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Abstract
Purpose To investigate the role that both patient and
outpatient factors related to health care practice (HCP) play
in physicians’ early adoption of rosuvastatin.
Materials and methods Generalized estimation equations
(GEEs) and alternating logistic regression (ALR) with pair-
wise odds ratios (PWORs) were used to measure similar-
ities in rosuvastatin prescription within HCPs for all
individuals with statin prescriptions in Skåne region,
Sweden.
Results After 12 months, 53% of the HCPs had adopted the
new statin. Rosuvastatin prescriptions co-occured within
certain HCPs 3.56 times more often than one would have
expected based on a random distribution. Private HCPs had
four times higher probability of prescribing rosuvastatin
than public HCPs.
Conclusion Contextual characteristics of the HCP seem to
be relevant for understanding physicians’ motivation to

adopt rosuvastatin. Moreover, our study reveals inequity in
health care as the socioeconomic status of the patients
appears to influence the prescribing behavior of the
physicians irrespective of medical reasons.

Keywords Therapeutic traditions .

Alternating logistic regression . Early adopter . Rosuvastatin

Background

In many countries drug expenditure is increasing rapidly in
relation to overall health care costs, and a greater variety
and availability of new, expensive drugs is one of the key
factors influencing this phenomenon. Adopting a new drug
could be appropriate for the health of the patient and cost-
effective for the community, but in some cases newly
marketed drugs only bring a marginal or insignificant
contribution to the conventional therapeutic arsenal. Previ-
ous studies have shown considerable variation among
prescribers regarding early adoption of newly marketed
drugs [1–9], and it is known that the decision to adopt a
new drug reflects differences in information and attitudes
among prescribers [10, 11]. However, research on determi-
nants of early adoption of new drugs is still very scarce.
Understanding the mechanisms leading to physicians’ early
adoption of new drugs is, therefore, highly relevant for
promoting cost-effective prescription.

Rosuvastatin was marketed as Crestor (AstraZeneca
Pharmaceuticals, Wilmington, DE, USA) and incorporated
within the Swedish health reimbursement system in July
2003, when it became the fifth available cholesterol-
lowering drug from the class of HMG-CoA reductase
inhibitors (statins) [12]. However, simultaneously and in
concordance with an editorial in The Lancet [13], rosuvas-
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tatin was not included in the Skåne region guidelines for
rational drug prescription because this drug, despite being
effective in lowering total and low-density lipoprotein
(LDL) cholesterol, has unstipulated effects on morbidity
and mortality and only scarce evidence concerning its
safety. Moreover, rosuvastatin was approximately 20 times
more expensive than the cheapest alternative statin [14].

The introduction of rosuvastatin on the Swedish market
and the fact that there are no solid therapeutic reasons for
prescribing the new, more expensive brand instead of the
cheaper, recommended ones provide a unique opportunity
to investigate determinants of (inappropriate) early adoption
of new drugs in general, and of rosuvastatin in particular
[15–17]. Therefore, we aimed to elaborate a previous
theory that considers measures of variance and clustering
to quantify therapeutic traditions [18–21]. For this purpose,
we developed an innovative analytical approach using
generalized estimation equations (GEE), alternating logistic
regression (ALR), and pair-wise odds ratios (PWORs) [22].
Simultaneously, we aimed to investigate the role that both
patient characteristics[(i.e., sex, age, socioeconomic status
(SES), marital status, country of birth] and factors related to
outpatient health care practice (HCP) (e.g., public vs.
private administration, proximity to specialized care, rural
vs. urban setting, total prescription volume) played in
physicians’ propensity to prescribe rosuvastatin after its
introduction to the market.

Materials and methods

The Swedish Prescribed Drug Register

The Swedish Prescribed Drug Register (SPDR) [23] is
administered by the Centre for Epidemiology at the
Swedish National Board of Health and Welfare and records
information on sales of prescribed pharmaceutical agents by
the Swedish Corporation of Pharmacies. The SPDR was
launched in January 1999, and since July 2005, it has been
using the Swedish personal identification number system
rather than an arbitrary number for each prescription, which
allows record linkage with other health care registers at the
individual level. Among other data, the SPDR contains the
brand name and anatomical therapeutic chemical classifi-
cation (ATC) code for both prescribed and dispensed drugs,
whether the prescription is repeated or not, and the HCP
where the prescription was issued (identifiable by barcodes
on the prescriptions). Information on prescribers is, how-
ever, not available.

At the time rosuvastatin was introduced in the Swedish
reimbursement system (July 2003) there was not informa-
tion in the SPDR at the individual level. This information
was only available from July 2005, and therefore we used

two different data sets. The first data set included all 84,822
initial prescriptions of statins issued at HCPs in the Skåne
region between July 2003 and June 2004. We excluded
HCPs with sporadic prescription (i.e., <30 statin prescrip-
tions during the entire observation period), as well as those
prescriptions issued from unidentified places or places
outside Skåne [13% (11,275/84,822)]. Also, since accord-
ing to the Swedish reimbursement system, a prescription
that covers a whole year must be dispensed in three
increments, we only considered first dispensations within
the study period. In total we analyzed 73,547 prescriptions
(32,641 for women and 40,906 for men) from 170 HCPs. In
the second data set, we included all 32,011 individuals
(14,316 women and 17,695 men) in Skåne region who were
issued at least one prescription for statins between July and
December 2005 at the same 159 HCPs (eleven HCPs out of
the original 170 gave no prescriptions during this period).

Data from the Longitudinal Multilevel Analysis in Skåne
(LOMAS) were used to establish demographic variables
and the SES of the individuals [24].

This project was performed with the approval of and
assistance from Statistics Sweden and the Centre for
Epidemiology at the Swedish National Board of Health
and Welfare, as well as approval by the Regional Ethical
Review Board in Lund. In order to protect the identity of
the individuals, the research database does not contain the
real personal identification number but rather an arbitrary
number. The link between these two numbers is kept at
Statistics Sweden.

Individual-level variables

Statins were defined according to the ATC code C10AA
[25]. At the individual level, the outcome variable was
prescription (yes vs. no) of rosuvastatin (ATC code
C10AA07). In the analyses we included the sex (male vs.
female) and age (centered on the overall mean of 66 years)
of the patients.

As described elsewhere [26], the SES of the patients
seemed to influence the prescribing behavior. Therefore, in
the second phase of our analyses we also considered each
patient’s disposable family income, measured at the end of
2004. We divided income into quartiles and used the
highest quartile as reference in the comparisons.

Adopting an exploratory approach we also included the
marital and immigrant status of the patients as we
hypothesized that these characteristics could influence
physicians’ prescribing behavior. Marital status was dichot-
omized into married/cohabiting vs. living alone (i.e., single,
divorced, or widowed), with married/cohabiting as refer-
ence category. Immigrant status/ethnicity was measured by
the country of birth of the patients and the number of years
that the patient had resided in Sweden. We categorized this
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last variable into (1) always lived in Sweden, (2) ≥10 years
in Sweden, and (3) 0–9 years in Sweden. The first category
was used as a reference in the analysis. The country of birth
of the patients was categorized according the World Bank
Classification of Country Economies (i.e., low, lower-
middle, upper-middle, and high income) [27]. In the
analysis, we merged the first two into a single category
designated “low-income country”, and used the high-
income country category as a reference in the comparisons.
Number of years in Sweden and country of birth, according
to the World Bank classification, offered an appropriate
alternative for measuring immigrant status/ethnicity as this
combination considers the acculturation process of immi-
grants who have resided in Sweden for many years and
focuses not on geographic but on economic criteria for
classifying country of birth.

Area-level variables

Of the 170 (159) HCPs included in the first (and second)
data set, 129 (127) were under public administration as
public primary health care centers and hospital outpatient
care clinics, and 41 (32) were private primary health care
centers employing general practitioners (GPs) and other
specialists. The health services in Sweden are largely tax-
financed, and even private HCPs are primarily funded by
contract between the public health care authorities and the
private companies [28]. Private physicians are, however,
less influenced by the public health care administration, and
we have previously shown that privately managed HCPs
have a lower adherence to official guidelines for statin
prescription than public HCPs [21]. Therefore, we included
this variable (private vs. public) in the analyses since it was
possible that the administrative condition of the HCP also
influenced early adoption of rosuvastatin.

Given that proximity to specialized care may influence
prescription patterns, we also identified those HCPs that
employed specialist physicians other than GPs. In the
analyses, HCPs employing GPs only were used as
reference.

It is probable that several factors that could influence
prescription of newly marketed drugs, such as distribution
of information, marketing forces, and patient demands and
expectations, may be influenced by the population density
of the area. Therefore, we considered whether the HCP was
located in a rural or an urban area, according to the
definition provided by the Swedish Association of Local
Authorities and Regions. The definition is based on
structural characteristics such as population size, commut-
ing patterns, and the structure of businesses in the
municipality [29]. Of the 33 municipalities in Skåne region,
those municipalities that were classified as a metropolitan
area (1), suburban municipality (6), large town (3), or

medium-sized town (7) were classified as urban areas.
Sixteen municipalities were classified as rural areas and
were used as reference in the analysis.

The total prescribing volume of the HCP where the
prescriber works has been shown in previous studies to
affect the likelihood that a physician will adopt a new drug,
where a larger prescribing volume is associated with higher
probability of early adoption of a new drug [30]. Conse-
quently, we included a variable where the number of statin
prescriptions at the HCPs during the entire observation
period was divided into three categories: T1 (≤234
prescriptions), T2 (235–441 prescriptions), and T3 (>441
prescriptions). We used T3 as reference in the comparisons.

Statistical and epidemiological analysis

Our hypothesis was that the HCP environment (i.e.,
therapeutic traditions) had an independent influence on
physicians’ prescribing behavior in general and on early
adoption of rosuvastatin in particular. To investigate this
hypothesis we applied a previous theory [18–21] that
considers measures of variance and clustering to quantify
therapeutic traditions, and we measured clustering of
rosuvastatin prescription at the HCP level across time,
categorized into four consecutive trimesters from July 2003
to June 2004.

In previous studies we employed multilevel regression
analyses [20, 21], a suitable analytical approach when the
data have a hierarchical structure as in the present case (i.e.,
prescriptions were nested within different time periods,
which in turn were nested within HCPs). However, since
the distribution of the prevalence of rosuvastatin prescrip-
tion at the HCP level was skewed, we applied ALR.
Similarly to multilevel regression analyses, the ALR model
accounts for the dependence of the outcome within
different levels/categories and thereby allows accurate
statistical estimations. Also, the ALR methodology allowed
us to quantify the clustering of prescriptions of rosuvastatin
within HCPs with an index in the form of an odds ratio
(OR), the PWOR [22].

In order to compute PWORs, the model considers all the
pairs involving two prescriptions from the same HCP.
Using p11 to denote the probability that both prescriptions
in a pair are for rosuvastatin, p00 to denote the probability
that neither of the prescriptions in a pair is for rosuvastatin,
and p10 and p01 to denote the probabilities that only one of
the prescriptions in a pair is for rosuvastatin, the PWOR can
be calculated as follows:

PWOR ¼ p00 � p11
p10 � p01 ð1Þ

The PWOR reflects the increase in the odds of a
prescription being for rosuvastatin given that another
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prescription randomly selected from the same HCP may
also be for rosuvastatin. By quantifying the context
dependence of the rosuvastatin prescription, PWORs can
be used as a measure of “therapeutic traditions.” The higher
the PWOR, the stronger the therapeutic traditions. The
PWOR is equal to 1 in the absence of clustering, and in this
case it indicates that rosuvastatin prescriptions within the
same HCP were more frequent than could be expected if
prescriptions were distributed randomly across HCPs.

In practice, PWORs are calculated from the ALR model,
which simultaneously estimates the following two equa-
tions:

log PWORklð Þ ¼ aZkl ð2Þ

logit pkð Þ ¼ b0 ð3Þ
Equation 2 expresses the logarithm of PWORs as a function
of a dummy variable Z, which simply indicates whether two
patients (or two prescriptions), k and l, in a pair belong to
the same category or not (the variable Z is equal to 0, and
the PWOR to 1, for prescriptions from different HCPs). The
ALR model simultaneously estimates a logistic regression
by a GEE for the outcome (Eq. 3); in this equation, pk refers
to the expected probability of prescribing rosuvastatin for
the patient k.

We specified several different models. Model A was an
empty model without any covariates, which only included
time as a second level and HCPs as the third level. This
model allowed separate PWORs to be calculated within and
across different time periods. Models B and C included
individual, and individual and contextual variables, respec-
tively.

Applying an established procedure [31], we used the
PWORs obtained in the empty model as reference
(PWORreference) to calculate the percentage of change in
the magnitude of clustering, which was explained by
including individual or contextual characteristics in the
model with more variables (PWORmore).

Percentage of change

¼ ðPWORreference � PWORmoreð Þ= PWORreference � 1ð ÞÞ
� 100

ð4Þ
We used this percentage for estimating the relevance of
patient characteristics (i.e., the patient composition of the
HCPs) as well as the relevance of contextual characteristics
of the HCPs for understanding a possible clustering of
rosuvastatin prescriptions.

In order to investigate the influence of the SES of
patients on the prescription of rosuvastatin, we applied

GEE-ALR on the data from July to December 2005 (i.e.,
the second data set). Model D was an empty model without
any covariates, which only included HCPs as a second
level, while models E and F further included individual and
contextual variables that could explain a possible clustering
of rosuvastatin prescriptions.

We performed a survival analysis at the HCP level, in
which we followed the HCPs from baseline until the first
prescription of rosuvastatin or the end of the first
observation period, and performed a Cox regression to
investigate the association between the administrative
condition (private vs. public) of the HCP and early adoption
of rosuvastatin.

To study associations we calculated ORs and their 95%
confidence intervals (95% CIs) from the regression coef-
ficients [(standard errors (SEs)].

The calculations were made using the GENMOD
procedure in SAS software, version 9.1 (SAS Institute,
Cary, NC, USA), to fit the ALR models, and SPSS, version
15 (SPSS, Chicago, IL, USA).

Results

For the period July 2003 to June 2004, there was a
decreasing trend in the prevalence of rosuvastatin prescrip-
tions ranging from 2.6% (410/16,073) in the first trimester
to 1.5% (283/18,273) in the last.

Table 1 shows that, on average, patients receiving
rosuvastatin were younger than patients receiving other
statins. More men than women received a statin prescrip-
tion, and the same was true for rosuvastatin. Throughout
the whole study period, private HCPs, HCPs employing
specialists as well as GPs, and HCPs located in an urban
area more frequently prescribed rosuvastatin than public
HCPs, HCPs with only GPs, and HCPs located in rural
areas. The lower the amount of total statin prescribed at the
HCP, the higher the percentage of rosuvastatin prescription.
However, this phenomenon was only apparent in the early
phase of the observation period.

A descriptive analysis of the HCPs shows that 90 of the
170 HCPs prescribed at least one prescription for rosuvas-
tatin during the entire study period. Moreover, in three
HCPs the prescription of rosuvastatin was considerably
higher than in the rest of the HCPs (>15%). Those three
HCPs accounted for 13% of all rosuvastatin prescriptions
but only for 1% of all statin prescriptions throughout the
study period.

Figure 1 shows that private HCPs seem to have adopted
rosuvastatin faster than public HCPs. In addition, the Cox
regression showed that private HCPs had a 1.82 (95% CI
1.16–2.84) times higher hazard of adopting rosuvastatin
than public HCPs. Moreover, at the end of the observation
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period almost 70% of private HCPs had given at least one
prescription of rosuvastatin compared with 45% of public
HCPs.

Table 2 (model A) shows that, during the first trimester
of the observation period, rosuvastatin prescriptions co-
occurred within certain HCPs more frequently than one
would had expect if prescriptions were distributed random-
ly, i.e., PWOR=3.56 (95% CI 1.95–6.51), and this
clustering continued to be high in the following trimesters.
The between-time clustering was also high (values above

the diagonal for model A in Table 2), indicating that those
HCPs with a higher level of rosuvastatin prescription
during one trimester were also more likely to prescribe
rosuvastatin in the other trimesters. Accounting for the age
and gender composition (model B) of the HCPs did not
attenuate the magnitude of clustering. However, age was
conclusively associated with the prescription of rosuvasta-
tin, with a lower probability for older people. When
including the contextual variables (model C), the PWOR
was reduced by approximately 40% in the first and second
trimesters but only by 9% in the third trimester.

The probability of prescribing rosuvastatin was approx-
imately four times higher in private than in public HCPs
(Table 3). In this model, neither the presence of specialist
physicians nor the rural vs. urban location of the HCP was
associated with rosuvastatin prescription.

Table 4 shows that from July to December 2005, 366
individuals (1.3% of all individuals with statin prescrip-
tions) were prescribed rosuvastatin. The prevalence of
rosuvastatin prescriptions was higher among individuals
who were married/cohabiting and also showed a socioeco-
nomic gradient with a higher share of rosuvastatin
prescriptions among both men and women with high
income. However, there was no association between
country of birth of patients and rosuvastatin prescription.

Table 5 shows that individuals in the highest income
quartile had higher odds of being prescribed rosuvastatin
than individuals in the lowest income quartile. In models
D–F we did not find any conclusive association between
rosuvastatin prescription and number of years in Sweden,
country of birth, or marital status. The clustering of
rosuvastatin prescriptions at the HCP level was high for

Table 1 Characteristics of the 73,547 prescriptions for statins issued to 32,641 women and 40,906 men at 170 health care practices (HCPs)

Jul–Sept 2003 Oct–Dec 2003 Jan–Mar 2004 Apr–Jun 2004

Other statin Rosuvastatin Other statin Rosuvastatin Other statin Rosuvastatin Other statin Rosuvastatin

Prescriptions 15,663 410 (2.6%) 20,143 444 (2.2%) 18,270 344 (1.9%) 17,990 283 (1.6%)
Mean age (years) 66 61 66 58 67 61 67 61
Men (%) 57 50 56 56 55 51 56 54
HCP
Private 5,073 268 (5.3%) 6,079 264 (4.3%) 4,402 161 (3.7%) 4,447 156 (3.5%)
Public 10,590 142 (1.3%) 14,064 180 (1.3%) 13,868 183 (1.3%) 13,543 127 (0.9%)
Only GPs 9,565 236 (2.5%) 12,861 219 (1.7%) 12,656 230 (1.8%) 12,614 199 (1.6%)
Other specialists 6,098 174 (2.9%) 7,282 225 (3.1%) 5,614 114 (2.0%) 5,376 84 (1.6%)
Rural 1,946 27 (1.4%) 2,548 29 (1.1%) 2,456 32 (1.3%) 2,476 41 (1.7%)
Urban 13,717 383 (2.8%) 17,595 415 (2.4%) 15,814 312 (2.0%) 15,514 242 (1.6%)
Sizea

≤234 1,621 69 (4.3%) 1,999 44 (2.2%) 1,536 23 (1.5%) 1,650 19 (1.2%)
235–441 3,961 62 (1.6%) 5,359 89 (1.7%) 5,027 56 (1.1%) 4,996 54 (1.1%)
>441 10,081 279 (2.8%) 12,785 311 (2.4%) 11,707 265 (2.3%) 11,344 210 (1.9%)

Unless otherwise indicated, values are n
a Size of HCP in terms of number of prescriptions during the observation period
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Fig. 1 Prescribing of rosuvastatin in private vs. public health care
practices (HCPs) during the observation period July 2003 to June
2004
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both men (PWOR=2.99) and women (PWOR=2.58).
Adjustment for the patient characteristics studied attenuated
the magnitude of clustering to a small extent. However, the
inclusion of contextual variables decreased the magnitude
of clustering by approximately 20%.

Discussion

The present study shows that early adoption of rosuvastatin
was highly clustered in certain HCPs, and that this
clustering remained across the whole observation period.
Therefore, our results suggest the existence of strong
therapeutic traditions that, at the HCP level, influence
prescribing behavior of individual physicians. We also
observed that private HCPs prescribed rosuvastatin four
times more frequently than public HCPs. However, even if
this contextual characteristic appeared to be relevant for
understanding physicians’ motivation to adopt rosuvastatin,
it could not completely explain the observed variance in

rosuvastatin prescription. Moreover, our study reveals some
inequity in health care as rosuvastatin was prescribed more
frequently to younger patients and to those with a high SES
than to elderly patients or to those with a low income. In
other words, both contextual and patient characteristics
seem to have influenced the behavior of the physicians,
independently of medical reasons. Our study supports
previous findings [6, 7, 32], indicating that a wide range
of factors at different levels may influence the diffusion of
innovations [33].

It is important to consider that the context, i.e., the HCP
where the physicians worked, seems to have affected both
early adoption and the subsequent prescription of rosuvas-
tatin. In fact, those HCPs that prescribed one prescription of
rosuvastatin were almost four times more likely to prescribe
one more prescription during the same trimester, and almost
three times more likely to prescribe rosuvastatin during the
following trimester. This observation suggests that local
therapeutic traditions remain over time, and that prescrip-
tion of rosuvastatin was not an occasional early phenom-

Table 2 Pair-wise odds ratios and odds ratios (with 95% confidence intervals in parentheses) obtained by alternating logistic regression (ALR)
analysis of early adoption of rosuvastatin in the county of Skåne, Sweden

Model A Trimester 1 Trimester 2 Trimester 3 Trimester 4
Trimester 1 3.56 (1.95–6.51) 2.75 (1.87–4.05) 2.18 (1.39–3.43) 2.47 (1.31–4.66)
Trimester 2 2.59 (1.81–3.71) 2.01 (1.42–2.84) 2.41 (1.63–3.58)
Trimester 3 2.71 (1.69–4.35) 2.55 (1.51–4.32)
Trimester 4 3.44 (2.14–5.51)
Model B Trimester 1 Trimester 2 Trimester 3 Trimester 4
Trimester 1 3.78 (2.08–6.88) 2.88 (1.96–4.25) 2.19 (1.38–3.47) 2.51 (1.30–4.83)
Trimester 2 2.70 (1.86–3.91) 2.00 (1.40–2.86) 2.44 (1.62–3.68)
Trimester 3 2.67 (1.65–4.31) 2.50 (1.47–4.24)
Trimester 4 3.28 (2.01–5.35)
Model C Trimester 1 Trimester 2 Trimester 3 Trimester 4
Trimester 1 2.05 (1.06–3.93) 1.56 (0.97–2.53) 1.63 (1.11–2.39) 1.61 (1.19–2.17)
Trimester 2 1.59 (0.98–2.58) 1.70 (1.15–2.51) 1.70 (1.14–2.54)
Trimester 3 2.44 (1.51–3.93) 2.08 (1.52–2.85)
Trimester 4 2.47 (1.56–3.92)

Table 3 Fixed effects (odds ratios with 95% confidence intervals in parentheses) of the generalized estimation equations (GEE)-ALR
methodology

Model A Model B Model C

Age (1 year’s increase) 0.96 (0.94–0.97) 0.96 (0.94–0.97)
Sex (male vs. female) 0.87 (0.65–1.15) 0.87 (0.67–1.14)
Private vs. public 4.31 (1.93–9.62)
Sizea

≤234 0.64 (0.21–1.96)
235–441 0.67 (0.36–1.23)
>441 Reference
Specialist vs. general practitionerb 0.97 (0.58–1.62)
Urban vs. ruralb 0.98 (0.50–1.90)

a Size of HCP in terms of number of prescriptions during the observation period
b Estimated in a model with the same PWOR for all time periods, and time included as a fixed effect
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enon. When analyzing trends in rosuvastatin prescription, it
is relevant to realize that this drug was the subject of safety
concerns [12–14] during the observation period. These
warnings possibly influenced the patterns of drug utiliza-
tion, as evidenced by an overall reduction in the prevalence
of rosuvastatin prescriptions in the last trimester of
observation. However, the clustering of rosuvastatin pre-
scriptions was not substantially affected.

Earlier studies also suggest that a high volume of
prescribing at an HCP may affect physicians’ adoption of
new drugs since the likelihood of seeing a patient as a
candidate for the new drug would be higher [30]. However,
there are no specific indications that should make one
patient more suitable than another for receiving a rosuvas-
tatin prescription, and, in fact, the present analysis shows
no association between rosuvastatin prescription and
prescription volume at the HCP. Previous studies have
shown that medical innovations are more likely to be
adopted earlier in urban areas than in rural areas [30].
However, in this study we did not find support for this
association.

Based on the actual evidence there is no patient
characteristic that could motivate the preferential prescrip-
tion of rosuvastatin before any other statin. Therefore the
individual-level variables in the analysis are included, not
because of the need for adjustment for confounding, but
rather because we wanted to gain an understanding of the
prescribing process. In the present investigation we ob-

served that women were prescribed less rosuvastatin than
men. Also, rosuvastatin was more frequently prescribed to
patients with higher SES.

Even though the present analysis confirms previous
reports indicating that practice-level factors are relevant for
understanding prescribing behavior [18–21, 34, 35], part of
the prescribing behavior in the present study could in fact
have been due to individual physicians rather than to the
characteristics of the HCP. In a previous study [36] we
showed that approximately 50% of the variation among
practices is in fact due to variations among physicians.
However, we did not have access to physician-level
information in the current database.

Practice variation is a common phenomenon that is not
necessarily inappropriate but rather may reflect different
therapeutic approaches to confronting a similar health
problem [37, 38]. However, since all statins have
homogeneous indication and similar efficacy, statins are
an ideal medication group for investigating inappropriate
practice variation. At the time of this study, rosuvastatin
40 mg was approximately 20 times more expensive than
the cheapest recommended statin. Subsequently, when a
pharmacological agent is used in an unsuitable way, which
could lead to undesirable inequalities in drug use for the
population and have important cost implications, it is
relevant to investigate determinants of prescription dis-
parities in order to launch interventions promoting
appropriate prescription.

Table 4 Characteristics of the 32,011 individuals (14,316 women and 17,695 men) who were prescribed at least one statin between July and
December 2005

Total Men Women

Other statin Rosuvastatin Other statin Rosuvastatin Other statin Rosuvastatin

Number of individuals 31,645 366 (1.2%) 17,479 216 (1.2%) 14,166 150 (1.1%)
Mean age (years) 68 61 66 60 69 63
Men 55.2% 59.0%
Income
Low 8,248 59 (0.7%) 4,171 32 (0.8%) 4,077 27 (0.7%)
Middle-low 8,101 63 (0.8%) 3,893 35 (0.9%) 4,208 28 (0.7%)
Middle-high 7,788 105(1.3%) 4,553 56(1.2%) 3,235 49(1.5%)
High 7,508 139 (1.9%) 4,862 93 (1.9%) 2,646 46 (1.7%)
Marital status
Living alone 12,033 105 (0.9%) 5,251 56 (1.1%) 6,782 49 (0.7%)
Married/cohabiting 19,612 261 (1.3%) 12,228 160 (1.3%) 7,384 101 (1.4%)
Country of birth
High-income country 29,009 335 (1.2%) 16,049 196 (1.2%) 12,960 139 (1.1%)
Middle-income country 1,016 15 (1.5%) 527 10 (1.9%) 489 5 (1.0%)
Low-middle income country 1,486 15 (1.0%) 821 10 (1.2%) 665 5 (0.8%)
Low-income country 134 1 (0.7%) 82 0 (0.0%) 52 1 (1.9%)
Number of years in Sweden
Always 26,695 301 (1.1%) 14,752 178 (1.2%) 11,943 123 (1.0%)
≥10 4,268 56 (1.3%) 2,316 32 (1.4%) 1,952 24 (1.2%)
0–9 682 6 (1.0%) 411 6 (1.5%) 271 3 (1.1%)
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In previous studies we measured therapeutic tradi-
tions using analysis of variance and multilevel logistic
regression techniques [20, 21]. In the present investiga-
tion we applied the ALR-PWOR approach. Both methods
provide analogous, but not identical, information. While
the ALR-PWOR approach provides information on the
magnitude of clustering of similar behavior within
different HCPs, the multilevel logistic regression approach
measures the heterogeneity across HCPs. Pair-wise odds
ratios appear to be a very suitable measure for interpreting
clustering in the well-known OR scale. Also, the ALR-
PWOR is appropriate for investigating outcomes with a
very skewed distribution [22], as in the present study.
The PWOR is also a flexible measure that allows
investigation of clustering in arbitrary categories such
as different time periods. Alternating logistic regression
has been successfully employed in a number of previous
epidemiological studies [39–46] and appears to be a
relevant measure for investigating and quantifying medi-
cal practice variation.

In conclusion, the GEE-ALR and PWOR methodology
seems to be a useful tool for investigating determinants of
prescription at different levels of analysis. Applying this
methodology we observed that contextual factors (e.g.,
therapeutic traditions) at the HCP may be relevant for
understanding physicians’ propensity to early adopt and
prescribe a new statin (i.e., rosuvastatin), especially in the
private sector. Additionally, the age and SES of the patients
appeared to influence the prescribing behavior of the
physicians, as rosuvastatin was more frequently prescribed
to both younger men and younger women with high income.
When the same pharmacological therapy is available as
different brands at different prices and the prescriber selects
the new, more expensive brand based on socioeconomic
constructs rather than on medical grounds there are reasons to
question the suitability of the observed prescribing process.
Our study indicates the existence of inefficient therapeutic
traditions and suggests that interventions may be necessary to
promote rational prescription guidelines for pharmacologic
treatment in the context of a limited health care budget.

Table 5 Pair-wise odds ratios (PWORs) and odds ratios (ORs) (with 95% confidence intervals in parentheses), obtained by alternating logistic
regression (ALR) analysis of patients who were prescribed rosuvastatin in the region of Skåne, Sweden, from July to December 2005

Model D Model E Model F

Men Women Men Women Men Women

PWOR (95% CI) 2.99 (1.63–5.49) 2.58 (1.79–3.73) 2.83 (1.58–5.09) 2.46 (1.73–3.50) 1.89 (1.35–2.63) 1.72 (1.27–2.33)
Individual variables OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age (1-year increase) 0.96 (0.94–0.97) 0.96 (0.95–0.98) 0.94 (0.92–0.95) 0.96 (0.95–0.98)
Income
Low Reference Reference Reference Reference
Middle-low 1.22 (0.64–2.33) 1.00 (0.58–1.74) 1.22 (0.67–2.22) 1.00 (0.58–1.73)
Middle-high 1.38 (0.85–2.23) 1.68 (0.93–3.03) 1.35 (0.87–2.10) 1.66 (0.93–2.95)
High 1.80 (1.05–3.11) 1.62 (0.93–2.81) 1.74 (1.07–2.85) 1.58 (0.91–2.72)
Marital status
Living alone 0.78 (0.53–1.13) 0.65 (0.42–1.02) 0.79 (0.56–1.11) 0.66 (0.44–1.01)
Married/cohabiting Reference Reference Reference Reference
Country of birth
High-income country Reference Reference Reference Reference
Middle-income country 1.34 (0.57–3.15) 0.83 (0.25–2.77) 1.33 (0.62–2.83) 0.85 (0.27–2.72)
Low-income country 1.06 (0.38–2.94) 0.54 (0.18–1.65) 1.08 (0.43–2.75) 1.82 (0.63–5.25)
Number of years in Sweden
Always Reference Reference Reference Reference
≥10 0.31 (0.05–1.93) 1.46 (0.37–5.86) 0.32 (0.06–1.67) 1.46 (0.40–5.41)
0–9 0.86 (0.19–3.87) 1.31 (0.33–5.86) 0.88 (0.23–3.32) 1.36 (0.36–5.15)
Contextual variables
Private vs. public HCP 3.41 (1.95–5.95) 3.09 (1.58–6.05)
Size of HCP
Small 0.86 (0.42–1.79) 0.97 (0.40–2.36)
Medium 0.71 (0.36–1.39) 1.02 (0.51–2.03)
Large Reference Reference
Specialist vs. general practitioner 1.62 (0.88–3.00) 1.19 (0.62–2.29)
Urban v. rural 1.14 (0.45–2.84) 0.93 (0.44–1.99)

HCP Health care practice
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