable Sex is negative. Men are less likely

to choose the original version of antibiotic than women. People living in re-

gion with higher average income are more likely to choose the original version

of antibiotics. High income patients face higher opportunity costs and save

relatively less when they search the most cost-effective options among phar-

maceuticals which they use occasionally. Because of high transaction costs

patients are more likely to choose the original version without searching other

possibilities. The coefficient for variable Patent suggests that the people prefer

the original regardless of how long the market has been opened for competition.

Appropriateness of the model was tested (Table A.5).

8.3 Robustness Check

We carried out a robustness check to verify correctness of the results of the

main analysis. As opposed to the central analysis, which estimates the odds

of choosing the original drug given the presence of cheaper generics where we

used information about differences between individuals, the fixed effects model

estimates within-individual differences. Note that the dataset contains only

individuals which changed their consumption pattern in the period concerned.

We estimate Equation 7.6. All results in Table 8.6 are consistent with those

of the logistic regression in the pooled cross-sectional analysis. We excluded

the time-invariant variable sex. The independent variable has to vary over time
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for sufficiently large number of individuals to be able to estimate the effect of

the variable in the fixed effects logistic regression.

Table 8.6: Fixed Effects Logit Model

Original Coef. Odds Ratio P-value 95% Conf. Interval

Pensioner -0.4028 0.66848 0.000 -0.41879 -0.38672
Expend. 0.0468 1.04795 0.000 0.04020 0.05347
Income -0.0062 0.99378 0.000 -0.00652 -0.00596
Chronic 1.6295 5.10136 0.000 1.62071 1.63831
Drugs -0.0235 0.97676 0.000 -0.02476 -0.02226
Patent -0.2211 0.80163 0.000 -0.22252 -0.21970
Market -0.2040 0.81547 0.000 -0.20447 -0.20352
Price 0.0009 1.00094 0.000 0.00093 0.00096

The odds ratio for variable Pensioner is 0.66848. If a patient retires, the

odds of choosing the original drug decreases by 33%, ceteris paribus. Retired

people are less likely to choose the original drug than younger people. This

confirms the result that the elderly are price elastic.

The odds ratio for the variable Expenditures is 1.04795 suggesting that if

a patient has higher than average healthcare costs, the odds of choosing the

original drug increases by 5%, ceteris paribus. Higher than average health

expenditures is a proxy for poor health status; therefore we can conclude that

patients in poor health are more likely to choose the original drugs.

The odds ratio for variable Income is 0.99378. If personal or regional char-

acteristics determining the level of income change and income increases, he

or she is 1% less likely to choose the original drug. This could be caused by

unobservable regional characteristics, different practices in pharmacies across

regions or unobservable characteristics attributable to gender.

The odds ratio for variable Chronic is 5.10136. If a patient becomes chroni-

cally ill, the odds of choosing the original drug increase by 410%, ceteris paribus.

Becoming chronically ill, considerably increases the probability of using the

original drug. The chronically ill may worry about the efficacy of cheaper

drugs and continue to choose the original.

The odds ratio for variable Drugs is 0.97676. If a patient starts to use

multiple drugs, the odds of choosing the original drug decrease by 2%, ceteris

paribus. These patients seem to have more information about generic drugs

and may be experienced in generic substitution.

The odds ratio for variable Patent is 0.80163. A one year increase in the
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length of generic availability is associated with 20% decrease in odds of choosing

the original drug, ceteris paribus. This suggests that people need more time to

adjust to new products.

The odds ratio for variable Market is 0.81547. If patient takes drug from

the substitution group, which has one more generics available in the market,

the patient is less likely to choose the original drug by 18%, ceteris paribus.

When a patient has more substitutes to choose from, the patient is more likely

to choose a generic.

The odds ratio for variable Price is 1.00094. If a patient takes drug from the

substitution group where there is larger price difference between the original

drug and the cheapest substitute, the odds of choosing the original drug increase

by 0.1%, ceteris paribus. Patients may believe that generics that are too cheap

may be less effective than the original drugs.

Table 8.7: Measures of Fit for Fixed Effects Logit Model

Log-Lik Intercept Only: −2.895 · 106 Log-Lik Full Model: −2.317 · 106

D(779203): 4633853.283 LR(8): 1155392.752
Prob > LR: 0.000

McFadden’s R2: 0.200 McFadden’s Adj R2: 0.200
Maximum Likelihood R2: 1.000 Cragg & Uhler’s R2: 1.000
Count R2: 0.673
AIC: 5.947 AIC*n: 4633869.283
BIC: −5.937 · 106 BIC’: −1.155 · 106

Table 8.7 reports measures of fit of the fixed effects model. We conclude

that the full model fits the data better than the nested model. The likelihood-

ratio statistic equals 1,155,392.752 with eight degrees of freedom and p-value

equals to zero. The second measure of fit, McFadden′sR2 = 0.200 denotes the

improvement of log-likelihood of the fitted model compared to the model with

only-intercept. Tjur’s coefficient of discrimination (D) equals 4,633,853.283.

Penalizing the model for its size, AIC = 5.947, BIC = −5.937 · 106 and BIC’

= −1.155 · 106 confirm that the model is appropriate.
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Discussion

Since drug expenditures continue to be high, policy makers seek a strategy to

reduce growing pharmaceutical expenditure without affecting quality of care.

In this thesis, we studied the Czech pharmaceutical market in order to offer

policy suggestions to improve the cost effectiveness of prescription drugs. We

assume that low generic substitution proxies low price sensitivity. Since generic

substitution reflects price elasticity, we have deduced the willingness to pay

of various segments of the population. The differences in the patient price

elasticity and what patient are willing to pay for various types of drugs can be

the appropriate criterion for setting pharmaceutical pricing policies.

We found that various segments of the population, such as the poor and rich

or women and men etc. have different generic substitution rates and thus price

sensitivity. Higher substitution rate was discovered for pensioners, males and

patients who use multiple drugs. People with poor health status and patients

living in low-income region demonstrated lower substitution rates. Moreover,

we found low substitution rates for chronically ill patients and for drugs with

larger price gap between the original and generic drug. The market with more

generics or markets where generics have been available longer are associated

with higher substitution rate.

To motivate people who are more likely to choose the original version of

drug, policy makers may impose higher copayment and lower subsidies on drugs

which they use. This approach should be tailored to various segments of the

population differently given their price sensitivity and willingness to pay.

Our analysis indicates that people with poor health status and patients

living in low-income regions have higher willingness to pay than population on

average. Policy makers could impose higher co-payment and lower subsidies on
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the original drugs they use and increase subsidies and decrease co-payments on

the generics instead.

Pensioners, women and patients who use multiple drugs have lower will-

ingness to pay for pharmaceuticals. They are more likely to choose generics

without additional incentives. However, policy makers could impose higher co-

payment and lower subsidies on the original drugs which are used by younger

patients, men and patients who use fewer drugs per year.

The willingness to pay for drugs against chronic disease is different from

the willingness to pay for drugs against acute disease. The willingness of a

chronically ill patient to pay for pharmaceuticals is higher. Therefore, it may

be effective to impose higher copayments and lower subsidies for the original

drug against chronic diseases.

The willingness to pay for drugs from the substitution groups which contain

pharmaceuticals with a large price difference is high. Higher co-payments and

lower subsidies could be imposed on the original drugs which have cheaper

generic alternatives.

However, price differences between original drugs and generics are very small

in the Czech Republic. Such a marginal difference makes the people insuffi-

ciently price-elastic. If they also believe that price proxies quality of a product,

a less expensive drug is perceived as ineffective. The consumers then rather

stick with the original regardless of the presence of marginally cheaper generics.

When the price gap exceed a sufficiently high benchmark, however, the people

are expected to change their behavior towards generics. Price-elasticity is ex-

pected to be non-linear in the Czech environment - up to a certain benchmark

price gap, the people are inelastic; and from a certain level, price elasticity is

expected to be negative.

The willingness to pay for drugs from the substitution group that has more

generics offered in the market differs from those which has fewer generics of-

fered in the market. Higher co-payment and lower subsidies could be imposed

on the original drugs from the substitution group with fewer generic substitutes

available. Assuming that fewer generics in a substitution group proxies less ex-

perience of the patients concerned with generic substitution, such an approach

will hasten adjustment to generics within these groups of pharmaceuticals.

Drugs from the substitution group where generics have been available longer

are associated with a lower willingness to pay. Assuming maturity of market

competition proxies higher experience with generic substitution, policy makers

should impose higher copayments and lower subsidies on the original drugs
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from the substitution group for which generics are new to the market to hasten

to process of adjustment to generics.

If copayment policies are optimally designed, the patients should be moti-

vated to substitute towards generics and the system will save on pharmaceutical

expenditures. However, we acknowledge also that some patients may decide to

stay loyal with the original for reasons other than price. Within the proposed

scenario, such behavior is expected to contribute to savings on pharmaceutical

expenditures as well since these higher costs will be paid out-of-pocket by pa-

tients themselves and will not burden the public healthcare system. Besides,

price incentives should ideally be accompanied by information campaigns about

equal quality of the original and its substitutes.
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Conclusion

This thesis is the first study of the impact of patient and drug characteristics

in the decision to choose the original or generic drugs in the Czech Republic.

When the Czech Republic enacted generic substitution law in 2008, patients

became more informed about generic treatment. After that, the system started

to transform from a physician-directed one to patient-directed one. Although

physicians still have great influence on drug choice, patient preferences became

more important in the decision between brand-name and generic drugs. Today

patients take an active role in the choice of pharmaceuticals. They can search

for information on the internet, ask the doctor to prescribe a specific drug or

follow their pharmacist’s advice and substitute cheaper pharmaceutical prod-

ucts with the same therapeutically equivalent effect for the product prescribed.

Therefore, our analysis which focuses on the importance of patient and drug

characteristics instead of the behavior of physicians is relevant to the Czech

market. Finding how the market for drugs operates and how patient and drug

characteristics influence the choice between original and generic prescription

drugs is central to drafting a policy strategy to decrease pharmaceutical costs

and make the system more cost effective.

In our thesis, we investigate the probability of using the original despite the

presence of cheaper generics given patient and drug characteristics in the Czech

pharmaceutical market. We found that various segments of the population

have different generic substitution rates. Since generic substitution reflects

price elasticity, we have determined willingness to pay of various segments of

the population. To motivate people who are more likely to choose the original

version of drug, higher copayment and lower subsidies may be imposed on the

original drugs these groups use.
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To analyze the data, we employed a logistic regression model with a binary

outcome variable, which takes a value one if the original drug is chosen and

zero otherwise. Patients are characterized by sex, age, health expenditures,

number of different drugs used per year and income of the region where the

patient lives with respect to gender. Drug characteristics include whether the

pharmaceutical is used to treat chronic or acute illness, number of years since

patent expired, number of generics in the market and price difference between

original drug and its generic version.

The dataset contains all prescribed and dispensed pharmaceuticals in the

Czech Republic during the period 2009-2013. Each substitution group is iden-

tified by the original pharmaceutical and all its corresponding generics. Only

substitution groups where the original competes with at least one generics in

the Czech pharmaceutical market are included in our analysis. We focused

only on adults because children do not choose drugs themselves. Additionally,

demand for drugs is different for children. We analysed only the substitution

groups, in which the original entered the Czech market earlier than the gener-

ics. If generics entered earlier than the original, people might not recognize

which the original and a generic is. We also dropped substitution groups where

generic substitution is not desired, for example, when the process of absorption

of the active substance is important.

The final dataset consists of a total of 16,836,334 prescriptions issued to

4,984,982 patients between the ages of 18 and 107 years. Prescriptions form 11

substitution groups, which contain 96 different drugs regardless of the strength

and package size. When we distinguished the strength and package size, there

are 496 different drugs.

From the summary statistics, we can conclude that our sample is represen-

tative of the Czech population with respect to gender and age. From the data

cleaning, we can conclude that we have only drugs suitable for our analysis.

Therefore, we can assume that our estimates are accurate and unbiased.

We found that patient is an important agent in the pharmaceutical market.

Many patient and drug characteristics affect the drug choice. Pensioners in the

Czech Republic prefer generics which is consistent with Bertoldi et al. (2005)

and Shrank et al. (2007). Pensioners are more familiar with the drug and its

options. Older people seem to be price sensitive and have lower willingness

to pay for pharmaceuticals. They are more likely to choose generics without

additional incentives. Policy makers could impose higher co-payment and lower

subsidies on the original drugs which are used by younger patients to motivate



10. Conclusion 57

them to substitute towards generics.

We also found that the patient health status is a significant determinant for

the drug choice which is consistent with Decollogny et al. (2011). People who

have higher than average expenditure on health care, which may indicate poor

health status, tend to prefer the original more than the rest of the population.

People with poor health status have higher willingness to pay than the average

population. Higher co-payments and lower subsidies could be imposed on the

original drugs this group uses.

Men are more likely to choose the original than women. Since women

suffer from more comorbidities than men, they may be more experienced in

generic substitution. Policy makers could impose higher co-payment and lower

subsidies on the original drugs which are often used by men.

Furthermore, we examined that people living in regions with higher average

income tend to prefer the generic drug as found also by Shrank et al. (2007).

Since this population tends to be more educated, we can assume they have

enough information about generic substitution, and are not worried about the

efficacy of cheaper generics. An effective strategy may be to impose higher

co-payments and lower subsidies on the original drugs this group uses.

Chronically ill patients are more likely to choose the original drug than

people who use pharmaceuticals against acute illness which is consistent with

Figueiras et al. (2008), Merino-Castelló (2003) and Hassali et al. (2005). People

suffering from chronic illness may remain loyal to the original drug. They worry

that the cheaper drug may not be as effective, and their health status could

worsen. The chronically ill patients’ willingness to pay for pharmaceuticals is

high, and it may be effective to impose higher copayments and lower subsidies

for the original drug against chronic diseases.

A one-year increase in the length of generic availability is associated with

a decrease in odds of choosing original drug which is consistent with Dalen

et al. (2011). People need more time to adjust to new products. Assuming

maturity of market competition proxies higher experience with generic substi-

tution, policy makers should impose higher copayments and lower subsidies on

the original drugs from the substitution group for which generics are new to

the market to hasten to process of adjustment to generics.

We also found that the probability of using the original decreases with an

additional substitute which is in line with the result of the study by Decollogny

et al. (2011). The greater the variety of generic drugs, the more likely the pa-

tients are to use generics. Policy makers could impose higher co-payment and
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lower subsidies on the original drugs from the substitution group with fewer

generic substitutes available. Assuming that fewer generics in a substitution

group proxies less experience of the patients concerned with generic substitu-

tion, such an approach will hasten adjustment to generics within these groups

of pharmaceuticals.

Taking one additional drug decreases the odds of using the original drug.

The result shows that people who use several drugs are familiar with generic

substitution. Patients who use several drugs have lower willingness to pay for

pharmaceuticals. They are more likely to choose generics without additional

incentives. An effective strategy may be to impose higher co-payment and

lower subsidies on the original drugs which are used by patients who use fewer

drugs throughout the year.

In substitution groups where there is a higher price differential between

the original and the least expensive substitute, the odds of using the original

increases. In the Czech environment, people often believe that price reflects

quality and efficiency of the product. This perception leads to a high willingness

to pay for drugs from the substitution groups which contain pharmaceuticals

with a large price difference. However, price difference between the original

and generics is only marginal in the Czech Republic. At a small price differ-

ence, imposing higher copayment on the original drug would not be effective.

However, we suppose that a sufficiently large price gap may increase the use of

generic drugs.

In addition to the central analysis, we analyzed two supplementary sub-

sectors of the pharmaceutical market – antihypertensives and antibiotics – as

representatives of drugs against chronic and acute diseases, respectively. Be-

cause the consumption of antihypertensive medications in the Czech Republic

significantly exceeds other EU countries, we sought to determine the effect of

characteristics of patient with high blood pressure and antihypertensive med-

ication characteristics on the generic substitution. All results of analysis of

antihypertensive medication are consistent with our main analysis.

The effect of the patient and drug characteristics resulting from the analysis

of antibiotics are not always consistent with our central analysis. The effects of

the variable Pensioner, Expenditures and Drugs are consistent with the main

results. However, the effects of the variable Sex, Patent and Income contradict

the results of the main analysis and the analysis of demand for drugs against

chronic diseases. It suggests that the demand for acute and chronic medications

behaves differently and should be analyzed separately.



10. Conclusion 59

We also carry out a robustness check employing a fixed effects logistic re-

gression which estimates within-individual differences, as opposed to logistic

regression of the pooled cross sectional data where we used information about

differences between individuals. Note that the dataset contains only individuals

which changed their consumption pattern in the period concerned. All results

of the robustness check are consistent with those of the logistic regression in

the pooled cross-sectional analysis.

However, the study has some limitations. Our analysis does not contain

any physician characteristics which also influence the choice of drugs. Our

data included only the maximum price for drugs which may be inaccurate

because real price often differs from the maximum price and also varies across

pharmacies. These limitations, however, are not underlying because we do not

try to cover all determinants of generic substitution. We uncovered the effect of

only some patient and drug characteristics and from these findings we designed

the policy advice which may help decrease high pharmaceutical expenditures

in the Czech Republic.

There is a potential for further extension of this thesis where it is possible

to concentrate on the stability of a pharmaceutical demand in time, because

both patients and doctors gain experience when it comes to the use of new

substitutes and thus a number of variables may change in time. Unfortunately,

the panel we have available now is not long enough for these purposes. Such

an extension would ideally be carried out in five years from now.
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MZCR (2012a): “Cenová regulace léčiv.” Technical report, Ministry of Health

of the Czech Republic.
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Appendix

Table A.1: Total expenditure on health as a share of GDP in OECD
countries

2006 2007 2008 2009 2010 2011 2012

Australia 8,5 8,5 8,7 9,0 8,9 9,1 -
Austria 10,2 10,3 10,5 11,2 11,1 10,9 11,1
Belgium 9,6 9,6 9,9 10,7 10,6 10,6 10,9
Canada 9,7 9,8 10,0 11,1 11,1 10,9 10,9
Chile 6,3 6,5 7,0 7,6 7,1 7,2 7,3
Czech Republic 6,7 6,5 6,8 7,8 7,4 7,5 7,5
Denmark 9,9 10,0 10,2 11,5 11,1 10,9 11,0
Estonia 5,0 5,2 6,1 6,9 6,3 5,8 5,9
Finland 8,3 8,0 8,3 9,2 9,0 8,9 9,1
France 10,9 10,8 10,9 11,6 11,6 11,5 11,6
Germany 10,6 10,5 10,7 11,8 11,6 11,2 11,3
Greece 9,7 9,8 10,1 10,2 9,5 9,8 9,3
Hungary 8,3 7,7 7,5 7,7 8,1 8,0 8,0
Iceland 9,1 9,1 9,1 9,6 9,3 9,0 9,0
Ireland 7,5 7,9 9,0 9,9 9,2 8,7 8,9
Israel 7,3 7,3 7,3 7,3 7,3 7,3 7,3
Italy 8,8 8,5 8,9 9,4 9,4 9,2 9,2
Japan 8,2 8,2 8,6 9,5 9,6 10,1 10,3
Korea 6,1 6,4 6,6 7,2 7,3 7,4 7,6
Luxembourg 7,7 6,7 7,3 8,1 7,6 7,3 7,1
Mexico 5,7 5,8 6,0 6,5 6,3 5,9 6,2
Netherlands 10,7 10,8 11,0 11,9 12,1 12,1 -
New Zealand 8,7 8,4 9,3 9,8 10,0 10,0 -
Norway 8,6 8,7 8,6 9,7 9,4 9,3 9,3
Poland 6,2 6,3 6,9 7,2 7,0 6,9 6,8
Portugal 10,0 10,0 10,2 10,8 10,8 10,2 -
Slovak Republic 7,3 7,8 8,0 9,2 8,5 8,0 8,1
Slovenia 8,4 8,0 8,5 9,4 9,1 9,1 9,4
Spain 8,4 8,5 8,9 9,6 9,6 9,4 9,3
Sweden 8,9 8,9 9,2 9,9 9,5 9,5 9,6
Switzerland 10,4 10,2 10,3 11,0 10,9 11,1 11,4
Turkey 5,8 6,0 6,1 6,1 5,6 5,3 5,4
United Kingdom 8,3 8,4 8,8 9,7 9,4 9,2 9,3
United States 15,3 15,6 16,1 17,1 17,0 17,0 16,9
data source: OECD Health Statistics
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Table A.2: Share of the population aged 65 and over

2006 2007 2008 2009 2010 2011 2012

1960 1970 1980 1990 2000 2010 2011
Australia 8,5 8,3 9,6 11,1 12,4 13,5 13,7
Austria 12,2 14,1 15,4 14,9 15,4 17,6 17,7
Belgium 12 13,4 14,3 14,9 16,8 17,2 17,3
Canada 7,5 7,9 9,4 11,3 12,6 14,2 14,7
Chile 4,8 5 5,5 6,1 7,2 9 9,3
Czech Republic 9,5 12,1 13,5 12,6 13,8 15,4 16,2
Denmark 10,6 12,3 14,4 15,6 14,8 16,6 17,1
Estonia 10,6 11,7 12,5 11,6 15,1 17 17,2
Finland 7,3 9,2 12 13,4 14,9 17,3 17,8
France 11,6 12,9 13,9 14 16,1 16,8 17,1
Germany 10,8 13,1 15,5 15,5 16,4 20,6 20,7
Greece 8,2 11,1 13,1 13,7 16,6 19,1 19,5
Hungary 9 11,6 13,4 13,3 15,1 16,7 16,8
Iceland 8,1 8,8 9,9 10,6 11,6 12,1 12,9
Ireland 11,1 11,1 10,7 11,4 11,2 11,6 12,2
Israel 5 6,7 8,6 9,1 9,8 9,9 10
Italy 9,3 10,9 13,1 14,9 18,3 20,3 21
Japan 5,7 7,1 9,1 12,1 17,4 23,2 23,3
Korea 2,9 3,1 3,8 5,1 7,2 11 11,4
Luxembourg 10,9 12,5 13,6 13,4 14,1 13,9 13,9
Mexico 3,4 4,6 4,3 4,1 4,7 5,8 6,1
Netherlands 9 10,2 11,5 12,8 13,6 15,4 15,9
New Zealand 8,7 8,4 9,7 11,2 11,8 13 13,3
Norway 11 12,9 14,8 16,3 15,2 15 15,2
Poland 5,8 8,2 10,1 10,1 12,2 13,6 13,9
Portugal 7,9 9,4 11,3 13,4 16,2 18,4 19
Slovak Republic 6,9 9,1 10,5 10,3 11,4 12,4 12,7
Slovenia 7,8 9,9 11,7 10,7 14 16,6 16,8
Spain 8,2 9,6 11 13,6 16,8 17 17,6
Sweden 11,8 13,7 16,3 17,8 17,3 18,3 19,3
Switzerland 10,2 11,4 13,8 14,6 15,3 17,4 17,1
Turkey 3,6 4,4 4,7 5,2 6,5 7,7 7,9
United Kingdom 11,7 13 15 15,7 15,8 15,8 16,2
United States 9,2 9,8 11,3 12,5 12,4 13,1 13,2
OECD34 8,6 9,9 11,4 12,1 13,5 15,1 15,4
data source: OECD Health Statistics

Table A.3: Correlation Matrix

Pensioner Sex Expend. Chronic Patent Market Drugs Income Price

Pensioner 1.0000
Sex -0.1208 1.0000
Expend. 0.1453 -0.0809 1.0000
Chronic 0.2146 0.1378 -0.0398 1.0000
Patent -0.1647 0.0079 -0.0591 0.0038 1.0000
Market 0.1520 0.0905 -0.0308 0.5185 0.0271 1.0000
Drugs 0.2592 -0.0476 0.2615 0.1722 -0.1561 0.0560 1.0000
Income 0.1814 0.3354 0.0537 0.1665 -0.0222 0.1350 0.0903 1.0000
Price -0.1750 -0.0072 -0.0355 -0.2186 0.2020 -0.0404 -0.1285 -0.1093 1.0000



A. Appendix III

Table A.4: Measures of Fit for Logit Model of antihypertensive med-
ications

Log-Lik Intercept Only: −4.544 · 106 Log-Lik Full Model: −3.827 · 106

D(7870746): 7654883.005 LR(6): 1432463.662
Prob > LR: 0.000

McFadden’s R2: 0.158 McFadden’s Adj R2: 0.158
Maximum Likelihood R2: 1.000 Cragg & Uhler’s R2: 1.000
McKelvey and Zavoina’s R2: 0.208 Efron’s R2: 0.204
Variance of y*: 4.152 Variance of error: 3.290
Count R2: 0.801 Adj Count R2: 0.246
AIC: 0.973 AIC*n: 7654897.005
BIC: −1.173 · 108 BIC’: −1.432 · 106

Table A.5: Measures of Fit for Logit Model of antibiotics

Log-Lik Intercept Only: −1.041 · 106 Log-Lik Full Model: −1.034 · 106

D(1555153): 2068853.346 LR(6): 13572.324
Prob > LR: 0.000

McFadden’s R2: 0.007 McFadden’s Adj R2: 0.007
Maximum Likelihood R2: 1.000 Cragg & Uhler’s R2: 1.000
McKelvey and Zavoina’s R2: 0.011 Efron’s R2: 0.009
Variance of y*: 3.327 Variance of error: 3.290
Count R2: 0.608 Adj Count R2: -0.001
AIC: 1.330 AIC*n: 2068867.346
BIC: −2.010 · 107 BIC’: -13486.781
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