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Abstract Objective: To analyse associations between
indicators for adoption of new drugs and to test the
hypothesis that physicians’ early adoption of new drugs
is a personal trait independent of drug groups.
Methods: In a population-based cohort study using
register data, we analysed the prescribing of new drugs
by Danish general practitioners. Angiotensin-II antag-
onists, triptans, selective cyclo-oxygenase-2 antagonists
and esomeprazol were used in the assessment. As indi-
cators of new drug uptake, we used adoption time,
cumulative incidence, preference proportion, incidence
rate and prescription cost and volume. For each mea-
sure, we ranked the general practices. Ranks were pair-
wise plotted, and Pearson’s correlation coefficient (r)
was calculated. Next, we analysed the correlation be-
tween ranks across different drug classes.

Results: For all indicators, the general practitioners’
adoption of one group of drugs was poorly associated
with adoption of others (r < 0.49), indicating that early
adoption of one type of drugs is not associated with
early adoption of another. For all drug groups, adoption
time adjusted for practice size was only weakly associ-
ated with other indicators (r: —0.56 to —0.27). Indica-
tors, based on cost and volume of drugs, were highly
correlated (r: 0.96-0.99), and the others correlated rea-
sonably well (r: 0.51-0.91).
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Conclusions: Within drug groups, indicators of drug
adoption, except for adoption time, correlate reasonably
well. However, the theory that physicians’ early adop-
tion of new drugs is a personal trait independent of the
type of drug could not be confirmed. The notion of the
early-drug-adopting general practitioner may be mis-
taken.
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Introduction

Drug expenditures increase rapidly in primary care,
mainly because physicians adopt new drugs that are
more expensive than those they intend to replace (old
drugs) [1-3]. Although health authorities strive to reduce
drug expenses, no intervention has yet proved to be
consistently effective [4-6]. This lack of impact may
partly be caused by the fact that most attempts to im-
prove practice are based on insufficient knowledge about
mechanisms responsible for adoption of new drugs. It is,
for example, believed that there is a group of physicians
who generally prescribe (adopt) new drugs early and
that interventions should be tailored accordingly [7-14].
However, the theory that doctors can be grouped into
adopter categories that are likely to share specific char-
acteristics has, to our knowledge, not been challenged.
We aimed to analyse associations among different indi-
cators for adoption of new drugs and to test the
hypothesis that physicians’ early adoption of new drugs
is a personal trait independent of the type of drug.

Materials and methods
Data sources

We used data from the Odense University Pharmaco-
epidemiologic Database and the WNational Health
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Insurance (NHI) Register [15]. The Odense University
Pharmacoepidemiologic Database comprises informa-
tion on all prescriptions redeemed at pharmacies in the
County of Funen (approximately 470,000 inhabitants),
Denmark. For the selected drugs, we extracted infor-
mation on all prescriptions issued from 1993 to 2001 to
patients aged 20 years or older. Information includes
date of redemption, the patients’ identity, age and gen-
der, the brand, quantity and form of the drug and the
identity of the prescriber (general practice, specialist or
hospital department). All doctors in a general practice
share the same prescriber identifier.

Approximately 97% of the Danish population is lis-
ted with a general practice. The tax-financed NHI covers
general practitioners’ (GPs’) fees for visits and services
and keeps records on the identity, age and gender of
persons listed with each practice, as well as of the phy-
sicians. From the NHI Register, we extracted informa-
tion on the number, age and gender of all patients listed
with each practice during 1998-2001.

Selection of study drugs

We selected four groups of prescription drugs launched
in Denmark from 1994 through 1999 (Table 1). All these
new and more expensive drugs were marketed with the
claim of having significant benefits over older alterna-
tives. The selected drug groups were angiotensin-II-
receptor antagonists for hypertension or heart failure,
triptans for acute migraine attacks, selective cyclo-oxy-
genase-2 (COX-2) inhibitors for rheumatoid arthritis or
osteoarthritis and proton-pump inhibitors for peptic
ulcer or gastro-oesophageal reflux diseases.

Study period

The length of each study period was chosen to ensure
that at least 95% of all practices had prescribed the new
drug. The periods were 4 years for angiotensin-1I-
receptor antagonists, 2 years for triptans and 1 year for
COX-2 inhibitors and proton-pump inhibitors. For each
group of drugs, the first day of the study period was the
day the first new drug in the group was released for
reimbursement (Table 1).

Selection of study practices

We used data from 191 practices that existed at some
point in time during the period 1994-2001. They had a
median practice size of 1439 patients (10-90th percentile:
851-3627). There were 121 solo and 70 group practices
with a median practice size of 1168 (770-1613) and 2772
(1843-4592), respectively. For each study period, we
selected practices established at least 1 year prior to the
date that the first drug in a group was released for
reimbursement. For each drug group, we excluded
practices in which there had been a change of GP staff
during the study period (Table 1). Among the 191
practices, 105 practices (30 partnership practices with 67
GPs and 75 single-handed practices) had the same GPs
for the whole period.

Outcome measures

We selected measures commonly used in drug utilisation
studies as well as measures based on individual patients’
drug use. For each practice and each drug group, we
calculated the following six indicators or measures of
adoption:

1. Adoption time adjusted for practice size: the time
from the first day of reimbursement until a GP within
the practice issued the first prescription of a new drug
to a patient who had never purchased the drug be-
fore. The time was adjusted for practice size by
multiplying with the number of patients in the prac-
tice divided by the mean practice population size.

2. Cumulative incidence of prescribing a new drug: the
proportion of the listed patients prescribed a new
drug. Only patients not previously treated with an old
drug belonging to the group were included.

3. Preference proportion for new drugs: the proportion of
patients prescribed a new drug among patients pre-
scribed either a new or an old drug for the first time.

4. Rate of switching from an old to a new drug
(switching rate): 1 year prior to the study period, we
identified patients who used the older drugs. Among
these, we identified first purchases of a new drug
(switch). We calculated the switching rate as the

Table 1 Selected drug groups, the first day of reimbursement and the number of practices included

“New” drug(s)
date

Reimbursement

“0Old” drug(s) Included/total practices

(physicians)

Angiotensin-II-receptor antagonists: losartan,
valsartan, eprosartan, irbesartan,
candesartan, telmisartan

Triptans: zolmitriptan, naratriptan, rizatriptan,
almotriptan, eletriptan

Selective cyclo-oxygenase-2 inhibitors: rofecoxib,
celecoxib

Proton-pump inhibitor: esomeprazol

5 December 1994

3 November 1997
24 January 2000

16 October 2000

Angiotensin-converting
enzyme inhibitors

122/149 (184/250)

First of the triptans:
sumatriptan

Other non-steroidal
anti-inflammatory drugs

Other proton-pump inhibitors

160/177 (248/292)
174/184 (270/301)
163/181 (250/302)




number of switches divided by the person time

elapsed from the start of the study period.

5. Prescribed volume of new drugs: the number of de-
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dardisation to the total practice population, except for

switching rate, where the reference population were

fined daily doses [16] prescribed of new drugs during
the study period per 1000 listed patients.

6. Prescription costs of new drugs: the total drug
expenditure for new drugs (in pharmacy retail price
including value-added tax) during the study period
per 1000 listed patients.

Indicators 2-6 were standardised according to age
and gender of listed patients by means of direct stan-

Analyses

users of an old drug.

Within drug groups, we analysed the correlations be-
tween adoption indicators. For each indicator, we

ranked the practices, made pair-wise plots of the ranks

Table 2 Distribution of measures of adoption for each drug group as median (10-90th percentile)

and calculated Pearson’s correlation coefficients (r). To
outbalance the differences in practice size, we made the

Adoption time Cumulative
adjusted for

incidence of

Preference
proportion

Rate of switching Average annual

from an old to a

prescribed volume

Average annual
prescription costs

practice size prescribing  for new drug  new drug (per (defined daily (DKK?/1000
(days) (%) (%) 1000 person doses/1000 patients)
years) patients)
Angiotensin-II-receptor 49 (1-523) 1.1 (0.2-3.3) 27.3 (4.8-61.7) 2.2 (0.4-6.0) 196 (36-585) 1,287 (225-3195)
antagonists
New triptans 51 (8-250) 0.5 (0.1-1.1) 39.8 (6.1-63.5) 23.8 (6.7-75.6) 10 (2-25) 559 (153-1438)
Selective cyclo-oxygenase-2 13 (1-124) 0.6 (0.1-1.9) 17.0 (8.7-29.5) 3.0 (0.4-6.5) 94 (14-215) 888 (147-2109)
inhibitors
Proton-pump inhibitor 62 (17-199) 0.5 (0.1-1.8) 27.9 (8.1-53.4) 4.3 (0.0-16.0) 63 (14-179) 648 (164-1900)

(esomeprazol)

41 DKK ~ 7.38 USD or 7.42 EUR (1 January 2000)

Table 3 Association between
ranks of adoption indicators
within each of four drug groups
weighted for the number of
patients in each practice,
presented as Pearson’s
correlation coefficients.
Indicators (except adoption
time) are age and sex
standardised. a angiotensin-II
antagonists, b triptans, ¢
selective cyclo-oxygenase-2
inhibitors, d proton-pump
inhibitors. All correlations:
P< 0.05

Adoption time
adjusted for the
number of
listed patients

-0.52 Cumulative

-0.42 incidence of

-0.48 prescribing a

-0.45 new drug

::;[; {::;} I‘rcl'cl:cnut

027 0.67 proportion for

035 0.82 il

-0.53 0.60 0.54 :

-0.51 0.69 0.72 Il}md_cncg rate

-0.45 0.82 059 of switching to

0.52 0.72 0.63 a new drug

-(1.55 0.91 (.82 0.70 = :

-0.44 0.54 0.51 0.59 I)ctmcd{d:nl'\-
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a: Angiotensin-I1 antagonists

b: Triptans

¢: Selective cyclo-oxygenase-2 inhibitors
d: Proton pump inhibitors
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Table 4 Association of ranks of adoption indicators across drug
groups weighted for the number of patients in each practice, pre-
sented as Pearson’s correlation coefficients. Indicators (except
adoption time) are age and sex standardised. / adoption time ad-
justed for the number of listed patients, 2 cumulative incidence of
prescribing a new drug, 3 preference proportion for new drugs, 4
incidence rate of switching to a new drug, 5 defined daily dosage/
1000 patients, 6 pharmacy retail price/1000 patients*P < 0.05

Angiotensin-11
antagonists

/ 0.22%

2 0.30%

: 1::}{; Triptans

5 0.19

6 0.25%

1 0.14 0.10

2 0.11 0.24% Selective

3 0.01 0.10 cyclo-

4 0.19 0.21% oxygenase-2

E 0.26* 0.22# inhibitors

6 0.27% 0.22%

! 0.09 -0.09 -0.08

2 0.09 0.19 0.49%

3 0.04 0.03 0.27% Proton pump
4 0.13 0.07 0.40% inhibitors
5 0.07 -0.04 0.41%

[i] .04 -0.02 0.42%

1: Adoption time adjusted for the number of listed patients
2: Cumulative incidence of prescribing a new drug

i: Preference proportion for new drugs
4: Incidence rate of switching to a new drug

5: Defined daily dosage / 1000 patients
6: Pharmacy retail price / 1000 patients

analyses both with and without weighting for practice
size. Similarly, we analysed the correlations between
each indicator across different drug groups.

Finally, for each group of new drugs, we analysed
the time to the first prescription using practice type and
size as covariates in a Cox proportional hazards model
[17].

Results

For all adoption measures, there was considerable var-
iation between practices, with wide 10-90th percentile
ranges (Table 2).

The associations between adoption indicators within
each drug group are presented in Table 3. Correlations
between indicators were all statistically significant
(P<0.05). Adoption time adjusted for practice size
correlated poorly with other measures (r: —0.56 to
—0.27, unweighted —0.55 to —0.20). Indicators, based
on cost and volume, were highly correlated (r: 0.96-0.99,
unweighted 0.96-0.99), and the remaining correlated

reasonably well with r, ranging from 0.51 to 0.91 (un-
weighted 0.44-0.90).

The associations between adoption indicators across
drug groups are presented in Table 4. The correlations
varied with r, ranging from —0.08 to 0.49 (unweighted
—0.10-0.45), and only 14 (unweighted 12) of 36 corre-
lation coefficients were significantly different from zero
(P<0.05). The highest correlation was between cumu-
lative incidence of prescribing COX-2 inhibitors and
proton-pump inhibitors with r=0.49 (unweighted 0.45)
(Fig. 1).

The distribution of adoption times was asymmetrical,
with a long upper tail representing late prescribers
(Fig. 2). The apparent difference in adoption time be-
tween single-handed and partnership practices disap-
peared after adjustment for practice size. This was
supported by the Cox regression model in which the
diffusion of COX-2 inhibitors, not considering practice
size, was fastest among partnership practices [hazard
ratio 2.03 (95% confidence interval 1.46-2.82)]. Includ-
ing practice size as covariate in the model reduced the
difference between single-handed and partnership prac-
tices [hazard ratio 1.14 (0.66—-1.99)], and practice size had
a positive influence upon adoption time [hazard ratio
1.35 (1.08-1.67) for an increase of 1000 listed patients].
The same effects were present for the other drug groups.

Discussion

The results of our study suggest that most indicators of
drug adoption, except for adoption time, are reasonably
well correlated within the individual drug groups.
However, adoption indicators are not correlated across
drug groups, which may indicate that the notion of the
early-drug-adopting GP may be mistaken.

These results, however, should be considered in rela-
tion to the strengths, weaknesses and limitations of the
study. Many studies of drug prescribing are hampered by
incomplete data on drug use. We had complete data on
individual patients’ drug use for more than a decade for all
inhabitants in a well-defined area [15]. Data are collected
automatically in the pharmacies, and health care provid-
ers as well as pharmacies have an incentive to provide
complete information, because their income depends on
it. Previous studies indicate that less than 0.5% of all
reimbursed prescriptions are redeemed at pharmacies
outside the county [15]. This enabled us to make accurate
estimates of GPs’ prescribing while distinguishing
between initial prescriptions and renewals and excluding
prescriptions made by other doctors (e.g. in hospitals).

We used patients’ purchases of drugs as a proxy for
GPs’ prescribing. Patients’ failures to redeem a pre-
scription—*‘primary non-compliance’” —may, therefore,
bias the results. Previous studies, however, indicate that
non-redemption rates are relatively low on Funen [18].

By excluding general practices with change of GP
staff during study periods, we restricted the study to



Fig. 1 Scatter diagrams
illustrating the correlation
between cumulative incidences
of Danish general practices’
prescribing of four new drug
groups (n=105)

Fig. 2 Diffusion curves for
single-handed (n=113) and
partnership (n=061) practices.
The proportion (%) of practices
having prescribed cyclo-
oxygenase-2 inhibitors plotted
against the time to the practice
issued its first prescription
(adoption time)

Practices having prescribed the drug
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about 80% of all GPs who practiced on Funen during
each study period (Table 1). This, however, was a
deliberate choice that allowed us to exclude changes in
GP staff as explanation for any of the results. Conse-
quently, the findings may not be representative of young
doctors who had recently joined a general practice.
However, other studies indicate that this would only be a
small problem, since age does not appear to be associ-
ated with early adoption [7, 14].

Previous studies indicate that adoption time for new
drugs is shorter for partnership than single-handed
practices [11, 14]. However, they did not adjust for the
number of patients in practice. In our study, after
adjustment for practice size, there was no earlier adop-
tion in partnership practices. A simple explanation
might be that the larger the number of patients in a
practice, the more likely it is to see a patient who might
be a candidate for a new drug.
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Adoption time, unlike the other indicators, is deter-
mined by one single event (the first prescription of a new
drug). There is a substantial difference in making the
decision to prescribe a new drug for the first time ever
and to prescribe the drug routinely. This may explain the
poor correlation between adoption time and all other
indicators. Small sample variation may be one reason
why we did not find a perfect correlation between the
epidemiological measures of adoption. However, there
were only modest increases of r when weighting for
practice size, suggesting that there are other causes.
Unequal distribution of patients’ health problems may
be a confounder. Though we adjusted for differences in
the distribution of patients’ age and sex in each practice,
we did not have access to data concerning the co-mor-
bidity of the patients. Future studies should include
information on the diagnosis of included patients. An-
other reason for the differences between adoption indi-
cators may be that the indicators are likely to capture
different aspects of adoption. For example, to initiate
treatment for a patient with a new drug is different than
switching a patient from a well-tolerated treatment to a
new drug. The issue of measuring different aspects of
adoption should be addressed in future studies.

The term “‘early adopter” is frequently used in the
literature on innovation and diffusion of new technolo-
gies. Rogers uses categories such as “‘innovators™, “early
adopters”, etc., down to “laggards” [7]. The notion that
early adoption is a personal characteristic is prevalent in
the literature on drug prescribing as well. Haines and
Donald [10] state that marketing of pharmaceuticals is
tailored according to characteristics of the target audi-
ence. In a review paper, Groves et al. [11] use the term
early adopters and propose that formulary committees
target their resources ‘“‘at those physicians who are more
likely to be laggards”. While the literature on adoption
of new drugs seems to imply that some doctors are early
adopters and others not, our results would indicate that
doctors who adopt one new drug early may adopt others
late. This was the case whether we used adoption time or
one of the other adoption measures. Steffensen et al. [14]
also concluded that being an early adopter is not con-
sistent over drug groups. However, they used adoption
time only for quantifying new drug uptake. These results
do not necessarily mean that adoption of new drugs is a
random process, but rather that it varies across doctors,
depending on the drug in question and other factors.

If the findings in this study reflect a general phe-
nomenon, it would mean that the research into adop-
tion of new drugs should be directed not only towards
doctor characteristics but also towards the interaction
between these characteristics, the drug in question,
patient case mix and possibly other factors. Even
though this study was not directly exploring the
mechanisms responsible for adoption, it may have
implications for health policy in that interventions
aimed at influencing prescribers are not likely to be
effective if they are based on the notion of the universal

“early adopter”. They might only be successful if they
target physician groups that are early adopters of the
drug or the drugs in question.

In conclusion, for each group of drugs, there is a
reasonably good correlation between various indicators
of drug adoption except for time until first prescription
of a new drug. We could not confirm the theory that
physicians’ early adoption of new drugs is a personal
trait independent of drug types.
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