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Abstract

Background: The observation of differences in the way apparently similar
patients are treated from one health care setting to another, i.e., practice variation,
have been recognized in numerous studies. The variations across the health care
settings have been shown to exist for different outcomes. However, any
measurement of any system will reveal some form of variation and this normal
inevitable variation must be separated from special cause variation. Practice
variation might, for example, be an expression of inefficient health care if a
pharmacological agent is available in different brands at different prices and
certain prescribers chose the more expensive one. In this situation, it is relevant to
identify determinants of this variation in order to launch appropriate
interventions. Inappropriate practice variation may have different origins. Since
the process of drug prescription includes a number of phases it could be
influenced at different levels (e.g. the patient, prescriber, health care practice).
However, very few studies have so far tried to understand the relative importance
of the different levels.

Another aspect that rarely has been investigated when studying practice variation
is what we denote as therapeutic traditions. This corresponds to the idea that
cultural aspects at the practice level might exert a collective influence on
prescribers working within the same practice. It can be expressed by the fact that
the prescription behavior among physicians within the same practice may be more
similar than the prescription behavior among physicians from different practices.
This can be operationalized by investigating variance components in a multilevel
framework. Many aspects concerning the analysis of variance components, i.e.,
quantifying overall practice variation, understanding the importance of different
levels, monitoring and distinguishing appropriate from inappropriate practice
variation, needs much more development. A further development of applied
statistical and epidemiological methods may facilitate a more comprehensive
understanding of the differences between health care units and thereby a more
accurate measure of healthcare quality.

Aims: Through the application of modern multilevel statistical techniques, we
aim in this thesis to propose a model of analysis for investigating practice
variation. We investigate therapeutic traditions in general and adherence to
prescription guidelines and adoption of new drugs in particular. We also examine
social and economic conditions at different levels of analysis and the role they play
in this context. We focus on the combined analyses of measures of association and
of variance and clustering as this can offer original and valuable information that
could be of relevance for planning and evaluating interventions aimed to promote



evidence-based prescription. We mainly study adherence to prescription
guidelines for statin prescription as these lipid lowering drugs all have similar
indications and efficacy.

Material & Methods: The database LOMAS (Longitudinal Multilevel Analysis
in Scania) is used and consists of unidentified information on all individuals living
in Skéne region, Sweden during the period 1968 to 2008. One of the registers
included is the Swedish Prescribed Drug Register that records information on
sales of prescribed pharmaceutical agents by the Swedish Corporation of
Pharmacies. We use multilevel regression models and generalized estimation
equations, and provide an explanation for the application of these methods when
focusing on measures of variance and clustering.

Results: Adherence to guidelines for statin prescription and the early adoption of
a new statin seemed to some extent to be conditioned by contextual factors
particularly at the Health care practice level (HCP) level. The determinants of the
individual behaviour are influenced directly by the contextual environment of the
practice. Moreover, HCPs that follow guidelines for one drug type also appear to
follow guidelines for other drug types, i.e., therapeutic traditions, acting at the
HCP level, seems to influence the prescribing behaviour of individual physicians
independently of specific drug type. Moreover, men with a lower income were
prescribed the cheaper recommended statins to a higher degree than men with a
high income.

Conclusion: We present a model of analysis for investigating practice variation
were we focus on the combined analysis of measures of association and measures
of variance and clustering. We investigate therapeutic traditions in general and
adherence to prescription guidelines and adoption of new drugs in particular.
Since very few studies have tried to understand the relative importance of the
different levels on the process of prescription, this thesis may eventually lead to a
better understanding of the relationship between HCP- and individual level
characteristics with respect to the prescription process. In turn, better
understanding of the importance of different levels may facilitate for decision
makers to focus interventions on the right factors at the right levels. By
investigating the role of different health care levels on adherence to guidelines,
researchers can more efficiently build and test models that capture factors
influencing the prescription process.

Key words: multilevel models, variance components, practice variation, adherence
to guidelines, determinants of prescription.
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Introduction

The existence and importance of practice variation in medicine, i.e., the
observation of differences in the way apparently similar patients are treated from
one health care setting to another,' have been recognized in numerous studies.””
The variations across the health care settings have been shown to exist for
different outcomes including drug prescription and adherence to prescription
guidelines,”" and beside the medical reason the variations have been attributed to
several aspects; characteristics of the physician,” " organizational setting and
resources, 4practice population,” patient characteristics as well as patient
preferences.’

However, any measurement of any system or process will reveal some form of
variation and this normal inevitable variation must be separated from special cause
variation. ~ " ' Practice variation might, for example, be an expression of
inefficient health care if a pharmacological agent is available in different brands at
different prices and certain prescribers chose the more expensive one. In this
situation, it is relevant to identify the determinants of the special cause variation
in order to launch appropriate interventions. However, little has been done to
determine whether higher than randomly expected variability across areas or
health care settings is in fact detected, or whether certain procedures are more
variable than others.”

Inappropriate practice variation may have different origins. Since the process of
drug prescription includes a number of phases (identification of the health
problem, decision to prescribe, choice of medication and decision to cease using
specific therapy) it could be influenced at different levels (e.g. the patient,
prescriber, health care practice). However, very few studies have so far tried to
understand the relative importance of the different levels for the prescription
process. * " One will then also be able to distinguish if the variation is due to
patients or physicians or the health care setting.

Two main hypotheses have been developed to try to explain and understand the
medical practice variation. The first hypothesis emphasize the uncertainty of the
physician when he/she is required to make a decision in circumstances of clinical



ambiguity, as the key factor behind medical practice variation.”** Resolving this
uncertainty lead to the development of different practice styles. When the
uncertainty of the physician is high, factors other than medically relevant
characteristics have a major influence. Some researchers have proposed that this
hypothesis based on the uncertainty of the prescriber have several drawbacks.” For
example, it is difficult to explain why physicians change their behavior when
economic incitements change. Therefore, a second hypothesis for explaining
practice variation that emphasizes differences in opportunities, incentives and
influences as explanatory factors for different practice styles have been proposed.
This hypothesis implies that the behavior among well-defined groups of
physicians are similar since they share a common work environment and similar
constraints.” This is related to what we in this thesis denote as “therapeutic
traditions”. Therapeutic traditions correspond to the idea that cultural aspects at
the practice level might exert a collective influence on prescribers working within
the same practice. It can be expressed by the fact that the prescription behavior
among physicians within the same practice may be more similar than the
prescription behavior among physicians from different practices. The more the
physicians from a practice are alike, compared to physicians from other practices,
the more likely it is that the determinants of the individual behavior are
influenced directly by the contextual environment of the practice.” This idea is
analogous to the idea of “social fact” developed by the French sociologist Emile
Durkheim (1858-1917).” Investigating social groups, Durkheim identified the
existence of a contextual phenomenon that was more than the sum of the actions
of the individuals composing the social group.” Because of this social fact, the
individuals within the same social group (i.e., practice) share a collective
conscience that conditions a similar behavior. *

Quantifying practice variation has been frequently used in order to assess quality
in health care. In Sweden this quality assessment is based on the six dimensions in
health care developed by the Swedish Board of Health and Welfare (SoS).” The
dimensions included are evidence based and appropriate (to provide services that
are relevant to clinical needs and founded on evidenced based medicine), safe (to
avoid injuring users, providers or the environment), patient-centered (adapted to
patient’s preferences, needs and values), timely (reducing waiting time), efficient
(avoid waste of resources) and equitable (provide care of equal quality regardless
of the characteristics of the patient) health care. In addition to this work, the SoS
in collaboration with the Swedish Association of Local Authorities and Regions
(SKL) have published a series of reports comparing healthcare quality and
efficiency in the 21 Swedish county councils and healthcare regions by using a set
of national performance indicators.” The method used for comparing healthcare
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quality and efficiency is mainly based on league tables of crude aggregated rates
between hospitals regarding existing national performance indicators.

Many aspects concerning the methodology used for quantifying overall practice
variation, as well as monitoring and distinguishing appropriate from inappropriate
practice variation, needs much more development. The same is true when it
comes to identify the causes of the variation. There is a gap between the
development of statistical methods and its application in routine epidemiology. A
further development of applied statistical and epidemiological methods may fill
this gap and can facilitate a more comprehensive understanding of the differences
between health care units and can thereby provide a more accurate measure of

healthcare quality.

Prescription data, as well as a lot of other information on health-care utilization,
are frequently ordered in a hierarchical structure (e.g., prescriptions clustered
within physicians that in turn are clustered within health care practices).
Furthermore, the prescription process can be influenced at those different levels
and as we are interested in separating out the effects of the different levels on the
prescription process, multilevel models appear as an appropriate statistical
technique for investigating our research questions. In this thesis we use
multilevel/mixed regression models *** as well as the alternating logistic regression
approach.” Multilevel models have in several studies shown to be a useful
epidemiological tool for disentangling the role of the context. ****** However,
very few studies have recognized the importance of modeling clustering and
variance components > ““’ and have instead mainly focused on measures of
association, such as odds ratios. By simultaneously investigating measures of
associations and measures of variance and clustering opens up a dimension that
has heretofore been underused in drug utilization studies. This combination can
provide a more fine-grained empirical description of the drug prescription
process.

In addition to therapeutic tradition, other relevant sociological factors that in
several studies have been shown to influence clinical decision-making,“‘” are the
socioeconomic circumstances of both patients and the context where the patients
are treated.”” " ”" Knowledge about the social and economical determinants of
prescription is relevant in order to assess equity in health care, which is a
fundamental quality dimension according the Swedish Board of Health and
Welfare. This aspect is particularly relevant in health care systems that, like the
Swedish,” aim to allocate resources on the basis of needs and not on social
constructs without a medical rationale. Studies have shown that insurance status
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affect physicians’ inclination to prescribe recommended drugs.” However in
Sweden, the cost of medicines in outpatient care is shared by patients and county
councils via a reimbursement system where the individual patient never pays more
than 200 Euros per year.” Therefore, since the economical barriers are not of
major relevance, this thesis can provide additional information about the
sociological mechanisms underlying the drug choice and prescribing behaviour.

We mainly study adherence to prescription guidelines for statin prescription. We
investigate statins as these lipid lowering drugs all have similar indications and
efficacy, and there are no reasons for prescribing recommended statins to some
patients rather than others based on patient characteristics. This renders them as
an ideal medication group for investigating therapeutic traditions and the role
that sociological factors play, as the risk of confounding will be small. 8

In chapter six (Definitions and explanations), in order to facilitate the
understanding of the thesis, definitions and explanations of some concepts are
presented. In the first five chapters references to these explanations and definitions
will be introduced when required.

General aim

Through the application of modern multilevel statistical techniques, we aim in
this thesis to propose a model of analysis for investigating practice variation. We
investigate therapeutic traditions in general and adherence to prescription
guidelines and adoption of new drugs in particular. During the investigation, we
also examine the social and economic conditions at different levels of analysis and
the role they play in this context.

Rather than simply investigating measures of association, we focus instead on the
combined analyses of measures of association and of variance and clustering. As
few studies have tried to separate the effect of different levels on the prescription
process and thereby limit the potential of interpreting differences between health
care units, this thesis, with a focus on the combination of measures of association
and measures of variance, can offer valuable and original information that could
be of relevance for planning and evaluating interventions aimed at promoting
efficient and evidence-based prescription.

12



Specific aims

For developing the thesis we conducted six different studies. The specific goals
and hypotheses of the studies are summarized in table 1.

In study I (table 1) we aimed to operationalize the concept of therapeutic
traditions by the combined use of measures of prevalence and measures of
variance. The goal was to develop a model to improve the empirical analysis of the
drug prescription process and explore the application of multilevel regression
analysis within pharmacoepidemiology.

In study II (table 1) we applied the model developed in study I in order to
measure the effect of an intervention; the decentralized pharmacological budget
introduced in Skine region in 2004. (For a shorter description of the
decentralized drug budget see Definitions and explanations).

In study III (table 1) we further elaborated the previous theory and applied
measures of clustering to quantify therapeutic traditions in relation to the process
of early adoption of a new statin. Simultaneously, we aimed to investigate the role
that both patient and outpatient health care practice (HCP) characteristics played
in this context. For this purpose, we applied alternating logistic regression (ALR)
and pair-wise odds ratios (PWORs), an innovative analytical approach based on
generalized estimation equations (GEE).

In study IV (table 1) we investigated the association between patient and HCP
characteristics on the one hand, and adherence to guidelines for statin
prescription on the other, with a specific focus on social and economic conditions.

In study V (table 1) we analyze whether the clustering of behaviors within HCPs
was independent of drug types, i.e. if adherence to prescription guidelines was a
common trait within HCP or dependent of drug type.

In study VI (table 1) we analyzed the implementation of a decentralized drug
budget in Skaraborg, Sweden. (For a shorter description of the decentralized drug
budget see Definitions and explanations). We replicated previous analysis but on a
different database that also contained information on the physician level; a level of
analysis that was missing in previous studies. We hypothesized that a part of the
variance at the HCP-level should be attributed to the physician level. Therefore
this study complements previous findings about the relevance of different levels
for understanding practice variation.
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Table 1: Aim and hypothesis of the included studies

Paper

Aim & Hypothesis

I

Aim: To operationalize the concept of therapeutic traditions by the combined
use of measures of prevalence and measures of variance and to monitor the
introduction of guidelines on statin prescribing issued in Skine region, Sweden,
during March — Dec 2003. The goal was to develop a model to improve the
empirical analysis of the drug prescription process and to explore the application
of multi-level regression analysis within pharmacoepidemiology.

Hypothesis: That the introduction of guidelines would result in increased use
of recommended statins and decreased variance between Health care practices
(HCPs) and municipalities

1I

Aim: To apply the model developed in study I in order to measure the effect of
an intervention; the decentralized pharmacological budget introduced in Skéne
region in 2004. Within this framework we aim to monitor and evaluate the role
played by the different organizational levels (HCPs, Health Care Areas (HCAs)
and Health Care Districts) when it comes to understand physicians” adherence
to prescription guidelines.

Hypothesis: That the decentralized pharmacologic budget would result in
increased use of recommended statins and decreased variance between HCPs
and HCAs throughout the 25-month observation period.

III

Aim: To elaborate the previous developed theory to quantify therapeutic
traditions and the early adoption of a new statin, rosuvastatin. For this purpose,
we apply an innovative analytical approach using generalized estimation
equations (GEE), alternating logistic regression (ALR) and pair-wise odds ratios
(PWORs). Simultaneously, we aim to investigate the role that both patient
characteristics and HCP factors play in physicians’ propensity to prescribe
rosuvastatin after its introduction to the market.

Hypothesis: Since there are no solid therapeutic reasons for prescribing the
new, more expensive brand instead of the cheaper, recommended ones, so we
expect no systematically differences between HCP in their adoption of the new
drug.

v

Aim: To investigate the association between patient and HCP characteristics on
the one hand, and adherence to guidelines for statin prescription on the other,
with a focus on social and economic conditions.

Hypothesis: Even though social roles and expectations related to the gender,
age, or socioeconomic position (SEP) of the patient might condition the
physician’s behavior independently of needs, there are no solid reasons for
expecting the prescription of more expensive non-recommended brands to
patients of a certain age, gender, or SEP.
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Paper

Aim & Hypothesis

Aim: To analyze whether the clustering of behaviors within HCPs is
independent of drug types, i.e. if adherence to prescription guidelines is a
common trait within HCP or dependent of drug type. This study focus on
adherence to prescription guidelines for different types of drugs. We first
investigate the clustering of adherence to prescription guidelines regarding three
separate drug types: statins, agents acting on the renin-angiotensin system, and
proton pump inhibitors. Then we analyze whether the clustering of behaviors
within HCPs was independent of drug types, i.e. if adherence to prescription
guidelines is a common trait within HCP or dependent of drug type.
Hypothesis: That therapeutic tradition would have a general influence on
prescription behavior and that adherence to guidelines regardless of drug type
would be positively correlated within the HCP.

VI

Aim: To replicate previous analysis on a different database containing
information on the physician level. This level of analysis was missing in earlier
studies and we hypothesize that a part of the variance at the HCP-level should
be attributed to the physician level. Therefore this study complements previous
information about the relevance of different levels for understanding practice
variation.

Hypothesis: That the decentralized drug budget would result in an increased
use of recommended statins and decreased variance between physicians and
between HCPs and that the variation at the higher levels would to a higher
degree be attributed to the HCP level than to the physician level.
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Material & Methods

Lomas

This thesis is included within the research project “Socioeconomic, geographic and
ethnical differences in health and health care utilization: a longitudinal and
multilevel analysis in Skdne” that has been approved by the Regional Ethical
Committee in South Sweden. The project includes the database LOMAS
(Longitudinal Multilevel Analysis in Scania) that consists of unidentified
information on all individuals living in Skne, Sweden during the period 1968 to
2008. The LOMAS database has been assembled with the allowance and
assistance of Statistics Sweden, The National Board of Health and Welfare
(Centre for epidemiology), and Region Skéne. The personal identification
number assigned to each person in Sweden was used by the Swedish authorities to
link information on socioeconomic, demographic and health care variables from
different registers. Once the record linkage was done the original personal
identification number was encrypted to ensure the anonymity of the individuals.

One of the registers included in the LOMAS database is the Swedish Prescribed
Drug Register (SPDR) that 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.
Aggregated statistics on drug utilization have been presented since the 1970s in
Sweden. However, in order to achieve more effective utilization of drugs, the
SPDR was introduced in 1998 and it was possible to analyze information at the
dispensation level.” Since July 2005 the SPDR includes the Swedish personal
identification number which allows record linkage with other health care registers
at the individual level. In addition to other data, the SPDR contains the brand
name and anatomical therapeutic chemical classification” (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, however, not available.

Other registers included in the LOMAS database that are employed in this thesis
are the register of the total population (RTB), the register of income and taxation
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(IoT) and the Longitudinal integration database for health insurance and labor
market studies (LISA). From RTB we retrieved information of the size of the
population; gender, age, marital status, country of birth, and number of years in
Sweden of the individuals. From IoT we retrieved disposable income at both
individual and family level and any use of social allowance. From LISA we
retrieved education level at both individual and family level.

Skaraborg Primary Care Database

Since the year 2000 all 24 publicly administrated HCPs in the county of
Skaraborg, Sweden has shared the same computerized medical journal. From this
computerized medical journal a database, Skaraborg Primary Care Database
(SPCD), has been constructed in order to provide data for research and quality
assessment. The SPCD forms a unique source of clinical information on the
prevalence and management of diagnosed disorders. In particular, SPCD has the
advantage of containing longitudinal records and detailed prescribing data.
Historically an important limitation of register based studies on drug utilization
in Sweden has been the lack of source information on prescribed drugs as only
dispensed drugs from the pharmacies have been recorded. Moreover the SPCD
includes information at the physician level and not only information at the HCP
level as the SPDR does.

The computerized medical journal in Skaraborg records, besides all prescriptions
for the patient, several demographical and clinical patient characteristics. This
information is extracted to the research database SPCD where the HCP, the
physician and the patient can be identified by a unique anonymized identification
number. The validity of the information in the database has been recently
audited and judged to be appropriate for research.”

Study design

Information and definition of the datasets included in the different studies are
presented in table 2a and 2b together with registers linked, the time periods used,
levels of analysis as well as inclusion criteria. For the studies (study I, II and the
first part of study III (Illa) where we used data prior to June 2005, the SPDR

could not be linked with other registers.
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Table 2a: Definition of datasets, registers linked and study period

Paper | Dataset-name Registers linked | Study period
for the analysis
I I SPDR April 2003 to December
2003
II IIa — public HCPs SPDR March 2004 to March 2006
IIb — private HCPs
111 Ia SPDR July 2003 to June 2004
1IIb - men SPDR July 2005 to December 2005
IIIc - women RTB
loT
0% IVa — public HCPs - men SPDR July 2005 to December 2005
IVb — public HCPs - women RTB
IVc — private HCPs - men [oT
IVd — private HCPs - women
\Y% Va-— C10AA SPDR July 2006 to December 2006
Vb - C09 RTB
Ve -A02BC IoT
LISA
VI Vla - 2003 SPDR May 2002 to October 2003
VIb -2005 July 2004 to December 2005

SPDR: Swedish Prescribed Drug Register
RTB: the register of the total population
IoT: the register of income and taxation
LISA: the Longitudinal integration database for health insurance and labor market studies
SPDR: Skaraborg Primary Care Database

Table 2b: Inclusion criteria and definition of levels/classifications for the datasets
Dataset- | Inclusion criteria Levels/
name Classifications
I All initial prescriptions of statins issued at HCPs in the | Municipalities : 33
Skéne region HCPs : 226
Prescriptions : 34 514
Ila All initial prescriptions of statins issued at public HCPs | HCAs: 14
in the Skine region HCPs: 136
Prescriptions: 110 827
ITb All initial prescriptions of statins issued at private HCPs | HCPs: 115
in the Skine region Prescriptions: 72 012
IIIa All initial prescriptions of statins issued at HCPs in the | HCPs: 170
Skéne region Time: 4
Prescriptions: 73 547
IIIb All men in Skdne region who were issued at least one | HCPs: 159
prescription for statins Individuals: 17 695
IIlc All women in Skine region who were issued at least one | HCPs: 159

prescription for statins

Individuals: 14 316
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Dataset- | Inclusion criteria Levels/
name Classifications
IVa All men in Skine region who were issued at least one | HCPs: 142
prescription for statins at public HCPs Individuals: 13 376
IVb All women in Skéne region who were issued at least one | HCPs: 142
prescription for statins at public HCPs Individuals: 10 743
IVc All men in Skine region who were issued at least one | HCPs: 132
prescription for statins at private HCPs Individuals: 8 424
Ivd All women in Skéne region who were issued at least one | HCPs: 132
prescription for statins at private HCPs Individuals: 6 906
Va All individuals in Skine region who were issued at least | HCPs: 198
one prescription for statins Individuals: 6 232
Vb All individuals in Skéne region who were issued at least | HCPs: 198
one prescription for agents acting on the rennin- | Individuals: 7 222
angiotensin system
Ve All individuals in Skine region who were issued at least | HCPs: 198
one prescription for proton pump inhibitors Individuals: 11 563
VIa All patients with at least one prescription of statin. Only | HCPs: 24
patients with all his/her cardiovascular drugs issued by | Physicians: 425
the same physician were included. Individuals: 6 205
VIb HCPs: 24

Physicians: 402
Individuals: 7 979

In study I (dataset 1) we selected all initial prescriptions of statins issued at HCPs
in Skéne region during the period April to December 2003. Since, according to
the Swedish reimbursement system, a prescription that covers a whole year must
be dispensed in three occasions, we only considered first dispensations within the

study period.

In study II we selected two different dataset. During the 25-month period
between March 2004 and March 2006 we selected all prescriptions of statins
issued by public physicians (dataset Ila) and all prescriptions issued by private
physicians (dataset 1Ib) at HCPs in Skdne region. We only considered first
dispensation within the study period. For an illustration of the hierarchical

structure of the health care system in Skine region see figure 1.
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Figure 1: The health care system in Skine region.

In study III we selected three different data sets. The first dataset (dataser I1la)
included all initial prescriptions of statins issued at HCPs in Skéne region
between July 2003 and June 2004. In the second phase of study III, we included
all men (dataser 1116) and women (dataset I1Ic) in Skine region who were issued at
least one prescription for statins between July and December 2005. These dataset
were linked with registers including socioeconomic and demographic
characteristics of the individuals.

In study IV we selected all patients registered in Skéne who received a statin
prescription issued by a physician from one of the region’s HCPs between July
2005 and December 2005. This yielded four datasets; /Vaz — men at public
HCPS, Vb — women at public HCPs, /Ve men at private HCPs and finally /Vd —
women at private HCPs. These dataset were linked with registers including
socioeconomic and demographic characteristics of the individuals.

In study V we selected all patients in Skine region who between July 2006 and
December 2006 received a drug from the ATC-categories (i) statins, (ii) agents
acting on the renin-angiotensin system, or (iii) proton pump inhibitors. Since
there are some occasions where the patient should be prescribed non-
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recommended drugs,62 in order to diminish the risk of confounding, we excluded
patients who received a drug from the same ATC-group during the 12 months
preceding our study period. Moreover we excluded HCPs without prescriptions
from all three ATC-groups. In total we analysed three datasets; Vi - patients with
statin prescriptions, V& - patients with agents acting on the renin-angiotensin
system, and V¢ patients with proton pump inhibitors. These dataset were linked
with registers that included socioeconomic and demographic characteristics of the
individuals.

Finally, in study VI we used the Skaraborg Primary Care Database (SPCD) to
identify all patients with at least one prescription of statin. Thereafter we created
two datasets, patients with at least one statin prescription during May 2002 to
October 2003 (VIa), and during July 2004 to December 2005 (V7b). If a patient
received more than one statin prescription during each time period, the last one
was selected.

Outcome variables

The main outcome in this thesis was the prescription of a recommended drug
defined according the local drug committee.”* Since 1997 every Swedish county
(for a shorter description of the Swedish health care system, see Definitions and
explanations) has had a drug committee in charge of promoting safe and cost-
efficient drug use based on evidence-based medicine.”” Members in the
committees mainly include general practitioners (GPs), hospital specialists,
pharmacists and clinical pharmacologists. One of their more important
responsibilities is to develop guidelines or recommendations for rational drug
prescription. Their aim is to recommend medications appropriate to clinical
needs, in doses that meet their patients’ individual requirements, for an adequate
period of time and at the lowest costs to the community. (For a shorter
description of guidelines and guidelines implementation, see Definitions and
explanations).

In all studies we investigate prescription of statins and in szudy V we also analyzed
proton pump inhibitors and agents acting on the rennin-angiotensin system. (For
a shorter description of statins and statin use in Skine region see Definitions and
explanations). In the registers statins were defined according to the Anatomical
Therapeutical Chemical (ATC) classification system™ code C10AA. Agents acting
on the renin-angiotensin system were defined according to the ATC-code C09
and Proton pump inhibitors according to the ATC-code A02BC.
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In study I, II, IV and VI the outcome variable was recommended statins. In szudy 1
the recommended statins were Simvastatin GEA® (ATC: C10AA01) or
Pravachol® (ATC: C10AA03). In study II and IV the recommended statin was
Simvastatin, regardless of brand, but excluding the original brand ZOCORD®
(ATC: C10AA01). In study VI the recommended statins were for dataset Via
Simvastatin (ATC: C10AA01) and Pravastatin (ATC: C10AA03) and for dataset
VIb Simvastatin (ATC: C10AA01) alone.

In study V the outcome variable was for dataset Vz recommended statins, i.e.
Simvastatin, regardless of brand, but excluding the original brand ZOCORD®
(ATC: C10AA01); for dataset Vb recommended agents acting on the renin-
angiotensin system; i.e. any ACE inhibitor alone (ATC: C09A) or in combination
(ATC: C09B) and for dataset Ve recommended proton pump inhibitors, i.e.
Omeprazol, regardless of brand, but excluding the original brand LOSEC®,
(ATC: A02BCO1).

In study 111 the outcome variable was rosuvastatin (ATC: C10AA07).

Explanatory variables

Individual variables

Based on the actual evidence there is no patient characteristic that could motivate
the preferential prescription of a specific statin before any other statin. This means
that differences in care between patients do not originate from differences in
indication.” Therefore, the included individual-level variables are not considered
because of the need for adjustment for confounding, but rather, because we
wanted to gain an understanding of the prescribing process. While these variables
should not directly affect adherence to prescription guidelines, they may reflect
social roles and cultural expectations which in turn might determine prescription
of recommended drugs.

The different explanatory variables for each study are included in table 3. All

analyses were adjusted for age of the patient. Study 1, II, Illa, V and VI were
adjusted for gender, while study I116,c and IV were stratified by gender.
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Table 3: Outcome variables, individual level variables, area level variables and

statistical method used for the different studies

Dataset- | Outcome Individual level | Area level Statistical method /
name variable variables variables measure of
association / measure
of variance and
clustering
I Recommended Age, sex, time Health care Multilevel logistic
statins (months) districts, regression / odds ratio
administrative / median odds ratio
status, physician
density
IIa Recommended Age, sex, time Proximity to Multilevel logistic
IIb statins (months) specialized care, | regression / odds ratio
own budget / median odds ratio
management,
participation in
the information
campaign
I1Ia Rosuvastatin Age, sex Proximity to Generalized
IIIb Age, income, specialized care, | estimation equation
IIIc marital status, administrative and Alternating
immigrant status, rural or logistic regression /
status, country urban area, odds ratio / pair wise
of birth prescribing odds ratio
volume
IVa Recommended Age, income, Proximity to Multilevel logistic
IVb statins marital status, specialized care, regression / prevalence
IVc immigrant percentage of ratio / intra class
Ivd status, country high-income correlation
of birth, social patients, rural
allowance or urban area
Va Recommended Age, sex, Proximity to Multilevel logistic
statins income, marital | specialized care, regression / odds ratio
Vb Recommended status, administrative / median odds ratio
C09-drugs immigrant status
Vc Recommended status, country
A02BC drugs of birth, social
allowance,
education
Via Recommended Age, sex Multilevel logistic
statins regression / odds ratio
/ median odds ratio
VIb Occupational

status, age, sex
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To establish the socioeconomic position of the patients in study III (dataser 1116-c),
IV and V we considered each patient’s disposable family income, social allowance (if
any), marital status and education measured at the end of 2004. We also
considered the immigrant status of the patients, as we hypothesized that this
characteristic could also influence physicians’ prescription behavior. Immigrant
status/ethnicity was measured by the country of birth of the patients and the
number of years that every patient had resided in Sweden. 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).”" 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 immigrants having resided in
Sweden for many years and focuses not on geographic but on economic criteria
for classifying country of birth.

Individual socioeconomic position is traditionally measured by the income,
education and occupation of a specific individual.” The term socioeconomic
position (SEP) concerns the social and economic factors that influence the
position the individual hold in the society. It is important to understand how
these aspects of social stratification are linked to prescription behavior in drug
utilization studies. A strong association between SEP and health and the fact that
better health is more related to social advantage than with social disadvantage has
been shown in several studies. The most commonly used frameworks for studying
SEP is based on theories from Max Weber and Karl Marx. Marxian-based social
stratification refers to structural relations between groups defined by their
relationship to the means of the production. The Weberian approach suggest that
the society is hierarchically stratified along many dimensions creating groups that
share a common position leading to shared life chances. Individuals create their
chances from their ability to benefit from their education, occupation and
income.” Income is the SEP indicator that most directly measure material
circumstances. It is not the actual possession of money that has an effect on health
but rather the sense of control and perception of social advantage. For income to
be comparable across individuals the measurement of income is transformed to
equalized income which is adjusted for family size and reduced associated costs of
living.

In study I and II we considered time (in months) of a prescription as a continuous
variable and in szudy I it was also modeled as a quadratic function.
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Avrea level variables

Because of the structure of the Swedish health care system physicians working at
private administrated practices might have a poorer receptivity to the county
council policies. From previous studies it is also known that that private care
attracts more high-SEP patients than does public care,”” and therefore we took
the administrative status (private vs. public) of the HCPs into consideration.
Proximity to specialized care and the particular type of knowledge that it conveys
might influence adherence to prescription guidelines. Hence, we also identified
those HCPs that employed specialist physicians other than GPs.

Simultaneously to the introduction of the decentralized budget in study II, an
information campaign for supporting appropriate prescription at the HCPs was
carried out through the entire observation period. Participation in this campaign
was voluntary. Since the campaign could influence prescription patterns
independently of any possible effect of the decentralized budget, we included a
variable indicating whether the HCP participated in the information campaign or
not. In the new compulsory system of decentralized pharmaceutical budget, the
responsibility for the administration of the pharmaceutical budget was transferred
from the regional Department of Health and Health Care Management to every
of the 19 administrative HCAs. However, nine of the 14 publicly-administered
HCAs decided to implement a more intense decentralization by transferring the
budget responsibility to their HCPs. As this circumstance can influence
prescription patterns, these HCPs were identified by a dummy variable, own
budget management.

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,
in study III 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, commuting patterns and the structure of businesses in the
municipality.”

HCPs with an elevated number of high income patients may develop therapeutic
traditions conditioned by the high income of those patients, and once established
these traditions could extend themselves to all patients. In smdy IV we
operationalized this possibility by computing the percentage of high-income patients
at the HCP.
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In study VI we include information about physician characteristics because
?revious studies have shown that they might influence the prescription behavior."”
77" However, information on physician characteristics was only available for the
dataset VIb. We included physician’s occupational status categorized as Intern (IN),
Resident (RS), General practitioner (GP) or Locum (LOC). Each category was
split into two groups according to the median age of the specific group. Of the
eight different groups we used the category of older GPs as reference in the
analysis. We also included the sex of the physician as a dummy variable (men vs.
women) in the analyses.

Methods

As there is no actual evidence that could motivate the preferential prescription of
a specific statin before any other statin it appears theoretically plausible to expect
no significant variance between HCPs in the prescription of recommended
statins. However, if such variance existed, the tendency of prescribing a
recommended statin may be more similar among prescribers within the same
HCP than among prescribers from different HCPs. This similarity (i.e. residual
correlation, in statistical terms) would express itself as a clustering of prescriptions
of recommended statins within HCPs and municipalities. That is, a part of the
individual propensity of prescribing a recommended statin would be at the HCP.
Our rationale was that this phenomenon is an expression of local therapeutic
traditions and can be investigated by measures of variance and clustering in
hierarchical models.

Prior to hierarchical models there were two options when analyzing data from
different levels with ordinary least square regression.” ” One could either
aggregate the data to the higher level or one could distribute characteristics of
higher levels to all individuals. However aggregated analyses cannot distinguish
the contextual (the difference a HCP makes) from the compositional (patients
within a HCP) effect. This problem has been named the sociologistic fallacy.”
Moreover, aggregating and distributing data pose further problems of
interpretation of the results known as the ecological and the atomistic fallacy.”
The ecological fallacy” ™ identification of a relationship at an area level between an
outcome and a contextual characteristic, and attribution of the relationship to
individuals when it actually does not exist at the individual level.

The atomistic fallacy” *": 1dentification of a relationship between an outcome and
an individual characteristic, and attribution of the relationship to the contextual
level, when it does not exists.
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Moreover, distributing data to lower levels is associated with a statistical problem
as treating individuals as if they are independent implies that the sample size is
dramatically exaggerated. If the outcome varies across higher-level units then
individuals cannot be considered to be independent. If the hierarchical structure is
ignored too many relationships will be found significant. Violations of standard
assumptions of traditional regression (the assumption of homoscedasticity) can be
handled within the hierarchical model approach.”*

Multilevel regression models

In order to obtain a model describing the relationship between the response
variable and the independent variables as well as considering the clustering of
observations within the 2™ and 3" level units we have in study I, 11, IV, V and VI
used multilevel regression (MLRA). As the outcome variables for all studies in this
thesis are dichotomous (yes/no) we have used the binomial distribution function
and the logit link function for the relationship between the distribution function
and the linear predictor. The regression coefficients associated with the covariates
in the logit model estimates the odds ratio (OR).

In a multilevel model the effects, or coefficients, can be defined as constant if they
are identical for all groups in a population and varying if the are allowed to differ
between groups.” The varying between groups can be explained in two sections;
random intercept models that represent 2™ level units that differ with respect to
the average value of the outcome and random slopes models where the slope of an
explanatory variable varies between groups.

The model

Consider a population of N patients. Each patient has a vector of covariates, x,
and each patient belongs to one of K clusters. The parameters corresponding to
the covariates are in the vector B. It is the variation between the K cluster
variables, u,....u; (mutually independent) that are of interest. The #’s are assumed
to be normally distributed through which inference can be drawn.

In this thesis the outcome variable is dichotomous, which implies that each
patient will have the value 1 or 0. The random intercept model (2 levels), with the
logit function and with one covariate at the 1 level can be described as follows
(equation 1):
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log = Po+ Prxy + uj

7 ij

u ; ~ Normal 0,62)

The model can straightforwardly be transferred to a three level model.

The relation between an explanatory variable (X)) and the dependent variable can
differ between 2™ level units in many ways. For example, it is possible that the
effect of time of the prescription after an intervention on adherence to
recommended drugs is stronger within some HCP than in others. In statistical
terms this is known as heterogeneity of regressions across groups. Within the
multilevel framework this is modelled by random slope by expanding equation 1
to the following equation (equation 2):

T i

log = fo + ﬂlxij oo+ U Xy

i
#y; ~ Normal (0, 50)
u,; ~ Normal (0,0'51)

. . . nd . . . . ..

i is formulation, the evel variance is now a function of an individua
With this f lation, the 2™ level funct f dividual
predictor variable X,

Variance

The evaluation of the variance is not simply of technical value; rather the variance

. . N . 23 39-41 82-84 . . .

is of substantive interest in research. In multilevel linear regression (where

the outcome variable is continuous) the partition of the variance is rather

straightforward. The intraclass correlation (ICC) indicates how much of the total

M « » nd .

variance ((var,,,) + (var,, )) “belongs” to the 2" level, interpreted as the
. . . . . . 85

proportion of the variance explained by the grouping structure in the population

or as the degree to which individuals share common experience due to closeness in

. 86
space and/or time" :
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Intraclass correlation (ICC): (var,,, ) /((var,, ) + (var, , )

Statistically the ICC is the correlation between two observations within the same
unit of a hierarchical level. A three level model would have two ICCs.

ICC (observations within the same 2™ level unit):

((Var2nd/eve/) + (Varjrdleyel)) / ((Varht[eve’l) + (Vaand/mml) + (Var_?mileuel))

ICC (observations within the same 3" level unit, but different 2™ level unit):

(Varjydzmz) / ((var,,,,) + (var,,,.) + (Varmzmz))

It is also possible to calculate an ICC to describe the similarity of 2™ level units
within 3 level units.

ICC (2" level units within the same 3 level unit):

+ (var

/ (Var 3rd/ezrel)

(Var erdlewl)

3rd/ewl)
However, in a model with dichotomous outcome the 1" level variance (unlike in
the case with a continuous response variable) depends on the expected value, Var
() = I, (1- TI;) as the fixed predictor in the model depends on the outcome.
The higher level variance is measured on a different scale than the 1% level
variance and hence therefore not comparable.” * Direct epidemiological
interpretation of the higher level variance is therefore difficult.”” ™ One suitable
alternative is calculating the median odds ratio (MOR), as proposed by Larsen
and co-authors.™ The aim of the MOR is to translate the variance in the widely
used odds ratio scale, which has a consistent and intuitive interpretation. The
MOR is comparable with the odds ratios of individual or area variables and is
defined as the median value of the odds ratio between the area at the highest risk
and the area at the lowest risk when randomly picking out two areas. In simple
terms the MOR could be interpreted as the increased (median) odds of an
outcome if one changes to another 2" level unit with higher risk. In this thesis the
MOR shows the extent to which the individual odds of having a recommended
drug is determined by the HCP that the patient receives his/her prescription
from. The MOR is statistically independent of the prevalence of the outcome and
can be computed both in empty models and more complex models.
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The MOR quantifies the variation between 2™ level units by comparing to
patients from two randomly chosen clusters. By using the 2™ level residuals of the
model we compute the odds ratio for each pair of individuals with the same
covariates and with the higher odds placed in the numerator. This yields a
distribution of the odds ratio (figure 2). The MOR is the median of the odds
ratios.

OR=1

.,
N,

MOR=2

\

‘\ OR=4

@ Merlo

Distibution of OR:s

Figure 2: Distribution of odds for each pair of persons with the same covariates with the higher odds
placed in the numerator. The MOR is the median of the distribution.

In figure 3 we illustrate scenarios where the MOR is high and the variation
between 2" level units is weak (top), and where the MOR is low and the variation
between 2™ level units is strong (bottom).
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Figure 3: In the top part of the figure we present a situation with very weak variations between areas.
In the bottom part of the figure, area level variations were much stronger, which will be reflected in a
higher MOR. Considering the area level residuals of the multilevel model, the odds ratio between the
person at lowest risk and the person ar highest risk is computed for each pair of persons from different
areas. Four arbitrary comparisons (R1, R2, R3, R4) are represented in the bottom part of the figure.
The MOR is defined as the median value of the distribution of this odds ratio.

In practice, it is not necessary to calculate the OR between all possible pairs. The
MOR depends directly on the 2™ level variance and can be computed with the
following formula:
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MOR = exp [(2 x var, )" x 0.6745] = exp(0.95 x var, ")

2ndlevel
where 0.6745 is the 75th percentile of the cumulative distribution function of the
normal distribution with mean 0 and variance 1.

If the MOR was equal to 1, there would be no differences between 2" level units
regarding the probability of the outcome (top part of figure 3). However, if there
were important 2" level differences, the MOR would be large (bottom part of
figure 3).

Other solutions have been suggested to measure the importance of the variance at
higher levels in MLRA by using different methods to calculate the ICC; the
simulation method, the binary linear model method, Taylor series linearization
and the latent variable method. As each definition arises from different
assumptions, each definition may lead to different ICC values.

Simulation: The principle of the simulation method is to translate the 2™ level
variance from the logistic to the probability scale. This means that the 1% and 2"
level variances are on the same scale and the ICC can be calculated according to
the formula. The consequence of using this method is that different phenomena
with similar area variance, but different prevalence, will have different ICCs.
Moreover, in models with covariates, the ICC will have a different value for each
different type of individual since the ICC depends on the prevalence that in turn
depends on the covariates. " For a given amount of area level variation, the ICC
will always be the highest for outcomes with a prevalence of 50%. This aspect
needs to be considered when comparing the magnitude of clustering between
phenomena with a different prevalence.””

A binary linear model: This method treats the (0, 1) response as if it were a
normally distributed variable. This will generally be acceptable when the
probabilities involved are not extreme, but if any of the underlying probabilities
are close to 0 or 1, this model would not be expected to fit well, and may predict
probabilities outside the (0, 1) range.

Latent variable method: This method converts the individual level variance from
the probability scale to the logistic scale. It assumes that the propensity for
prescribing a recommended drug (example from our studies) is a continuous
latent variable underlying our binary response. Each patient has a propensity to
receive a recommended drug, but only individuals whose propensity exceeds a
certain limit will receive. The unobserved individual variable follows a logistic
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distribution with individual variance equal to 3.29 (11*/3). The ICC is, as a resul,
a function of the area level variance and does not directly depend on the
prevalence of the outcome as in the simulation method. ”

Taylor series linearization: In this approach, the non-linear function used in the
multilevel logistic regression is linearized by applying a first-order Taylor series
expansion. The expansion gives an approximate transformation of the values
estimated from the binomial scale to the logistic scale.

Interval odds ratio and percentage of odds ratios of opposite direction

As explained previously; regression coefficients in multilevel models are adjusted
for the dependence of the outcome within areas by including the area level
residuals in the models. The regression coefficients for individual variables, in
being adjusted for area level residuals, reflect the association between the
individual level variables and the outcome within a specific area. Contrary to
individual-level variables in MLRA, area variables only take one value in each area
and, consequently, it is necessary to compare individuals from different 2™ level
units or 3 level units to quantify area-level associations.” ** Therefore we need to
incorporate the 2™ level (and 3“ level) variance in the presentation of area-level
associations. Consider all possible pairs of individuals with similar covariates,
where one individual received his/her prescription at a private administrated HCP
and the other from a public administrated HCP. For each pair taking into
account the administrative definition and the residuals of these HCPs, one can
compute the odds ratio between the individuals within the private HCP and the
individuals within the public HCP. All possible pairs give a distribution of odds
ratios. The IOR 80% (the choice of 80 % as the interval is arbitrary) is defined as
the interval centered on the median of this distribution that comprises 80 % of
the values of the odds ratios. The lower and upper bounds of the IOR can be

computed with the following equations:

IOR

lower

=exp [P+ V2 xvar,, ) x(-1.2816)] = exp (B — 1.81 Vvar, , )

IOR__=exp [P+ V(2 x var

upper

) x (1.2816)] =~ exp (B + 1.81 V var

2ndlevel anlcvc‘l)

. . . nd .
where B is the regression coefficient for the 2 level variable, and the values —

1.2816 and + 1.2816 are the 10th and 90th percentiles of the normal
distribution, with mean 0 and variance 1.
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Figure 4 illustrates the rationale of the interval odds ratio (IOR). Private HCPs are grouped on the left
and Public HCPs on the right. The thick dotted black lines represent the mean odds of having a
recommended drug in private and public HCPs. The log odds of prescribing a recommended drug in
each of the areas are function of the administrative (public/private) condition and of the area level
residual, and are represented as grey circles over and above the thick dotted black lines. The common
OR consists in comparing the thick dotted black lines (see the thick black arrow). By contrast, the IOR
also takes into consideration the unexplained area level variation, and therefore compares one person
selected from a private HCP and one person from a public HCP (dotted arrows). In the top part we
present a situation in which area level residual variations are weak compared with the effect of the area
educational level. Therefore, the IOR-80 is narrow. Conversely, in the bottom part, the area level
variations are much stronger than the effect of the administrative condition. In that case, the likelihood
is high of finding a person in a private HCP who presents higher odds of having a recommended drug
than does a person in a public HCP. For this reason the IOR-80 is wide.

It should be noted that the IOR-80 is not a common confidence interval. The
. . . . .. . nd ..
interval is narrow if the residual variation between different 2* level units is small,
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and wide if this variation is large. If the interval contains the value 1, this indicates
that the effect of the higher-level characteristic under scrutiny is not that
important when compared with the remaining residual higher-level heterogeneity.
The IOR therefore complements the information provided by the normal OR.

Other solutions to incorporate the 2" level (and 3" level) variance in the
presentation of area-level associations have been suggested.” Even if the overall
OR for the association between an area variable and the outcome is conclusively
higher or lower than one, the distribution of OR for pairwise comparison between
exposed and unexposed areas could contain a considerable percentage of ORs of
opposed direction. Therefore, one can calculate the percentage of ORs of opposed
direction as complementary information to the overall OR of each area-level
variable (when always comparing an individual with higher propensity of
receiving a recommended drug from a private HCP to a person with a lower
propensity from a public HCP). This measure considers the area residual variance
in the calculation of the ORs of the area level variables, and indicates the extent to
which the area variable under study is of importance as compared with residual
area variations. If this measure is 50% the association has no relevance. ORs of
opposed direction can be calculated by the following equation:

®= (Bz - B1 / (2*var2ndlevel)05)

If the area variable under study is a categorical variable B, equals zero. ® represents
the cumulative distribution function for the normal distribution with mean zero

and variance one. If (B, - B, / (2*var, . ,)") equals 0, ® equals 0.5 and the
percentage of Ors of opposed direction is 50 %.

Both the IOR 80% and the percentage of ORs of opposed direction can be

calculated in models adjusting simultaneously for several contextual covariates. *

Ranking of 2nd level units

The ranking of the 2™ level units is performed by following previous
recommendations for comparing performance between different health care
units.” The 2™ level units are ranked according their posterior means (also known
as “shrunken residuals”) obtained from the MLRA. Each residual corresponds
with the OR of adherence with guidelines of the unit, with the whole material as
reference in the comparisons. Since the 2™ level units are treated as coming from a
population distribution of 2™ level units, the estimation procedure can pool all
the information in the data thus allowing the predictions of place-specific
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relationships to be based on precision-weighted estimators, which take account of
sample sizes. Imprecisely estimated, the posterior means are shrunk towards the
overall mean, while reliably estimated, posterior means are largely immune to this
shrinkage. Thereby MLRA have the potential to avoid the misestimating
problems caused by small numbers and sampling fluctuations in traditional
methods based on single-level regressions. There are substantial differences
between crude aggregated rates and the MLRA predictions of performance based
on residual variation in a null model even though it takes no account of individual
composition. These differences arise because of the shrinkage procedure with rates
for practices with unreliably small target numbers being shrunk towards the
overall performance. Studies have shown that especially when health risk is low
and areas are small, random noise can mislead researchers into producing spurious
area variability that may appear as significant in standard statistical analyses.”

The simple formula for the shrinkage factor is:

SF = var (var + (var

/'N)

2ndlevel / 2ndlevel Istlevel

where N is the number of 1% level units within the 2™ level unit. The area
shrunken residual is calculated by multiplying SF with the raw area residual. Since
the ICC is a function of the first and second level variance the SF formula can be
rewritten as:

SF=1/(+(1/N)*((1/ICC) - 1))

This indicate that when N, and/or ICC getting smaller the shrunken residual will
shrink more towards the mean 0. In a dataset with sufficiently large N and ICC,
the results from multilevel analysis should approach those from single-level
analysis.”

However, there is no simple formula for shrinkage for either more complex
normal models or for MLRA. The simple example given above does however
motivate how these shrinkages work so that in a logistic regression the degree of
shrinkage will depend on the number of individuals in the cluster and the 2™ level
variance.

Estimation procedure

. 4 .
For study I, II, V, and VI we used the MLwiN software.”* For discrete response
multilevel models, maximum likelihood estimation is computationally intensive,
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and therefore quasi-likelihood methods are implemented in MLwiN. These
procedures use a linearisation method, based on a Taylor series expansion, which
transforms a discrete response model to a continuous response model. After
applying the linearisation, the model is then estimated using iterative generalised
least squares (IGLS) or reweighted IGLS (RIGLS) ? In study 1 we used this
estimation procedure. For study II, V, VI we used the Markov chain Monte Carlo
method (MCMC) using the Metropolis-Hastings algorithm.” This method
consists of running a chain in which values of the different parameters are
simulated until convergence. The MCMC method is a Bayesian approach to the
subject of estimation opposite to the more usual frequentist approach. In the
Bayesian approach one combines prior beliefs/ideas with the data collected to
produce new posterior beliefs/ideas about the problem. Often little is known
about the parameters prior to the data collection, and so default prior
distributions are required that express this lack of knowledge. Starting point for
the Bayesian computation can be adapted from the classical point estimates from
the quasilikelihood estimation.” After fitting the model, a distribution is
produced for the parameters that combine the prior information with the data,
and this distribution is known as the posterior distribution. The MCMC methods
make a large number of simulated random draws from the posterior distribution
of all parameters in the model, and use this information to form a summary of the
underlying distribution. The advantages of the MCMC method is that you can
calculate the full posterior distribution, which is often leading to more accurate
small-sample inferences than those just based on estimates + 1.96 SE, and the
possibility to incorporate prior information.”

Simulation studies have shown that the use of quasi-likelihood methods might
produce underestimated results, even for reasonable sample sizes and prevalence.
The drawback with MCMC is that it requires extended computational time for
convergence.

The Deviance Information Criterion (DIC) was used as a measure for model fit.
A lower value of the DIC indicates a better fit for the model. The DIC diagnostic
is a combination of fit measured by the deviance and complexity measured by pD
(the effective number of parameters). The interest in comparing models is in the

difference in DIC.””

Prevalence ratios

When the prevalence of an outcome of interest is rare in the study population
(<10%), the odds ratio and the prevalence ratio are equivalent. However as the
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prevalence increase the differences between the odds ratio and the prevalence ratio
increases.” " Therefore, in study IV we calculated the prevalence ratio (PR)
instead of the odds ratio. For this study we estimated the parameters in the
WinBugs software’’, and stored the results from each random draw (5000
random draws) from the posterior distribution. For each draw, we calculated, for
parameters of interest, the prevalence ratio by dividing the predicted probability
for the individuals with the characteristic studied by the predicted probability of
the individual without the characteristic studied. This gave us a distribution of
prevalence ratios and from this distribution we calculated the median and

corresponding 95 % credible interval (95 % CI).

Alternating Logistic Regression and the Pair Wise Odds Ratio

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 similar outcome within 2™
level units with an index in the form of an odds ratio, the PWOR.” Only a few
studies have employed ALR and PWOR when measuring contextual effects
within the epidemiological framework. """ In study III we used the ALR-
PWOR approach.

In order to compute PWORs, the model considers all the pairs involving two
prescriptions from the same HCP. Using p71 to denote the probability that both
prescriptions in a pair are the measured outcome, p00 to denote the probability
that none of the prescriptions in a pair are the measured outcome, and p70 and
01 to denote the probabilities that only one of the prescriptions in a pair is the
measured outcome, the PWOR can be calculated as:

PWOR = Poo X Py
Pio XPo

The PWOR reflects the increase in the odds of a prescription having the studied
outcome given that another prescription randomly selected from the same HCP
also has the studied outcome. The PWOR is equal to 1 in the absence of
clustering. If the PWOR is larger than one this indicates that the studied outcome
within the same HCP is more frequent than what could be expected if
prescriptions are distributed randomly across HCPs.
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The pairwise odds ratio is calculated as follows. For simplicity we consider only 5
areas, see figure 4. Black individuals represent individuals with recommended
drug while grey individuals represent individuals with non-recommended drugs.

Area 1: 6 individuals - 15 pairs Arvea 2: 6 individuals - 15 paris

Area 3: S individuals - 10 pairs
Areas 4 & 6: 2 individuals - 1 pair

Distribution of the 42 pair of individuals: Pairwise odds ratio = 2
Individual # 1

Recommended | Non recommended
drug drug

N Recommended P, =16 pairs P, = 8 pairs

= drug

S

= Non recommended | P,, = 8 pairs P,, = 8 pairs

E drug

Figure 4: Top - Black individuals represent individuals with recommended drug while grey individuals
represent individuals with non-recommended drugs. The PWOR is calculated as shown in the table.

This can easily be expanded to individuals with the same characteristics or
individuals within the same type of areas.

39



Practically, PWORs are calculated from the ALR model, which simultaneously
estimates the following two equations:

log(PWOR,) = a.Z,

logit(pk) = Bo

The first equation expresses the logarithm of PWORs as a function of a dummy
variable Z, which simply indicates whether two patients (or two prescriptions) 4
and /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 (the
second equation): in this equation, p, refers to the expected probability of
prescribing rosuvastatin for the patient .

By quantifying the context dependence of the studied outcome, PWORs can be
used as measure of therapeutic traditions. A higher PWOR indicates a stronger
effect of therapeutic traditions.

The calculations can be made using the GENMOD procedure in SAS software,
version 9.1 (SAS Institute, Cary, NC, USA), to fit the ALR models.

Model building and Proportional change of variance

We follow previous recommendations for model building;™ (I) an empty model
with no explanatory variables in order to separate the variance into different levels,
(II) a model including individual covariates in order to understand the individual
characteristics influence on the variance and (III) a model including both
individual and contextual characteristics in order to understand the individual and
contextual influence on the variance.

In the analyses we made some exceptions from the established procedure: /n study
I and II we also included the variable #/me in model A in order to be able to
investigate variance at different time periods. We also allowed the regression
coefficients of the variables time and sex to be random at the HCP level (i.ce.
random slope analysis) in the models in order to investigate whether these
individual-level associations varied between different HCPs. In the presence of
slope variance, the HCP variance becomes a function of the individual variables.'”
In study V we, in order to investigate if the random effects were correlated across
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drug types used the HCP residuals from model A and classified them into three
categories (“residualgroup”). Thereafter, on each separate drug type we used an
interaction of the variable residualgroup between the two other drug types in
order to investigate if the adherence to guidelines were dependent of the other
drug types. The interaction provided us with 6 different groups (lowest tertile in
both groups (1), (reference group), lowest tertile in one group and middle tertile
in the other (2), lowest tertile in one group and highest tertile in the other (3),
middle tertile in both groups (4), middle tertile in one group and highest tertile in
the other (5), highest tertile in both groups (6). Finally, in an extended model
(model D), we added the variable residualgroup as a contextual variable.

In study VI we considered two empty models, with and without the physician
level in order to study the effect the inclusion of the physician level had on the
variance at the HCP level.

Applying an established procedure, we also used the variance/PWOR obtained in
the empty model as reference (Var,_ ) 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 (Var,_ ).

Var_)/( Var

reference more reference)

Percentage change in variance = ((Var, ) X 100
Percentage change inPWOR = (PWOR .. -PWOR_  )/(PWOR__ -1)) X
100

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 when understanding a possible clustering of similar
behaviour.
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Results

Measures of variance and clustering

In study I (table 4) the overall prevalence of recommended statins was 20 % and
the MOR,,, was 1.96 at the beginning of the study period. However, we found a
significant slope variance in the association between prescription of recommended
statins and both time and sex, and therefore the HCP variance became a function
of these variables. The variance and the MOR decreased over time, but were still
high at the end of the study period. For study I the PCV indicates that 75% of the
differences between municipalities were explained by the individual and
contextual characteristics included in model C. However, this percentage was only
3% in relation to variance between HCPs.

In study II (table 4) the overall prevalence of guideline adherence was 62% in the
public sector and 50% in the private, with a clear increasing trend during the
whole study period. In the first month, 48% of the public and 39% of the private
HCPs prescribed recommended statins, and this percentage increased to 74% in
the public and 62% in the private sector by the end of the study period. These
trends were similar in all five health care districts, but adherence was always lowest
in the southwest district, and highest in the northeast and southeast districts.

In model A the MOR,, ,, in the public sector was 2.28 indicating that a
physician’s median odds of prescribing a recommended statin would
approximately double if this physician moved to an HCP in an HCA with greater
adherence to guidelines. However, when decomposing the MOR in specific levels,
the propensity of prescribing recommended statins presented a higher degree of
clustering at the HCP level than at the HCA level (MOR,,, = 2.18 vs. MOR , =
1.31). The MOR,, in the private sector was 3.47, indicating an even stronger
clustering among private HCPs.

There was an increasing temporal trend in prescription of recommended statins.
However, this trend differed between HCPs. Because of this slope variance, the
MOR,,., became a function of time indicating that even if the MOR,,,, decreased

throughout the study period, the final variation was still high (MOR,, = 1.86 in
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the public sector and 2.73 in the private). The analysis of the PCV indicates that
50% of the differences between HCAs were explained by the individual and
contextual characteristics included in model C. In relation to variance between
HCPs, this percentage was only 8% in the public sector and 0% in the private.
The ranking of the HCPs and HCAs regarding the prevalence of prescription of
recommended statins in each area relative to the overall prevalence in the county
at the beginning of the shows that the differences between HCAs disappeared
after adjustment, but although many HCPs changed position in the ranking, the
HCP dispersion around the mean was not reduced after adjustments.

Table 4: Prevalence and measures of clustering and variance from the different studies

Dataset- | Prevalence | MOR/PWOR/ MOR/PWOR/ PCV - PCV -
name ICC ICC 3rd level* | 2nd
— 31d level —2nd level level*
I 20 % 1.41 1.96 75 % 3%
IIa 62 % 1.31 2.18 50 % 8 %
ITb 50 % - 3.47 0%
IIla 2% 3.56 (1.95-6.51) 42 %
IIIb 1.2 % - 2.99 (1.63-5.49) 37 %
ITlc 1.1 % - 2.58 (1.79-3.73) 33 %
IVa 79 % 0.7 % 0.9 % 17 % 8 %
IVb 79 % 0.6 % 1.2 % 25 % +7 %
IVc 65 % - 10.4 % 3%
Ivd 65 % - 9.3 % +3 %
Va 94 % - 2.71 (2.23-3.39) 40 %
Vb 72 % - 4.72 (3.90-5.92) 38 %
Ve 88 % - 2.16 (1.95-2.45) 29 %
VIa 77 % 1.41 1.39 0% 0%
ViIb 84 % 1.12 1.22 2 % 0%

* Compares full model with empty model
MOR: Median odds ratio

PWOR: Pairwise odds ratio

ICC: Intraclass correlation

PCV: Proportional change of variance

In study Il , dataser Illa (table 4), for the period July 2003 to June 2004, there
was a decreasing trend in the prevalence of rosuvastatin prescriptions ranging
from 2.6% (410/16,073) in the first trimester to 1.5% (283/18,273) in the last.

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

For dataset I116-c the clustering of rosuvastatin prescriptions at the HCP level was
high for 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%.

For study IV (table 4) adherence to guidelines was systematically lower among
private HCPs (65 % vs 79 %). Moreover, model A shows that the ICC,,, value
for men in the private sector was 10.4 %, which indicate that factors varying
between HCPs to a high degree influence the prescription of recommended
statins. However, factors at the HCP/HCA level seemed to be less relevant in the
public sector, illustrated by a lower ICC. Even though the higher levels seemed to
be less relevant the HCP level seemed to be more important than the HCA level.
This pattern was similar for women. The ICC for different income groups in
model C was approximately 1 % in the public sector and it varied between 7- 9 %
in the private sector.

When individual and contextual variables were included, the higher level variance
decreased for men by 2% within privately-administered HCPs and 8 % within
publicly-administered. For women there seemed to be an increase in variance in
model C compared to model A.

In study V (table 4) adherence to guidelines was 88 % for proton pump inhibitors
(A02BC), 72 % for agents acting on the renin-angiotensin system (C09) and 94
% for statins (C10AA). The adherence at the HCPs ranged for A02BC from 10-
100% (25" %: 82 %; 75" %: 94 %), for C09 from 0-100 % (25" %: 46 %; 75"
%: 88 %) and for C10AA from 0-100 % (25" %: 90 %; 75" %: 100 %). For
model A there was high clustering of similar behavior at HCPs for the different
drug types (MOR,,, = 4.72 (3.90-5.92), MOR,,,, = 2.71 (2.23-3.39) and
MOR, .. = 2.16 (1.95-2.45)). These results were attenuated only to a small
degree when individual characteristics were included in model B. However, when

contextual factors were included in model C the clustering was considerably
reduced; approximately 30 % for C09 and CI10AA and 11 % for A02BC. In
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model D the variance decreased, compared to model A, by approximately 40 %
for C09 and C10AA and 29 % for A02BC.

In study VI (table 4) the overall prevalence of adherence with guidelines for
prescription of statins had increased from 77 % in 2003 (dataset Via) to 84 % in
2005 (dataset VIb). Model A indicates that MOR = 1.41 and MOR

HCP2003 HCP2005 —

1.15. In model B, when the physician level is included, the MOR,

HCP2003- PHYSICIAN2003 =
1.61 indicating the existence of inefficient therapeutic traditions acting at the
higher levels. The HCP and physician levels accounts for approximately 50 %
each of the variation at the higher levels in 2003 (MOR, = 1.41 vs.
MORPHYSICIAN2003 = 1.39). For dataset 2005 the MORHCPZOOS—PHYSICIANZOOS = 1.25
indicating that the differences between physicians and HCPs have decreased. In
fact, the decrease in variance for HCPs and physicians between the two periods
are 89% respectively 65%. The MOR seems to be higher than the

PHYSICIAN2005
MOR,,,,4s but the results are not conclusive.

CP2003

The PCV shows that the inclusion of individual and contextual variables did not
explain the variance at the HCP level or the physician level. The DIC diagnostics
shows that ignoring a level (model A) worsens the model fit for both dataset 2003
and 2005 and that Model C (2003) and Model D (2005) have the best model fit.

Individual level variables

For study I and II (table 5) there was a significant temporal trend in prescription
of recommended statins. However, many specific HCP temporal trends differed
from the overall trend in the county, illustrated by the random slopes model.

In study I, II, and V (table 5) men had a lower probability than women of being
prescribed a recommended statin. However, for the other studies we found no
conclusive differences between men and women regarding the prescription of
recommended statins.

In study I, II and VI (table 5) older age increased the probability of being
prescribed a recommended statin, and in szudy I decreased the probability of
being prescribed rosuvastatin, though by a very low degree. Compared with the
youngest age group in study IV, men over 70 had higher odds of being prescribed
a recommended statin. However, women aged 70-79 treated at private practices
had lower probability of receiving a recommended statin. Regarding study V; for
C09 older patients had a higher probability than younger of receiving
recommended drugs, but for AO2BC it was the opposite.
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Table 5a: Measures of association for individual covariates for study I and 11, odds
ratios and 95 % confidence intervals

Dataset I Dataset Ila Dataset ITb
Time 1.25 (1.20-1.31) 1.05 (1.04-1.05) | 1.05 (1.04-1.07)
Timer2 0.98 (0.98-0.99) - 1.00 (1.00-1.00)

Age (one year increase)

1.00 (1.00-1.00)

1.00 (1.00-1.00)

1.00 (1.00-1.00)

Sex (male vs women)

0.89 (0.82-0.95)

0.93 (0.88-0.99)

0.92 (0.85-0.99)

Table 5b: Measures of association for individual covariates for study II1, odds ratios
and 95 % confidence intervals (selected associations are included)

Dataset Illa

Dataset IIIb

Dataset Illc

Age (one year increase)

0.96 (0.94-0.97)

0.94 (0.92-0.95)

0.96 (0.95-0.98)

Income

Low - Reference Reference

Middle low - 122 (0.67-2.22) | 1.00 (0.58—1.73)
Middle high - 1.35 (0.87-2.10) | 1.66 (0.93-2.95)
High - 1.74 (1.07-2.85) | 1.58 (0.91-2.72)

Table 5c: Measures of association for individual covariates for study 1V, prevalence
ratios and 95 % credible intervals (selected associations are included)

Dataset IVa Dataset IVb Dataset IVc Dataset IVd
Income
Low 1.10 (0.95-1.28) 1.11 (0.93-1.31) | 1.18 (1.02-1.35) | 1.11 (0.95-1.29)
Middle low 1.07 (0.92-1.25) | 1.13 (0.96-1.33) | 1.19 (1.04-1.36) | 1.15 (1.00-1.34)
Middle high 1.12 (0.96-1.30) 1.07 (0.91-1.25) | 1.07 (0.95-1.20) | 1.05 (0.92-1.20)
High Reference Reference Reference Reference

Table 5d: Measures of association for individual covariates for study V, odds ratios
and 95 % credible intervals selected associations are included)

Dataset Va

Dataset Vb

Dataset Vc

Age (one year increase)

1.01 (1.00-1.02)

Sex (male vs women)

0.73 (0.58-0.92)

Income

Low 1.07 (0.77-1.50) 1.23 (1.02-1.49) | 1.32 (1.12-1.57
Middle low 1.14 (0.83-1.57) 1.27 (1.06-1.51) | 1.20 (1.01-1.41)
Middle high 0.96 (0.72-1.28) 1.17 (0.99-1.38) | 1.11 (0.94-1.30)
High Reference Reference Reference
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Table 5e: Measures of association for individual covariates for study VI, odds ratios
and 95 % confidence intervals (selected associations are included)

Dataset VIa

Dataset VIb

Sex (male vs women)

1.01 (0.88-1.14)

1.07 (0.95-1.22)

Age groups

1 (-54 years)

Reference

Reference

2 (55-64 years)

1.05 (0.84-1.29)

0.96 (0.78-1.17)

3 (65-74 years)

1.32 (1.08-1.62)

1.07 (0.88-1.30)

4 75- years)

1.51 (1.20-1.89)

1.09 (0.87-1.35)

Regarding the socioeconomic variables (table 5) we found that for study III
individuals in the highest income quartile had higher odds of being prescribed
rosuvastatin than individuals in the lowest income quartile. In szudy IV we saw
that for men with high income and cohabitation were both associated with a
lower adherence to guidelines. Moreover, in study V we found that compared with
low income patients those with high income presented a lower probability of
being prescribed a recommended drug, except for C10AA were we found no
conclusive differences.

Area level variables

For studies not stratified on administrative condition (study 1, III, V) we found
that the probability of prescribing rosuvastatin or non recommended drugs was
higher in private than in public HCPs, expect in study I (table 6). For the studies
stratified on administrative condition (study II and IV) this was also confirmed by
the higher adherence to guidelines among public HCPs. Moreover, the inclusion
of this variable (administrative condition) seemed to explain part of the clustering
at the HCP level, even though the clustering was still high after the inclusion.
Furthermore, in study III we illustrate that private HCPs seem to have adopted
rosuvastatin faster than public HCPs and a Cox regression model showed that
private HCPs had a 1.82 (95% CI 1.16-2.84) times higher hazard of adopting
rosuvastatin than public HCPs. In addition, at the end of the observation period
almost 70% of private HCPs had given at least one prescription of rosuvastatin

compared with only 45% of public HCPs.
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Table 6a: Measures of association for contextual covariates for study I and II, odds

ratios and 95 % confidence intervals (selected covariates included)

Dataset I Dataset ITa Dataset ITb
Public v. private HCC 1.01 (0.86-1.18) | - -
IOR-80 0.28-3.63 - -

Physician density (rate)

1st tertile

2.66 (1.16-6.006)

IOR-80 0.74-9.53 - -
2nd tertile Reference - -
3rd tertile 2.36 (1.34-4.16) | - -

IOR-80 0.66-8.47

Specialist physician vs GP

1.41 (1.18- 2.01)

0.97 (0.66- 1.31)

% opposed ORs

38 %

49 %

Table 6b: Measures of association for contextual covariates for study III, odds ratios

and 95 % confidence intervals (selected associations are included in the table)

Dataset Illa

Dataset ITIb

Dataset Illc

Private v. public

4.31 (1.93-9.62)

3.41 (1.95-5.95)

3.09 (1.58-6.05)

Specialist physician vs GP

0.97 (0.58-1.62)

1.62 (0.88-3.00)

1.19 (0.62-2.29)

Table 6c: Measures of association for contextual covariates for study 1V, prevalence

ratios and 95 % credible intervals (selected associations are included in the table)

Dataset IVa Dataset IVb Dataset IVc Dataset IVd
% of high-
income patients
T1 1.06 (0.99-1.17) | 1.02 (0.97-1.09) | 0.92 (0.81-1.05) | 1.00 (0.89—1.16)
T2 1.10 (1.02-1.22) 1.03 (0.99-1.13) | 0.96 (0.85-1.06) | 0.97 (0.86-1.07)
T3 Reference Reference Reference Reference

Table 6d: Measures of association for contextual covariates for study V, odds ratios and

95 % credible intervals (selected associations are included)

Dataset Va Dataset Vb Dataset Vc

Private v. public 2.76 (1.85-4.37) 3.86 (2.63-5.53) 1.18 (0.86-1.54)
Residualgroup1 Reference Reference Reference

Residualgroup2 1.42 (0.77-2.46) | 2.10 (1.13-4.18) 2.38 (1.59-3.48)
Residualgroup3 2.57 (1.19-5.36) | 2.47 (1.24-5.13) 2.06 (1.36-3.15)
Residualgroup4 1.66 (0.80-3.30) | 2.85 (1.37-6.27) 1.79 (1.08-2.89)
Residualgroup5 1.98 (1.00-3.73) 5.97 (3.01-12.24) | 3.02 (2.04-4.41)
Residualgroup6 2.24 (1.08-4.49) 3.53 (1.67-8.32) 3.17 (1.95-5.07)
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Table Ge: Measures of association for contextual covariates for study VI, odds ratios

and 95 % confidence intervals (selected associations are included)

Dataset VIa Dataset VIb

Young Intern 1.67 (0.85-3.46) 1.67 (0.78-3.43)
Old Intern 0.86 (0.48-1.57) 0.85 (0.48-1.58)
Young Resident 0.90 (0.62-1.33) 0.91 (0.62-1.32)
Old Resident 0.81 (0.55-1.19) 0.80 (0.55-1.18)
Young GP 0.87 (0.69-1.09) 0.87 (0.69-1.10)
Old GP Reference Reference

Young Locum 0.75 (0.51-1.11) 0.75 (0.51-1.11)
Old Locum 0.56 (0.38-0.82) 0.56 (0.38-0.82)

Other included HCP variables explained only a very small part of the variance at
the HCP level and the associations were seldom conclusive. Moreover, the IOR
was often very wide or the percentage of ORs of opposite direction was close to
50 % indicating that those variables were not important for explaining the
variation among HCPs.

However in study II among the public HCPs, prescriptions of recommended
statins were more frequently issued at HCPs with specialist physicians other than
GPs, but no such association was observed for private HCPs. In study IV there
was no clear association between adherence to prescription guidelines and the
percentage of high-income patients at the HCP, except for men treated at public
HCPs where a lower percentage of such patients were associated with higher
adherence to guidelines. Moreover, in study V model D shows that higher
adherence to the other drug types is associated with a higher adherence to
guidelines for all drug types. This effect was strongest for drug type C09 and
weakest for C10AA.

Moreover, in study I, physician density, a municipality characteristic, appeared to
play a role in improving adherence, but this association was U-shaped, with the
lowest probability in the second tertile group. The IOR-80 was relatively wide but
this actually suggests that this variable may have some relevance for the
implementation of prescription guidelines.
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Discussion

General discussion

In this thesis we present a model of analysis for investigating practice variation
where we focus on the combined analysis of measures of association and measures
of variance and clustering. We investigate therapeutic traditions in general and
adherence to prescription guidelines and adoption of new drugs in particular. (For
a conceptual framework for pharmacoepidemiological studies see Definitions and
explanations). Therapeutic traditions correspond to the idea that cultural aspects at
the practice level might exert a collective influence on prescribers working within
the same practice, and this can be expressed by the fact that the prescription
behavior among physicians within the same practice may be more similar than the
prescription behavior among physicians from different practices. In our studies we
found that adherence to guidelines for statin prescription and the early adoption
of a new statin seemed to be conditioned by contextual factors particularly at the
HCP level. Additionally, we observed that physicians from the same HCPs
showed a similar propensity to both prescribe recommended statins and adopt a
new statin compared to physicians from other practices. These results suggest
that, to some degree, the determinants of the individual behavior have directly to
do with the contextual environment of the practice. Moreover, HCPs that follow
guidelines for one drug type also appear to follow guidelines for other drug types,
i.e., therapeutic traditions, acting at the HCP level, seems to influence the
prescribing behavior of individual physicians independently of specific drug type.

We mainly focus on statins since they have the same indication and only marginal
differences in efficacy and they are therefore an illustrative group of
pharmacological agents for measuring inappropriate practice variation. While
. . . . . 6 3-115
adherence to guidelines in general is a well-developed research topic,” """ our
analytical approach of focusing on both changes in variance and changes in
prevalence is actually an innovative way of investigating practice variation in
. . 6 10 116 117 : 1
pharmacoepidemiology. However, this approach has been previously
. H 40 41 44 81 96 118 . . .
implemented in other research fields. Since very few studies have tried
to understand the relative importance of the different levels on the process of

prescription, this thesis may eventually lead to a better understanding of the
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relationship between HCP- and individual level characteristics with respect to the
prescription process. In turn, this may facilitate for decision makers to focus
interventions on the right factors at the right levels. By investigating the role of
different health care levels on adherence to guidelines, researchers can more
efficiently build and test models that capture factors influencing the prescription
process. In addition, we provide a methodological description of multilevel
regression models and generalized estimation equations and the alternating
logistic regression, and the application of these methods when focusing on
measures of association and measures of variance and clustering.

Quantifying practice variation has been frequently used in order to assess quality
in health care.” In this thesis we quantify practice variation with the median odds
ratio, the intra-class correlation and the pair wise odds ratio. By using these
measures we found, for example, that after the introduction of the decentralized
drug budget the prevalence of recommended statins increased and the variation
between practices decreased. Just an increase in prevalence of recommended drugs
does not necessarily imply better care since the increase in prevalence could
depend on a few physicians/HCPs with a very high prevalence. The desired
outcome is obviously not only to increase adherence with guidelines but also to
eliminate unnecessary practice variation. By including variance measures as well,
we can obtain information if the interventions had an effect on all

physicians/HCPs.

In the series of reports, from the National board of Health and Welfare, that
compares healthcare quality in the Swedish county councils, the method for
comparing different national performance indicators is mainly based on rankings
(league tables) of crude aggregated rates between hospitals.” By using the
posterior means (see Methods) instead of crude aggregated rates, as we do in this
thesis, where the 2" level units are treated as coming from a population
distribution of 2™ level units, the MLRA has the potential to avoid the
misestimating problems caused by small numbers and sampling fluctuations in
traditional methods based on single-level regressions. Nevertheless, several studies
have emphasized the uncertainty of these league tables.” " But in combination
with an overall measure (MOR, ICC) of the importance of the higher health care
levels (e.g., HCPs) it might provide a more comprehensive understanding of the
differences between HCPs and thereby a more accurate measure of healthcare
quality. This combination might facilitate for decision makers to determine
whether the variability is due to chance or is in fact detected. Moreover, this
approach can be applied to other procedures as well, and can thereby facilitate our
understanding whether certain procedures are more variable than others.
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In this thesis we also investigate the role that social and economic conditions at
different levels of analysis play for understanding the process of prescription. We
illustrate that a physician’s decision to prescribe recommended drugs is
conditioned, beside the therapeutic traditions acting at the HCP-level, by the
socioeconomic (e.g. income, marital status) and demographic (e.g. age)
characteristics of the patient. This situation cannot be justified by any medical
argument, but may rather reflect the influence of constructed social roles and
cultural expectations.

Contextual effects

In all studies the empty model (i.e., the model with no explanatory variables)
illustrates that factors related to the HCP level played a relevant role in
understating individual prescription of recommended statins and the early
adoption of a new statin. In study V were we included agents acting on the renin
angiotensin system and proton pump inhibitors, we also observed that factors
related to the HCP played a relevant role for understanding the prescription of
recommended drugs within these drug types. Since we only included new users in
this study, there are no compositional factors that could motivate the preferential
prescription of a recommended drug within the group of agents acting on the
renin angiotensin system before any other drug within the same group. However,
for proton pump inhibitors there could actually be some compositional factors
that could motivate a prescription of a non recommended drug which would
suggest that the clustering we see for this drug could partly be explained by
patient characteristics.

Moreover, it seemed like the third level, whether it was municipality or HCA,
played a minor role in the process of prescription. Although, in study VI, where
we included information at the physician level, it seemed like the physician level
and HCP level had similar relevance. Moreover, adjustment for the patient
characteristics studied attenuated the magnitude of clustering only to a small
extent, but the inclusion of the area level variable defining administrative status
(private vs. public HCP) seemed to decrease the magnitude of clustering to a

higher degree.
In study I, adherence to recommended statins increased and the variation

decreased along the study period (March-December 2003), which suggested that
in some way the publication of the official prescription guidelines in January
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2003, had a positive influence on statin prescription. However, at the end of the
observation period adherence was still low and practice variation high. These
results suggest that by some means the publication of the official prescription
guidelines reduced the initial practice variation, from MOR = 2 in April to MOR
~1.5 in September 2003. Thereafter practice variation increased slightly but never
reached the heterogeneity observed at the beginning of the observation period.
These facts may reflect inefficient therapeutic traditions, and suggest that more
intensive interventions may be necessary to promote adherence to prescription
guidelines.

In study II we evaluated the effect of a decentralized pharmaceutical budget,
implemented in January 2004, which intended to promote adherence with
prescription guidelines. According to our results, this intervention appeared to
considerably improve adherence to guidelines for statin prescription and,
promoted efficient pharmacological treatment. In this study we performed
separate analyses for publicly and privately administrated HCPs, since we believed
that the administrative background could modify the effect of these interventions.
However, even though guideline compliance was systematically lower among
private facilities, compliance in both the public and the private sector increased
progressively from the implementation of the decentralized budget through the
observation period. Our results suggest that adherence to guidelines seemed to be
conditioned by contextual factors, especially at the HCP levels. Based on the
MOR measure, we observed that physicians from the same HCP exhibited a
similar propensity to prescribe simvastatin. The variation between public HCAs
was very low and could partly be explained by contextual characteristics.
Contrarily, the variation between both public and private HCPs was high and
remained unexplained throughout the whole observation period.

Study III showed that early adoption of rosuvastatin was highly clustered at
certain HCPs, and that this clustering remained considerably high across the
whole observation period (July 2003 — Dec 2004). Therefore, this study also
suggests the existence of strong therapeutic traditions that, at the HCP level,
influence prescribing behavior of individual physicians. However, even if
contextual characteristic appeared to be relevant for understanding physicians’
motivation to adopt rosuvastatin, it could not completely explain the observed
variance in rosuvastatin prescription. 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
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that local therapeutic traditions remain over time, and that prescription of
rosuvastatin was not an occasional early phenomenon.

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 rosuvastatin. When analyzing trends in rosuvastatin prescription it
is relevant to realize that this drug was subject of safety concerns™'** during the
observation period. These warnings possibly influenced the patterns of drug
utilization, as evidenced by an overall reduction in the prevalence of rosuvastatin
prescriptions in the last trimester of observation. However, the clustering of
rosuvastatin prescriptions 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.m But, there are no specific indications that should
make one patient more suitable than another for receiving a rosuvastatin
prescription, and, in fact, the present analysis shows no association between
rosuvastatin prescription and prescription volume at the HCP. Previous studies
have also shown that medical innovations are more likely to be adopted earlier in
urban areas than in rural areas.”” However, in this study we did not find support
for this association.

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. In
addition, prescribing decision are made with uncertainty about the risks.”
Previous studies have shown considerable variation between prescribers regarding
early adoption of newly marketed drugs, and this variation has been suggested to
reflect differences in information and attitudes among prescribers.”" Early
adopters of a new drug have in studies been classified, despite their risk taking
attitude, as opinion leaders that influence other prescribers.” ' However, no
study have found a risk taking group of physicians across different drug types.”
Research on determinants of early adoption of new drugs is still scarce, and an
increased understanding of the mechanisms leading to physicians’ early adoption
of new drugs is, therefore, highly relevant for promoting evidenced-based
prescribing.

Study 1V also suggests the existence of different therapeutic traditions, acting at
the HCP level, which influences the prescription behavior of individual
physicians. Based on the MOR measure we observed that physicians from the
same HCP exhibited a similar propensity to prescribe recommended statins.
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Moreover, private HCPs had both higher clustering of similar behavior and
systematically lower adherence to guidelines, and this pattern remained after the
inclusion of individual and contextual characteristics.

In study V we show that therapeutic traditions, acting at the HCP level, influence
the prescribing behavior of individual physicians for all three studied drug types:
statins (ATC: C10AA), agents acting on the renin-angiotensin system (ATC:
C09), and proton pump inhibitors (ATC: A02BC). Moreover, the therapeutic
traditions seemed to be a general trait of HCPs that affects all kinds of
prescriptions independent of drug type. HCPs that follow guidelines for one drug
type appear also to follow guidelines for other drug types. Still, regarding
therapeutic traditions or practice styles, previous studies have shown contradictory
results. While Landon et al™ found no evidence of a consistent practice style (eg,
“aggressive” or “conservative”) for 5 different clinical scenarios, O’Neill et al*
found evidence of physician practice patterns that persist across multiple clinical
scenarios which implies that this subject needs further investigation.

In study VI we demonstrate that transferring the economical responsibility from
the central health care authorities at the County Council to the local HCPs
considerably improved adherence to statin prescription guidelines among
prescribers. Not only did we observe an increase in the overall prevalence of use of
recommended statins from 77 % in 2003 to 84 % in 2005, we also observed that
the variance among both HCPs and physicians decreased considerably by 89%
and 65% respectively. These results fully agree with the results from study II. The
current analysis improves the information obtained in study II since we had access
to physician level information. This information confirmed previous observations
on the relevance of the physician level for understanding practice variation, and
realize that the physician and the HCP levels shared in 2003 about one half of the
variance each."” However, in 2005 — after the decentralized budget — the residual
variance became almost negligible. Yet, most of the (small) residual variance
seemed to be across physicians. This is also illustrated by the fact that none of the
HCP and only a few physicians conclusively differed from the overall mean
adherence in 2005.

In our study, in 2003, the contextual variance was rather large and approximately
equal distributed among HCPs and physicians, indicating the any intervention
aimed to improve adherence with guidelines should be focused on both levels
simultaneously. In fact the decentralized budget was such an intervention, and it
appeared to effectively decrease the variance at both levels. In 2005 the higher
level variance was very small which suggests that any further intervention directed
to HCPs or physicians would render less effective. In 2005 we observed that older
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locum physician had a lower adherence to prescription guidelines than older GPs,
which may reflect intrinsic characteristics of this personal category. Locum
physicians share the common work environment and the same constraints as
other physicians at the HCP but only for a limited period of time and therefore
might be less affected by the therapeutic traditions acting at the HCP. However,
in spite of the conclusive association between this physician category and low
adherence to guidelines, an intervention focusing on locums will possible not be
very efficient since the residual variance (and the corresponding MOR) was
negligible and inclusion of the physician characteristics did not contribute to the
explanation of the variance.

As explained above, factors related to the HCP level seemed to play a relevant role
in understating individual prescription of the specific outcomes in each study.
However, even though the inclusion of some of the area level variables was
associated to adherence to guidelines, only the inclusion of administrative status
(private vs. public HCP) seemed to decrease the magnitude of clustering. We also
observed for all studies that private HCPs prescribed non-recommended drugs
and rosuvastatin to a higher degree than public HCPs.

For other included area level variables we found that for example HCPs with a
low percentage of high-income patients tended to prescribe the recommended
statins more often than HCPs with an overall higher level of patient income. A
similar contextual phenomenon was observed between health care districts; the
southwest district displayed a much lower adherence to guidelines than all other
districts in the county. These variables did not decrease the magnitude of
clustering, and a complementary analysis also show that percentage of OR of
opposite direction is close to 50 % (see Methods), strengthening the
interpretation that these variables are not important for understanding the
clustering of similar behavior.

Framework for studying contextual effects

During the latter years several conceptual framework for investigating contextual
effects has been developed (see for example Diez-Roux™ and O’Campo™™). The
conceptual framework used in this thesis is developed by Merlo.”” This
framework stresses four important parts (I) the appropriate boundaries
conditioning contextual effects, (II) their specific characteristics, (III) the
mechanisms through which these characteristics operate, and finally (IV) how life-
course exposure to different environments affects individual risk. Even though
this framework focuses on cardiovascular diseases it can straightforwardly be
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applied to pharmacoepidemiology and the investigation of practice variation and
specifically contextual determinants of prescription.

Regarding the first step in the framework; i.e. the relevant context, this is rather
straightforward in health care utilization research, as health care practices or
hospitals are natural boundaries. However, still it is of key importance to consider
different levels of analysis in order to attribute the variation to the correct level. In
this thesis we have used different levels of the health care organization (physician,
HCP, HCA, municipality) as boundaries for the higher level units. Moreover, by
using measures of clustering and variance, it was possible to assess the scale on
which contextual influences operate. The approach of “components of health
variation” is relevant for both examine determinants of prescription and for
planning interventions, especially when it comes to deciding on what scale
interventions should be directed.

For the second step in the framework; i.e. the specific characteristics of the higher
level units, there are two main ways of measuring a variable at the higher levels.
One can either aggregate individual-level data and aggregate to give average
characteristics of the group (collective or derived variables), or one can directly
measure properties of the group (contextual or integral variable)."" However, it
has also been suggested that there are two additional types of higher level
characteristics, structural and environmental. The structural variables refer to the
social interaction between members of the group while the environmental
variables refer to physical or chemical exposure to the group.” In health care
utilization research this is also relatively straightforward as the higher level
characteristics are to a high degree pre-determined; organization form, type of
unit (specialist physicians /general practitioners), location and size. In this thesis
we have investigated several different contextual variables that could be of
relevance for adherence to guidelines (see table 3). Moreover, in study IV we have
included a derived variable (share of high income patients).

For the third step in the framework, i.e., to investigate the associations and the
mechanism through which the contextual effects operate on the individual, it is
possible to conceptualize four ways (figure 5); (a) by directly affecting the
outcome, e.g., direct cross level effect, (b) by modifying the relationship between
an individual covariates and the outcome, e.g., cross level effect modification, (c)
by affecting the individual covariate which in turn affects the outcome, e.g.,
indirect cross level effect, and (d) by examine whether the higher level
environment as a whole (N) modifies the association between individual
variables.""" These different approaches has been investigated in previous studies”'

57



but in this thesis we have mainly focused on (d). In multilevel models this is
modeled by the random slopes approach. For example in study I and II where we
have allowed the regression coefficients of the variables time and sex to be random
at the HCP level. This gave us the possibility to investigate whether these
individual-level associations varied between different HCPs. In the presence of
slope variance, the HCP variance becomes a function of the individual variables.

Z / YA N
X—-"y X—-“y X—-"Y X____________._.—-—- y
a b c d

Figure 5: Different ways to conceptualize the associations and the mechanism through which the
contextual effects operate on the individual. In this figure Z is a higher level variable, x is an individual

level variable, and y is the individual level outcome.

Few studies investigating practice variation have recognized the importance of
modeling clustering and variance components and have mainly been focused on
measures association, such as odds ratios or prevalence ratios between some
practice variable and the outcome under investigation. This thesis emphasizes that
without knowledge of the 2™ level random effects (measures of clustering and
variance), the fixed-effect parameters (associations) at the 2™ level become
“decontextualized”. 2 “* ' "' However, as previously discussed;” “ ' there is
no direct correspondence between the amount of variance at a given level and the
extent to which explanatory variables are associated with the studied outcome. In
fact a relatively small 2™ level variance may correspond to relatively large
standardized mean differences.” "' "' In examining associations it is sufficient
that the 2™ level units show enough contrast of exposure for the contextual
variable. The variance can be considered as a local (spatial and temporal)
phenomenon while the associations are not temporal and spatial restricted.” " '
By neglecting the variation within 2™ level units may also lead to erroneous
conclusions and inefficient interventions.” ® ' Therefore it is relevant to
understand how both measures of association and measures of variance are
influenced by individual and area level variables in the model. By following the
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previously explained procedure of model building facilitates this understanding.
The first step is an empty model with no explanatory variables in order to separate
the variance into different levels, the second step is a model including individual
covariates in order to understand the individual characteristics influence on the
variance and finally the third step which is a model including both individual and
contextual characteristics in order to understand the individual and contextual
influence on the variance. A low 2™ level variance in the empty model, suggests
that there are small differences in the outcome between 2™ level units. In contrast
a high 2™ level variance in the empty model implies that there are large differences
between second level units. If the 2™ variance is reduced in the second step (when
individual characteristics is included in the model), we can conclude that the
included individual characteristics explain the differences between 2™ level units
and the variation was due to compositional confounding rather than a contextual
effect only.

If a 2" level characteristic gives rise to a high odds ratio we can conclude that the
association between the 2™ level characteristic and the outcome is strong.
However, if the 2" level variance in the empty model was originally low, there are
small differences between the 2™ level units and an intervention based on the
included 2™ level characteristic will most likely be inefficient. In contrast, if the
2" level variance was high in the empty model and remains high after including
the 2™ level characteristic, this 2™ level characteristic is not that important for
explaining differences between 2™ level units, even though the odds ratio is high
and the association is strong. In this case an intervention based on the included 2"
level characteristic will most likely be inefficient. Finally if the 2™ level variance is
high in the empty model, and decreases when the 2" level characteristic is
included we have an argument to consider an intervention based on this second
level characteristic that will have higher potential to be efficient. Figure 6
illustrates the different scenarios. This is, however, a simplified figure, though
there could actually occur situations when low clustering and low variance in the
empty model increase when individual characteristics are included.
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Figure 6 illustrates a simplified figure of the model building for multilevel models and the possible

explanations for the 2" * level variance

As an example, imagine two different studies of adherence to guidelines among
Health Care Practices (HCPs) in county A and in county B. While the prevalence
in county A and B are similar, the empty model shows that the variance
(differences) among HCPs is high in county A and low in county B. This implies
that if an intervention is supposed to be launched in order to increase adherence
to guidelines, specific HCPs might be useful targets in county A while in county
B a similar intervention would be less efficient as the differences between HCPs
are small. In this example we observe that when including patient characteristics
the variances remain the same, so the variance is not confounded by
compositional bias. In both studies we also observe that large HCPs are associated
with higher adherence to guidelines (same odds ratio in both studies), and the
variance among HCPs in county A decreases. This indicates that an effective
intervention in county A should focus on large HCPs. We can also imagine a
situation where county A and county B had high variance in the empty model,
but the inclusion of the variable “large vs. small HCP” (same odds ratio) only
decreases the variance in county A. This implies that there are other unmeasured
contextual characteristics that explain the variance among HCPs in county B and
an intervention should be focused only on large HCPs in county A. This example
illustrates the reasoning surrounding a multilevel analysis of practice variation, as
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it not only focuses on measures of association but also includes measures of
variance.

One of the central empirical questions concerning contextual effects is whether
the higher-level variations remains significant when a range of appropriate and
relevant individual variables are included in the model to allow for the patient
composition of particular administrative areas, i.e., the problem for researchers is
how to measure the independent effect of workplaces and hospitals. One of the
main problem proposed, is the difficulty in fully accounting for unmeasured
characteristics related to the sorting of individuals into different context, and that
two individuals from two different areas are not exchangeable even after
controlling for individual variables."” Furthermore, when there is limited data
within every cell of the analysis there could be an increased risk of extrapolation."”
However, these concerns are general for all observational epidemiology, but can to
some extent be compensated by appropriate analyses and epidemiological
reasoning."

Individual variables

Based on the actual evidence there is no patient characteristic that could motivate
the preferential prescription of a non recommended statin before any other
recommended 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 study I and II our empirical analysis found that men were prescribed more
statins than women, but women had a slightly higher probability than men of
being prescribed the cheaper, recommended, statins. As men have a higher
prevalence of ischemic heart disease and are therefore expected to be more
represented among statin users. But the gender differences in the prescription of
simvastatin did not seem rational and might instead be a reflection a social
constructs.

Study III also reveals the existence of 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.

Moreover, in study IV we illustrated that the physician’s decision to prescribe a
y phy p

recommended statin is conditioned by the socioeconomic (e.g. income, marital
status) and demographic (e.g. age) characteristics of the patient. For example, men
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with a lower income were prescribed the cheaper recommended statins to a higher
degree than men with a high income. Similarly, older men were prescribed the
recommended statins less frequently than younger patients with the same need.
This socioeconomic and demographic inequity was similar among private and
public HCPs, even though private HCPs generally had a lower adherence to
guidelines. Interestingly, among men but not among women, low income and
living alone were associated with a higher prescription of recommended statins.
Moreover, older women had a lower adherence than younger women, while the
situation was the reverse among men, though these results were not conclusive.

Furthermore, study V also demonstrates the existence of inequity in health care as
socioeconomic and demographic factors conditioned the prescription of
recommended drugs for the included drug types. For example, it was more
common to prescribe more expensive, non-recommended drugs to patients from
higher income groups.

These situations cannot be justified by any medical argument, but may rather
reflect the influence of constructed social roles and cultural expectations.” On the
one hand, the prescription of a more expensive brand may reveal a different
approach to a specific therapeutic problem that could result from differences in
information and knowledge. However, it could also express the belief that more
expensive drugs are better than cheaper ones, or could be used for the purpose of
displaying income or wealth where this display serves as an instrument of
attaining or maintaining social status.” This is based on the theory of Thorstein
Veblen concerning conspicuous consumption and stating that specialized
consumption of goods as an evidence of pecuniary strength and the conversely,
the failure to consume becomes a mark of inferiority and demerit. Following this
theory the consumption of more expensive goods has also served as the norm to
which consumption has tended to conform.

From the perspective of equity in health care, this thesis brings into question
physicians” choice of more expensive, but not more efficient, brands for some
groups of patients, given that a large part of this medication expenditure is funded
by the public reimbursement system. One rationale for this behavior might be
that sociological forces influence physicians’ prescription decisions over and above
evidence-based knowledge.” """ Patients of higher SEP may be more aware and
have better communication skills, making it easier to express their demands and
expectations and to be more involved in the treatment decision.” This
discriminatory prescription pattern cannot lead to any harm for the patient, since
all statins have a similar efficacy. However, we believe that our results are , to
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some degree, applicable to other medical treatments in primary health care. In
some contexts, lack of access to recommended treatments could have more severe
consequences for the individual. Prescription of non-recommended drugs is also
an inappropriate behavior from a cost-effectiveness perspective. It is inappropriate
that high-income patients are prescribed more expensive brands that are no more
effective than the cheaper recommended ones. This behavior, perhaps occurring
in other primary health medical treatments as well, reduces overall available
economic resources that could be used in other areas of the health care sector.

This thesis points out that sociological forces should be considered from a
perspective of equity in access to health care in general and when trying to
implement prescription guidelines in routine care in particular.

Methods

MLRA and ALR have been successfully employed in a number of previous
epidemiological studies, and appear to be a useful epidemiological tool for
. . . . . . . . . 61042103 104 106-111 116 117 151
investigating and quantifying medical practice variation.

In order to truly investigate variation, studies must use reliable methods that are
able to detect variability when it exists. These methods must also perform robustly
when there are differences in prevalence of the outcome, and when level 2 units
vary in size.

Regarding the methods used in this thesis, both methods provide analogue, but
not identical, information. While the ALR approach provides information on the
magnitude of clustering of similar behavior within different 2™ level units, the
MLRA approach measures the heterogeneity between 2™ level units. In MLRA
the effect of 2™ level units is modeled as being random, and the objective is to
draw conclusions about the population from which the observed units were
drawn rather than about these particular units, and valid inferences require correct
specification of the distribution of the random effects and the link function. The
ALR, however, requires only a correct specification of the link function. Figure 8
illustrates the distribution of the random effects from study III when modeled
with the MLRA approach. It shows that the random effects are not normally
distributed and therefore inferences based on the assumption of normality, i.e.,

the median odds ratio, will not be correct. Therefore, in this study we applied the
ALR methodology.
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Moreover, the fixed effects are interpreted differently for MLRA and ALR. As the
ALR model simultaneously estimates a marginal mean model for the fixed
parameters they have to be interpreted as population average, i.e the effect of the
covariate x averaging over clusters. In the MLRA model the interpretation is
cluster specific, i.e. the effect of a covariate x for a given cluster”’
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Figure 8: Standardized residuals for study III plotted against normal scores in order to check model
assumptions. One such assumption is that the residuals at each level follow Normal distributions. This
assumption may be checked using a Normal probability plot, in which the ranked residuals are plotted
against corresponding points on a Normal distribution curve. If the Normality assumption is valid, the
points on a Normal plot should lie approximately on a straight line.

Measures of variance and clustering

If the main focus is to disentangle the importance of different levels on the
studied outcome the ICC obrtained from the variance components in the MLRA
can give valuable information. However, the ICC has some disadvantages in
multilevel logistic models and the interpretations have to be done carefully.” ™ ™
" Studies have shown that the value of the ICC may vary substantially by
calculation method (see methods part for the different ICCs).” There are no clear
criteria for choosing between the methods. However, it is recommended that a
calculation using the different methods should be carried out, and if concordance
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is achieved, then one can have more confidence in the results.” ICCs computed
by the latent-variable method are easy to 1nterpret 1f the response is derived from a
truncation of underlymg continuous response.” However, prescription of a
recommended statin is truly discrete and the interpretations of the ICC calculated
from the latent variable method must be done carefully. Analyzing the binary
response as a continuous variable (linear model) is especially vulnerable to extreme
outcomes.” " The simulation method provides some advantages as it does not

involve any approximations, and the results can then be considered as a rather
. . 3990152
reliable estimate of the ICCs.

When the researcher is more interested in general information about clustering
the MOR/PWOR might be a more suitable approach. But, even if the MOR and
PWOR increase as the higher levels becomes more important, the comparison
with the importance of the 1" level is not possible. As the MOR is restricted by
the assumption of normally distributed second level residuals, as well as the
problem of estimating the 2™ level variance among a population of for example
socioeconomic groups, the PWOR is a valuable alternative.

In order to compare and evaluate the MOR with the PWOR and the ICC we
conducted a simulation study where we with simulated datasets contrasted the
MOR-value, the ICC and the PWOR-value for different scenarios. In the
simulation approach, following an established procedure™, we focused on models
with no explanatory variables. Since the variance in MLRA and the PWOR in the
ALR are not dependent on the prevalence we simulated different scenarios with
different cluster sizes and different variances. All simulations were performed in
the software packages MLwiN, SAS, and R. We set following conditions for our
simulation study: (I) the number of 2™ level units was set to 200 and 30 (II) the
number of 1" level units in each 2™ level unit was set to have a normal
distribution with mean 30 standard deviation 0 and 40 (III) a supplementary
model was included with 15 2™ level units and 500 1" level units (IV) the
variances of the random intercept was set to 0.01, 0.1, 0.2, 0.5, 1, 1.5 and 2. To
generate the outcome, a Bernoulli distribution was used. The overall prevalence of
the outcome was set to 50 %. For practical purposes we generated 1000 data sets
for each combination. The SAS procedure NLMIXED with default options was
used for estimation of the MLRA. This procedure only allow for maximum
likelihood estimation. If convergence was not achieved the estimated parameters
were not included in the calculated summary statistics. Distributions for random
effects were normal. The SAS procedure GENMOD with default options was
used for estimation of the ALR model. The dependency model was specified with

65



the exchangeable settings, that assumes a common pairwise log-odds ratio for all
h h h . . .
clusters. We calculate the 5%, 50" and 95" percentiles from the simulations.

Figure 9 show the results from the simulation studies. In general the MOR is
approximately 25-30 % higher than the PWOR. For models with small sample
size (30 2" level units and 30 1st level units) the NLMIXED procedure had
problems converging (almost 70 % of the models did not converge). The PWOR-
estimation produces larger intervals for smaller unbalanced samples than the
MOR-estimation. While the different simulation scenarios create rather similar
estimates for each method, the intervals are smaller when the number of 2™ level
units is high and the number of 17 level units is low compared to when the
number of 2" level units is low and the number of 1% level units is high.
Moreover, equal number of 1" level units within the 2" levels units produces
smaller intervals than unbalanced number of 1" level units within the 2™ level
units.
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Figure 9a
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Figure 9: The figures illustrate the results from the simulation study. The MOR (black) and the PWOR
(white) are measured on the left Y-axis. The line represents the ICC and is measured on the right Y-
axis. The black lines within each pile represent the Sth and 95" percentile. The X-axis represents the
variance for the simulations.

9a shows scenarios with 30 level 2 units with 30 level 1 units in each level 2 units. 9b figure shows
scenarios with 30 level 2 units, but the number of level 1 units in each level 2 unir has a normal
distribution with mean 30 and standard deviation 40.

9c and 9d represents 200 level 2 unirs with 30 level 1 units in each level 2 unit (9¢c) and 200 level 2
units and 30 level 1 units with a standard deviation of 40 (9d).

e represents scenarios with 15 level 2 units with 500 level units in each level 2 unit.

In table 7 the contextual effects are presented for the first 5 studies (13 datasets)
included in this thesis. All models have been, for simplicity, reconstructed as two-
level models with prescriptions (individuals) nested within HCPs.

Table 7 Different measures of the importance of the 2nd level

2 § | § g 2

5 |38 g & B |3 |Ex | &8

2 & 5 33 3 (5€ |08 | Es

5 ball= S ©QE Sl Qg e

a N =0 S |88 |Ysg | &7
I 0.28 (0.22-0.37) 1. 6 (1.56-1.79) | 4.4 % 43 % 7.8 % 1.21 (1.15-1.27)
IIa 0.53 (0.42-0.69) 0(1.86-2.21) | 10.8% | 9.5% 13.9% | 1.29 (1.18-1.41)
b 1.18 (0.88-1.59) 2 82 (2.45-3.33) | 20.1% | 16.0% | 264% | 1.65(1.27-2.14)
ITIa 3.49 (2.46-5.13) 5.94 (4.46-8.68) 12.9 % 9.5% 51.5 % 2.60 (1.97-3.44)
IIIb 1.98 (1.26-3.14) 3.83(2.92-5.42) | 5.0 % 0 % 37.6% | 2.99 (1.63-5.49)
IIlc 1.37 (0.82-2.43) 3.05 (2.37-4.42) | 2.6 % 0 % 293% | 2.58 (1.79-3.73)
IVa 0.31 (0.20-0.49) 1.70 (1.53-1.95) | 2.4 % 42 % 8.4 % 1.17 (1.05-1.31)
IVb 0.75 (0.56-1.04) 2.28 (2.04-2.65) | 104% | 12.8% | 189% | 1.62(1.31-2.00)
IVc 0.36 (0.24-0.64) 1.77 (1.60-2.14) | 3.1% 4.8% 8.9 % 1.19 (1.09-1.29)
Ivd 0.70 (0.52-0.97) 2.22(1.99-2.53) | 9.3% 132% | 17.6% | 1.85(1.38-2.48)
Va 1.09 (0.71-1.64) 2.71(2.23-3.39) | 8.7 % 11.3 % 24.9 % 1.85 (1.23-2.76)
Vb 2.65 (2.04-3.48) 472(3.91-593) |31.9% |314% | 44.6% | 2.29(1.74-3.02)
Ve 0.65 (0.49-0.88) 1.95 (1.56-2.45) | 7.8% 9,8 % 165% | 1.52(1.24-1.87)

The table includes the 2™

level variance estimated in a multilevel logistic
regression. From the variance at the 2" level the MOR has been calculated, as well
as the different ICC obtained by the binary linear method, the simulation method
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and the latent variable method. In addition, the PWOR have been calculated
from the ALR.

If we want to quantify the contextual effect by measuring the heterogeneity
among 2" level units we find in study I, that when changing HCP to a HCP with
a higher probability of prescribing a recommended statin (MOR) the individual
will increase his/her odds by 1.66 of getting a recommended statin. However, in
the same study the PWOR was equal to 1.21 reflecting that there is a 1.21 higher
odds of a prescription being a recommended statin given that another prescription
randomly selected from the same HCP is a recommended statin. If we consider
the ICC, it ranges between 4-8 % indicating the degree to which prescriptions or
correlated due to the fact that they were issued at the same HCP.

In study Ia the different measures for ICC are rather similar (10-15 %).
However, the MOR-value is 2.00 while the PWOR is only 1.29. For study III the
assumptions for inferences on the 2™ level variance are not fulfilled, (i.e., the 2™
level residuals are not normally distributed) and the MOR and ICC are not
interpretable. Regarding study IV, the ICC calculated by the latent variable
methods gives rise to a higher ICC than the other methods. The relative
differences between MOR and PWOR are not as high compared to study II. In
study V the different ICC measures give rise to rather different results. The latent
variable method indicates that a large part of the variance can be attributed to the
higher level. However, for dataset Va and Vc the other methods for calculating
the ICC show that less than 10 % can be attributed to higher levels. The
difference between MOR and PWOR is large for dataset Vb, were the variance at
the 2™ level is high.

When used as a measure of contextual effects, it is of high importance to be aware
of the different underlying interpretations. The researcher needs to learn the
meaning of the different values. These observations does not lead to any answer to
which measure is more proper to use when estimating the contextual effect, it
only emphasizes that they are measuring different things. As an example a MOR
of 1.5 indicates that when changing a HCP to a HCP with a higher prevalence of
recommended drugs your odds of receiving a recommended statin will increase by
1.5 APWOR of 1.5 indicates that if you are prescribed a recommended statin the
odds that another prescription from the same HCP also is a recommended statin
is 1.5 higher. While an ICC of 5 % indicates that of the total variance 5 % can be
attributed to the HCP level.
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Strengths & Limitations

The use of large register databases in drug utilization research is appropriate for
evaluating drug prescription, and they are also useful for evaluating the effect of
drug policy because they measure actual utilization and economic outcomes
accurately, are broadly representative, and are large enough to detect small
changes. Moreover, Sweden has a rather homogenous health care system and a
long tradition of register-based epidemiology which increases the validity of the
information. Also according to the Centre for epidemiology at the National Board

of Health and Welfare, the validity of the registers appears appropriate. '’

Observational epidemiological studies based on health-care utilization register
databases are often the only option for investigating questions that for practical
reasons, costs, or ethics cannot be analyzed by randomized trials.”™ " Such
databases are an invaluable source of epidemiological information on health
related outcomes as well as drug prescribing. Their representativeness of routine
clinical care makes it possible to study real-world effectiveness.” On the other
hand, critiques of observational epidemiology have highlighted its vulnerability to
confounding, reverse causation, measurement error and selection bias that may
threaten the validity of observational non-randomized register based studies. But
the last decades have witnessed an increase of methodological advances in the
design and analysis of epidemiological register based studies in order to bring the
non-randomized studies closer to acceptable validity, ™ and rather than to discard
observational studies, the main effort is to reduce bias and confounding that
constitutes a condition for the progress of epidemiological studies.”* Moreover,
multilevel modeling”” is a very appropriate statistical technique to
simultaneously analyze information from different levels (i.e. patient, prescriber,
organizational unit). Multilevel models for observational designs are well
developed and can be easily applied through commercial software. In this thesis
we also follow the standards proposed by the STROBE (STrengthening the
Reporting of OBservational studies in Epidemiology)'” initiative that was
established in 2004. This initiative aims to implement standards for reporting
observational epidemiological studies.

Because of similar indications and efficacy, statins are an ideal medication group
for investigating prescribing behavior and the risk for confounding is low.
Prescription of recommended statins is not specifically indicated for certain
patients to the exclusion of others. There is therefore no rationale for considering
patient characteristics as confounder factors. According to the prescription
guidelines in Skine region there is one patient related condition in which a non-
recommended statin has a preferential indication. In fact, when simvastatin does
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not reach sufficient effect, a change to atorvastatin 80 mg is officially
recommended. However, a complementary analysis indicates that atorvastatin 80
mg was approximately 0.5 % of all the statin prescriptions during 2004, and
including this substance in the category of recommended statin had no influence
on the results.

In the first five studies we did not have access to information at the physician
level. A part of the HCP variation found could therefore in fact be physician
variation, * """ an aspect we observed in study VI from the Skaraborg Primary
Health Care Database. Previous studies have also shown that variations at the
physician level accounted for about 50% of the variation at the HCP level.
However, some studies suggest that the intra-practice variation is rather small in
comparison with the inter-practice variation, due to the fact that physicians
working in similar settings tend to act alike.” Nevertheless, in general the
variation attributable to physicians/groups of physicians have been approximately
10 %, *'* """ while some studies have shown that for manaégerial questions the
intra-unit correlation is higher than for prescribing questions.

Specific limitations

Study 1

In study I we investigated HCPs nested within municipalities rather than within
HCAs as we did in the other studies. However, since HCAs became responsible
for the management of the new decentralized budget, we did not consider the
municipality as a relevant level in the other studies, and a sensitivity analysis (data
not shown) including the municipality level confirmed our assumption.
Moreover, for the studies were HCAs or municipalities were included we found
very small variation at this level.

Study 11

It is known that face-to-face visits such as those performed during the
intervention campaign have a documented effect on prescription patterns. But in
our analysis participation in the information campaign was not associated to
higher adherence with guidelines. Given that participation in this campaign was
free, it is probable that other reasons apart from the information campaign itself
confound the observed association. For example, HCPs with a very low adherence
to guidelines at the start of the intervention may be especially prone to participate
in order to improve their prescription patterns. This effort would have only raised
adherence to the same level as rest of the HCPs. Due to selection biases
interpretation of the effect of the information campaign is limited.
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Evaluation of the decentralized budget was less affected by bias since the adoption
of the new budget system was mandatory and embraced all the prescribers in the
county. Nevertheless, it cannot be ruled out that other external influence besides
the decentralized budget could provide an alternative explanation of our results.
Nevertheless, it is reasonable to believe that the intense trend of increasing
prescription of simvastatin occurring after the implementation of the budget
actually reflects the new economic responsibility of the prescribers. Several studies
suggest that payment method affects physicians’ prescription behavior."™* '
Moreover, even if guideline dissemination alone has a less important effect on
prescribing patterns, " "' it has proved to be effective as part of a multifaceted
intervention and as a predisposing foundation for other strategies.

Study VI

Comparing the two data sets in study VI shows an improvement in adherence to
guidelines, illustrated by the increase in prevalence and the reduction in variance.
Unmeasured factors besides the decentralized budget, like attitudes and contact
with the pharmaceutical industry, might affect these circumstances.

Most patients receive statins as a long time therapy. However, according the
Swedish rules a prescription can not be issued for a period longer than one year.
Therefore, in routine care repeat prescriptions are sometimes issued by phone and
eventually by a different physician that the one that initiated the treatment. We
have tried to identify homogeneous physician-patient relations by only including
patients with all cardiovascular prescriptions by the same physician. However, we
can not exclude a delayed effect of the decentralized budget conditioned by the
fact that for new users the physicians prescribe recommended drugs, but for
continuous users the physicians do not change to recommended drugs but
continue with the original non-recommended drug, especially if the repeated
prescription is written by another physician. The fact that there are small
differences in the total number of patients with non-recommended statins for the
different datasets might reflect that for new users the physicians prescribe
recommended drugs, but for continuous users the physicians do not change to
recommended drugs but continue with non-recommended drugs.

This study investigates statin prescription in primary health care. Therefore, our
results are not directly applicable to those drug prescribed for patients at hospital
care. Older patients treated in primary care but also in municipal homecare are
also excluded since their prescriptions are not registered in the database.
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Conclusions

The aim of this thesis was, with a specific focus on multilevel models, to propose a
model of analysis for investigating practice variation in general and therapeutic
traditions in particular. By using clustering of similar behavior within different
HCPs as a measure of therapeutic traditions we found that adherence to
guidelines for statin prescribing and the adoption of a new statin seemed, to a
significant degree, to be conditioned by contextual factors at the HCP, i.e.,
therapeutic traditions at the HCP seemed to influence the individual physician in
their propensity to follow guidelines.

Moreover, by applying multilevel models we were able to focus on the variability
and heterogeneity over and above the focus on average relationships and thereby
provide information that can be of relevance when investigating quality in health
care and as a foundation for targeting interventions for evidenced based and cost-
efficient prescription.

Specific conclusions
Study 1

In study I we aimed to operationalize the concept of therapeutic traditions by the
combined use of measures of prevalence and measures of variance. The goal was
to develop a model to improve the empirical analysis of the drug prescription
process and explore the application of multilevel regression analysis within
pharmacoepidemiology. We studied the introduction of guidelines by
investigating variance between different municipalities and outpatient health care
practices (HCPs) regarding adherence to guidelines on statin prescribing.

Our hypothesis was that the introduction of guidelines would result in increased
use of recommended statins and decreased variance between HCPs and

municipalities.

We showed that adherence increased and the variation decreased along the study
period, which suggests that in some way the publication of the official
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prescription guidelines in the county had a positive influence on statin
prescribing. However, at the end of the observation period adherence was still low
and practice variation high. These facts may reflect inefficient therapeutic
traditions, and suggest that more intensive interventions may be necessary to
promote adherence to prescription guidelines. Moreover, we illustrated that
multilevel regression analyses are a very suitable methodology for studying
practice variation, as it provided us with the possibility to separate the effect of
different levels in order to target interventions more efficiently.

Study 11

This study aimed to monitor and evaluate the effect of the decentralized
pharmacological budget on prescribing behavior and the role played by the
different organizational levels (HCPs, Health Care Areas (HCAs) and Health
Care Districts) when it comes to understand physicians’ adherence to prescription
guidelines. Our hypothesis was that the decentralized pharmacologic budget
would result in increased use of recommended statins and decreased variance
between HCPs and HCAs throughout the 25-month observation period.

We showed that the decentralized pharmaceutical budget seems to considerably
influence prescription behavior and increase adherence to guidelines for statin
prescription. Though, at the end of the observation period, variation between
HCPs was still high, especially among private HCPs. These remaining disparities
may reflect inefficient therapeutic traditions, and suggest that more intensive
interventions may be necessary to promote adherence to prescription guidelines.
Obviously, a decentralized pharmaceutical budget transfer power in management
and decision-making from higher to lower levels of the health care organization,
which in turn increases economic responsibility among prescribers and creates
incentives for efficient drug prescription. Therefore, as a natural consequence,
adherence to the drug committee’s recommendations increases.

Study 111

In this study we aimed to elaborate the previous developed theory that considers
measures of clustering to quantify therapeutic traditions and the early adoption of
a new statin, rosuvastatin. For this purpose, we applied an innovative analytical
approach using generalized estimation equations (GEE), alternating logistic
regression (ALR) and pair-wise odds ratios (PWORs). Simultaneously, we aimed
to investigate the role that both patient characteristics (i.e. sex, age, socioeconomic
position, marital status, country of birth) and outpatient health care practice
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(HCP) factors (e.g. public v. 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.

Applying the GEE-ALR and PWOR 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.

Our study indicated 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.

Study IV

In this study we aimed to investigate the association between patient and HCP
characteristics on the one hand, and adherence to guidelines for statin
prescription on the other, with a focus on social and economic conditions. Our
results suggested that the physician’s decision to prescribe a recommended statin
is conditioned by the socioeconomic (e.g. income, living alone) and demographic
(e.g. age) characteristics of the patient. Beyond individual characteristics, the
contextual circumstances of the HCPs also showed an independent association
with adherence to prescription guidelines. An increased understanding of the
connection between the SES of the patient and the decisions made by physicians
might be of relevance when planning interventions aimed at promoting efficient
and evidence-based prescription.

Study V

Since it is still not known if therapeutic traditions are a general HCP trait that
affects all kinds of prescription behavior or if it is dependent on specific outcomes
this study focused on adherence to prescription guidelines for different types of
drugs. Our hypothesis was that therapeutic traditions would be shown to have a
general influence on prescription behavior and that adherence to guidelines
regardless of drug type would be positively correlated within the HCP.
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Our study suggested that a physician’s decision to follow prescription guidelines is
associated with contextual circumstances, including therapeutic traditions at the
HCP. Moreover, therapeutic traditions seem to be a general trait of HCPs that
affects all kinds of prescriptions and is independent of drug type. Prescribing
behavior is also conditioned by socioeconomic (e.g., income) and demographic
(i.e., age, gender) characteristics of the patient.

Study VI

Using the previously developed theory we replicate previous analysis on a different
database containing information on the physician level; a level of analysis was
missing in earlier studies. We hypothesized that a part of the variance at the HCP-
level should be attributed to the physician level. Therefore this study
complements previous findings about the relevance of different levels for
understanding practice variation. By combining prevalence and variance measures
we can obtain more complete information on the effect of the decentralized
budget, introduced in Skaraborg region in 2003, on the adherence to guidelines
for statin prescription. Transferring power in management and decision-making
to the HCPs, seemed to be a powerful intervention for reducing inefficient
therapeutic traditions and to create incentives for efficient drug therapy. As a
natural consequence, adherence to the drug committee’s recommendations
increased and differences between physicians and HCPs decreased.

Moreover, the SPCD seems to be an appropriate database for
pharmacoepidemiological studies and showed that the physician level and the
HCP level bare the same responsibility for understanding the variations when
prescribing recommended statins before the introduction of the decentralized

drug budget.

Implications

This thesis reveals that both inefficient therapeutic traditions and socioeconomic
position of the patient should be considered when trying to implement
prescription guidelines in routine care. In general, our results have implications
for the achievement of equity of health service policy, since there is no medical or
therapeutic reason that could justify the selective prescription of expensive statins
to younger men or to patients of high SEP. Moreover, as the Swedish
reimbursement system funds a large part of the cost of medications'” and there
are rather large differences in price between recommended and non recommended
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drugs, adherence to guidelines is an essential issue in a system with a limited

Health Care budget.

The clustering of prescription behavior was greater at the HCP than at the HCA
level, which suggests that interventions directed at the HCP level would in
principle be more effective than those directed at the HCA level. As the
contextual variable “private vs public HCP” explained a considerable part of the
variance at the HCP level, interventions directed at private HCPs could be
appropriate. Moreover, except as a measure of quality in health care, one of the
contributions of quantifying practice variation is also to be able to identify
procedures for which practice style differences are large because they reflect
disagreement over the established standards."” By combining information of the
magnitude of adherence rate to prescription guidelines and the degree of
clustering provides novel and useful information that could be used to quantify
physicians’ acceptance rate of the prescription guidelines. For example, a low
MOR-value (small differences in adherence between HCPs) and a low overall
adherence rate reflect a widespread resistance to following the guidelines. A high
MOR-value and a rather low overall adherence rate, exemplified by C09 in study
V, reflect that there are specific HCPs with high adherence, while a large majority
shows a low adherence rate. Interestingly, both the overall adherence and the
MOR-value for C10AA were higher than for A02BC, indicating that there are
more HCPs with relatively low adherence for C10AA than for A02BC. This
information is of high relevance and ought to be considered when tailoring
interventions aimed to promote rational drug prescription.

The importance of the variation phenomenon is also evident in its effect on the
debate over health care reform." The potency of the medical profession's influence
derived in part from its claim to scientific legitimacy. The variation phenomenon
has emboldened public and private policy makers and managers to challenge
professional autonomy and control in new ways and has been used to diminish
the responsibility of the profession for decisions regarding patient care.

Further studies
Several different aspects have been raised that requires further research:

1. Many aspects concerning the analysis of variance components across time
and space needs much more development. There is also a gap between the
development of statistical methods and its application in routine

epidemiology.
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2. Studies focusing on changes in variance and not only on changes in mean,
since it is of main relevance to understand and prevent inappropriate
health care variation, as it leads to inefficient resource utilization.

3. Studies to investigate how contextual variables affect the individual
outcome

4. Investigate additional contextual variables in order to be able to
understand and explain different therapeutic traditions.

5. As studies of variation have foremost been focused on isolated clinical
. . 14
outcomes rather than across treatment decisions, = and rarely been
. . . 170 171 . . . . . .
investigated over time studies investigating these issues are required.

Clarifications

Paper I & II: Since the variable sex is included in the analysis with a random
slope, the PCV is comparing the difference between the variance for men (and not
the total variance) in the model with more variables (model B and C) and the
total variance in model A.

Paper III: It is stated that "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.” However, it should be stated that “The PWOR is equal
to 1 in the absence of clustering. If the PWOR is larger than 1, it indicates that
rosuvastatin prescriptions within the same HCP were more frequent than could
be expected if prescriptions were distributed randomly across HCPs.
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Definitions and explanations

Conceptual framework for pharmacoepidemiological
studies

The use of drugs in the population is not an undisclosed phenomenon within
health care, but a component of the health care system and must be considered
accordingly. Nonetheless, the study of the use and the effects of drugs in the
population require certain type of knowledge.

Figure 9 illustrates a conceptual framework for pharmacoepidemiological
studies.”” This model elucidates the different areas that treat drug related
questions in different phases of the life cycle of a drug. Prior to a drug is licensed
and can be used in routine care, it has been tested in randomized clinical trials
(RCT). Within the RCT relevant effects of the drug are determined and adverse
effects are registered (Phase I, II and III). This implies that, when it is licensed,
the existing knowledge about a drug comes from the RCT. RCTs often are rather
small and carried out among a selected number of people within specific
geographical areas.” This must be taken into account when the drug is
implemented in the population. RCT only report the efficacy of the drug; the
effect under ideal circumstances.” The Medical Products Agency (MPA) is the
Swedish national authority responsible for regulation and surveillance of the
marketing of drugs and other medicinal products. Their task is to ensure that
both the individual patient and healthcare professionals have access to safe and
effective medicinal products and that these are used in a rational and cost-effective
manner.'” It is then the Pharmaceutical Benefits Board (TLV) who decides if a
new medicine should be granted reimbursement status.”
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When a drug is marketed in the population, it is still difficult to decide its
effectiveness; if the drug will have the same effects in the population as it hade in
RCTs.” Contrary to individuals within a RCT, the population is characterized of
heterogeneity. Drug users will be different in many senses; demographic,
socioeconomic, contextual characteristics can influence the drug use and the
effects it will have. Nevertheless, the choices physicians and the drug users make
must be based on evidenced medicine; the efficacy of the drug. Drug utilization
studies based on large register databases are therefore an invaluable source for
information of the effectiveness, appropriateness and equity of drug therapy. This
can be used for health system planning and for assessing the quality of prescribing
and they are also well suited to help researchers understand the properties and
predictors of physicians” prescribing decision.

The complex nature of drug choice, or prescribing, on an individual physician’s
level, has not been fully explained by any model. A framework for decision
making process have however been proposed. 7" Two steps may be distinguished
in the drug choice; the generation of a small set of possible treatment options (the
evoked set) and the choice of a specific therapy. Whether a specific drug will be
part of the evoked set depends on the education and the information received.
From the physician’s repertoire of treatments (the evoked set) two ways of
selecting a drug can be distinguished. One is based on a more active decision
while the other is based on a more habitual act. The choice is based on an
interaction of expectancies and personal experiences.

Beside the medical factors several studies have documented that non-medical
factors influence prescribing decisions. These factors can be divided into three
separate categories: (I) Characteristics of the patient — age, gender, socioeconomic
position, ethnicity, (II) characteristics of the doctor — medical specialty, level of
training, length of clinical experience, age, sex, ethnicity and personality, and (III)
features of the practice — organization of the practice, geographical location.
Several different studies have emphasized different categories,”” ™™ "' while few
have distinguished the importance of the different levels.

The Swedish Health Care System

The health services in Sweden are overwhelmingly tax-financed through county
taxes. Even if the Swedish Health Care System is rather homogenous all over the
country, every one of the 21 county councils in Sweden have a high financial
autonomy for managing health care services within their respective areas and are

82



responsible for supplying their citizens with health care services.” A county
council tax supplemented by a state grant is the main mean of financing the
health care system. Patient fees (out-of-pocket) account for approximately 3% of
the total health care costs. Each county council and region is governed by a
political assembly, with its representatives elected for a four year period at every
general election. Within the framework of national legislation and varying health
care policy initiatives from the national government, the county councils and
regions have substantial decision-making powers and obligations towards their
citizens. The national legislation is based on the principle of equity and aims to
allocate resources on the basis of need.

The Swedish health care is delivered in three different levels; primary care,
secondary care and tertiary care. The county councils are responsible for all levels.
Although the health care is tax-financed the providers can be both publicly and
privately organized. The primary care level is mainly organized as primary health
care centers covering different geographical areas. The secondary care level
provides different forms of specialized health care (e.g. internal medicine,
orthopedics). The tertiary care level has a regional level of coverage and serves
several counties. This level adds a wider range of sub-specialized medical services.

The cost of medicines in outpatient care is shared by patients and county councils
via a reimbursement system where the individual patient never pays more than
200 Euros per year.” The total cost for a year of statin treatment varies from
approximately 30 Euros (the cheapest recommended statins) to 600 Euros.™

Decentralized drug budgets

As drug expenditure during the past decades has increased rapidly in relation to
overall health care costs different types of interventions have been proposed and
implemented in order to control drug expenditure and to make the clinical
decision more and more rationalized and subject to administrative control. In
several countries decentralized drug budgets have been introduced at health care
facility level in order to control this increase and to promote adherence to
prescription guidelines.” A decentralized drug budget increases economic
responsibility among prescribers by relocating control in management and
decision-making from higher to lower levels of the health care organization and,
thereby, it creates incentives for efficient drug prescription.”™ Several studies
suggest that payment method affects physicians’ prescription behavior, even

. . . . . 114
though it has proved to be most effective as part of a multifaceted intervention.
166 167 184 185
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Skdne region — decentralized drug budget

Skéne is situated on the southern part of the Scandinavian Peninsula. The county
is geographical divided into 33 municipalities and its area covers less than 3% of
Sweden's total area. The population of about 1.2 million represents, however,
13% of Sweden's total population. In January 2004, Skéne region implemented a
new system for managing the pharmaceutical budget. In the new compulsory
system of decentralized pharmaceutical budget, the responsibility for the
administration of the pharmaceutical budget was transferred from the regional
Department of Health and Health Care Management to every of the 19
administrative Health Care Areas (HCAs). However, nine of the 14 publicly-
administered HCAs decided to implement a more intense decentralization by
transferring the budget responsibility to their HCPs. See figure 12 for an
explanation of the structure of the health care system in Skine region.
Simultaneously with the introduction of the decentralized drug budget face-to-
face visits where specially trained pharmacists visited the HCPs were performed.
The pharmacists provided information on current local prescription patterns as a
basis for reflection and prescription improvement. This approach has been uses in
several countries in order to promote evidence based prescription. While the new
economic system was compulsory, participation in the information campaign was
voluntary. This kind of intervention have in previous studies shown to have a
documented effect on prescription patterns.'’

Skaraborg — decentralized drug budget

Skaraborg, one of four administrative areas of the region of Vistra Gétaland in
the southwest of Sweden is mostly rural and it is inhabited by approximately 250
000 individuals within 15 municipalities. Primary care is offered by 24 public
HCPs, one private HCP and a few private GPs. About 250 000 office visits are
registered at the public HCPs every year. Hospital care is offered by 3 hospitals.
Approximately, 75% of all drugs were prescribed outside the hospitals and 85%
of these prescriptions were made at the public HCPs. In Skaraborg Primary care,
the tax-financed part of the pharmaceutical budget was administrated by the
regional Department of Health and Health Care Management until 2003 when it
was decentralized to the HCP level.

Statins

. . 6 .
Statins were introduced about 25 years ago'™ and were first used to treat patients
with familial hypercholesterolemia. But not before long their potential in
reducing the risks of cardiovascular disease in the general population were
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recognized.” Several randomized controlled trials proved that statins reduce the
risk of first or recurrent myocardial infarction in patients with pre-existing
coronary heart disease.™ " Treatment with statins reduces the absolute risk with
approximately 3-8 %. For primary prevention statins, reduce the risk for
cardiovascular disease when there are several risk factors besides hyperlipidemia
(an elevation of lipids (fats) in the bloodstream)such as hypertension, obesity,
heredity, smoking or/and male gender. However, the benefits for primary
prevention are not as high as for secondary prevention.”™ Statins mainly improve
blood cholesterol levels primarily by inhibiting the liver enzyme called HMG Co-
A reductase, an enzyme that reduces the liver's ability to create cholesterol.
Hyperlipidemia consists primarily of high serum cholesterol (total cholesterol
level), high LDL-cholesterol, low HDL- cholesterol and high triglycerides. Each
of those parts correlates to the risk of heart diseases. An increase of the serum-
cholesterol level, a decrease in HDL-cholesterol level and an increase of
triglycerides increases the risk of ischemic heart disease. However it is a matter of
controversy if there is an optimal cholesterol level and that “the lower the
better”.” There are currently 5 statins on the Swedish market: atorvastatin,
fluvastatin, pravastatin, simvastatin and rosuvastatin. A sixth statin, cerivastatin
was removed from the market during the summer of 2001 because of potentially
serious side effects.”

Health economic calculations have mainly been performed regarding effects of
treatment with statins and not for other risk factors. Those analyses have shown
that treatment with statins for secondary prevention (up till 75 years of age and
regardless of gender) is cost effective based on calculations made for each year in
perfect health gained. A comparative study between different statins has not been
done. For primary prevention acceptable cost effectiveness can be reached with
statin treatment for individuals with a high risk of cardiovascular disease, but
there are not enough data for general recommendations.

In studies regarding secondary prevention the number of women has been
approximately 15 %. Therefore there have been difficulties to prove a significant
effect on total mortality. The knowledge from studies regarding primary
prevention is restricted and the recommendations are therefore incomplete. For
older individuals (> 75 years) there is no documentation for primary prevention
treatment.

In patients with stable coronary heart disease, only simvastatin and pravastatin

showed a benefit of statin therapy with regard to life-prolonging effect. No such
evidence was shown for atorvastatin. Regarding patient-relevant benefits of statins
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with acute coronary syndrome no comparative evaluation between different
statins was shown. In patients with diabetes mellitus, only simvastatin showed a
benefit regarding life-prolonging effect. It cannot be determined from the
available long-term intervention studies on different statins that the degree of
LDL cholesterol lowering is appropriate to generally demonstrate or quantify
benefits with regard to patient-relevant endpoints.” Statins are therefore supposed
to be used according to those studies that have shown effects on morbidity and
mortality rather than according to the surrogate variable cholesterol.

Treatment recommendations from the Medical products agency

For secondary prevention there are indications for lipid lowering treatment if the
serum cholesterol exceed 5.0 mmol/L and/ or LDL- cholesterol exceed 3.0
mmol/L."” Non-pharmacologic treatment are supposed to be tried primarily and
drugs are to be prescribed if non-pharmacologic treatment is insufficient. For
secondary prevention lifelong treatment is often required. However, cohort
studies of patients who were prescribed statins show variable and often rather high
rates of therapy discontinuation.” ™ The benefits from lipid lowering treatment
for secondary prevention can not be used as an argument for treatment of
hyperlipidemia for individuals without coronary disease. Several studies have
shown a relative risk reduction at the same level as for secondary prevention but
since the incidence among individuals without coronary disease is much lower,
the absolute risk is much smaller. Lipid lowering treatment for primary
prevention should be reserved to individuals with heredity motives or other risk
factors.

Rosuvastatin

There is currently no direct trial evidence of the effect of rosuvastatin on
morbidity and mortality. Seven randomized control trials exist with LDL-
cholesterol level as an endpoint. The number of patients varied between 141 and
516 and the studies was carried out at least during six weeks and at most during
one year. While there is RCT evidence to suggest that rosuvastatin is more
effective than the other statins in reducing both total and LDL-cholesterol, it is
not possible to prove that these reductions translate into comparable reductions in
clinical events. In October 2003, the regional governmental drug advisors in
Sweden concluded in a statement that Rosuvastatin were not to be used because it
did not meet the criteria of documented safety and cost effectiveness.” During
the same month Lancet published an editorial that advised against physicians
prescribing Rosuvastatin.
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Use and cost for statins

The expenditure for statins has fallen since simvastatin became available as a
generic during spring 2003. Thereafter a significant fall in prices, approximately
85 % for simvastatin, have been shown. The cost for one year treatment with
simvastatin (40 mg) was, in 2004, approximately 260 SEK while for atorvastatin
(80mg) the cost was 6 100 SEK.

Figure 11 illustrates the share of the population in Skéne region that during 2006
collected at least one statin prescription from the pharmacies. It illustrates that
more men in all age groups used statins. Moreover, of all men between 70-79
years, approximately 30-35 % used statins during 2006; the same number for
women was approximately 25 %. As shown in figure 12a and 12b approximately
80 % of the patients receiving a statin prescription received a simvastatin
prescription. The expenditure for statins in Skine region during 2006 was
approximately 81 million SEK, of which the patients paid approximately 18
million SEK. The expenditure for the recommended drug, simvastatin, was
approximately 15 million SEK (18.5 % of the total cost for statins), of which the
patients paid 6.4 million SEK.
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Figure 11: Share of the population (N = 1 169 453) in Skane region that during 2006 collected
at least one statin prescription from the pharmacies. (age on X-axis and percentage of
population on Y-axis)
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Figure 12a: The different types of statins collected by of the population (men, N=575 889) in
Skane region during 2006 (age on X-axis and percentage of population on Y-axis)
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Figure 12b: The different types of statins collected by of the population (women, N=593 546)
in Skane region during 2006 (age on X-axis and percentage of population on Y-axis)
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Guidelines

The use of guidelines that aims to implement general standards and thereby
diminish the influence of inefficient practice variation have increased during the
latter years."™ Guidelines are defined as “systematically developed statements to
assist practitioner and patient decisions about appropriate health” . Except as
seen as an answer to practice variation, clinical guidelines have been implemented
in order to reduce health care cost. The need for guidelines and their effective
dissemination arises from a generally perceived need to reduce the variability of
medical care and to improve the quality of care as well as a help to physicians that

barely are able to be up to date in the increasing volume of new scientific results.
114193 194

The spreading of guidelines has been separated into three parts; diffusion,
dissemination and implementation. Diffusion is defined as non targeted
information spread, while dissemination is defined as targeted or tailored
interventions and implementation involves identifying and assisting in
overcomillll% 1gle b:flrriffrs o the use ‘of the knowlefige obt‘ained fro'rn a tailored
meassage. Guideline dissemination alone has in previous studies shown to
have a less important effect on the medical decision, however it has proved to be
effective as part of a multifaceted intervention and as a predisposing foundation
for other strategies.'” The following attributes have been suggested as necessary
attributes for acceptance and effective guideline implementation; be compatible
with doctors’ existing values; (I) not be too controversial, (II) not demand too
much changes to existing routines, (III) be defined precisely with specific advice
on actions and decisions in different cases, (IV) be supported by an explicit
description of the scientific evidence, (V) be straightforward and consistent."”
Adherence to guidelines have been studied in several articles."” When studying
adherence one must separate between global adherence, defined as the prescribing
of a drug mentioned in the formulary; and specific adherence, defined as
prescribing of a drug mentioned in the formulary for which its indication is also
mentioned in the formulary.'”

Studies have shown that effective strategies often have multiple components and
that the use of one single strategy, such as reminders or an educational
intervention, is less effective.

Moreover characteristics of the guidelines themselves affect actual use. Guidelines
that are easy to understand, can easily be tried out, and do not require specific
resources, have a greater chance of implementation. Additionally, characteristics
of professionals and patients as well as contextual characteristics may influence
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guideline implementation. A lack of support from peers or superiors, as well as
insufficient staff and time, appear to be the main impediments.” " Moreover,
guidelines have shown to be more readily accepted if made and disseminated by
the profession.'” "™

Monitoring adherence to guidelines might be a reasonable way of assessing
prescribing patterns. However, guidelines may vary among different regions.
Studies have shown that for one specified indication different regions have
recommended between 5 to 12 different drugs.” Adherence to guidelines has
attracted considerable interest in many countries including Sweden.” """ 7 "
However, it is still insufficiently known to what extent guidelines are followed
and the factors that at different levels of the health care condition adherence to
guidelines.”"”"”
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Abbreviations

ALR
ATC
DDD
DIC
GEE
HCA
HCP
ICC
IOR
IoT
LISA

LOMAS
MCMC
MLRA
MOR
OR
PCV
PR
PWOR
RCT
RTB
SEK
SEP
SKL
SPCD
SPDR
SoS

Alternating logistic regression

Anatomical therapeutic chemical classification
Defined daily dose

Deviance Information Criterion

Generalized estimation equations

Health care area

Health care practice

Intra class correlation

Interval odds ratio

The register of income and taxation
Longitudinal integration database for health insurance and labor
market studies

Longitudinal Multilevel Analysis in Scania
Markov chain Monte Catrlo

Multilevel logistic regression

Median odds ratio

Odds ratio

Proportional change of variance

Prevalence ratio

Pair wise odds ratio

Randomized clinical trial

Register of the total population

Swedish currency (100 SEK = 8,85 EURO)
Socioeconomic position

Swedish Association of Local Authorities and Regions
Skaraborg Primary Care Database

Swedish Prescribed Drug Register

National Board of Health and Welfare
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Sammanfattning pa svenska

At likartade patienter behandlas olika av olika virdenheter har uppmirksammats
i flertalet studier. Emellertid kommer varje mitning av en process alltid att
uppvisa ndgon form av variation. Dirfér 4r det av stor vike att sirskilja pd normal
oundviklig variation och variation som ir omotiverad. Ett exempel p& omotiverad
variation dr nir ett och samma likemedel finns tillgingligt till olika pris, men
forskrivaren 4ndd viljer det dyraste. I denna situation 4r det av stor vikt att
identifiera de bakomliggande orsakerna till denna variation f6r att kunna
genomfora effektiva interventioner. Eftersom forskrivningsprocessen genomgar en
mingd olika faser, och den kan paverkas pd olika niver (patient, forskrivare,
virdenhet), dr det av stor vike att identifiera de olika nivdernas betydelse f6r val av
likemedel. Emellertid finns det vildigt fi studier som har forsokt att studera
betydelsen av dessa olika nivier.

En ytterligare aspekt som inte blivit sirskilt uppmirksammad inom detta omride
dr vad vi i denna avhandling kallar f6r terapitradtioner”. Med det menar vi att
kulturen pd en vardcentral kan paverka forskrivarens val av likemedel. Det
innebir att forskrivare frin samma vérdenhet tenderar till att agera likartat jimfort
med forskrivare frin andra virdenheter. Desto mer forskrivare frin samma
virdenhet agerar likartat desto storre ir terapitraditionerna.

Att jimfora sjukhus och vardenheter utifrin nationella kvalitetsindikatorer har de
senaste dren blivit vildigt populirt. Sveriges kommuner och Landsting har i
samarbete med Socialstyrelsen gett ut ett antal rapporter; "Oppna Jimforelser” dir
landsting och sjukhus har jimférts utifrén ett antal nationella kvalitetsindikatorer.
Metoden for jimférelserna har framférallt varit rankinglistor dir sjukhusen
rankats utifrin medelvirdet for den aktuella indikatorn, vilket innebir att
méjligheterna fér att urskilja oundviklig frin omotiverad variation, samtidigt
minskar potentialen att férstd om skillnaderna beror pd patientsammansittningen
eller om sjukhusen/vérdenheterna har ndgon faktisk betydelse.

Metoderna for att kvantifiera skillnader mellan virdenheter, men 4ven for att

sirskilja oundviklig och omotiverad variation behéver dirfér mer utveckling. Det
samma giller for faststillande av orsakerna till denna variation. Dessutom finns
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det en lucka mellan de statistiska metoderna och dess anvindning i
epidemiologiska studier. Utvecklingen och tillimpningen av statistiska metoder
for frigor angdende jimforelser av virdenheter kan hjilpa till att fylla denna lucka.

Syftet med denna avhandling ir genom att applicera flernivianalys foresla en
modell for att studera variationen mellan vardenheter/sjukhus och identifiera
vikten av olika nivder (patient/likare/virdenhet/sjukhus). Vi exemplifierar detta
genom att studera terapitraditioner och féljsamhet till rekommenderade
likemedel.  Samudigt  studerar vi  vilka sociala och  ekonomiska
bestimningsfaktorer som kan pdverka forskrivningsprocessen pd olika nivéer av
analysen. Vi fokuserar pd en kombinerad analys av variansen (skillnader mellan
enheter) och associationer, eftersom detta kan ge mer information som kan
anvindas som underlag till dtgirder for att stimulera evidensbaserad forskrivning.
Vi viljer att framforallt studera foljsamhet till statiner (blodfettsinkande
likemedel) eftersom statiner har samma indikation och liknande effekt, och dirfor
bor skillnaderna mellan virdenheter och sjukhus vara liten.

Vi anvinder oss av databasen LOMAS (Longitudinal Multilevel Analysis in
Scania) som innehéller avidentifierad information om alla individer i Skine under
perioden 1968-2008. Ett register i LOMAS ir Likemedelsregistret som innehaller
information om alla receptbelagda likemedel som sélts pd apotek i Sverige. For att
studera variationen anvinder vi oss av flernivianalys (multilevel regression models
och generalized estimation equations and the alternating logistic regression).
Anvindningen av dessa metoder innebir att man explicit kan studera och
modellera variansen. Vi kvantifierar betydelsen av de olika nivierna med hjilp av
Median odds ratio, Intra Class Correlation och Pairwise odds ratio.

I vara studier fann vi att foljsamheten till rekommenderade statiner var till viss del
betingat av vilken virdenhet man tillhérde. Alltsd, bestimningsfaktorerna for den
individuella likarens beteende berodde till en viss del pd var man arbetade.
Dessutom fann vi att de virdenheter som f6ljde rekommendationerna fér en
likemedelsgrupp ocksé féljde rekommendationerna f6r andra likemedelsgrupper.
P4 vardcentralsnivd fann vi att privata enheter hade ligre foljsamhet in offentliga
enheter, denna variabel bidrog ocks3 till att férklara en del av skillnaderna mellan
virdenheterna. P4 patientnivin fann vi att den individuella inkomsten péverkade
forskrivarens val av likemedel framférallt hos min. Det innebar att min med hog
inkomst fick i storre utstrickning de dyrare icke rekommenderade statinerna
jimfort med min med lg inkomst.
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I denna avhandling presenterar vi en modell for att jimféra virdenheter/sjukhus
dir vi fokuserar pd en analys av bdde variansen och associationer. Vi studerar
terapitraditioner och foljsamhet till rekommendationer fér statiner. Genom att
studera betydelsen av olika nivier for forskrivningsprocessen erhéller vi
information som ir anvindbart som underlag till dtgirder och interventioner for
en mer rationell likemedelstérskrivning.
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Abstract Objective: The aim was to investigate the role
that municipalities and out-patient health care centres
(HCCs) have in understanding adherence to official
guidelines on statin prescribing. Our hypothesis was that
after guideline publication, adherence to recommended
statin prescription would increase and variance among
HCCs and municipalities would decrease. Since multi-
level regression analysis (MLRA) is a relatively new
methodology in pharmacoepidemiology, we also aimed
to explore the application of MLRA in our investiga-
tion. Methods: We obtained data from the Swedish
Corporation of Pharmacies record of sales regarding all
initial prescriptions of statins issued between April and
December 2003. We applied multi-level analysis on
34,514 individual prescriptions (level 1) nested within
226 HCCs (level 2), which in turn were nested within 33
municipalities (level 3). Temporal trends and gender
differences were investigated by means of random slope
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analysis. Variance was expressed using median odds
ratio (MOR) and interval odds ratio. Results: HCCs
appeared to be more relevant than municipalities for
understanding the physicians’ propensity to prescribe a
recommended statin  (MORycc=1.96 and MOR
Municipality =1.41). Overall prevalence of adherence
was very low (about 20%). After publication of the
guidelines, prescription of recommended statins in-
creased, and variance among HCCs decreased but only
during the first 4 months of the observation period.
Conclusion: The publication of official guidelines in the
county of Scania exerted a positive influence on statin
prescription but, at the end of the observation period,
adherence was still low and practice variation high.
These facts may reflect inefficient therapeutic traditions
and suggest that more intensive interventions may be
necessary to promote rational statin prescription.

Keywords Drug utilization studies - Multilevel analysis
and adherence to guidelines - Statins

Introduction

The importance of appropriate prescribing for the well-
being of the patient and for efficient use of limited health
budgets cannot be exaggerated. Since 1997, every
Swedish county has had a drug committee charged with
promoting safe and cost-efficient drug use based on
evidence-based medicine [1]. The committees aim to
recommend medications appropriate to clinical needs, in
doses that meet their patients’ individual requirements,
for an adequate period of time and at the lowest costs to
the community [2]. The recommendations respect the
patients’ choices and strive to maximise effectiveness
while minimising risks and costs [3]. However, despite
the existence of formal committees and guidelines on
appropriate prescription, it is still not known to what
extent these criteria are being followed and which factors
may condition adherence to guidelines [4].
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This study aimed to investigate variance among dif-
ferent municipalities and out-patient health care centres
(HCCs) regarding adherence to guidelines on statin
prescribing issued by the county council of Scania,
Sweden, in March 2003. We wanted to investigate pre-
scribing behaviour, and statins are an ideal medication
group for this purpose since prescription of recom-
mended statins is indicated for certain patients but not
for others and since all statins have a similar efficacy
(dependent on the particular dose used). We also anal-
ysed prescriptions rather than dispensations by the
pharmacies because dispensations are conditioned by
the pharmacist (e.g. with dispensation of generic drugs).
Our hypothesis was that adherence to guidelines would
result in increased prescription of recommended statins
and decreased variance among HCCs and municipalities
during the observation period.

Moreover, since multi-level regression analysis
(MLRA) is a relatively new methodology in pharma-
coepidemiology, we also aimed to explore the applica-
tion of this methodology for investigating practice
variation. MLRA allows us to understand not only
which patient, HCC and municipality characteristics are
associated with adherence to recommended statins, but
also the relative role of these different levels for suc-
cessful adherence to prescription guidelines [5, 6].

Materials and methods
The register of pharmacological agents

Using the Swedish Corporation of Pharmacies record of
sales, we selected all 34,514 prescriptions (16,400 for
women and 18,114 for men) of statins issued between
April and December 2003 at 226 HCCs in the 33
municipalities of Scania. Statins were defined according
to the Anatomical Therapeutic Chemical (ATC) classi-
fication system code C10AA. The current prescription
guidelines in the county were published in March 2003
and we started our evaluation in April in order to allow
a run-in period and exclude the initial short-term vari-
ation.

In the register, each prescription, regardless of num-
ber of drugs, is given a unique serial number. Among
other data, the register records information about the
brand name and ATC code for both prescribed and
dispensed drugs as well as stating whether the prescrip-
tion is a repeat prescription or not. Moreover, the reg-
ister records the age and gender of the patient as well as
the HCC where the prescription was issued. Prescrip-
tions issued at hospitals, at unidentified places, at places
outside Scania and by a prescriber with no agreement
with the county council are not recorded in the database.

Though a prescription is valid for 1 year, the reim-
bursement system accepts a maximum of 3 months’
supply per dispensation. Since we evaluated adherence
to the prescription guidelines issued in March 2003, we

investigated only those prescriptions that were issued
after this date. Since dispensations are for 3 months, but
prescriptions for 1 year, we selected initial prescriptions
only in order to reduce the risk of analysing the same
prescription twice. In practical words, a patient may get
a prescription of a statin that covers a whole year.
However, the rules say that you cannot get the whole
year supply on one occasion, but every 3 months. For
this reason, we only accounted for the first dispensation
within the study period.

Variables

At the individual level, the outcome variable was pre-
scription (yes versus no) of Simvastatin GEA or Prava-
chol, the two recommended brands in the county during
the period of our analysis. By law, the Swedish Society
of Pharmacies dispenses the cheapest alternative of
equivalent drugs, if patient and doctor agree. Therefore,
since the aim of our study was to investigate determi-
nants of prescription rather than of dispensation, we
performed our main analysis on prescribed drugs.

Age was centred on the mean age of 66 years. We
created dummy variables to define sex, and every one of
the five health care districts in the county (north-west,
north-east, south-west, south-east and central) as well as
for the administrative status (private versus public) of
the HCC. Private physicians are less restricted by the
public health care administration, which could be ex-
pressed in a lower adherence to county guidelines.

We considered time (in months) as a continuous
variable (April=0, May =1, ..., December =_8) that was
modelled as a quadratic function. At the municipality
level, we obtained the variable physician density, defined
as number of physicians per 10,000 inhabitants in the 33
municipalities in Skéne.

Statistical analysis
Multi-level logistic regression models

Because of the hierarchical structure of the data, with
patients (first level) nested within HCCs (second level)
which, in turn, were nested within municipalities (third
level), we analysed the probability of prescribing a rec-
ommended statin by means of MLRA [7, §].

We applied three consecutive models. The first model
(model A) only included the time variable. In the second
model (model B), we included age and sex. In the third
model (model C), we added the HCC-level variable
private versus public HCC and the municipality-level
variables physician density and health care district.

To study associations, we calculated odds ratios
(ORs) and their 95% confidence interval (95% CI) from
the regression coefficients and their standard error (SE)
in the fixed-effects part of the multi-level analysis.



Ranking of HCCs

We compared the probability of prescribing a recom-
mended statin in every HCC with the mean probability
in the whole county and ranked the HCCs according to
this information. To do this comparison, we obtained
the posterior means (also called “‘shrunken residuals’)
from the multi-level regression. These residuals corre-
sponded to the OR (logarithmic scale), using the whole
county as reference [9-11].

Variance, variance function and proportional change
in variance

In the random-effects part of the multi-level analysis, we
obtained the variance (SE) at the HCC and municipality
levels. We calculated the proportional change in variance
(PCV) between two consecutive models as follows:

PCV = (- )/,

where V) is the variance in the initial model and V' is the
variance in the model with more terms.

We allowed the regression coefficients of the variables
time and sex to be random at the HCC level (i.e. random
slope analysis). In this way, we were able to investigate
whether trends of gender-specific prescribing of recom-
mended statins differed among different HCCs. In the
presence of random slopes, the HCC variance becomes a
function of the individual variables. We used standard
applications available in the MLwiN software [12]
for the calculation of the variance function. The
formulas and an extended explanation are detailed
elsewhere [13, 14].

Examining local therapeutic traditions by means
of MLRA

Since prescription of recommended statins depends so-
lely on the arbitrary decision of the prescriber, it appears
theoretically plausible to expect no significant variance
among HCCs and municipalities in the prescription of
recommended statins. However, if such variance existed,
the tendency of prescribing a recommended statin may
be more similar among prescribers within the same HCC
and the same municipality than among prescribers from
different HCCs and municipalities. This similarity (i.e.
residual correlation, in statistical terms) would express
itself as a clustering of prescriptions of recommended
statins within HCCs and municipalities [10, 15, 16]. That
is, a part of the individual propensity of prescribing a
recommended statin would be at the HCC or munici-
pality level. Our rationale was that this phenomenon is
an expression of local therapeutic traditions and can be
investigated by measures of variance and clustering in
MLRA (see below).

We expected that possible local therapeutic traditions
(i.e. unexplained practice variation) would decrease after
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the official guidelines were published in March 2003 and
in this study we aimed to describe this variance.

The median odds ratio

Direct epidemiological interpretation of HCC and
municipality variance in the logistic regression is difficult
[7, 17]. One suitable alternative is calculating the median
odds ratio (MOR), as proposed by Larsen and co-au-
thors [8, 18]. The MOR translates the variance in the
widely used OR scale, which has a consistent and intu-
itive interpretation. The MOR can be directly compared
with the ORs of individual or area variables. In very
simple terms, the MOR could be interpreted as the in-
creased (median) probability of being prescribed a rec-
ommended statin if a patient was to change HCC (or
municipality). The MOR depends directly on the HCC-
level variance and can be computed using the following
formula:

MOR = exp[y/(2 x Viuce) x 0.6745]
~ exp(0.95\/VHcc),

where Vicc is the HCC-level variance, and 0.6745 is the
75th percentile of the cumulative distribution function of
the normal distribution with mean 0 and variance 1.

If the MOR was equal to 1, there would be no dif-
ferences among HCCs in the probability of prescribing a
recommended statin. If there were important HCC-level
differences, the MOR would be large.

The accuracy of the variance estimates was evaluated
by their SE. We applied an approximate normal test for
the calculation of P values. A P value >0.05 was con-
sidered non-significant (NS).

The 80% interval OR

Contrary to individual-level variables in multi-level
models, area variables only take one value in each area
and, consequently, it is necessary to compare individuals
from different HCCs or municipalities to quantify
area-level associations [19, 20]. Therefore, we need to
incorporate the HCC/municipality variance in the
presentation of area-level associations. For this purpose,
we applied the 80% interval odds ratio (IOR-80), as
described in detail elsewhere [8, 18, 20]. The lower and
upper bounds of the IOR can be computed using the
following equations:

IORower = exp[f + /(2 x Vi) x (—1.2816)]
~exp(p — 1.81/Vn)

TOR ypper = exp[f + /(2 x Vi) x (1.2816)]
~exp(f + 1.81,/Vy),
where f is the regression coefficient for the hospital-level

variable, Vy is the hospital-level variance, and the values
—1.2816 and +1.2816 are the 10th and 90th percentiles
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of the normal distribution, with mean 0 and variance 1
(see references for further explanation [8, 18, 20]).

It should be noted that the IOR-80 is not a common
confidence interval. The interval is narrow if the residual
variation between different HCCs is small and wide if
this variation is large. If the interval contains the value 1,
this indicates that the effect of the higher-level charac-
teristic under scrutiny is not that important when com-
pared with the remaining residual higher-level
heterogeneity. The IOR therefore complements the
information provided by the normal OR.

Parameters were estimated using the restricted iter-
ative generalised least square (RIGLS) method. The
analyses were performed using the MLwiN 1.2 software
developed by Goldstein research group [12].

Results

Table | indicates that the prevalence of adherence with
guidelines for prescription of statins was overall 20%
and this prevalence was the same for both men and
women. The number of private HCCs was similar to the
number of public HCCs in the whole county, but this
figure was much lower in the north-east and central
health care districts. Physician density was lower in the
north-west and north-east health care districts than in
the other three health care districts.

In Table 2, model A shows that factors related to the
HCC and municipality level together played a relevant
role in understating individual prescription of recom-
mended statins (MORunicipaliy-nice = 2.13). However,
it appears that HCCs are more relevant than are
municipalities in this context (MORycc=1.96 and
MORMunicipalily =141 )

The ranking of the HCCs and municipalities
regarding their prevalence of use of recommended

statins relative to the overall prevalence in the county at
the beginning of the study period (i.e. intercept residu-
als) is presented in Fig. 1 both before (model A) and
after (model C) making adjustments. The differences
among the municipalities disappeared after adjustment,
but the picture for HCCs is different. Many HCCs
changed position in the ranking but the dispersion
around the mean was only slightly reduced after
adjustments in model C. The PCV indicates that 75% of
the differences among municipalities were explained by
the individual and contextual characteristics included in
model C. However, this percentage was only 3% in
relation to variance among HCCs.

Table 2 also shows that there was a significant tem-
poral trend in prescription of recommended statins.
Overall, the trends follow a quadratic function that is
illustrated in Fig. 2 (thick black line), with a steeper
slope at the beginning of the period that levelled off and
even decreased at the end of the study period. This figure
also shows that many specific HCC temporal trends
differed from the overall trend in the county.

The probability of being prescribed a recommended
statin increased for every year of age, although by a very
low degree. Men demonstrated a lower probability than
women of being prescribed a recommended statin bu-
t—as in the case of the temporal trend described
above—this association differed in different HCCs. Be-
cause of the existence of significant slope variance in the
association between prescription of recommended sta-
tins and both time and sex, the HCC variance became a
function of these variables. This phenomenon is illus-
trated in Fig. 3 where we also show the effect of the
adjustments performed in models B and C.

Regarding municipality and HCC-level variables,
Table 2 shows that the probability of prescribing rec-
ommended statins was similar in private and public
HCCs. The IOR-80 was wide, confirming the low

Table 1 Characteristics of the 34,514 prescriptions of statins, issued to 16,400 women and 18,114 men who visited 226 different health care
centres (HCCs) in the 33 municipalities of Scania, Sweden. Unless otherwise indicated, values are given as percentages

Whole Skane North-west North-east Central South-west South-east
Number of statin prescriptions 34,514 11,318 6,264 6,455 9,149 1,328
Men (%) 52 52 54 54 51 53
Mean age (years) 66 66 67 66 66 67
Number of municipalities 33 8 6 10 4 5
Number of HCCs 226 72 43 37 52 22
Number of private HCCs 121 46 19 13 26 17
Physician density" 27 23 43 45 40
Recommended statins
Whole time period 20 18 18 23 20 28
0 (April 2003) 15 14 13 19 15 16
1 (May 2003) 16 12 12 23 16 23
2 (June 2003) 19 17 16 25 17 34
3 (July 2003) 19 18 20 24 14 20
4 (Aug 2003) 21 21 19 26 20 33
5 (Sept 2003) 22 22 19 27 21 22
6 (Oct 2003) 24 23 22 24 25 31
7 (Nov 2003) 20 19 17 21 22 28
8 (Dec 2003) 22 18 21 23 26 33

# Number of physicians per 10,000 inhabitants



Table 2 Multi-level logistic regression analysis of adherence to
statin prescription guidelines in the county of Scania, Sweden.
HCC health care centre, IOR-80 80% interval odds ratio, MOR
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median odds ratio, OR odds ratio, 95% CI 95% confidence inter-
val, SE standard error, NS non-significant, PCV proportional
change in variance in model C using model A as reference

Model A

Model B Model C

Fixed effects

Time

Time?

Sex

Age

Public versus private HCC -
IOR-80

1.25 (1.20-1.33)
0.98 (0.98-0.99)

Physician density (rate)
Ist tertile
IOR-80
2nd tertile
3rd tertile
IOR-80
North-west -
North-east -
IOR-80 -
South-west -
IOR-80 -
South-east
IOR-80 -
Central
IOR-80
Random effects
Municipality (intercept)
MOR unicipatiy”
HCC (intercept)
MORycc”
HCC and municipality (intercept)
M0RMunmpa]ny-llccC
Time (slope)
Sex (slope)
Patient

Variance (SE)
0.132 (0.51)
1.41

0.500 (0.084)
1.96

0.632

2.13

0.011 (0.002)

0.994 (0.008)

OR (95% CI)
1.25 (1.20-1.33)
0.98 (0.98-0.99)
0.88 (0.82-0.95) 0.89 (0.82-0.95)
1.00 (1.00-1.00) 1.00 (1.00-1.00)
- 1.01 (0.86-1.18)
0.28-3.63

OR (95% CI)
1.25 (1.20-1.31)
0.98 (0.98-0.99)

2.66 (1.16-6.06)
0.74-9.53
Reference
2.36 (1.34-4.16)
0.66-8.47
- Reference
- 1.13 (0.77-1.68)
- 0.31-4.07
- 1.01 (0.60-1.70)
- 0.28-3.64
1.56 (1.01-2.41)
- 0.44-5.61
1.29 (0.83-1.99)
- 0.36-4.62
Variance (SE) Variance (SE)
0.119 (0.048) 0.033 (0.022) (NS)
1.39 1.18
0.495 (0.086) 0.484 (0.084)
1.96 1.94
0.615 0.517
2.11 1.99
0.011 (0.002) 0.011 (0.002)
0.067 (0.022) 0.067 (0.022)
0.989 (0.008) 0.989 (0.008)

PCV
75%

3%

18%

“When moving to another municipality
PWhen moving to another HCC
‘When moving to another HCC in another municipality

relevance of this variable for understanding adherence to
guidelines on statin prescription.

Compared with the north-west, the south-east health
care district exhibited a higher adherence to the county’s
guidelines on statin prescription. However, in this case,
the TOR-80 was also very wide, indicating the low
importance of this variable for understanding differences
in adherence to guidelines among HCCs.

Physician  density—a  municipality ~ characteris-
tic—appeared to play a role in improving adherence, but
this association was U-shaped, with the lowest proba-
bility in the second tertile group. The IOR-80 was rela-
tively wide but this variable may have some relevance for
the implementation of prescription guidelines.

Discussion

We present a relatively new analytical approach for drug
utilisation studies in pharmacoepidemiology. MLRA
reveals the role of different levels for understanding drug
prescription and utilisation [5, 6]. Hierarchical structures

(e.g. patients nested within physicians in different HCCs
nested within counties in different countries) are com-
mon in pharmacoepidemiology, and MLRA allows an
appropriate analysis of hierarchical structures for both
statistical and epidemiological purposes [5, 21]. In the
present study, moreover of providing some extended
methodological description of MLRA, we have pro-
posed a model of analysis for investigating practice
variation in general and adherence to statin prescription
guidelines in particular.

We used the month of April 2003 as a starting point
in our evaluation since guidelines were published in the
middle of March. In April, each HCC and municipality
has a specific level of prescription, and our hypothesis
was that successful adherence with guidelines would
convey increasing prevalence of use of recommended
statins and decreasing variance between HCC and
municipalities along the observation period. Therefore,
adjusting for period of time (e.g. January, February and
March) before the publication of the guidelines is less
relevant for analysing trends in prevalence and varia-
tion during the observation period. Moreover, the



662

Fig. 1 Differences in adherence 251
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investigation of the association between physician den-
sity and health care districts and adherence with guide-
lines can only be done after these guidelines were
actually published in the middle of March.

There are few therapeutic reasons for choosing a
more expensive drug brand among several brands of
similar efficacy. Nevertheless, this practice was fairly
common in the county, and the MLRA revealed sub-
stantial practice variation that may reflect local thera-
peutic traditions which hindered prescription of
recommended statins.

Adherence to guidelines seemed to a considerable
degree to be conditioned by contextual factors at the
HCC and municipality levels. Physicians from the same
HCCs and from the same municipalities showed a similar
propensity to prescribe recommended statins. In other
words, HCC and municipality levels appear to bear a
significant part of the prescriber’s inclination to issue a
recommended statin. This relative “‘responsibility” [6] for
successful adherence to prescription guidelines was
higher for the HCC than for the municipality level.

These results, illustrated in Fig. 3, suggest that in
some way the publication of the official prescription

Primary health care centres

guidelines reduced the initial practice variation, from
MOR close to 2 in April to MOR close to 1.5 in Sep-
tember 2003. Thereafter, practice variation increased
slightly but never reached the heterogeneity observed at
the beginning of the observation period.

It should be noted that some HCCs that showed
relatively high adherence in April showed a clear
decreasing trend during the study period. The reasons
for this behaviour need be investigated in detail.
Excluding the outlier with the highest adherence in April
(Fig. 2) from the analysis decreased the HCC variance
from 0.500 to 0.420 and increased the municipality
variance from 0.132 to 0.158 but did not have a major
effect on slope variance.

In this study, we did not have access to information
at the physician level. A part of the HCC variation
found could therefore in fact be physician variation [6,
22, 23], an aspect we observed in the Skaraborg Primary
Health Care Database containing information from
general practitioners’ medical records [24].

Practice variation is a common phenomenon which
need not necessarily be inappropriate but, rather, may
reflect equivalent therapeutic traditions confronting a



Fig. 2 Temporal trends in 80—
adherence to guidelines on
statin prescription in the county 55|

of Scania (thick black line) and
in the different health care
centres (HCCs)

Predicted probability of prescribing
recommended statins (%)

Fig. 3 Median odds ratio 22T
(MOR) expressing differences in
adherence to guidelines on 214

statin prescribing among the
different health care centres
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adjusted for temporal trends
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Median odds ratio (MOR)

Time (months)

Models
A B C

A

B, C

Women

similar health problem [25-28]. However, when the same
pharmacological agent is available in different brands at
very different prices and the prescriber chooses
the expensive brand, it is relevant to investigate

1 2 3 4 5 B 7 8

Time (months)

determinants for these prescription disparities in order
to launch interventions promoting appropriate pre-
scription [29]. In this context, statins are an illustrative
group of pharmacological agents since they have
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concrete indications [30]. They are the first-hand choice
for treatment of hyperlipidaemia in adults with a high
risk of developing heart disease. Statins have been
shown to be effective in primary and, more specifically,
secondary prevention of coronary heart disease and is-
chaemic stroke [31, 32]. Since all statins have the same
indication and only marginal differences in efficacy,
there are no solid reasons why expensive brands should
be prescribed in general and for some patients rather
than others in particular.

The process of prescription includes a number of
phases (identification of the health problem, decision to
prescribe, choice of medication and decision to cease
using specific therapy) and could be influenced at dif-
ferent levels (e.g. at the patient, prescriber, HCC or
health care district level). However, very few studies
have aimed to understand the relative importance of
these different levels [6, 22, 23]. Therefore, the present
investigation provides valuable and original information
that could be of relevance for planning and evaluating
interventions aimed to promote efficient and evidence-
based prescription.

In this study, we were interested in investigating
prescribing behaviour, and statins are an ideal medica-
tion group for this analysis. Prescription of recom-
mended statins is not specifically indicated for certain
patients to the exclusion of others. There is therefore no
rationale for considering patient characteristics as con-
founder factors. Rather, the interest in these variables
resides in understanding reasons for low adherence to
prescribing guidelines. In the present investigation, we
only considered basic individual variables such as age
and gender; however, a study of determinants of
adherence to guidelines may require a qualitative re-
search methodology [33].

We found a rather low prevalence of adherence with
recommended statins. The main reason for the low use
of recommended statins might be that the guidelines
were very strict, including only Pravachol and Simvast-
atin GEA.

It is known that some non-recommended statins such
as rosuvastatin have been the subject of safety concerns
[34-36]. This fact may promote adherence to use of
recommended statins over and above the guidelines.
However, this external influence should have affected all
the HCCs and municipalities and has therefore less rel-
evance with regard to variance in adherence with
guidelines.

Our empirical analysis found that—even if in a small
degree—women showed a higher probability than men
of being prescribed cheaper recommended statins. The
reasons for this behaviour seem irrational but we do
think the results raise an interesting question. Our epi-
demiological study suggests that it may be interesting to
perform further investigation, such as a qualitative
analysis, in order to obtain more information on the
reasons for this prescribing behaviour.

We found that municipality physician density influ-
enced adherence to prescription guidelines. In other

words, adherence was lower when the physician density
was in the middle tertile group. As far as we know, this
subject has been rarely investigated in previous studies
and deserves more attention.

MLRA has been successfully employed in a number
of previous studies in the field [6, 22, 23, 37] and appears
to be a useful epidemiological tool for investigating and
quantifying medical practice variation. Consequently,
MLRA may prove to be a useful tool for evaluating and
planning interventions.

In conclusion, adherence increased and the variation
decreased during the study period, which suggests that in
some way the publication of the official prescription
guidelines in the county had a positive influence on
statin prescribing. However, at the end of the observa-
tion period, adherence was still low and practice varia-
tion high. These facts may reflect inefficient therapeutic
traditions and suggest that more intensive interventions
may be necessary to promote adherence to prescription
guidelines [38].
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Abstract

Background: Official guidelines that promote evidence-based and cost-effective prescribing are
of main relevance for obvious reasons. However, to what extent these guidelines are followed and
their conditioning factors at different levels of the health care system are still insufficiently known.

In January 2004, a decentralized drug budget was implemented in the county of Scania, Sweden.
Focusing on lipid-lowering drugs (i.e., statins), we evaluated the effect of this intervention across a
25-month period. We expected that increased local economic responsibility would promote
prescribing of recommended statins.

Methods: We performed two separate multilevel regression analyses; on |10 827 individual
prescriptions issued at 136 publicly-administered health care centres (HCCs) nested within 14
administrative areas (HCAs), and on 72 012 individual prescriptions issued by |15 privately-
administered HCCs. Temporal trends in the prevalence of prescription of recommended statins
were investigated by random slope analysis. Differences (i.e., variance) between HCCs and
between HCAs were expressed by median odds ratio (MOR).

Results: After the implementation of the decentralized drug budget, adherence to guidelines
increased continuously. At the end of the observation period, however, practice variation remained
high. Prescription of recommended statins presented a high degree of clustering within both
publicly (i.e., MOR,cc = 2.18 and MOR 5 = |.31 respectively) and privately administered facilities
(MOR ¢ = 3.47).

Conclusion: A decentralized drug budget seems to promote adherence to guidelines for statin
prescription. However, the high practice differences at the end of the observation period may
reflect inefficient therapeutic traditions, and indicates that rational statin prescription could be
further improved.
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Background

Adherence to prescription guidelines

Prescription guidelines that promote evidence-based and
cost effective prescribing of drugs are of main relevance for
promoting effective and safe pharmacologic treatment as
well as for the efficient use of a limited health care budget.
Therefore, adherence to prescription guidelines has
attracted considerable interest in many countries [1-3],
including Sweden [4-6]. However, it is still insufficiently
known to what extent guidelines from the drug commit-
tees are followed and the factors that at different levels of
the health care condition prescription adherence to rec-
ommended medication [4,7,8].

In a previous study [9], we investigated the role of munic-
ipalities and outpatient Health Care Centres (HCCs) in
understanding adherence to official guidelines on statin
prescription in the county of Scania, Sweden. Using mul-
tilevel regression analysis we developed an epidemiologi-
cal design suitable for monitoring practice variation and
prevalence of adherence to guidelines along time. We
noted that HCCs appeared to be more relevant than
municipalities for understanding physicians' propensity
to prescribe a recommended statin, and that the publica-
tion of the guidelines exerted a positive influence. In other
words, prescription of recommended statins presented
increasing trend and variance between HCCs and munic-
ipalities slightly decreased. However, at the end of the
observation period the prevalence of adherence to guide-
lines was inappropriately low and practice variation
unsuitably high, suggesting that inefficient therapeutic
traditions were still influencing statin prescription. For
this reason, it was suggested that more intensive interven-
tions would be necessary to promote rational statin pre-
scription.

The decentralized pharmaceutical budget

The health services in Sweden are overwhelmingly tax-
financed through county taxes [10]. Even if the Swedish
Health Care System is rather homogenous all over the
country, every of the 20 county councils in Sweden
(Scania is one of the largest) have a high financial auton-
omy for managing health care services within their respec-
tive areas.

In January 2004, the county council of Scania imple-
mented a new system for managing the pharmaceutical
budget. Under the new economic system, responsibility
for the administration of the pharmaceutical budget
passed from the regional Department of Health and
Health Care Management to the 19 administrative Health
Care Areas (HCAs) at five Health Care Districts (HCD) of
the county [11]. See figure 1 for a short explanation of the
structure of the health care system in the County of
Scania. Simultaneously to the decentralized pharmaco-
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logical budget, an information campaign was launched.
In this campaign, specially trained pharmacists visited the
HCCs and provided information on current local pre-
scription patterns as a basis for reflection and prescription
improvement. While the new economic system was com-
pulsory, participation in the information campaign was
voluntary.

Aims of the study

In the present study we aimed to monitor and evaluate the
effect of the decentralized pharmacological budget on pre-
scribing behaviour and the role played by the different
organizational levels (HCCs, HCAs and Health Care Dis-
tricts) when it comes to understand physicians' adherence
to prescription guidelines. Statins are an ideal medication
group for this purpose, since they have very homogeneous
indications and similar efficacy [12-14], which in princi-
ple eliminates the possibility of patient mix when com-
paring different practices and administrative areas.

A decentralized drug budget increases economic responsi-
bility among prescribers by relocating control in manage-
ment and decision-making from higher to lower levels of
the health care organization and, thereby, it creates incen-
tives for efficient drug prescription [15]. Therefore, our
hypothesis was that the decentralized pharmacologic
budget and would result in increased use of recom-
mended statins and decreased variance between HCCs
and HCAs throughout the 25-month observation period.
While increased prevalence of adherence is the more
informative parameter of a positive impact of the inter-
vention, only a high prevalence in the area does not nec-
essarily imply better care since it could depend of a few
practices with a very high prevalence. Combining preva-
lence and variance measures we can obtain more com-
plete information.

Due to the hierarchical structure of the data, we applied
multilevel regression analysis (MLRA). MLRA accounts for
and informs about the dependence of the outcome within
organizational levels, and thereby not only produces accu-
rate statistical estimations but also generates information
regarding patterns of variation at different levels - an
aspect of high relevance for investigating therapeutic tra-
ditions [16,17].

Methods

The register of pharmacological agents

We obtained information from the Swedish National Pre-
scription Register [ 18], administrated by the Swedish Cor-
poration of Pharmacies and based on record of sales.
While the decentralized budget started in January 2004,
the current recommendations for drug prescription were
introduced in March 2004 and so did our observation
period. During the 25-month period between March 2004
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The structure of the health care system in the Scania County council.

and March 2006 we selected all 110827 prescriptions of
statins issued by public physicians and all 72012 prescrip-
tions issued by private physicians at 136 public and 115
private HCCs in 14 public and 5 private HCAs in Scania.
Statins were defined according to the Anatomical Thera-
peutical Chemical (ATC) classification system code
C10AA [19].

A small percentage (6%; 12 683/195 522) of prescriptions
were excluded since they had unidentified origin, they
were from places outside Scania, or from HCCs with spo-
radic statin prescription (i.e., less than 50 prescriptions)
during the observation period.

Each prescription, regardless of number of drugs, has a
unique serial number in the register. The register data
includes information about the age and gender of the
patient, the health care facility where the prescription was
issued, the brand name and ATC code for both prescribed
and dispensed drugs, and whether the prescription was an
initial or a repeat prescription.

For descriptive purposes we expressed statin utilization as
direct age-standardized number of defined daily doses
(DDD)/1000 inhabitants/day obtained by the Equivalent
Average Rate methodology [20,21].

This study is a part of the LOMAS project (Longitudinal
Multilevel Analysis in Scania) [22] that was reviewed and
approved by the Swedish Regional Ethical Review Board
in Lund.

Individual-level variables

At the individual level, the outcome variable was prescrip-
tion of simvastatin (yes vs. no). Simvastatin (regardless of
brand, but excluding the original brand ZOCORD®) was
the recommended statin in Scania during the whole
observation period. Simvastatin has proved efficacy [12-
14,23] and is the cheapest statin in Sweden. Though a pre-
scription is valid for one year, the reimbursement system
accepts a maximum of three months' supply per dispensa-
tion, so we selected initial prescriptions only in order to
reduce the risk of counting the same prescription more
than once.
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Individual age in years was centred on the mean of 67 for
prescriptions issued at public practices, and 66 for those
issued at private practices. Sex (men vs. women) was
defined by a dummy variable. Time (in months) was a
continuous variable; March 2004 was recoded as 0, April
2004 as 1, and so on to March 2006 that was recorded as
24. Therefore, March 2004 was the intercept value in the
regression analysis.

Area-level variables

The structure of the health Care System at the county of Scania
The Region of Scania is situated on the southern part of
the Scandinavian Peninsula. The county is geographical
divided into 33 municipalities and its area covers less than
3% of Sweden's total area. The population of about 1.2
million represents, however, 13% of Sweden's total popu-
lation. At the time of this study the health care system at
the county of Scania was organized into five health care
districts (northwest, northeast, southwest, southeast, and
central). These five health care districts managed 19
administrative HCAs which, in turn, controlled 251 HCCs
(Figure 1). Of those HCCs, 136 were public administered
primary health care centres and hospital outpatient care
clinics, and 115 were private primary HCCs assisted by
private general practitioners (GPs) and other private spe-
cialists. Only five of the 19 HCAs managed private HCCs.
The remaining 14 HCAs managed only public HCCs; nine
HCAs managed only outpatient clinics at large public hos-
pitals while five administered primary health care centres.

Participation in the information campaign

Simultaneously to the introduction of the decentralized
budget, an information campaign for supporting appropri-
ate prescription at the HCCs was carried out through the
entire observation period. Participation in this campaign
was voluntary. Since the campaign could influence pre-
scription patterns independently of any possible effect of
the decentralized budget, we included a variable indicat-
ing whether the HCC participated in the information
campaign or not.

Budget decentralization at the HCA level and HCCs with own budget
administration

In the new compulsory system of decentralized pharma-
ceutical budget, the responsibility for the administration
of the pharmaceutical budget was transferred from the
regional Department of Health and Health Care Manage-
ment to every of the 19 administrative HCAs. However,
nine of the 14 publicly-administered HCAs decided to
implement a more intense decentralization by transfer-
ring the budget responsibility to their HCCs. Since this cir-
cumstance could influence prescription patterns, such
HCCs were identified by a dummy variable. In the analy-
ses, HCCs without their own budget management were
used as reference in the comparisons.
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Percentage of prescriptions from specialist physician at the HCC level
Since proximity to specialized care and the particular
knowledge that it conveys might influence adherence with
prescription guidelines, we also identified those HCCs
which employed specialist physicians other than GPs. In
the analyses, HCCs employing GPs alone were used as ref-
erence in the comparisons.

Multilevel logistic regression models

We used multilevel logistic regression analysis to estimate the
probability of prescribing a recommended statin, while
accounting for the hierarchical structure of the data (i.e.,
patients nested within HCCs nested within HCAs) repre-
sented in figure 1[16,17].

Since physicians working in private practices may be less
receptive to the policies of the county council than those
working in public facilities, and because this might mod-
ify the effect of the decentralized budget, we performed
our analyses separately for physicians under public or pri-
vate administration

Public HCCs and HCAs were included in the analysis as
random terms. However, because there were only five
health care districts, which is a low number for including
health care districts as a random term, they were included
as a dummy variable (i.e., fixed effects), using the south-
west district as reference in the comparisons. Since there
was only one private HCA in each health care district, in
the multilevel analysis of privately administered health
care the only random term was HCC.

We developed three consecutive models. Model A
included the area (i.e., HCA and HCC) random parame-
ters together with time. The intention of this model was to
investigate temporal trends of prescription of recom-
mended statins throughout our observation period.
Model B included the individual covariates age and sex.
Finally, model C added the area-level variables; health
care districts, information campaign, presence of special-
ist physicians other than GPs, and HCC with own budget
responsibility. In this way we could investigate whether
these contextual characteristics explained residual varia-
tion at the HCC and HCA levels.

In the fixed-effects part of the multilevel analysis, we cal-
culated odds ratios (OR) and their 95% confidence inter-
vals (95% CI) from the regression coefficients and their
standard errors.

In the random-effects part of the multilevel analysis, we
obtained the variance (SE) at the HCC and HCA levels. We
calculated the proportional change in variance (PCV)
between two consecutive models [24]. We also allowed
the regression coefficients of the variables time and sex to
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be random at the HCC level (i.e. random slope analysis)
in order to investigate whether these individual-level asso-
ciations varied between different HCCs. In the presence of
slope variance, the HCC variance becomes a function of
the individual variables. We calculated the variance func-
tion as described elsewhere [25].

Theoretically the concept of intraclass correlation (i.e., the
percentage of the total variance that is at the area level) is
an intuitive measure of therapeutic traditions [9,26,27].
However, in multilevel logistic regression models, the fact
that the variances at the area and at the individual levels
are measured on different scales makes it difficult to inter-
pret the intraclass correlation. Therefore, we calculated the
median odds ratio (MOR) [28,29]. The MOR translates
the variance into the widely used OR scale, and can
thereby be directly compared with the ORs of individual
or area variables. In very simple terms, the MOR could be
interpreted as how much a physician's probability of pre-
scribing a recommended statin would (in median)
increase if this physician moved to a HCC/HCA with
higher adherence to guidelines. A MOR of 1 indicates that
there are not differences between HCCs/HCAs in the
probability of prescribing a recommended statin. The
larger the differences between HCCs (or HCAs) are, the
larger the MOR will be.

Even if the overall OR for the association between an area
(i.e., HCC or HCA) variable and the outcome is conclu-
sively higher or lower than one, the distribution of OR for
pairwise comparison between exposed and unexposed
areas could contain a considerable percentage of ORs of
opposed direction. Therefore, we calculated the percent-
age of ORs of opposed direction as complementary infor-
mation to the overall OR of each area-level variable. This
index considers the area residual variance in the calcula-
tion of the ORs of the area level variables, and indicates
the extent to which the area variable under study is of
importance as compared with residual area variations. If
the index is 50% the association has no relevance. Details
of the formulas and an extended explanation of the statis-
tical analysis can be found elsewhere [30]. An Excel
spreadsheet with formulas is available on request.

Ranking of outpatient health care centres and
administrative health care areas

Following previous recommendations for comparing per-
formance between different health care units [31], we
ranked HCCs and HCAs according their posterior means
(also known as "shrunken residuals") obtained from the
multilevel regression analyses. Each residual corresponds
with the OR of adherence with guidelines (logarithmic
scale) of the unit, with the whole county as reference in
the comparisons.
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Parameters were estimated by MCMC methods [32] and
the goodness of fit was evaluated using the deviance infor-
mation criteria (DIC). We used the MLwiN 2.02 software
developed by Goldstein's research group [25].

Results

The age-standardized utilization of statins in the whole
county increased from 131 DDD/1000 inhabitants/day in
2004 to 177 in 2006, and a similar increasing trend was
observed in all health care districts. Throughout the whole
observation period, prescription of statins was highest in
the northwest district and lowest in the central district
(Table 1).

Table 1 shows that the mean age of the patients receiving
a statin prescription was 67 years in the public sector and
66 years in the private. Overall, men were prescribed stat-
ins more often than women. More statin prescriptions
were issued from public HCCs than from private HCCs.
Of all the statin prescriptions issued at public HCCs, 82%
originated from a HCC participating in the information
campaign, but this figure was only 22% for private HCCs,
and varied greatly between districts, being lowest in the
southwest district. More statins were prescribed by HCCs
composed of GPs alone than by HCCs including other
specialists. Of the statin prescriptions issued at public
HCCs, 71% originated from HCCs that managed their
own pharmacologic budget.

Overall, the prevalence of guideline adherence was 62%
in the public sector and 50% in the private, with a clear
increasing trend during the whole study period. In the first
month, 48% of the public and 39% of the private HCCs
prescribed recommended statins, and this percentage
increased to 74% in the public and 62% in the private sec-
tor by the end of the study period. These trends were sim-
ilar in all five health care districts, but adherence was
always lowest in the southwest district, and highest in the
northeast and southeast districts (Figure 2).

In model A (see Table 2), the MORycs jicc in the public
sector was 2.28 indicating that a physician's median prob-
ability of prescribing a recommended statin would
approximately double if this physician moved to an HCC
in an HCA with greater adherence to guidelines. However,
when decomposing the MOR in specific levels, the pro-
pensity of prescribing recommended statins presented a
higher degree of clustering at the HCC level than at the
HCA level (MORyjcc = 2.18 vs. MORyjcy = 1.31). The
MORy; in the private sector was 3.47, indicating an even
stronger clustering among private HCCs.

As illustrated in Figure 2, there was an increasing temporal
trend in prescription of recommended statins. However,
this trend differed between HCCs, and the time variable
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Table I: Characteristics of the initial prescriptions of statins issued in Scania, Sweden, between March 2004 and March 2006, by Health Care District and specifying prescription of
simvastatin (i.e., recommended drug).

Whole Scania North-West North-East Central South-West South-East

Al Simvastatin Simvastatin All Simvastatin All Simvastatin Al Simvastatin Al Simvastatin
Number of prescriptions (Public HCCs) 110,827 68,372 (62%) 27,562 17,138 (62%) 19,145 12,978 (68%) 27,509 15932 (58%) 28373 16,264 (57%) 8328 6,060 (74%)
Number of prescriptions (Private HCCs) 72,082 36,256 (50%) 20,270 9,958 (53%) 7,801 4,656 (64%) 7,922 4,342 (58%) 34,024 13224 (42%) 7272 4,076 (60%)
Men Public/private 56/55 55/55 53/55  53/55 55/55  55/56 58/52  57/52 56/55  56/55 57/55  57/54
Mean age in years (Public/private) 67166 67165 67167 67166 68/68  67/68 67/65 67165 66/66  66/66 68/67 6867
Number of HCAs (Public/private) 14/5 3/1 3/1 371 3/ 2/1
Number of HCCs (Public/private) 136/115 29128 25/13 36/18 39/41 75
Percentage of prescriptions from HCCs that pal ated in information campaign 8222 82/28 9824 97127 97/80  97/80 100/47  100/50 33/0 31/0 100/34  100/36
(Public/private)
Percentage of prescriptions from HCCs with own budget administration (Public) 71 83 87 86 91 89 38 42 35 36
Percentage of prescriptions from specialist physician (Public/private) 34/37 37/34 29/38  32/33 32/4 352 35/41 37/43 38/48  42/46 35/15  36/20
DDD/inhabitants/day for statins
DDD/inhabitants/day, 2004 | 153 127 | 132 129
DDD/inhabitants/day, 2005 152 180 147 126 152 154
DDD/inhabitants/day, 2006 177 207 147 178 186

HCC = outpatient health care centre.
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Figure 2

Percentage of recommended statins among initial statin prescription in the health care districts of the county of Scania, public

health care centres (right) and private health care centres (left).

presented a significant slope variation between HCCs evi-
denced by the plot of the predicted values in Figure 3.
Because of this slope variance, the MORy;c became a
function of time indicating that even if the MORy
decreased throughout the study period, the final variation
was still high (MORy;¢ = 1.86 in the public sector and
2.73 in the private).

We did not observe any significant slope variation of the
time variable at the HCA level.

The analysis of the PCV in Table 2 indicates that 50% of
the differences between HCAs were explained by the indi-
vidual and contextual characteristics included in model C.
In relation to variance between HCCs, this percentage was
only 8% in the public sector and 0% in the private. The
DIC diagnosis suggested that model C represent an
improvement over model B in goodness of fit for the pub-
lic sector, but not for the private.

The ranking of the HCCs and HCAs regarding the preva-
lence of prescription of recommended statins in each area
relative to the overall prevalence in the county at the
beginning of the study period is presented in Figure 4
both before (model A) and after (model C) making
adjustments. The differences between HCAs disappeared
after adjustment, but although many HCCs changed posi-
tion in the ranking, the HCC dispersion around the mean
was not reduced after adjustments.

Overall, men had higher use of statins (Table 1) but lower
probability than women of being prescribed a recom-
mended statin (Table 2). The existence of slope variation,
however, indicated that this pattern of association was not
constant in all HCCs.

Table 2 shows that the probability of prescribing recom-
mended statins was not conditioned by participating in
the information campaign. Also, our results suggest that
even if adherence to guidelines clearly improved after the
implementation of the decentralized budget, this
improvement was not more intense among HCCs with
own budget administration. Actually - even if the results
were not conclusive at the 95% level - comparing to HCC
without own budget administration those with own eco-
nomical responsibility presented a lower, rather than
higher, probability of adherence with guidelines, OR =
0.82 (95%ClI: 0.68-1.06),

Among the public HCCs, prescriptions of recommended
statins were more frequently issued at HCCs with special-
ist physicians other than GPs, but no such association was
observed for private HCCs. Compared with the southwest
district, all other districts presented a higher probability of
prescribing recommended statins for both public and pri-
vate HCCs, except public HCCs in the central district.

DiscussionlIn this study we evaluated the effect of a decen-

tralized pharmaceutical budget intended to promote
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Table 2: Multi-level logistic regression analysis of adherence to statin prescription guidelines in the county of Scania, Sweden

Model A Model B Model C
Pul Private Public Private Public
Fixed effects OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Time 1.05 (1.04-1.05) 1.06 (1.05-1.07) 1.05 (1.04-1.05) 1.06 (1.05-1.07) 1.05 (1.04-1.05) 1.05 (1.04-1.07)
Time2 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Sex (women vs men) 0.93 (0.87-0.98) 0.92 (0.84-1.01) 0.93 (0.88-0.99) 0.92 (0.85-0.99)
Age (one year increase) 1.000 (1.000-1.000) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Information campaign (Yes vs No) | (0.90-1.39) 1.46 (0.73-2.34)
% opposed ORs 46% 42%
Specialist physician vs GP 1.41 (1.18-2.01) 0.97 (0.66—1.31)
% opposed ORs 38% 49%
HCC with own budget administration (yes vs No) 0.82 (0.68-1.06)
% opposed ORs 43%
North-West health care district - - 1.37 (1.01-1.93) 1.66 (1.09-2.50)
% opposed ORs 39% 39%
North-East health care district - - 1.39 (0.84-2.04) 1.78 (1.04-3.89)
% opposed ORs - - 39% 38%
South-West health care district - - Reference Reference
South-East health care district - - 2.03 (1.08-3.92) 1.46 (0.84-1.99)
% opposed ORs - - 27% 42%
Central health care district - - 0.85 (0.47-1.15) 1.53 (1.10-2.73)
% opposed ORs - - 45% 41%
Random effects Variance (95% Cl) Variance (95% Cl) Variance (95% Cl) Variance (95% Cl) Variance (95% Cl) Variance (95% Cl) PCV
HCA (intercept) 0.08 (0.01 - 0.38) 0.15 (0.04 - 0.42) 0.04 (0.00-0.17) 50%
MORyca 131 (1.11 - 1.80) 1.44 (1.22-1.87) 1.21 (1.04 - 1.49)
HCC (intercept) 0.67 (0.51 - 0.89) 1.70 (1.28 - 2.32) 0.62 (0.46 — 0.84) 1.80 (1.34 - 2.44) 0.62 (0.47 - 0.82) 1.71 (1.26 —2.34) 8% (Pu)
MORycc 2,18 (1.98 — 2.46) 347 (294-4.28) 2,12(1.92-239) 3.60 (3.01 —4.43) 2.12(1.92-237) 348 (2.92-431) 0% (Pr)
OHC and HCA (intercept) 075 077 0.66 12%
MORyca Hee 228 231 217
Time (slope) 0.000 (0.000 - 0.001) 0.001 (0.001 - 0.002) 0.000 (0.000 - 0.001) 0.001 (0.001 - 0.002) 0.000 (0.000 - 0.001) 0.001 (0.001 - 0.002)
Sex (slope) - 0.063 (0.043 - 0.093) 0.149 (0.103 - 0.214) 0.063 (0.043 - 0.094) 0.147 (0.102 - 0.214)

Deviance information criteria (DIC) 136 649.6

878

136 114.6 87 421.9

136 113.9

874224

HCC = outpatient health care centre. MOR = me
95% Cl = 95% credible interval. SE = standard error.

n odds ratio. OR = odds ratio.

PCV = proportional change in variance (PCV) in model C using model A as reference
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Public Health Care Centres

Figure 3

Privata Health Care Centras

Predicted probabilities for prescribing recommended statins at public (left) and private (right) health care centres in Scania.

adherence with prescription guidelines. According to our
results, this intervention appeared to considerably
improve adherence to guidelines for statin prescription
and, promoted efficient pharmacological treatment.

We performed separate analyses for publicly and privately
administrated HCCs, since we believed that the adminis-
trative background could modify the effect of these inter-
ventions. However, even though guideline compliance
was systematically lower among private facilities, compli-
ance in both the public and the private sector increased
progressively from the implementation of the decentral-
ized budget through the observation period.

Since our study is observational, several bias and con-
founding factors need to be considered. While face-to-face
visits such as those performed during the intervention
campaign have a documented effect on prescription pat-
terns [33], in our analysis participation in the information
campaign was not associated to higher adherence with
guidelines. Given that participation in this campaign was
free, it is probable that other reasons apart from the infor-
mation campaign itself confound the observed associa-
tion. For example, HCCs with a very low adherence to
guidelines at the start of the intervention may be espe-
cially prone to participate in order to improve their pre-
scription patterns. This effort would have only raised
adherence to the same level as rest of the HCCs. Due to
selection biases interpretation of the effect of the informa-
tion campaign is limited.

Evaluation of the decentralized budget was less affected
by bias since the adoption of the new budget system was
obligatory and embraced all the prescribers in the county.
Nevertheless, it cannot be ruled out that other external
influence besides the decentralized budget could provide
an alternative explanation of our results. Also, as we
shown in our previous article [9], adherence with guide-
lines was slightly increasing before the implementation of
the decentralized budget. Nevertheless, it is reasonable to
believe that the intense trend of increasing prescription of
simvastatin occurring after the implementation of the
budget actually reflects the new economic responsibility
of the prescribers. Several studies suggest that payment
method affects physicians' prescription behaviour
[2,33,34]. Moreover, even if guideline dissemination
alone has a less important effect on prescribing patterns
[9,33,34], it has proved to be effective as part of a multi-
faceted intervention and as a predisposing foundation for
other strategies.

Observational studies are often the only option for inves-
tigating questions that for reasons of feasibility, costs, or
ethics cannot be analysed by randomized trials [35,36]. In
our observational study we used multilevel regression
analysis, which not only produces more correct statistical
analysis (i.e., it accounts for residual correlation within
areas) but also informs about the role that different health
care levels play in understanding drug prescription and
utilization [16,17].
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Figure 4

Differences (i.e. residuals) between health care centres
obtained from the model including random parameters
together with time (unfilled circles) and the model also
including age, sex, health care districts, information campaign,
presence of specialist physician other than general practition-
ers, and degree of decentralization (filled circles). Public
administrative health care areas (top), public health care cen-
tres (middle), and private health care centres (bottom).

Our results suggest that adherence to guidelines seemed to
be conditioned by contextual factors, especially at the
HCC levels. Based on the MOR measure, we observed that
physicians from the same HCC and from the same HCA
exhibited a similar propensity to prescribe simvastatin.
This clustering of prescription behaviour was greater at the
HCC than at the HCA level, which suggest that interven-
tions directed at the HCC level would in principle be more
effective than those directed at the HCA level. Also, private

http://www.biomedcentral.com/1472-6963/7/68

HCCs had both greater clustering of prescription behav-
iour and lower adherence to guidelines, suggesting that
interventions directed at private HCCs could be appropri-
ate.

In a previous multilevel analysis [9] we investigated HCCs
nested within municipalities rather than within HCAs as
in the present study. However, since HCAs are responsible
for the management of the new decentralized budget, we
did not consider the municipality as a relevant level in this
investigation, and a sensitivity analysis (data not shown)
including the municipality level confirmed our assump-
tion. In the present study we did not have access to infor-
mation at the physician level, but two previous studies
have shown that variations at the physician level
accounted for about 50% of variations at the HCC level
[37,38].

The variation between public HCAs was very low and
could partly be explained by contextual characteristics
such as health care district, participation in the informa-
tion campaign, the presence of specialist physicians other
than GPs, and degree of decentralization. Contrarily, the
variation between both public and private HCCs was very
high and remained unexplained throughout the whole
observation period (i.e., model C in Table 2). Practice var-
iation between HCCs is a common phenomenon that
does not necessarily need be inappropriate, but rather
may reveal different strategies for confronting a specific
therapeutic problem. Practice variation might reflect med-
ical uncertainty resulting from differences in information
and knowledge. However, when the same pharmacologi-
cal therapy is available as different brands at different
prices and the prescriber selects the more costly, there are
reasons to question the suitability of the observed practice
variation [26,27,39-43]. In this context and since all stat-
ins have the same indication and only marginal differ-
ences in efficacy, there are no solid reasons for justifying
the prescription of expensive brands in general and for
some patients rather than others in particular [12-14].

The process of prescription includes a number of phases
(identification of the health problem, decision to pre-
scribe, choice of medication, decision to cease using a spe-
cific therapy) and could be influenced at different levels
(e.g. at the level of the patient, prescriber, HCC, HCA, or
health care district). However, few studies have aimed to
understand the relative importance of these different lev-
els [7,26,27,37,44]. Moreover, even if adherence with
guidelines in general is a well-developed research topic [1-
3], as far we know only to investigations have been
focused on adherence to guidelines of statin prescription,
[45,46] and only our current and previous work has
applied multilevel regression analyses [9]. The present
investigation provides valuable and original information
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that could be of relevance for planning and evaluating
interventions aimed to promote efficient and evidence-
based prescription.

Because of similar indications and efficacy, statins are an
ideal medication group for investigating prescribing
behaviour. For this reason, there is no rationale for con-
sidering patient characteristics as confounding factors
when investigating practice variation. Rather, the value of
including individual variables resides in the understand-
ing of the factors that condition adherence to prescribing
guidelines. In the present investigation we only consid-
ered basic individual variables such as age and gender. An
extended study of determinants of adherence to guide-
lines may also require the investigation of the influence of
socioeconomic differences of the patients on the process
of prescribing as well as applying qualitative research
methodology [47].

According to the prescription guidelines in the county of
Scania there is one patient related condition in which a
non-recommended statin has a preferential indication
[14]. In fact, when simvastatin does not reach sufficient
effect, a change to atorvastatin 80 mg is officially recom-
mended. However, a complementary analysis indicates
that atorvastatin 80 mg was only 0.5% of all the statin pre-
scriptions, and including this substance in the category of
recommended statin had no influence on the results.

In a previous study of ours performed in the county of
Scania, the basal level of adherence with recommended
statins was much lower than in the present investigation.
The main reason for this difference is that in the previous
study period, guidelines were very strict, including only
Pravachol and Simvastatin GEA rather than Simvastatin as
in the present investigation. Certainly, the existence of
plain guidelines facilitates adherence, but it does not
influence the conclusions of the present investigation.

Our empirical analysis found that men were prescribed
more statins than women, but women had a slightly
higher probability than men of being prescribed the
cheaper, recommended, statins. Men have a higher preva-
lence of ischemic heart disease and they are therefore
expected to be more represented among statin users. On
the other hand, the gender differences in the prescription
of simvastatin did not seem rational. It is possible that
qualitative analyses would give more information on the
reasons for this prescribing behaviour.

It is known that some non-recommended statins like
rosuvastatin have been the subject of safety concerns [48-
50], which may have promoted prescription of simvasta-
tin beyond the influence of the guidelines. However, if
this is true, this external influence simultaneously affected

http://www.biomedcentral.com/1472-6963/7/68

all the HCCs and HCAs and therefore should have had
less relation to variance between HCCs and HCAs.

Multilevel regression analyses are a very suitable method-
ology for studying practice variation, and are being suc-
cessfully employed in an increasing number of studies in
the field [7,9,26,27,37,44,51]. They are a useful epidemi-
ological tool for investigating and quantifying medical
practice variation, and for evaluating and planning inter-
ventions.

Conclusion

In conclusion, the decentralized pharmaceutical budget
seems to considerably influence prescription behaviour
and increase adherence to guidelines for statin prescrip-
tion. Though, at the end of the observation period, varia-
tion between HCCs was still high, especially among
private HCCs. These remaining disparities may reflect
inefficient therapeutic traditions, and suggest that more
intensive interventions may be necessary to promote
adherence to prescription guidelines [52]. Obviously, a
decentralized pharmaceutical budget [11,15] transfers
power in management and decision-making from higher
to lower levels of the health care organization, which in
turn increases economic responsibility among prescribers
and creates incentives for efficient drug prescription.
Therefore, as a natural consequence, adherence to the
drug committee's recommendations increases.
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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 Skéne 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
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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 Skane 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

@ Springer

two different data sets. The first data set included all 84,822
initial prescriptions of statins issued at HCPs in the Skane
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 Skane [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 Skéne 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 Skane
(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
CI0AAO07). 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 Skéane 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: Tl (<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 p,; to denote the probability that both prescriptions
in a pair are for rosuvastatin, poo to denote the probability
that neither of the prescriptions in a pair is for rosuvastatin,
and po and pg; to denote the probabilities that only one of
the prescriptions in a pair is for rosuvastatin, the PWOR can
be calculated as follows:

PWOR = 20 P11 (1)
Pio - por

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(PWORy) = aZy 2)

logit(pe) = Bo ®3)

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 /, 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, p; 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
(PWOR j¢ference) 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 (PWOR ,ore)-

Percentage of change

= ((PWORIeference - PWORmore)/(PWORreference - 1))

x 100

(4)
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

@ Springer

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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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 22%) 18270 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 5073 268 (5.3%) 6,079 264 (43%) 4,402 161 3.7%) 4447 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%)
Size*

<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

#Size of HCP in terms of number of prescriptions during the observation period

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

1.0
0.8
PRIVATE HCPs
-
-
- -—=r
0.6 o =
- PUBLIC HCPs

T T T T T
0 100 200 300 400

Days to adoption of rosuvastatin

Proportion of HCPs with rosuvastatin prescription

Fig. 1 Prescribing of rosuvastatin in private vs. public health care
practices (HCPs) during the observation period July 2003 to June
2004

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
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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 Skane, Sweden

Model A
Trimester 1
Trimester 2

Trimester 1
3.56 (1.95-6.51)

Trimester 3
Trimester 4
Model B

Trimester 1

Trimester 1

3.78 (2.08-6.88)
Trimester 2

Trimester 3

Trimester 2
2.75 (1.87-4.05)
2.59 (1.81-3.71)

Trimester 2
2.88 (1.96-4.25)
2.70 (1.86-3.91)

Trimester 4

2.47 (1.31-4.66)
2.41 (1.63-3.58)
2.55 (1.51-4.32)
3.44 (2.14-5.51)
Trimester 4

2.51 (1.30-4.83)
2.44 (1.62-3.68)
2.50 (1.47-4.24)

Trimester 3

2.18 (1.39-3.43)
2.01 (1.42-2.84)
2.71 (1.69-4.35)

Trimester 3

2.19 (1.38-3.47)
2.00 (1.40-2.86)
2.67 (1.65-4.31)

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

247 (1.56-3.92)

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 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)

Sex (male vs. female)

Private vs. public

Size*

<234

235-441

>441

Specialist vs. general practitioner”
Urban vs. rural®

0.96 (0.94-0.97)
0.87 (0.65-1.15)

0.96 (0.94-0.97)
0.87 (0.67-1.14)
431 (1.93-9.62)

0.64 (0.21-1.96)
0.67 (0.36-1.23)
Reference

0.97 (0.58-1.62)
0.98 (0.50-1.90)

#Size of HCP in terms of number of prescriptions during the observation period
Y Estimated in a model with the same PWOR for all time periods, and time included as a fixed effect
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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%) 2316 32 (1.4%) 1,952 24 (1.2%)
0-9 682 6 (1.0%) 411 6 (1.5%) 271 3 (1.1%)

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.
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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 Skéne, Sweden, from July to December 2005

Model D

Model E Model F

Men Women

Men ‘Women Men ‘Women

PWOR (95% CI)
Individual variables
Age (1-year increase)
Income

Low

Middle-low
Middle-high

High
Marital status

Living alone
Married/cohabiting
Country of birth
High-income country
Middle-income country
Low-income country
Number of years in Sweden
Always

=10

0-9
Contextual variables
Private vs. public HCP
Size of HCP

Small

Medium

Large

Specialist vs. general practitioner
Urban v. rural

2.99 (1.63-5.49) 2.58 (1.79-3.73)

2.83 (1.58-5.09)
OR (95% CI)
0.96 (0.94-0.97)

246 (1.73-3.50)
OR (95% CI)
0.96 (0.95-0.98)

1.89 (1.35-2.63)
OR (95% CI)
0.94 (0.92-0.95)

1.72 (1.27-2.33)
OR (95% CI)
0.96 (0.95-0.98)

Reference

1.00 (0.58-1.73)
1.66 (0.93-2.95)
1.58 (0.91-2.72)

Reference

1.22 (0.67-2.22)
1.35 (0.87-2.10)
1.74 (1.07-2.85)

Reference

1.00 (0.58-1.74)
1.68 (0.93-3.03)
1.62 (0.93-2.81)

Reference

1.22 (0.64-2.33)
1.38 (0.85-2.23)
1.80 (1.05-3.11)

0.78 (0.53-1.13)
Reference

0.65 (0.42-1.02)
Reference

0.79 (0.56-1.11)
Reference

0.66 (0.44-1.01)
Reference

Reference
0.85 (0.27-2.72)
1.82 (0.63-5.25)

Reference
1.33 (0.62-2.83)
1.08 (0.43-2.75)

Reference
0.83 (0.25-2.77)
0.54 (0.18-1.65)

Reference
1.34 (0.57-3.15)
1.06 (0.38-2.94)

Reference
1.46 (0.40-5.41)
1.36 (0.36-5.15)

Reference
0.32 (0.06-1.67)
0.88 (0.23-3.32)

Reference
1.46 (0.37-5.86)
1.31 (0.33-5.86)

Reference
0.31 (0.05-1.93)
0.86 (0.19-3.87)

3.41 (1.95-5.95) 3.09 (1.58-6.05)

0.86 (0.42-1.79) 0.97 (0.40-2.36)

0.71 (0.36-1.39) 1.02 (0.51-2.03)
Reference Reference
1.62 (0.88-3.00) 1.19 (0.62-2.29)

1.14 (0.45-2.84) 0.93 (0.44-1.99)

HCP Health care practice

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.

@ Springer

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.
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Abstract

Background: Knowledge about the social and economical determinants of prescription is
relevant in health care systems like the Swedish one, which is based on the principle of equity,
and which aims to allocate resources on the basis of need and not on criteria that are based on
social constructs. We therefore investigated the association between patient and health care
practice (HCP) characteristics on the one hand, and adherence to guidelines for statin
prescription on the other, with a focus on social and economic conditions.

Methods: The study included all patients in the Skane region of Sweden who received a statin
prescription between July 2005 and December 2005; 15 581 patients in 139 privately-
administered HCPs and 24 593 patients in 142 publicly-administered HCPs. Socioeconomic
status was established using data from LOMAS (Longitudinal Multilevel Analysis in Skéne),
and stratified multilevel regression analysis was performed.

Results: The proportion of patients receiving recommended statins was lower among privately-
administered HCPs than among publicly-administered HCPs (65% vs. 80%). Among men (but
not women), low income (PRyyivaerice = 1.04 (1.01-1.09) and PRppiicce = 1.02 (0.99-1.07))
and cohabitation (PRyrivaterice = 1.04 (1.04-1.08) and PRpulictice = 1.03 (1.01-1.07)) were
associated with higher adherence to guidelines.

Conclusion: The physician’s decision to prescribe a recommended statin is conditioned by the
socioeconomic and demographic characteristics of the patient. Beyond individual
characteristics, the contextual circumstances of the HCP were also associated with adherence to
guidelines. An increased understanding of the connection between the patient’s socioeconomic
status and the decisions made by the physician might be of relevance when planning

interventions aimed at promoting efficient and evidence-based prescription.



Background

Adherence to prescription guidelines is of high relevance not only for ensuring evidence-based
pharmacological treatment in routine practice, but also for promoting the efficient use of a

limited health care budget in the community.

This subject has therefore attracted substantial attention in many previous studies. [1-5] It is
also well documented that sociological factors play a role in clinical decision-making. [6-10]
Knowledge about the social and economical determinants of prescription is relevant in health
care systems like the Swedish one, which is based on the principle of equity, [11] and which
aims to allocate resources on the basis of need and not on criteria that are based on social
constructs rather than a medical rationale. Social roles and expectations related to the gender,
age, or socioeconomic position (SEP) of the patient might condition the physician’s behaviour
independently of needs. On the one hand, the prescription of a more expensive brand may
reveal a different approach to a specific therapeutic problem that could result from differences
in information and knowledge. However, it could also express the belief that more expensive
drugs are better than cheaper ones, or could be used for the purpose of displaying income or
wealth where this display serves as an instrument of attaining or maintaining social status. [12]
Studies have shown that insurance status affect physicians’ inclination to prescribe
recommended drugs.[13] However, in Sweden, the cost of medicines in outpatient care is
shared by patients and county councils via a reimbursement system where the individual
patient never pays more than 200 Euros per year.[14] The total cost for a year of statin
treatment varies from approximately 30 Euros (the cheapest recommended statins) to 600
Euros.[15] Therefore, this investigation can provide additional information about the

mechanisms underlying the drug choice and prescribing behaviour.

Analogously, contextual factors related to the health care practices (HCPs) where the patients
are treated might condition prescription patterns that are not necessarily based on evidence.
Such practice differences in adherence to prescription guidelines might also express inefficient
therapeutic traditions, especially when the brands prescribed are more expensive than the

recommended ones. [2, 3, 16]

As in previous studies, we have focused here on cholesterol-lowering drugs from the class of

HMG-CoA reductase inhibitors (statins), since different brands have the same indication and



only marginal differences in efficacy, and there are therefore no solid reasons for justifying the
prescription of more expensive non-recommended brands to patients of a certain age, gender,

or SEP.[17, 18]

In the present study, we performed a multilevel analysis to investigate the association between
patient and HCP characteristics on the one hand, and adherence to guidelines for statin

prescription on the other, with a focus on social and economic conditions.

Material and Methods

The Skéne region is situated in the southern part of Sweden, and its population of about 1.2
million represents approximately 13% of Sweden's total population. At the time of our study,
the health care system in Skane was organized into 14 publicly administrative health care areas
HCAs, which in turn managed 142 primary HCPs and hospital outpatient care clinics assisted
respectively by general practitioners (GPs) or other specialists. In addition the health care
system included 132 private primary HCPs assisted by GPs or other specialists. Both privately-

administered and publicly-administered HCPs were funded through taxes.

We used the record linkage LOMAS (Longitudinal Multilevel Analysis in Skane) database that
among other information includes the socioeconomic characteristics of the patients as well as
data from the Swedish Prescribed Drug Register. This last register records information on sales
of prescribed pharmaceutical agents dispensed by the Swedish Corporation of Pharmacies, we
selected all patients registered in Skane who received a statin prescription issued by a physician
from one of the region’s public or private HCPs between July 2005 and December 2005. The
142 public HCPs yielded 24 119 (13 376 men and 10 743 women) and the 132 private HCPs

15 330 (8 424 men and 6 906 women) patients. A small number of prescriptions (n=1 038)
were excluded due to unidentified origin. Statins were defined according to the Anatomical

Therapeutical Chemical (ATC) classification system code CI0AA. [19]

The project was carried out with the approval of and assistance from Statistics Sweden and the
Centre for Epidemiology, and was approved by the Regional Ethical Review Board in Lund. In
order to protect the identity of the individuals, the research database used arbitrary

identification numbers rather than actual personal identification numbers.



Individual-level variables

The outcome variable at the individual level was prescription of simvastatin (yes vs. no),
regardless of brand, but excluding the original brand ZOCORD®. Simvastatin was the

recommended statin in Skane during the observation period. [20]

As explained above, the socioeconomic position of the patient may influence the decision of
the prescriber. We expressed the SEP of the patients as disposable family income along with
duration of use of social allowance (if any), both measured at the end of 2004. We divided
income into quartiles and used the highest income quartile as reference in the comparisons.
Social allowance use was divided into the three categories, (i) more than 9 months, (ii) 0 to 9

months, and (iii) no social allowance, with no social allowance as reference.

Adopting an explorative approach, we also included sex (men vs. women) and marital status in
the analysis. Age was divided into five groups; (i) <49, (ii) 50-59, (iii) 60-69, (iv) 70-79, and
(v) 80-89 years, with the <49 age group as reference. Marital status was dichotomized as
married/cohabiting versus living alone (i.e., single, divorced, or widowed), with
married/cohabiting as reference. We also considered the immigrant status of the patients, as we
hypothesized that this characteristic might also influence physicians’ prescription behaviour.
We measured this by a combination of the number of years spent living in Sweden along with
the World Bank classification of the individual’s birth country, [21] in order to take into
consideration the acculturation undergone during many years of living in Sweden as well as
taking an economic rather than geographical perspective on country of birth. We categorized
the first variable into (i) always lived in Sweden, (ii) more than 13 years in Sweden, (iii) 5-14
years in Sweden, and (iv) 0-4 years in Sweden. The first category was used as a reference in the
analysis. We categorized country of birth into (i) low income, (ii) lower middle income, (iii)
upper middle income, and (iv) high income countries. High income countries were used as
reference in the analysis. While these variables should not directly affect adherence to
prescription guidelines, they may reflect social roles and cultural expectations which in turn

might determine prescription of recommended drugs. [6]



Area-level variables

In previous studies, we have shown that physicians working at private practices have a much
lower adherence to prescription guidelines; [2, 3] this might stem from poorer receptivity to the
county council policies, and these circumstances might modify the effect of the other included
variables. It is also known that private care attracts more high-SEP patients than does public
care. [22, 23] Hence, our analyses took the administrative status (private vs. public) of the

HCPs into consideration.

HCPs with an elevated number of high income patients may develop therapeutic traditions
conditioned by the high income of those patients, and once established these traditions could
extend themselves to all patients. We operationalized this possibility by computing the
percentage of high-income patients at the HCP. This variable was divided into three groups by

tertiles, and the group with the highest percentage was used as reference.

Proximity to specialized care and the particular type of knowledge that it conveys might
influence adherence to prescription guidelines. Hence, we also identified those HCPs that
employed specialist physicians other than GPs. In the analyses, HCPs employing GPs alone

were used as reference in the comparisons.

There are several potential influences on drug prescription, such as information diffusion and
marketing forces, [24] which may be influenced by the population density of the area. We
therefore 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. [25] Of the
33 municipalities in Skane, those municipalities that were classified as metropolitan areas
(n=1), suburban municipalities (n=6), or large and medium sized towns (n=10) were
categorized as urban areas (n=17). The other 16 municipalities were categorized as rural areas,

and were used as reference in the analysis.

Statistical analysis

The analyses were stratified by sex and performed for private and public facilities separately.
We used multilevel logistic regression analysis to estimate the probability of prescribing a

recommended statin, while accounting for the hierarchical structure of the data (i.e., patients



nested within HCPs that in turn were nested within HCAs). HCPs and the publicly

administrated HCAs were included in the analysis as random terms.

We developed three consecutive models. Model A included the random area parameters only,
in order to partition the variance of prescription of recommended statins to different levels.
Model B included the individual covariates age, income, social allowance, marital status,
country of birth, and number of years in Sweden. Finally, model C added the area-level
variables for percentage of prescriptions given to high-income patients, whether the HCP
employed a specialist physician or GP, and whether the HCP was situated in a rural or urban
area. This allowed us to investigate whether these contextual characteristics explained residual

variation at the HCP levels.

For the fixed-effects parameters of the model, we calculated prevalence ratios (PR). We
estimated the parameters in the WinBugs software, and stored the results from each step in the
iteration procedure (5000 iterations). For each step, we calculated, for parameters of interest,
the prevalence ratio. This gave us a distribution of prevalence ratios and from this distribution
we calculated the median and corresponding 95 % credible interval (95 % CI). In the random-
effects part of the multilevel analysis, we obtained the variance at the HCP and HCA levels. To
quantify therapeutic traditions we calculated the intra-class correlation (ICC) using the
simulation method. With the simulation method, the values estimated on the logistic scale are
transformed to the binary scale. As the ICC depends on the predictors in the model, we
calculated the ICC for every income group in model C. [26, 27]

To calculate the percentage of change in the magnitude of clustering that was explained by
including individual or contextual characteristics in the model with more variables (Varpore),

we used the variance obtained in the empty model as reference (Varyeference) :

Percentage of change = ((Varreference— Varmore)/(Varreference) ) X100

We used this percentage to estimate the relevance of the individual and contextual
characteristics for understanding a possible clustering of prescriptions of recommended statins.

(2, 3]



Results

More patients visited publicly-administered HCPs (60%) than privately-administered ones

(40%), and more men than women received a statin prescription (Table 1). The highest income

quartile contained more men than women; and public HCPs catered for more low-income

patients than high-income patients, while the situation was reversed for private HCPs (Figure

1). Adherence to guidelines was systematically lower among private HCPs. Women lived alone

to a higher degree than men. In terms of immigrant status and SES, 90% of the patients were

born in high-income countries and 2% received social allowance.

Table 1: Adherence to guidelines for statin prescription and characteristics of the 34 449 patients
on statin prescription during the period July—Dec 2005 in the Skane region of Sweden.

WOMEN MEN
Private Care Public Care | Private Care | Public Care
Recommended statins (%) 65 79 65 79
Number of individuals 6 906 10 743 8424 13 376
Mean age 68 69 66 66
% recommended statins/ % recommended statins/
% of individuals % of individuals
Married/Cohabiting 65/55 79/52 67/73 81/69
Living alone 65/45 79/48 65/27 79/31
Disposable family income
e Low income, Q1 66/26 80/30 67/20 80/25
e Middle low income, Q2 64/27 79/30 67/20 81/24
e Middle high income, Q3 64/25 79/23 65/27 79/26
e High income, Q4 64/22 7717 64/34 77/25
Use of social allowance
e None 98/52 98/52 66/99 80/98
e 0-9 months 70/0.8 80/0.8 62/0.5 71/0.9
e 10 -12 months 65/0.8 84/1 50/0.6 74/1
Country of birth
° High income country 65/92 79/92 66/92 80/92
country
e Low middle income 59/4 81/5 61/4 78/5
country
e Low income country 62/0.3 80/0.4 72/0.2 75/0.5
Number of years living in Sweden
o Always 65/85 79/84 66/86 80/85
e >14years 61/12 77/12 63/11 77/11
e 5-14 years 66/3 79/4 59/3 78/4
e 1-4years 81/0.4 87/0.7 69/0.8 72/0.9




Overall, men and women did not differ in terms of being prescribed a recommended statin
(PRpubictice = 1.00 [95% CI: 0.99 — 1.02] and PRyrivaterice = 1.02 [95% CI: 0.99-1.04]). Among
men, compared with the youngest age group, men over 70 had higher prevalence of
recommended statin. However, among women, those aged 70-79 treated at private practices

had lower probability of receiving a recommended statin.

Individual high income and cohabitation were both associated with a lower adherence to

guidelines for men but not for women (Table 2).

There was no clear association between the percentage of high-income patients at the HCP and
adherence to prescription guidelines, except for men treated at public HCPs where a lower
percentage of such patients was associated with higher adherence to guidelines (Table 2).
Moreover, men treated at private HCPs in urban areas received recommended statins more

rarely than those treated at HCPs in rural areas.

In model A, the ICCycp value for men in the private sector was 10.4 %, which indicate that
factors varying between HCPs to a high degree influence the prescription of recommended
statins (Table 3). However, factors at the HCP/HCA level seemed to be less relevant in the
public sector illustrated by a lower ICC. Even though the higher levels seemed to be less
relevant the HCP level seemed to be more important than the HCA level. This pattern was
similar for women. The ICC for different income groups in model C was approximately 1 % in

the public sector and it varied between 7- 9 % in the private sector.

When individual and contextual variables were included, the higher level variance decreased
for men by 2% within privately-administered HCPs and 8 % within publicly-administered. For

women there seemed to be an increase in variance in model C compared to model A.



Table 2. Association (prevalence ratios) between patient and health care practice characteristics and adherence
to statin prescription guidelines in the Skane region of Sweden, July—Dec 2005. Values were obtained from the

fixed effect part of the multilevel regression.

Women

Men

Model C
public care

Model C
private care

Model C
public care

Model C
private care

Individual variables

Age (years)

e 20-49

REF

REF

REF

REF

e 50-59

0.97 (0.91-1.03)

1.01 (0.95-1.11)

1.02 (0.97-1.07)

1.03 (0.98-1.10)

e 60-69

0.97 (0.92-1.03)

0.96 (0.89-1.04)

1.04 (0.99-1.10)

1.03 (0.99-1.10)

e 70-79

0.96 (0.90-1.01)

0.90 (0.82-0.98)

1.06 (1.01-1.12)

1.06 (1.01-1.14)

e 80-89

0.99 (0.93-1.04)

0.95 (0.87-1.03)

1.07 (1.01-1.14)

1.04 (0.99-1.12)

Disposable family income

e Low income, Q1

1.01 (0.99-1.04)

1.02 (0.98-1.08)

1.04 (1.01-1.09)

1.02 (0.99-1.07)

o Middle low income, Q2

1.01 (0.99-1.04)

1.03 (0.99-1.08)

1.05 (1.01-1.09)

1.03 (1.00-1.08)

e Middle high income, Q3

1.02 (0.99-1.05)

1.02 (0.98-1.07)

1.02 (0.99-1.05)

1.01 (0.98-1.05)

e High income, Q4

REF

REF

REF

REF

Use of social allowance

e None

REF

REF

REF

REF

e (0-9 months

1.02 (0.93-1.10)

1.03 (0.81-1.20)

0.91 (0.77-1.03)

0.93 (0.70-1.10)

e 10-12 months

1.05 (0.96-1.12)

0.93 (0.71-1.11)

0.99 (0.79-1.04)

0.95 (0.74-1.09)

Country of birth

e High income

REF

REF

REF

REF

e High middle income

1.01 (0.96-1.06)

1.00 (0.90-1.09)

0.88 (0.77-0.96)

0.98 (0.89-1.06)

e Low middle income

1.04 (0.99-1.09)

0.99 (0.87-1.08)

1.00 (0.91-1.07)

1.05 (0.98-1.13)

e [ow income

1.05 (0.90-1.15)

0.99 (0.68-1.21)

0.97 (0.79-1.12)

1.12 (0.90-1.06)

Number of years living in Sweden

o Always REF REF REF REF
e 14 years 0.99 (0.95-1.02) |0.99 (0.92-1.04) | 1.00 (0.95-1.05) | 0.99 (0.94-1.04)
o 5-14 years 0.97 (0.90-1.03) |1.06 (0.96-1.19) | 1.03 (0.95-1.12) | 0.95 (0.84—1.03)
o 1-4years 1.07 (0.97-1.17) |1.15(0.95-1.36) |0.96 (0.82-1.09) 1.04 (0.90-1.17)
Marital status
REF REF REF REF

e Married/Cohabiting

e Living alone

1.01 (0.99-1.03)

1.02 (0.99-1.05)

1.04 (1.04-1.08)

1.03 (1.01-1.07)

Contextual variables

% of high-income patients

o TI

1.02 (0.97-1.09)

1.00 (0.89-1.16)

1.06 (0.99-1.17)

0.92 (0.81-1.05)

o T2

1.03 (0.99-1.13)

0.97 (0.86-1.07)

1.10 (1.02-1.22)

0.96 (0.85-1.06)

e T3

REF

REF

REF

REF

Specialist physician (yes vs. no)

1.01 (0.92-1.06)

0.91 (0.79-1.02)

1.02 (0.91-1.14)

0.96 (0.85-1.06)

Urban versus rural area

0.95 (0.89-1.00)

0.95 (0.85-1.11)

0.97 (0.89-1.04)

0.84 (0.74-0.95)
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Table 3. Random effects part of the multilevel regression analysis of adherence to statin prescription

guidelines in Skéne region, Sweden

(numbers within parenthesis are 95 % credible intervals)

‘Women Men
Public HCPs Private HCPs Public HCPs Private HCPs
Variance
HCPyodel o 0.27 (0.18-0.41) |0.70(0.52-0.97) ]0.24 (0.16-0.35) 0.75 (0.56-1.04)
HCAModel A 0.08 (0.00-0.36) |- 0.06 (0.00-0.24) -

HCA+HCPyoger o

0.36 (0.24-0.64)

0.31 (0.20-0.49)

HCPuodet B

0.28 (0.19-0.42)

0.72 (0.52-1.00)

0.23 (0.16-0.35)

0.75 (0.55-1.04)

HCAMode B

0.07 (0.01-0.32)

0.05 (0.01-0.22)

HCA+HCPyoge1 B

0.37 (0.24-0.62)

0.30 (0.20-0.49)

HCPpyodel ¢ 0.29 (0.19-0.43) | 0.72 (0.52-1.01) ]0.22 (0.14-0.35) 0.73 (0.53-1.02)
HCAModel ¢ 0.06 (0.00-0.37) |- 0.05 (0.00-0.24) -
HCA+HCPyogel ¢ 0.36 (0.23-0.70) |- 0.28 (0.18-0.49) -

ICC

HCPuyodeia 1.2% 9.3 % 0.9 % 10.4 %
HCA+HCPyogela 1.9% - 1.5 % -

HCPpodel € Low Income 1.1 % 8.6 % 0.9 % 8.5 %

HCPyodel ¢ Middle low Income 1.1% 8.5% 0.9 % 8.4 %
HCPyodel ¢ Middie high Income 1.1% 8.7% 0.9 % 7.3 %
HCPpodel ¢ High income 1.2 % 8.9 % 1.0 % 8.8 %

HCA= Health care area
HCP=Health care practice
ICC=Intra class correlation
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Discussion

This study illustrates that the physician’s decision to prescribe a recommended statin is
conditioned by the socioeconomic (e.g. income, marital status) and demographic (e.g. age)
characteristics of the patient. This situation cannot be justified by any medical argument, but
may rather reflect the influence of constructed social roles and cultural expectations.[6] For
example, men with a lower income were prescribed the cheaper recommended statins to a
higher degree than men with a high income. Similarly, older men were prescribed the
recommended statins less frequently than younger patients with the same need. This
socioeconomic and demographic inequity was similar among private and public HCPs, even
though private HCPs generally had a lower adherence to guidelines. From the perspective of
equity in health care, our study brings into question physicians” choice of more expensive, but
not more efficient, brands for some groups of patients, given that a large part of this

medication expenditure is funded by the public reimbursement system.

Interestingly, in this stratified analysis, we found that among men but not among women, low
income and living alone were associated with a higher prescription of recommended statins.
Moreover, older women had a lower adherence than younger women, while the situation was
the reverse among men, though these results were not conclusive. In general, our results have
implications for the achievement of equity of health service policy, since there is no medical
or therapeutic reason that could justify the selective prescription of expensive statins to
younger men or to patients of high SEP. One rationale for this behaviour might be that
sociological forces influence physicians’ prescription decisions over and above evidence-
based knowledge. [8, 9, 28, 29] Patients of higher SEP may be more aware and have better
communication skills, making it easier to express their demands and expectations and to be

more involved in the treatment decision. [30]

This discriminatory prescription pattern cannot lead to any harm for the patient, since all
statins have a similar efficacy. However, although the current study focuses on statin
prescription, we believe that our results are generalizable to other medical treatments in
primary health care. In some contexts, lack of access to recommended treatments could have
more severe consequences for the individual. Prescription of non-recommended drugs is also
an inappropriate behaviour from a cost-effectiveness perspective. Our study points out that

these sociological forces should be considered from a perspective of equity in access to health
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care in general and when trying to implement prescription guidelines in routine care in

particular.

Beyond individual characteristics, the contextual circumstances of the HCPs evidenced an
independent association with adherence to prescription guidelines. For example, over and
above the characteristics of the patient, HCPs with a low percentage of high-income patients
tended to prescribe the recommended statins more often than HCPs with an overall higher
level of patient income. However, the inclusion of contextual characteristics did not explain a

major part of the variance at the higher level.

Our results also suggest the existence of therapeutic traditions, acting at the HCP level, which
influence the prescription behaviour of individual physicians. Based on the ICC measure, we
observed that physicians from the same HCP, especially in the private sector, exhibited a
similar propensity to prescribe recommended statins. Moreover, private HCPs had both higher
clustering of similar behaviour and systematically lower adherence to guidelines, and this

pattern remained after the inclusion of individual and contextual characteristics.

Observational studies are often the only option for investigating questions that for reasons of
feasibility, costs, or ethics cannot be analyzed by randomized trials. [31, 32] In our study, we
used multilevel regression analysis, which not only produces more correct statistical analysis
but also provides information about the role that different health care levels play in
understanding drug prescription and utilization. Moreover, since the prevalence was rather
high in this study we calculated PRs instead of the usual odds ratios. [33] In addition, Sweden
has a long tradition of register-based epidemiology, and the registers we used in this study

seem to have an acceptable validity as evaluated in previous studies. [34]

Our results suggest that the physician’s decision to prescribe a recommended statin is
conditioned by the socioeconomic (e.g. income, living alone) and demographic (e.g. age)
characteristics of the patient. Beyond individual characteristics, the contextual circumstances
of the HCPs, especially in the private sector, also showed an independent association with
adherence to prescription guidelines. An increased understanding of the connection between
the SES of the patient and the decisions made by physicians might be of relevance when

planning interventions aimed at promoting efficient and evidence-based prescription.
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Figure legends

Figure 1: Percentage of patients in different income groups (women to the left and men to the

right). The Y-axis shows the percentage of patient and the X-axis the different income groups.

What is already known on this subject?

o Studies have shown that sociological factors influence clinical decision-making; and
so the physician’s behaviour might be affected by social roles and expectations related
to the gender, age, or socioeconomic position of the patient.

What this study adds

o Independently of the patient’s needs, the physician’s adherence to guidelines for statin
prescription is conditioned by the socioeconomic (e.g. income) and demographic (e.g.
age) characteristics of the patient; this leads to inequity in the distribution of health
care resources.

e Beyond individual characteristics, there is an independent association between the
contextual circumstances of the health care practice and its adherence to prescription
guidelines.
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Figure 1: Percentage of patients in different income groups (women to the left and men to the

right). The Y-axis shows the percentage of patient and the X-axis the different income groups.
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Is physician adherence to prescription guidelines a general trait of health care practices

or dependent on drug type? — A multilevel logistic regression analysis in South Sweden

Abstract (237 words)

Purpose: Therapeutic traditions at health care practices (HCPs) influence physicians’
adherence to prescription guidelines for specific drugs, however, it is not known if such
traditions affect all kinds of prescriptions or only specific types of drug. Our goal was to
determine whether adherence to prescription guidelines is a common trait of HCPs or
dependent on drug type.

Methods: We fitted separate multi-level logistic regression models to all patients in the Skane
region who received a prescription for a statin drug (ATC: C10AA, n = 6232), an agent acting
on the renin-angiotensin system (ATC: C09, n = 7222), or a proton pump inhibitor (ATC:
A02BC,n =11 563) at 198 HCPs from July 2006 to December 2006.

Results: There was high clustering of adherence to prescription guidelines at HCPs for the
different drug types (MORggents acting on the renin-angiotensin system = 4.72 [95 % CI: 3.90-5.92],
MORS;atins = 2.71 [95 % CT: 2.23-3.39] and MORpyoton pump inhibitors = 2.16 [95 % CI: 1.95-
2.45]). Compared with HCPs with low adherence to guidelines in two drug types, those HCPs
with the highest level of adherence for these two drug types also showed a higher probability
of adherence for the third drug type.

Conclusion: Physicians’ decisions to follow prescription guidelines seem to be influenced by
therapeutic traditions at the HCP. Moreover, these therapeutic traditions seem to affect all
kinds of prescriptions. This information can be used as basis for interventions to support

rational and cost-effective medication use.



INTRODUCTION

Previous studies have shown that the prescription behaviour among physicians within the
same health care practice (HCP) seems to be more similar than among physicians from
different HCPs. This phenomenon has been suggested to be an expression of different
therapeutic traditions. ' While, this contextual phenomenon has been shown for different
isolated outcomes, such as the ordering of specific tests,” prescribing rates,"? early adoption
of newly marketed drugs,® or adherence to prescription guidelines for specific drugs like
statins, >*7 it is still not known if this phenomenon is a general HCP trait that affects all
kinds of prescription behaviour or if it is dependent on specific outcomes. In the present study
we investigate this question by focusing on adherence to prescription guidelines for different
types of drugs. Understanding the mechanism behind patterns of adherence to prescription
guidelines is important to the promotion of effective and evidenced-based pharmacologic
treatment in a health care system based on the principle of equity, such as Sweden’s, and to
the efficient use of a limited health care budget.

We use multilevel logistic regression analysis (MLRA)?® within a previously developed
framework' ™ ®7 that quantifies therapeutic traditions by means of clustering of similar
prescription behaviour within the same HCP. We first investigate the clustering of adherence
to prescription guidelines regarding three separate drug types: statins, agents acting on the
renin-angiotensin system, and proton pump inhibitors. Then we analyse whether the clustering
of similar behaviour within HCPs is independent of drug types, i.e. if adherence to
prescription guidelines is a common trait within HCP or dependent of drug type. Our
hypothesis was that therapeutic traditions would be shown to have a general influence on
prescription behaviour and that adherence to guidelines regardless of drug type would be

positively correlated within the HCP.



MATERIAL AND METHODS

Using the Swedish Prescribed Drug Register, which records information on sales of
prescribed pharmaceutical agents dispensed by the Swedish Corporation of Pharmacies, we
selected all patients in the Skéne region, Sweden who between July 2006 to December 2006
received a drug from the ATC-categoriesg (i) statins (ATC-code: C10AA), (ii) agents acting
on the renin-angiotensin system (ATC-code: C09), or (iii) proton pump inhibitors (ATC-code:
A02BC). Since there are some occasions where the patient should be prescribed non-
recommended drugs,'® in order to diminish the risk of confounding, we excluded patients who
received a drug from the same ATC-group during the 12 months preceding our study period.
Moreover we excluded HCPs (Nycp = 98) without prescriptions from all three ATC-groups.
In total we analysed 198 HCPs that yielded 6232 patients with statin prescriptions, 7222
patients with agents acting on the renin-angiotensin system, and 11 563 patients with proton

pump inhibitors.

Individual-level variables

The outcome variable at the individual level was recommended drug according the official
guidelines from the Skane region'" for any one of the three included drug types. For statins,
the recommended drug was Simvastatin (regardless of brand, but excluding the original brand
Zocord), for agents acting on the renin-angiotensin system, the recommended drugs were any
ACE inhibitor alone (ATC: C09A) or in combination (ATC: C09B); and for proton pump
inhibitors, the recommended drug was Omeprazol (regardless of brand, but excluding the

original brand Losec).



In the analyses we included the sex, age (mean 65 years), and marital status of the patients.
Marital status was dichotomized as married/cohabiting versus living alone (i.e., single,
divorced, or widowed), with married/cohabiting as reference.

In previous studies we have shown that the socioeconomic position (SEP) of a patient
influences the decision made by the prescriber.” To establish the SEP of the patients,
expressed as patient’s disposable family income, education, and duration of social allowance
(if any), we used data from the LOMAS (Longitudinal Multilevel Analysis in Skane) database
(see'? for more information) measured at the end of 2004. We divided income into quartiles
and used the highest income quartile as the reference in the comparisons. Education was
defined as highest education within the family and was divided into three categories: (i) 0-9
years = low education, (ii) 10-11 years = middle education, and (iii) > 12 years = high
education; the highest category was used as reference. Social allowance was divided into
three categories: (i) >10 months, (ii) 0—9 months, and (iii) no social allowance; no social
allowance was used as reference.

We also considered patients’ immigration status, as we hypothesized that this characteristic
also could influence physicians’ prescription behaviour. Looking at both the number of years
spent living in Sweden and the World Bank classification'® of the individual’s birth country
allowed us to take into consideration the patient’s degree of acculturation to Swedish society
and to take an economic, rather than geographic, perspective on their country of birth.

We categorized the first variable into (i) always lived in Sweden, (ii) >14 years in Sweden,
(iii) 5-14 years in Sweden, and (iv) 0—4 years in Sweden. The first category was used as the
reference in the analysis. We categorized country of birth into (i) low income, (ii) lower
middle income, (iii) upper middle income, and (iv) high income countries. High income

countries were used as reference in the analysis. While these variables should not directly



affect adherence to prescription guidelines, they may reflect social roles and cultural

expectations which in turn might determine prescription of recommended drugs.

Area-level variables

Of the 198 HCPs included in the analysis, 114 were public primary health care practices and
hospital outpatient care clinics and 84 were private primary health care practices assisted by
general practitioners (GPs) and other specialists. The health services in Sweden are largely
tax-financed, and even privately managed HCPs are primarily funded by contract between the
public health care authorities and private companies.14 Because private HCPs have shown in
previous studies a lower adherence to official guidelines for statin prescription than public
HCPs, **7 we also included the variable private versus public in this study.

Proximity to specialized care and the particular type of knowledge that it conveys might
influence adherence to prescription guidelines. Hence, we also identified those HCPs that
employed specialist physicians other than GPs. In the analyses, HCPs employing GPs alone

were used as reference in the comparisons.

Statistical and epidemiological analysis

We performed multilevel logistic regression analysis with patients nested within HCPs,
separately for each drug type, and thereby accounted for the hierarchical structure of the data.®
'S HCPs were included in the analysis as random terms which allowed us to estimate the
variance at the HCP level for each drug type.

We developed four consecutive models for each drug type. Model A included the random area
parameters only in order to partition the variance of adherence to guidelines for each drug
type.'® Model B included the individual covariates age, gender, education, income, social
allowance, marital status, country of birth, and number of years in Sweden. Model C added

the area-level variable, if the HCP employed specialist physicians or GPs only, and if the HCP



was under public or private administration. This allowed us to investigate whether these
individual and contextual characteristics explained residual variation at the HCP levels. In
order to investigate if the random effects were correlated across drug types, we used the HCP
residuals from model A and classified them into three categories of “residualgroup”.
Thereafter, on each separate drug type we used an interaction of the variable “residualgroup”
between the two other drug types in order to investigate if the adherence to guidelines was
dependent on adherence with the other drug types. The interaction provided us with 6
different groups (lowest tertile in both groups [1], [reference group], lowest tertile in one
group and middle tertile in the other [2], lowest tertile in one group and highest tertile in the
other [3], middle tertile in both groups [4], middle tertile in one group and highest tertile in
the other [5], and highest tertile in both groups [6]). Finally, in Model D, we added the
variable “residualgroup” as a contextual variable. In the fixed-effects part of the multilevel
analysis, we calculated odds ratios (OR) and their 95% confidence intervals (95% CI). In the

random-effects part of the multilevel analysis, we obtained the variance at the HCP level.

Applying an established procedure,'” we used the variance obtained in the empty model as
reference (Varreserence), to calculate the percentage of change in the variance that was explained
by including individual or contextual characteristics in the model with more variables
(Varpoere). Percentage of change = ([Varreference— V almore)/[ Varreference—11)X100. We used this
percentage to estimating the relevance of both patient and contextual characteristics for

understanding HCP differences in prescribing recommended drugs.

As explained elsewhere,’ * in order to quantify therapeutic traditions we calculate the Median
0dds Ratio (MOR)'® ' based on the second level variance for each drug type. The MOR

could be interpreted as how much a physician’s odds of prescribing a recommended drug



would (in median) increase if this physician moved to a HCP with higher adherence to
guidelines. The larger are the differences between HCPs, the larger is the MOR. Moreover,
since the MOR is an odds ratio it can be compared with odds ratios for fixed effect."’
Parameters were estimated by MCMC methods® with MLwiN 2.02?' and goodness of fit was

evaluated using the deviance information criteria (DIC).22

This project was carried out with the approval of and assistance from Statistics Sweden and
the Centre for Epidemiology, and was approved by the Regional Ethical Review Board in

Lund.

RESULTS

Table 1 shows that adherence to guidelines was 94% for statins, 72% for agents acting on the
renin-angiotensin system, and 88% for proton pump inhibitors. The adherence at the HCPs
ranged for statins from 0% to 100% (25"%: 90%; 75"%: 100%), for agents acting on the
renin-angiotensin system from 0% to 100% (25"%: 46%; 75"%: 88%), and for proton pump
inhibitors from 10% to 100% (25"%: 82%; 75"%: 94%).

Those who were prescribed proton pump inhibitors were younger than those prescribed agents
acting on the renin-angiotensin system or statins. For all drug types the share of low-income
patients, patients with low education, patients from high-income countries, and patients who
had always lived in Sweden were higher among cheaper but recommended drugs than among
more expensive but non-recommended drugs.

Compared with HCPs employing specialist physicians, adherence to guidelines was higher for
proton pump inhibitors but lower for agents acting on the renin-angiotensin system at HCPs

with only GPs. For all drug types, HCP adherence to guidelines was lower at HCPs under



private administration than at those under public administration, especially for agents acting
on the renin-angiotensin system.

Table 2 shows that for agents acting on the renin-angiotensin system men hade a higher
probability (odds) of receiving a recommended drug, but for statins this probability was
higher for women. For agents acting on the renin-angiotensin system older patients had a
higher probability than younger of receiving recommended drugs, but for proton pump
inhibitors it was the opposite. Compared with low-income patients, those with high income
presented a lower probability of being prescribed a recommended drug, except for statins
where we found no conclusive differences. Patients who had lived fewer years in Sweden
were less likely to have physicians adhering to guidelines for proton pump inhibitors.
Concerning contextual associations, we observed that publicly administrated HCPs had a
higher adherence for all drug types. HCPs with only general practitioners had a higher
probability of prescribing a recommended agent acting on the renin-angiotensin system.
Table 2, model D, shows that for all individual drug types, higher adherence to guidelines is
associated with higher adherence to guidelines for the other drug types. This effect was
strongest for agents acting on the renin-angiotensin system and weakest for statins.

Table 3 shows that for model A there was high clustering of similar behaviour at HCPs for
the different drug types (MORgtatins = 2.71 [95 % CI: 2.23-3.39], MOR ggents acting on the renin-
angiotensin system = 4.72 [95 % CI: 3.90-5.92], and MOR proton pump inhibitors = 2.16 [95 % CI: 1.95-
2.45]). These results were attenuated only to a small degree when individual characteristics
were included in model B. However, when contextual factors were included in model C the
clustering was considerably reduced; approximately 30% for statins and agents acting on the
renin-angiotensin system and 11% for proton pump inhibitors. In model D the variance
decreased, compared to model A, by approximately 40% for statins and agents acting on the

renin-angiotensin system and 29% for proton pump inhibitors.



Figure 1 illustrates that the residuals (standardized) from model A, between the different drug
types, are correlated, indicating that HCPs with low adherence to guidelines for, for example,
agents acting on the renin-angiotensin system had low adherence for proton pump inhibitors
and statins as well. The correlation seemed to be strongest between agents acting on the renin-
angiotensin system and proton pump inhibitors.

Table 4 indicates that 11% of the HCPs belonged to the group with lowest adherence for all
three drug types; however the proportion of publicly administrated HCP in this group was
only 14%. Moreover, 28% of the HCPs belonged to the group with the highest adherence for
one drug type and the lowest for another drug type.

For all drug types, Model D was a better model fit than Model A.

DISCUSSION

Our study show that therapeutic traditions, acting at the HCP level, seems to influence the
prescribing behaviour of individual physicians for all three studied drug types: statins (ATC:
C10AA), agents acting on the renin-angiotensin system (ATC: C09), and proton pump
inhibitors (ATC: A02BC). Moreover, the therapeutic traditions seemed to be a general trait of
HCPs that affects all kinds of prescriptions independent of drug type. HCPs that follow
guidelines for one drug type appear also to follow guidelines for other drug types.
Furthermore, our study demonstrates the existence of inequity in health care as socioeconomic
and demographic factors influenced the prescription of recommended drugs for the included
drug types. For example, it was more common to prescribe more expensive, non-
recommended drugs to patients from higher income groups. While this behaviour can not be
justified by any medical argument, it may reflect the influence of constructed social roles and

cultural expectations.
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Because the Swedish reimbursement system funds a large part of the cost of medications'
and there are rather large differences in price between recommended and non recommended
drugs, adherence to guidelines is an essential issue in a system with a limited healthcare
budget.

In this study we confirm previous results indicating that both contextual and patient
characteristics, independent of medical reasons, influence physicians’ decision making.
However, regarding therapeutic traditions or practice styles, previous studies have shown
contradictory results. While Landon et al** found no evidence of a consistent practice style
(eg, “aggressive” or “conservative™) for 5 different clinical scenarios, O*Neill et al** found
evidence of physician practice patterns that persist across multiple clinical scenarios.

Even though our study is focused on adherence to prescription guidelines in only three drug
types, we believe our results could be generalised to other drug types as well. Prescription of
non-recommended drugs is inappropriate behaviour from a cost-effectiveness point of view.
The fact that this behaviour seems to be influenced by the patient’s sociodemographic
background is also very relevant from the perspective of equity in health care. It is
inappropriate that high-income patients are prescribed more expensive brands that are no
more effective than the cheaper recommended ones. This behaviour, perhaps occurring in
other primary health medical treatments as well, reduces overall available economic resources
that could be used in other areas of the health care sector. Our study reveals that both
inefficient therapeutic traditions and sociological forces should be considered when trying to

implement prescription guidelines in routine care.
Combining information from the magnitude of adherence rate to prescription guidelines and

the degree of clustering as expressed by the MOR-value provides novel and useful

information that could be used to quantify physicians’ acceptance rate of the prescription

11



guidelines. For example, a low MOR-value (small differences in adherence between HCPs)
and a low overall adherence rate reflect a widespread resistance to following the guidelines. A
high MOR-value and a rather low overall adherence rate, exemplified by agents acting on the
renin-angiotensin system, reflect that there are specific HCPs with high adherence, while a
large majority shows a low adherence rate. Interestingly, both the overall adherence and the
MOR-value for statins was higher than for proton pump inhibitors, indicating that there are
more HCPs with relatively low adherence for statins than for proton pump inhibitors.

The prescription behaviour for the other drug types had the strongest influence on the drug
type with the lowest mean adherence and highest MOR (agents acting on the renin-
angiotensin system). This could indicate that it is more likely that a low adherence rate at an
HCP for therapeutic decisions, where there are rather small overall differences (small MOR-
value), leads to low adherence for therapeutic decisions where there are larger differences
between HCPs, rather than the opposite. The descriptive analysis of the adherence rate among
the HCPs showed that the HCPs with the lowest adherence for all drug types were to a high
degree privately administrated. This information is in line with previous findings, > *®’
where we have seen that prescriptions from private HCPs seem to be influenced by inefficient
therapeutic traditions to a greater extent than in the public sector. However, not all practice
variation is necessarily inappropriate. Such variation may, in fact, reflect equivalent
therapeutic traditions confronting a similar health problem.?>*® But when the same
pharmacological agents are available in different brands at very different prices and the
prescriber chooses the expensive brand, for several different drug groups, it is hard to find a
reasonable justification for this behaviour. .

In this observational study the risk for confounding by indication is low, since only new users
are included. Prescription of recommended drugs is therefore not specifically indicated for

certain patients to the exclusion of others. Consequently, the inclusion of patient

12



characteristics resides only in understanding reasons for low adherence to prescribing
guidelines.

Even after the inclusion of contextual covariates (model D) the clustering, for all three drug
types, is still high, indicating that there might be unmeasured factors like for example
attitudes and contact with the pharmaceutical industry that affects the clustering of similar
prescription behaviour. However, in conclusion our study suggests that a physician’s decision
to follow prescription guidelines is associated with contextual circumstances, including
therapeutic traditions at the HCP. Moreover, therapeutic traditions seem to be a general trait
of HCPs that affects all kinds of prescriptions and is independent of drug type. Prescribing
behaviour is also influenced by socioeconomic (e.g., income) and demographic (i.e., age,
gender) characteristics of the patient. This information can be used as basis for interventions

to support rational and cost-effective medication use.
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FIGURE LEGENDS

Figure 1

Scatter plots of standardized residuals for each health care practice from the empty multilevel
models for each drug type. Figure 1a shows the correlation between agents acting on the
renin-angiotensin system and statins, figure 1b shows the correlation between agents acting on
the renin-angiotensin system and proton pump inhibitors and figure 1c¢ shows the correlation

between proton pump inhibitors and statins
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Table 1: Adherence with guidelines for prescription of Proton pump inhibitors (ATC: A02BC), Agents acting on the
renin-Angiotensin system (ATC: C09) and Statins (ATC C10AA) and characteristics of the patients during the period
July 2006-Dec 2006 in Skane region, Sweden, Values are percentages if not other indicated

Statins Agents acting on the renin- | Proton pump inhibitors
(C10AA) angiotensin system (C09) (A02BC)
Not recom- | Recom- Not recom- Recom- Not recom- | Recom-
mended mended mended mended mended mended
Number of individuals 398 (6.4%) 5834 (93.6%) 2012 (27.9%) 5210 (72.1%) | 1439 (12.4%) | 10124 (87.6%)
Gender (% men) 60.8 51.7 48.5 51.9 40.3 38.7
Mean Age 63.0 64.8 64.4 66.7 56.5 56.5
Marital status
Married/Cohabited 63.6 61.7 62.4 58.0 58.5 58.2
Living Alone 36.4 38.3 37.6 42.0 41.5 41.9
Disposable income
Low income (Q1) 214 225 22.0 25.9 26.4 28.9
Low mid income (Q2) 19.6 23.6 224 25.3 24.4 26.1
High mid income (Q3) 26.1 24.7 25.4 25.0 25.0 24.1
High income (Q4) 32.9 29.3 30.2 23.8 242 21.0
Social Allowance
No 96.7 97.5 98.1 97.6 95.0 95.5
0-9 months 1.3 1.2 1.0 1.3 2.8 2.7
10 —12 months 2.0 1.3 9 1.1 2.2 1.8
Country of Birth
High income country 84.7 90.1 90.3 91.2 82.3 86.0
High mid income country 7.5 3.7 4.5 3.6 7.1 4.6
Low mi income country 7.5 5.7 4.9 4.9 8.5 8.1
Low income country 3 4 3 4 1.4 1.2
Education
Low education 27.6 34.6 354 42.8 29.9 33.1
Middle education 23.9 26.1 221 23.4 255 22.6
High Education 48.5 39.2 42.5 33.8 44.6 44.3
Number of years in Sweden
Always 76.4 81.9 82.5 84.6 741 79.5
>14 years 1.8 1.4 1.4 1.2 2.8 2.7
5-14 years 3.5 3.8 3.1 3.2 8.3 6.8
1-4 years 18.3 12.9 13.0 11.0 14.7 11.1
HCC variables
General practitioner 213 (6,2%) 3244 (93,8%) 1333 (28,1%) | 3412 (71,9%) | 1125 (12,2%) 8076 (87.2%)
Specialist Physician 185 (6,7%) | 2590 (93.3%) 679 (27,4%) | 1798 (72,6%) | 314 (13,3%)| 2048 (82.1%)
Administrative condition
Public 200 (4,5%) 6844 (89,1%) 1025 (20,4%) | 3997 (79,6%) | 839 (10,9%) 6844 (89,1%)
Private 198 (11,3%) | 3280 (84,5%)| 987 (44,9 %) | 1213 (55,1%)| 600 (15,5%)| 3280 (84,5%)
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Table 4: Frequencies of different residual groups from the multilevel regression analysis.

Total Public Private
Adherence | Adherence | Adherence | Number % Number % Number %
agents statins proton of HCPs of HCPs of HCPs
acting on pump
the renin- inhibitors
angiotensin
system
Low Low Low 22 11.1 3 2.6 19 22.6
Low Low Middle 8 4.0 1 0.9 7 8.3
Low Low High 4 2.0 0 0.0 4 4.8
Low Middle Low 4 2.0 2 1.8 2 2.4
Low Middle Middle 8 4.0 3 2.6 5 6.0
Low Middle High 4 2.0 1 0.9 3 3.6
Low High Low 9 4.5 2 1.8 7 8.3
Low High Middle 3 1.5 2 1.8 1 1.2
Low High High 4 2.0 2 1.8 2 2.4
Middle Low Low 6 3.0 4 3.5 2 24
Middle Low Middle 7 3.5 3 2.6 4 4.8
Middle Low High 8 4.0 5 44 3 3.6
Middle Middle Low 11 5.6 9 7.9 2 24
Middle Middle Middle 8 4.0 6 5.3 2 2.4
Middle Middle High 2 1.0 1 0.9 1 1.2
Middle High Low 6 3.0 4 3.5 2 24
Middle High Middle 9 4.5 7 6.1 2 2.4
Middle High High 9 4.5 9 7.9 0 0.0
High Low Low 2 1.0 1 0.9 1 1.2
High Low Middle 5 2.5 3 2.6 2 2.4
High Low High 4 2.0 2 1.8 2 2.4
High Middle Low 3 1.5 2 1.8 1 1.2
High Middle Middle 8 4.0 6 5.3 2 24
High Middle High 18 9.1 14 12.3 4 4.8
High High Low 3 1.5 2 1.8 1 12
High High Middle 10 5.1 8 7.0 2 24
High High High 13 6.6 12 10.5 1 1.2
Total 198 114 84
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INTRODUCTION

The use of prescription guidelines aiming to implement general therapeutic standards is
today a common feature in many health care systems.' The need for guidelines arises
from a general understanding that promoting evidence based and efficient medical care
may reduce unnecessary medical practice variation® and improve quality.’ Moreover
guidelines may also be an aid for prescribers that are hardly able to assimilate the
increasing volume of new scientific information.' *® However, even though the
investigation of adherence to guidelines is attracting increasing interest, it is still not
sufficiently understood what and how factors at different levels of the health care
organization condition adherence to guidelines.”"'" In Sweden, every county council has a
therapeutic committee responsible of the issuing of evidence-based guidelines.'? Despite
these recommendations several studies have demonstrated substantial and unexplained
differences in the adherence with guidelines among physicians and among Health Care
Practices (HCP).” '° "% These differences express themselves as a clustering of similar
prescription behavior among physicians at the same HCP and suggest the existence of
local therapeutic traditions. Quantifying and understanding this variation is relevant for

the planning of interventions aimed to improve the quality of drug prescription.

We have previously shown'” that in the Region of Skéne, Sweden, the implementation of
a decentralised drug budget increased adherence to guidelines and promotes efficient
drug therapy. Similarly, in Skaraborg, Sweden the economical responsibility of tax-
financed drug cost was transferred from the regional administration to the local HCP in
the year 2003. However, the effects of this intervention are still unknown. In the present
study, using multilevel regression analyses, and data from the Skaraborg Primary Care
Database (SPCD)'® we evaluate the effect of this decentralised drug budget. We focus on
adherence to statin (HMG-CoA reductase inhibitors) prescription since this group of
cholesterol lowering drugs has very homogeneous indications and similar efficacy which
nearly eliminates the possibility of confounding by indication and patient mix when
comparing different practices and physicians. We also aimed to disentangle the relevance
of different levels (i.e. patients, physicians, HCPs) for understanding adherence with

guidelines. Based on previous studies'® our hypothesis was that the decentralized budget



would result in an increased prevalence and a decreased variance between physicians and

between HCPs, concerning prescription of recommended statins.

MATERIALS AND METHODS
The Skaraborg Primary Care Database (SPCD)

Skaraborg, one of four administrative areas of the region of Vistra Gotaland in the
southwest of Sweden is mostly rural and it is inhabited by approximately 250 000
individuals within 15 municipalities. Inpatient care is offered by three public hospitals
and primary care by 24 public and one private HCPs, as well as by a few private solo
practitioners. About 250 000 office visits are registered at the public HCPs every year.
Approximately 75% of all drug prescriptions are issued outside the hospitals and 85% of
them at public HCPs.

The SPCD started in 2000 and is based on a common computerized medical journal used
by all the 24 publicly administrated HCPs in the area. Among other information all drug
prescriptions, laboratory tests, and current diagnosis at every consultation are recorded.
The SPCD allows the identification of the HCP, the physician and the patient by a unique

anonymized identification number.
Study population

From the SPCD, we identified all patients with at least one prescription of statin defined
according to the Anatomical Therapeutical Chemical (ATC) classification system code
C10AA."" Thereafter we selected two datasets, (i) patients with at least one statin
prescription during May 2002 to October 2003 (i.e., 2003 dataset), and (ii) during July
2004 to December 2005 (i.e., 2005 dataset). If a patient received more than one statin
prescription during each time period, the last one was selected. Prescriptions for other
cardiovascular drugs, Long-acting nitrates (ATC: COIDA08, C01DA14), Loop diuretics
(C03C), Potassium-sparing diuretics (C03D), Diuretic combinations (CO3E),Thiazides
(C03A, C03B),Beta blockers (C07), Calcium channel blockers (C08), ACE-inhibitors
(C09A, C09B), Angiotensin receptor blockers (C09C, C09D), Fibrates (C10AB), and

Resins (C10AC) were also extracted. Only patients where all his/her cardiovascular drugs



were issued by the same physician were included. The 2003 dataset included 6205
patients, treated by 425 physicians at 24 HCPs and in the 2005 dataset, 7979 patients
treated by 402 physicians at 24 HCPs.

Individual level variables

The outcome variable was prescription of recommended statin (yes v. no). In the 2003
dataset, these drugs were Simvastatin (Zocord® or generic simvastatin) and Pravastatin
(Pravachol®) and in the 2005 dataset only Simvastatin (Zocord® or generic simvastatin).
We categorized the age of the patients into four groups: -54 years, 55-64, 65-74, and 75-,
and used the youngest group as reference in the comparisons. We included the sex of the
patients as a dummy variable using women as reference in the analysis. Based on the
actual evidence neither age nor sex or any other patient characteristic should motivate the
preferential prescription of a specific statin before any other. Therefore, the inclusion of
individual-level variables in the analysis was not motivated by the need of adjustment for
confounding but rather, because we wanted to gain an understanding of the prescribing

process.
Physician level variables

Previous studies have shown that prescription behaviour is influenced by prescriber
characteristics. We, therefore, included physician’s occupational status categorized as
Intern (IN), Resident (RS), General practitioner (GP) or Locum (LOC). Each category
was split into two groups according to the median age of the specific group. Of the eight
different groups older GPs were used as reference in the analysis. We included the sex of
the physician as a dummy variable using women as reference in the analyses. However,

information on physician’s characteristics was only available for the 2005 dataset.

Multi-level regression models

1819 {3 estimate the

We used multilevel generalized regression models analysis.
probability of prescribing a recommended statin, while accounting for the hierarchical
structure of the data (i.e., patients nested within physicians nested within HCPs). We

developed three consecutive models (A, B, C) for data set 2003 and 4 models (A, B, C

and D) for data set 2005. Model A was an empty two level model including only patients



and HCPs as random effects. Model B was a three-level model in which patients were
nested within physicians that were in turn nested within HCPs. Model C and Model D
added the patient characteristics respectively patient and physician characteristics. In this
way we aimed to investigate if the individual and contextual characteristics could explain
the residual variation between physicians and between HCPs. We estimated odds ratios
and 95 % credible intervals (95 % CI) from the models. Model fit was evaluated by

comparing change in the deviance information criteria (DIC).

In the random-effects part of the multilevel analysis, we obtained the variance and 95%
credible intervals at the physician and the HCP levels and used this information to
calculate the median odds ratio (MOR) and 95% credible intervals.'®*' The MOR
translates the variance into the odds ratio (OR) scale, and is thereby comparable with OR
of individual or area variables. The MOR can be interpreted as the amount by which a
patients odds of receiving a recommended statin would increase (in median) if this
patient moved to a physician/HCP with higher adherence to guidelines. If the MOR was
equal to 1, there would be no differences between physicians or HCPs in the odds of
prescribing a recommended statin. If there were important physician-level or HCP

differences, the MOR would be large on this level.

We calculated the percentage of change in magnitude of variance (PCV) that was
explained between the intial (references) model (Variyiia) when including more variables

in an extended model (Varyore):
Percentage of change (PCV) = ((Varipitia—Varmore)/( Varinitia1))x 100

We used this percentage to estimate the relevance of the individual and contextual
characteristics for understanding a possible clustering of prescriptions of recommended

statins. Parameters were estimated by MCMC methods with the MLwiN 2.00 software.?

RESULTS

Table 1 indicates that overall the prevalence of adherence with guidelines for prescription
of statins increased from 77 % in 2003 to 84 % in 2005. In 2003 older patients had higher

adherence to guidelines, but these age differences disappeared in 2005. Men were



prescribed statins more of the than women, but there were not sex related differences in
the prescription of recommended ones. In 2005, 68% of all the statins were prescribed by
male doctors that also showed a slightly lower percentage of prescription of
recommended statins than female colleagues. There were no differences among physician
categories except for young interns that showed the highest (90%) and older locums the

lowest (77%) adherence with guidelines.

Figure 1 illustrates that while there were some HCPs with rather low adherence to
guidelines in 2003 all HCPs had approximately 80 % adherence in 2005. It is also
obvious that the HCPs with the poorest adherence in 2003 showed the largest

improvement in 2005.

Table 2 shows the association between on the one hand patient and physician
characteristics and on the other prescription of recommended statins according the
multilevel regression analysis. In 2003 adherence to guidelines increased with age of the
patients, but in 2005 there were no differences between age groups. Older locum
physicians presented a conclusively lower probability of prescribing a recommended

statin than older GPs.

Model A in table 3, only includes two levels (i.e., patients and HCPs) and informs that in
median a patient’s odds of receiving a recommended statin would increase 2.14 times in

2003 (MORpycp2003 = 2.14 ) and 1.37 times in 2005 (MORpcpaoos = 1.37) if he/she moved
to an HCP with higher adherence to guidelines.

Model B in table 3 includes three levels (i.e., patients, physicians and HCPs) and shows
that the HCP and physician levels accounted each for approximately 50 % each of the
variation at the higher levels in 2003 (MORycc2003 = 1.89 vs. MORphysicianz003 = 1.88).
In 2005 the variance among HCPs and physicians was lower (MORycc2005 = 1.30 vs.
MORpuysician2003 = 1.52). The differences between physicians (-55%) and HCPs (-82%)
decreased considerably between 2003 and 2005.

Model C in table 3 expands model B by including individual level variables and model D
accounts moreover for the characteristics of the physicians. Neither of them had a mayor

influence on the observed variance in model B.



Figure 2 illustrates that in 2003 about 30% of the HCPs and approximately 4% of the
physicians presented and level of adherence that was conclusively different from the
overall mean adherence. However, in 2005 none of the HCPs and only a few physicians

differed conclusively from the overall mean.

The DIC diagnostics shows that the inclusion of both HCPs and physicians improves the
model fit compared with including only the HCP level for both 2003 and 2005 datasets.
Nevertheless, Model C (2003) and Model D (2005) have the best model fit.

DISCUSSION

Our investigation demonstrates that transferring the economical responsibility from the
central health care authorities at the County Council to the local HCCs considerably
improved adherence to statin prescription guidelines among prescribers. We not only
observed that the overall prevalence of use of recommended statins increased from 77 %
in 2003 to 84 % in 2005, but also that the variance among both HCCs and physicians
decreased considerably by 89% and 65% respectively. Our results fully agree with a
previous analysis of ours' performed in the county of Scania.

We have previously discussed that therapeutic traditions can be operationalized and
investigated by measures of variance and clustering in multilevel regression analyses.’ '°
The idea is that the more the prescriptions from a physician/HCP are alike, compared to
prescriptions from other physicians/HCPs, the more likely it is that the determinants of
the individual prescription have to do directly with the physician/HCP. On this
background, our study indicates that the therapeutic traditions existing among both
physicians and HCPs in 2003 before the implementation of the decentralized budget were

counteracted by the implementation of the decentralized budget.

The current analysis improves the information obtained by our previous investigation in
the county of Scania'” since we had access to physician level information. Using this
information we could confirm previous observations.” on the relevance of the physician
level for understanding practice variation, and realize that the physician and the HCP

levels shared in 2003 about one half of the variance each. However, in 2005 — after the



decentralized budget — the residual variance became almost negligible. Yet, it appeared
that most of the (small) residual variance was among physicians. This is also illustrated in
figure 2 by the fact that none of the HCP and only a few physicians conclusively differed

from the overall mean adherence in 2005.

Our analytical approach of focusing on both changes in variance and changes in
prevalence is actually an innovative way of investigating practice variation in
pharmacoepidemiology. However, this approach has been previously implemented in
other research fields.>*?’ In fact, observing an increasing in the prevalence of prescription
of recommended stating does not necessarily imply an improvement since the variation
around the prevalence could be very high. The desired outcome is obviously not only to

increase adherence with guidelines but also to eliminate unnecessary practice variation.

An advantage of the multilevel regression analysis is that it allows disentangling the
variance in the outcome among the different levels of analysis and using this information
for identifying which level could be most relevant for a possible intervention. In our
study, as example, in 2003 the contextual variance was rather large and approximately
equal distributed among HCPs and physicians, indicating the any intervention aimed to
improve adherence with guidelines should be focused on both levels simultaneously. In
fact the decentralized budget was such a kind of intervention, and it appeared to
effectively decrease the variance at both levels. In 2005 the higher level variance was
very small and information which suggests that any further intervention directed to HCPs

or physicians would render less effective.

In 2005 we observed that older locum physician had a lower adherence to prescription
guidelines than older GPs, which may reflect intrinsic characteristics of this personal
category. Locum physicians share the common work environment and the same
constraints as other physicians at the HCP but only for a limited period of time and
therefore might be less affected by the therapeutic traditions acting at the HCP. However,
in spite of the conclusive association between this physician category and low adherence
to guidelines an intervention focusing on locums will possible not be very efficient,*®
since the residual variance (and the corresponding the MOR) was negligible and

inclusion of the physician characteristics did not contribute to explain the variance.



Observational epidemiological studies are often the only option for investigating
questions that for practical, economical, or ethical reasons cannot be analysed by

2932 Nevertheless, confounding and selection bias may threaten the

randomized trials.
validity of the studies. However, because of similar indications and efficacy, statins are
an ideal medication group for investigating prescribing behaviour,* and there is no
rationale for considering patient characteristics as confounding factors when investigating

practice variation.

While confounding by indication was not a threat for investigating prescription of
recommended statins, the value of including individual and physician covariates resides
in the understanding of the prescription process. In the present investigation we only
considered basic individual variables such as age and gender of the patient, and our
results showed that for dataset 2003 younger patients had a lower propensity to receive
recommended statins. This circumstance cannot be justified by any medical argument,
but may rather reflect the influence of constructed social roles and expectations. From the
perspective of equity in health care, it is relevant to question the physicians” choice of
more expensive, but not more efficient, brands for some groups of patients, given that a
large part of this medication expenditure is funded by the public reimbursement system.
We can not exclude that unmeasured factors besides the decentralized budget might have
influenced the observed results (i.e., increase in prevalence and reduction in variance). In
addition, the expiration of the Zocord patent in 2003, with the following decline in price
for generic simvastatin and increase in cost difference with other statins, might have

contributed in choosing the recommended statin.

Most patients receive statins as a long time therapy. However, according the Swedish
rules a prescription can not be issued for a period longer than one year. Therefore, in
routine care repeat prescriptions are sometimes issued by phone and eventually by a
different physician that the one that initiated the treatment. We have tried to identify
homogeneous physician-patient relations by only including patients with all
cardiovascular prescriptions by the same physician. However, we can not exclude a
delayed effect of the decentralized budget conditioned by the fact that for new users the

physicians prescribe recommended drugs, but for continuous users the physicians do not



change to recommended drugs but continue with the original non-recommended drug,

especially if the repeated prescription is written by another physician.

Our study investigates statin prescription in primary health care. Therefore, our results
are not directly applicable to those drug prescribed for patients at hospital care. Older
patients treated in primary care but also in municipal homecare are also excluded since

their prescriptions are not registered in the database.

Practice variation is a common phenomenon that is not necessarily inappropriate but
rather may reflect different therapeutic approaches confronting a similar health
problem.** However, when the same pharmacological therapy is available as different
brands at different prices and the prescriber selects the more costly, there are reasons to

question the suitability of the observed practice variation.

In conclusion, applying an innovative methodology for investigating practice variation,
our study shows that decentralization of the drug budget to the HCPs, i.e., transferring the
economical responsibility and the power in management and decision-making to the
HCPs, seemed to be an appropriate intervention for reducing inefficient therapeutic
traditions. As a natural consequence, adherence to the drug committee’s

recommendations increased and differences between physicians and HCPs decreased.
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Figure legends

Figure 1: Illustrates, for the 24 HCPs included in the analysis, on the X-axis the
percentage of recommended statins 2003, and on the Y-axis recomemmended statins

2005 (top). The bottom figure illustrates, for the 24 HCPs included in the analysis, on the



X-axis percentage of recommended statins in 2003 and on the Y-axis the differences

(percentage) between 2003 and 2005.

Figure 2a: Illustrates the residuals from the MLRA for the different levels
(physicians/HCPs) for the analysis regarding 2003

Figure 2b: Illustrates the residuals from the MLRA for the different levels
(physicians/HCPs) for the analysis regarding 2005 2003
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Table 1. Characteristics of the prescriptions of statins for patients with one
prescriber in 24 HCC in Skaraborg, number (%) if not indicated.

2003

2005

Total: (N=6205)

Total: (N=7979)

Recommended statin

Yes No Yes No

Number (%) 4772 (77) 1433 (23) 6719 (84) 1260 (16)
Patient

Age (min-max, mean years) 30-89 66 31-89 64 18-93 66 25-104 66
1 -54 637  (73) 233 (27) 855 (84) 166 (16)
2 55-64 1465 (75) 497  (25) 2009 (83) 404 (17)
3 65-74 1710 (78) 471 (22) 2354 (85) 1424 (15)
4 75- 960  (81) 232 (19) 1501 (85) 266 (15)
Male 2498 (76) 779 (24) 3603 (84) 660 (16)
Female 2274 (78) 654  (22) 3116 (84) 600 (16)
Doctor

INI -29  (N=21) - - 113 (90) 12 (10)
IN2 30- (N=22) - - 91 82) [20 (18)
RS1 -34  (N=32) - - 420 (85 |72 (15
RS2  35- (N=29) - - 306 (83) |64 (17
GPl 49  (N=65) - - 2419 (84) 1459 (16)
GP2  50- (N=64) - - 2910 (85) 513 (15)
LOC1 -46  (N=89) - - 243 (82) 54 (18)
LOC2 47- (N=80) - - 217 (7)) 66 (23)
Male - - 4568 (84) 895 (16)
Female - - 2151 (86) 365 (14
IN=Intern

RS=Resident
GP=Genral practitioner
LOC=Locum
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Table 3. Multilevel logistic regression analysis of prescription of
recommended statins 2005, model C and D

Model D Model E
Fixed effects OR (95% CI) OR (95% CI)
Patient
Age group
1 -54 - REF
2 55-64 -10.95 (0.77-1.16)
3 65-74 -11.06 (0.86-1.29)
4 75- - 1.07 (0.86-1.33)
Female - REF
Male - 1.08 (0.95-1.23)
Doctor
INI -29  (N=21) 1.67 (0.85-3.46) 1.67 (0.78-3.43)
IN2 30- (N=22) 0.86 (0.48-1.57) 0.85 (0.48-1.58)
RS1 -34 (N=32) 0.90 (0.62-1.33) 091 (0.62-1.32)
RS2  35- (N=29) 0.81 (0.55-1.19) 0.80 (0.55-1.18)
GPl 49  (N=65) 0.87 (0.69-1.09) 0.87 (0.69-1.10)
GP2 50- (N=64) REF REF
LOCI -46  (N=89) 0.75 (0.51-1.11) 0.75 (0.51-1.11)
LOC2 47- (N=80) 0.56 (0.38-0.82) 0.56 (0.38-0.82)
Female REF REF
Male 0.88 (0.71-1.08) 0.87 (0.71-1.07)
Random effects Variance (95 % CI) Variance (95 % CI)
HCC (Intercept) 0.06 (0.00-0.16) 0.06 (0.00-0.16)
MOR 1.26  (1.06-1.47) 1.26 (1.07-1.47)
Physician (Intercept) 0.20 (0.12-0.30) 0.21 (0.13-0.31)
MOR 1.53 (1.39-1.69) 1.54 (1.40-1.70)
DIC (MCMC) 6801.53 6805.55
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