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Abstract

Outpatient antibiotic consumption widely vary across Europe. The investigation of what lies behind such
variation may help to identify sources of inefficiency. Comparable data on antibiotic use in 21 European
countries between 1997 and 2005 are provided by the European Surveillance of Antimicrobial
Consumption (ESAC). Data on determinants are available for 17 countries between 2000 and 2005. We
estimate an ad-hoc econometric model to assess the impact of socio-economic determinants of
antibiotic consumption and the role played by bacterial resistance knowledge. The population income,
the demographic structure, the density of general practitioners and their remuneration method appear
to be significant determinants of antibiotic consumption. Although countries with higher levels of
bacterial resistance exhibit significantly higher levels of per capita antibiotic use, ceteris paribus, the
responsiveness of antibiotic use to changes in bacterial resistance is relatively low (0.009-0.015). This
may suggest that the dissemination of information on bacterial resistance across Europe lacks
effectiveness. Next to guidelines on appropriate use of antibiotics and awareness campaigns, economic
incentives to general practitioners may provide opportunities for additional policy instruments to
increase efficiency in antibiotic consumption.
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1. Introduction

The market for antibiotics is characterised by multiple imperfections. Above all, antibiotic use may
contribute to the selection of resistant bacteria (Elbasha, 2003). This leads to the production of newer
and more effective generations of drugs, thus raising the costs for society (McGowan, 2001).

Although antibiotic prescriptions have slightly decreased during the 90s and have been roughly stable in
recent years, prescribing practices still vary widely across countries (Elseviers et al. 2007). Mean figures
of defined daily doses per 1000 inhabitants (DID) for 21 European countries participating in the European
Surveillance of Antimicrobial Consumption (ESAC) project and able to provide comparable and reliable
data for at least 7 years between 1997 and 2005 show that France (31.55 DID), Greece (29.67 DID), and
Spain (27.31 DID), among others, exhibit significantly higher values of antibiotic use than Austria (12.47
DID), Denmark (13.08 DID), and the Netherlands (10 DID) (see Figure 1).

The investigation of what lies behind such variation may help to identify sources of inefficiency in
antibiotic consumption. To our knowledge there are no multifactorial analysis of socio-economic
determinants of outpatient antibiotic use at European level. Previous studies have rather focused on
regional variations within a country (Matuz et al., 2006). Comparable data on outpatient antibiotic use
and bacterial resistance across European countries has only recently become available and the impact of
information on bacterial resistance has not been previously investigated together with other factors.

The knowledge of overall levels of bacterial resistance within a country is likely to be shared by health
care providers. In several countries guidelines on antibiotic treatment and information on routine tests
concerning bacterial resistance are issued by hospitals or local health authorities every year or every two
years. Guidelines are available to general practitioners in the area. This conveys the idea that bacterial
resistance is an indicator of poor quality of treatment. If doctors are concerned about resistance

externalities, higher levels of bacterial resistance would induce them to prescribe antibiotics more



carefully. On the other hand, if the quality of treatment is poor, i.e. there are relatively high levels of
bacterial resistance, increasing rates of antibiotic use may be required to overcome the reduced
antibiotic effectiveness.! Bacterial resistance can then be seen as a bad that must be produced as a joint
product of the antibiotic treatment process.

This article proposes an econometric model to study the determinants of outpatient antibiotic use in
Europe. Since the interaction between socio-economic determinants of consumption and information on
bacterial resistance is simultaneously taken into account and the impact of each single determinant is
assessed, we argue that the approach can provide an indirect assessment of the effectiveness of policies
implemented across Europe between 2000 and 2005 to control antibiotic use and, consequently, to
reduce the social impact of endogenous bacterial resistance.

The article is organised as follows. In Section 2 we present the econometric specification and discuss the

data. Estimation results are analysed in Section 3. Finally, section 4 concludes.

2. Methods

Our approach to the investigation of determinants of antibiotic consumption in Europe is to specify an
econometric model using a set of covariates suggested by the literature.” This method is applied, for
instance, by Di Matteo (2005) to investigate the macro determinants of health expenditure in the United
States and Canada and by Filippini et al. (2009) to study small area variations in the use of antibiotics in

Switzerland.

! Antibiotic resistance may drive prescribing of new, broad-spectrum antibiotics (Austin et al., 1999; Albrich et al., 2004).
Moreover, bacterial resistance may result in an increased volume of antibiotics if retreatment is necessary after traditional
treatment failure. Although resistance is primarily caused by an increasing use of antibiotics, the subsequent increase in broad

spectrum antibiotics is a secondary and perhaps relevant effect (Woodhead, 2005).

2 Among possible determinants, the literature mentions the level of education, physicians and patients' expectations, cultural

aspects, regulatory practices, and antibiotic prices (Belongia and Schwatz, 1998; Finch et al. 2004).



We define an ad-hoc demand function for antibiotics used in outpatient care in Europe which depends
upon the individuals' health status, patients' attitudes towards the use of drugs, antibiotic price and the
characteristics of health care supply, such as physicians' density, physicians' remuneration scheme and
information on the quality of antibiotic treatment, i.e. levels of bacterial resistance. Socio-economic
variables are usually included in the model as proxies for the individuals' stock of health, which is difficult
to measure. We also include mortality for infectious diseases.

The per capita demand of outpatient antibiotics can then be specified by the following parsimonious

model:

DID;; = f(Yir, DPH;(, POPyjt, EDUjy, PGPy, Py, REGy;, INFye, RES;) (1)

where DID;; is the per capita antibiotic use in country i and year t, Y;; is the per capita national income,
DPH;; is the physicians' density, POP,; .. POPs;; indicate the percentage of the population below 14,
between 15 and 24, 25 and 64, 65 and 79, and over 80. EDU;; is the percentage of individuals (25-64)
with at least upper secondary education.

The type of remuneration system for general practitioners is taken into account by means of dummy
variables. PGP,;; is equal to 1 if doctors are paid a fee per service provided, and 0 otherwise. Instead, if
doctors work under a salary regime PGP,; is 1, otherwise 0. Consequently, the capitation contract
represents the system for comparison. P;; is a price index for a defined daily dose of antibiotics.

A "cultural" or geographical dummy (REG,;) that takes into account similarities with adjacent countries
and cultural differences across Europe is also included. We divide countries into four groups: "North"
(REG,=1), "South" (REG4=1), "East" (REG.=1), and "West", i.e. the reference group.

Finally, INF; and RES; capture the impact of infections and the rate of bacterial resistance. We use

mortality rates for infectious diseases as a proxy for the incidence of bacterial infections since other



indicators are less exhaustive and less reliable. The level of bacterial resistance can be seen as an
indicator of (bad) quality of care since it reduces antibiotic effectiveness. Since the impact of infectious
diseases and bacterial resistance may be endogenous, the estimation procedure of equation 1 will
address this problem later on.

The estimation of equation 1 requires the specification of a functional form. Several alternative forms
can be considered, since the theory of demand is quite ambiguous regarding this issue. Generally, the
log-log specification offers an appropriate functional form for investigating the responsiveness of
antibiotic use to changes in explanatory variables. The major advantage is that the estimated coefficients
can be interpreted as elasticities,® which are, therefore, assumed to be constant. However, the log
transformation has not been applied to dummy variables. Thus, we use a hybrid log-log functional form.

The functional specification can then be written as:

InDIDy; = By + B1InYj; + B,InDPH;+ Zj6=3 Bj InPOP;;; + B7InEDU;+ Y=g Bk PGPyt + B1oP

+ Y hZ2 11 Bn REGy; + B13INFyp, +B14RES; + vi + &t (2)

where In() is a natural logarithm applied to the variable and v; and g; are error terms with standard
distribution assumptions. Only 17 countries out of 21 are considered for regressions with the STATA
software since resistance and mortality data are not always available.*

With regard to the choice of the econometric technique, it should be noted that in the econometric

literature we can find various types of models focusing on cross-sectional variations over time, i.e.

* This means that coefficients represent the percentage change in the value of the explained variable corresponding to a one

percent variation in the value of the explanatory variable.

4 Belgium, Poland, Slovakia and Greece are excluded from the analysis.



heterogeneity across units and periods. The most widely used approaches are the fixed-effects model
and the random-effects model.”

In order to choose the econometric approach it is important to consider that our dataset is a panel
characterised by a relatively small number of time periods as well as relatively small number of cross-
sectional units. Moreover, the within variation of the majority of the variables included in the model is
relatively low. In this case, as suggested by Cameron and Trivedi (2005), the use of the fixed effects
model could imply a low statistical efficiency of the estimated parameters. Therefore, we focus on
random-effects GLS regressions (Model 1).

However, since bacterial infections and resistance are plausibly endogenous, the estimation of equation
2 may lead to biased results. To tackle this problem we consider two alternative approaches: the
inclusion of lagged values (Model 2) and the instrumental variable method (Model 3). In Model 2 instead
of INF;; we use INF;.; - the lagged mortality rate for infectious diseases, and instead of RES;; we use RES;;.,
- the lagged rate of bacterial resistance.

For the instrumental variables approach we considered some variables related to the spread process of
infections. The density of the population and the size of a country may plausibly contribute to the spread
of infections. Levels of bacterial resistance may be related to the extensive use of antibiotics in
agriculture and in animal breeding.® Thus, we specify a model (Model 3) by instrumenting the rate of
bacterial resistance and the mortality from infectious diseases with the density of the population
(POPDEN;), the country area (AREA;), the production of milk (MILK;;) and pigs (PIGj). In this case, a two-

stage least technique with random effects is applied.

> For a detailed presentation of the econometric methods used to analyse panel data, see Greene (2003) and Baltagi (2005).

® As an example, Campylobacter is the most-frequently reported zoonotic pathogen causing human illnesses and resistant
bacteria tend to be harboured in the meat produced (Swiss National Science Foundation, 2007). The common practice of using
milk produced during antibiotic treatment for feeding calves and pigs causes a marked selection for resistant bacterial strains

(i.e. enterococci) which may enter the food chain.



Annual data available on determinants of outpatient antibiotic use between 1997 and 2005 are
summarised in Table 1. These include socio-economic characteristics of the population (income,
demographic structure, education and cultural/regional clusters), supply-side factors (density of doctors
and the system of remuneration), the incidence of bacterial infections (mortality rates), price, and levels
of bacterial resistance.

Data are obtained from a variety of sources. Information on per capita income (measured in US dollars in
purchasing power parity), density of physicians, the level of education and the incidence of infections are
extracted from publications by the OECD (OECD Health Data, 2007). The demographic structure of the
population is derived from Eurostat tables (Eurostat, 2007). Looking at yearly country profiles published
by the European Observatory on Health Systems and Policies (2007), we collect information on the main
type of payment system on hold for general practitioners (fee-for-service, capitation and salary).

We derive price levels for antibiotics during 2000-2005 by combining information from two indicators:
the comparative price level index (PLI) and the harmonized annual average price index (HICP) for
pharmaceutical products.’

As for the levels of bacterial resistance, data are obtained from the European Surveillance on
Antimicrobial Resistance database (EARSS, 2007). Routine antimicrobial susceptibility tests on invasive
isolates of Streptococcus pneumoniae are collected by participating laboratories in each country and
submitted to EARSS. We neglect possible bias in the comparison of susceptibility data between countries
that may be due to differences in case mix and hospital specialities or may be introduced as a result of
different laboratory routines between countries. Available data on bacterial resistance reduces the time
span for the analysis since the systematic collection of bacterial resistance across European countries has

not started until recently (from 1999/2000).

7 The PLI indicates the price level of each country compared to the average price level of the 25 EU countries in 2005. The HICP
includes information on price trends for pharmaceuticals for each country during 2000 and 2005, where 2005=100. These

indices are provided by Eurostat



3. Results

The parameter estimates of the three models are summarised in Table 2. The results are satisfactory and
stable and no structural difference is observed across the models.

The coefficient of income suggests that richer countries use more outpatient antibiotics compared to
lower-income countries. The responsiveness of the per capita outpatient antibiotic use to a 1% change in
the average national income, ceteris paribus, is between 0.71% and 0.85%. The result conjectures that
antimicrobials are normal goods, as argued by Baye et al. (1997), whose calculated income elasticity was
1.33, but contrasts with findings on regional Swiss data (-0.5) analyzed by Filippini et al. (2006).

The level of education is highly significant only in model 2 and is very close to zero. To our knowledge,
there are no comparable multivariate studies on the impact of education on the use of antibiotics. A
comparison with the literature on medical care utilization indicates that antibiotics are quite peculiar.
Hunt-McCool et al. (1994) find positive education elasticity to physician office visits and hospital care,
although the impact is not very significant. In the case of antibiotics, educated individuals may restrain
from using antibiotics if they are aware of the potential implications of bacterial resistance.

Our estimations show positive and significant coefficients for the proportion of individuals between 14
and 25. The impact of individuals below 14 is also positive, although not highly significant. Finally, we
find a positive and significant effect of the proportion of the population between 65 and 79 in the three
models. The literature on determinants of health care expenditure generally suggests that the increasing
prevalence of chronic health problems as people grow older may determine an increase in the utilization
of health care services. Di Matteo and Grootendorst (2002) observe a slightly significant increase in drug
expenditure in the population between 64 and 74, although the result is not confirmed by the more
recent study by Di Matteo (2005). Because of major health problems, one can point out that people in

the last few years of life are more likely to consume antibiotics in nursing homes or hospital clinics rather



than to get them prescribed in outpatient care. Indeed, we observe that individuals over 80 seem to
reduce the per capita consumption of outpatient antibiotics.

Some countries share cultural characteristics that may shape their attitudes towards the use of
antibiotics. The impact of regional covariates introduced in our models is unclear. They indicate that
antibiotic use is higher in southern and eastern Europe compared to western Europe, although not
significantly.

The physicians' density has a positive and significant effect in all of the three estimations. This might put
forward some evidence of supply-induced demand. Moreover, variables PGP, and PGP, are both positive
and significant, which is in accordance with the hypothesis on financial incentives under different
payment schemes for physicians. Under a fee-for-service, doctors' revenue is usually related to the
number and the time of consultations. This may imply a positive relationship with the amount of
prescriptions, though not straightforwardly. Doctors may then be prone to meet patients' preferences
for antibiotic treatment since the risk of losing disappointed patients immediately after a consultation is
higher compared to the capitation scheme. Conversely, under a capitation scheme doctors may have less
incentives to prescribe antibiotics. This is because the quality of treatment is not directly related to the
quantity of antibiotics prescribed but may improve with doctor's ability to induce patient's compliance
and to reduce inappropriate antibiotic use. Similarly to the fee-for-service, salaried practitioners may
lack incentives to restrain from prescribing antibiotics.

Individuals' health status is significant at less than 5% level in the two-stage least squares specification.?
The coefficients exhibit the expected positive sign and suggest that outpatient antibiotic expenditure is

not very elastic to the impact of epidemiological factors. Looking at the pharmaceutical consumption for

8 Similar results are obtained by using mortality for pneumonia and influenza instead of mortality for infectious diseases. Data

available for the former variable are fewer and reduce the number of observations in our estimations.



cardiovascular disease and stroke, Dickson and Jacobzone (2003) find that drug use is strongly related to
indicators of the burden of disease only for more effective and inexpensive types of drugs.

Generally, antibiotics are perceived as necessary in the case of presumed bacterial infections. Since
antibiotics are purchased under doctor's prescription, their demand may be less elastic to price
compared to other types of drugs. In our estimations, price elasticity has the expected negative sign in all
the three models, with a 5% significance level in model 1 and model 3. Looking at prices for anti-
infectives, Baye et al. (1997) find negative compensated (-0.785) and uncompensated (-0.916) own-price
effects. Focusing on the demand for one antibiotic class - the cephalosporins - Ellison et al. (1996)
calculate own-price elasticities for different brand/generic names unconditional on drug expenditure
using US wholesale data from 1985 to 1991. Their estimates range from -0.38 to -4.34 and are very close
to our results (-0.437 in model 1 and -0.403 in model 3).

The association between antibiotic use and bacterial resistance is positive and highly significant in all the
three model specifications. A 1% increase in the level of bacterial resistance induces an increase in
antibiotic consumption between 0.009% and 0.015%.° The higher values of estimated elasticities are
obtained when endogeneity of bacterial resistance is taken into account. Consequently, the role of

bacterial resistance may be underestimated when endogeneity is not addressed.

4. Conclusion

The investigation of socio-economic determinants of antibiotic use may contribute to the discussion

about effective government interventions to induce an efficient use of drugs. Using an econometric

? Since general indicators for bacterial resistance are not available we used specific indicators such as the proportion of penicillin
non-susceptible Streptococcus pneumonie isolates (PNSP). Clearly, these indicators can only be partially associated to total
antibiotic use but still represents a valid information for the overall magnitude of bacterial resistance in a country. Our results
are generally confirmed with alternative indicators, for instance the percentage of MRSA (methicillin-resistant Staphylococcus

aureus) isolates.



approach, we have shown that differences in outpatient antibiotic use across countries can hardly be
explained by epidemiological, demographic and cultural factors only. Supply-side factors appear to play
an important role. Indeed, higher levels of antibiotic use per capita are associated with higher density of
doctors and a fee-for-service remuneration scheme.

Increasing levels of bacterial resistance represent a harmful challenge for the society (Rudholm, 2002).
Several studies show that changes in antimicrobial use may be followed by changes in antimicrobial
resistance (Bergman et al., 2004; Stephenson, 1996). Moreover, bacterial resistance may result in (i) an
increased antibiotic use of the more recently available antibiotics (such as the fluoroquinolones) and/or
(ii) an increased dosage of the old classes of antibiotics to overcome resistance against these antibiotics
(such as amoxicillin and amoxicillin/clavulanic acid) (Woodhead, 2005). The former effect may have a
minor impact on the volume of use if it reflects the substitution of old by new antibiotics only. The latter
may result in a substantial increase of the number of doses. In both cases the number of doses may
increase through the number of prescriptions if there are more treatment failures associated with
resistance and the need for retreatment, possibly with increased dosage or alternative antibiotics.
Conversely, the awareness of resistance externalities by doctors, patients and policy makers should
result in lower rates of antibiotic use to reduce the social costs of lower antibiotic effectiveness.

We estimated that bacterial resistance has a positive and significant impact on antibiotic use although
the responsiveness is relatively low. This may suggest doctors’ and patients’ perceptions of the social
implications of bacterial resistance are not very strong or that the dissemination of information on
bacterial resistance is not very satisfactory. Next to guidelines on appropriate use of antibiotics and
awareness campaigns, economic incentives to general practitioners may provide opportunities for

additional policy instruments to increase efficiency in antibiotic consumption.
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Description Variables Mean  Std. Dev. Min. Max

Outpatient antibiotic DDDs per 1000 inhab. 20.30 6.18 9.75 34.72

consumption per day (DID)

Income per capita GDP in PPP/pop. (Y) 25926 9747 8898 70600

Population density Population/km? 130.34 98.89 2.62 392.64

Demographic structure Pop. under 14/pop. (POP;) 17.90 2.27 14.1 24

of population Pop. 15-24/pop. (POP,) 13.41 1.89 10.4 17.5
Pop. 25-64/pop. (POP3) 53.67 194 479 577
Pop. 65-79/pop. (POP4) 11.53 1.49 8.5 14.7
Pop. over 80/pop. (POP5) 3.45 0.80 1.8 5.4

Attainment of high Pop. with upper secondary 66.18 16.91 17.8 89.9

education education/total pop. (EDU)

Density of doctors Nr./1000 inhab. (DPH) 3.14 0.61 1.9 4.9

Bacterial resistance Nr. PNSP isolates/tested 11.25 10.99 0 48
isolates (RES)

Infections M ortality rate for 6.70 3.64 2 20.1
infectous diseases

Country area km? 203067.5 170135 2586 551500

Animal production Cow’s milk (1000 t) 7091.39 7801.24 113 28723.9
Number of pigs (1000) 7045.43 7615.61 3.51 26989.1

Number of countries

1997-2000 2001-2005
GPs reimbursement Capitation 10 10
Fee-for service (PGP, = 1) 4 5
Salary (PGP, = 1)
Price Comparative price levels for 21 21
p harmacutical products
Cultural aspects West 6 6
(regional clusters) East (REG. = 1) 4 4
North (REG, = 1) 7 7
South (REG; = 1) 4 4

Table 1: Variables notation and summary statistics.



Model 1 Model 2 Model 3

Random-effects GLS Random-effects GLS Random-effects 2SLS

Obs. 81 Obs. 83 Obs. 81

Wald x2(16) 639.57¢  Wald x2(16) 708.519  Wald y?(17) 630.54¢

R?(overall)  0.9090 R?(overall)  0.9148 R?(overall)  0.9074
Variables Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.
Constant  -6.627295% 1.749882  -6.8513359 1.455432 -7.220176Y 1.812758
InY 77983889 1433832  .7121763% 1025463  .8518591¢ .1531678
POP; 0262406  .0348197  .0054376  .0215031  .0193611 .0354117
POP, .0688448° .0239373  .1095265% .0212367  .0552193° .0254125
POP, 20608249 0345925  .1929409¢ .0296339  .1980966¢ .0351922
POPs -.2369182¢ .0617537 -.1207789° .0559627 -.25257169 .0637246
EDU -.0029463  .0038377 -.0084978° .0027534 -.0022773 .0039009
REG. 1030227  .1633479  .2736013° .1303155  .1714670 .1698326
REG, .3148661° .1045596  .2218048°¢ .0843911  .3786041° .1150470
REG; 076417  .1974833  -.0833759 130632  .0812201 .1994036
DPH .1708393° .0601477  .1317017°¢  .050695  .1918101° .0629893
PGP, .1961537° .0764034  .3088698¢ .0677188  .1301179 .0877345
PGP, 140456° .0442585 19427939 .0401293  .1170945° .0477875
Py -437112° .1904187  -.1834193  .1681948 -.4033169° .1934067
INF, -.0042152  .0075902 - - .0005976  .0089142
INF¢ 1 - - -.0185863°¢ .0065809 - -
RES; .01224059 .0025871 - - .0150385¢ .0030539
RES; 1 - - .0092705¢ 0022712 - -
t -.0021771  .0148391 -.0074614  .0111756 -.0093010 .0156017
o« 0 0 .0000001
o .04187606 .06126256 .0443676
p 0 0 0

3 significant at 10%, ° significant at 5%, ° significant at 1%, ¢ significant at 0.1%,

Table 2: Parameter estimates for the three models.
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Figure 1: Outpatient antibiotic use in Europe by country and year.
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