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Abstract
Background The diffusion of innovations model proposes
that early adopters of innovation influence others. This
study was undertaken to determine if early prescribers and
users of newly marketed drugs had different sociodemo-
graphic and professional characteristics as compared to
majority and late users and prescribers.
Methods After market availability in Manitoba, Canada, of
celecoxib, alendronate, clopiodogrel and pantoprazole, time
to first prescriptions was determined. Early, majority and late
adopters of the new drug were characterized by this diffusion
time. The prescription, health and prescriber records were
compared across adopter categories. The likelihood of being
an early or late prescriber or user of the new medications
according to patient demographic characteristics, physician
factors (specialty and place of training) and neighborhood
income was determined with polytomous logistic regression.
Results Celecoxib demonstrated a much more rapid uptake
into routine use than the other drugs. More than 300
Manitoba physicians prescribed celecoxib within two
weeks of market availability. Early prescribers of celecoxib
were more likely than majority prescribers to be general
practitioners (OR=1.81, 95%CI: 1.40–2.35) and have

hospital affiliations (OR=1.35, 95%CI: 1.03–1.77). Early
users of celecoxib were more likely than the majority to
have arthritic conditions, have a high income and have paid
out-of-pocket for their prescription. For alendronate, clopi-
dogrel and pantoprazole, only prescription drug coverage
predicted adopter category. Early prescribers of one new
drug were not early prescribers of the other new drugs.
Conclusion No common group of patients or physicians
who were early prescribers or users of all four medications
was described.
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Background

An understanding of physician and patient behavior
associated with prescribing is essential to predict the
utilization of newly marketed drugs [1]. The use of newly
marketed drugs contributes to escalating expenditures on
pharmaceuticals, and little is known about prescriber or
patient characteristics associated with early use of new
drugs. Although newly marketed drugs play an important
role in expanding treatments for many indications, often-
times, fully published randomized controlled trials are
lacking at the time of marketing, and the risk to benefit
ratio of new drugs has not been fully evaluated [2]. Factors
influencing new prescribing of COX-2 anti-inflammatory
drugs, bisphosphonates, antiplatelets, and proton pump
inhibitors are not well described [3–12]. The diffusion of
innovations model describes the “process by which an
innovation is disseminated over time among members of a
social system” [13]. This theory proposes early, majority
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and late adopters of an innovation, and characterizes early
adopters as idea champions who influence colleagues
through example or direct communication [14–19]. The
diffusion of innovations model has applications to drug
prescribing, but has been used in population-based studies
to a limited extent. Steffensen at al observed that diffusion
of prescribing was highly drug dependent [20]. Tamblyn et
al. observed an 8–17 fold difference in new drug utilization
rates by Quebec physicians [21]. Dybdahl et al. noted that
early adoption of one group of drugs did not predict early
adoption of other new drugs in Denmark [22].

The goal of this study was to test a model which could
predict utilization of newly marketed drugs. The primary
objective was to determine whether early or late prescribing
was related to user and prescriber characteristics, and
whether these characteristics were constant across individ-
ual drugs. This study sought to evaluate if early users and
prescribers of new drugs had different sociodemographic
and professional characteristics from majority or late users
and prescribers, and may provide further information about
an early adopter or user of newly marked medications [23].

Methods

Design

A comparative analysis of four newly marketed drugs over
the time period 1995–2000 was conducted: these included
celecoxib, alendronate, clopidogrel and pantoprazole. These
drugs were selected for analysis because they were newly
marketed brand name drugs used broadly in the population.
The diffusion of prescribing of each drug (time between date
of market availability and first prescription for each physician
in the province) was described over a one-year period, and
early, majority and late prescribers were identified [18, 20].

Setting

Data were obtained from the population-based health care
databases of the Manitoba Health Services Insurance Plan
(MHSIP) in Manitoba, Canada, which included the regis-
tration file, physician reimbursement claims, hospital
discharge abstracts and prescription records. The MHSIP
registration file contains a record (birthdate, sex, geograph-
ic location) for every individual eligible to receive insured
health services. Physician reimbursement claims for care
contain information on diagnosis at the 3-digit level of the
ICD-9-CM classification system and physician specialty.
Discharge abstracts for hospital services include informa-
tion on up to 16 ICD-9-CM diagnostic codes. Prescription
records from retail pharmacies contain date, drug name and
identification number, dosage form, and quantity dispensed

as well as patient and prescriber identifiers. Prescription
records for all prescriptions dispensed in retail pharmacies
in Manitoba are captured, and were the source of
information about drug prescribed, prescription drug users
and prescribers for this study. The Manitoba Physician
Practice database and 1996 Census public-use files were
also accessed. The reliability and validity of the MHSIP
databases is high for describing population drug use and
health care contact [23, 24]. Record linkages through
anonymized personal identifiers created longitudinal histo-
ries of health care utilization. Ethics approval was obtained
through the University of Manitoba. The reliability and
validity of the MHSIP databases to describe health services
utilization has been well described [24–26].

Population

The study population included all Manitobans receiving at
least one prescription for study drug within one year of
availability. Both patients who initiated therapy with one of
the new drugs without having been on an alternative
medication to treat the same medical condition, and patients
who switched from an alternative medication to the medica-
tion of interest to treat the same medical condition comprised
the study population. Manitoba is a Canadian province with
approximately 1.2 million and 2000 physicians [26].

Main outcome measures

The study outcome measure was the status of early,
majority or late prescriber for each study drug. All first
prescriptions written by physicians were identified and the
‘diffusion time’ (date of first prescription minus date of
market availability) was calculated. Physicians with pre-
scriptions within the lowest 10% of diffusion times were
define as early prescribers, and those in the highest 10% as
late prescribers. Majority prescribers had prescriptions
which fell inbetween these limits. Although others have
used 16% as the cutoff for early adopters [20], we chose
10% due to the rapid uptake of celecoxib as compared to
other newly marketed drugs. Patients linked to early,
majority or late prescribers were early, majority or late
users. If users had prescriptions in multiple adopter
categories, the first prescription was selected.

Patient characteristics included: age, gender, neighbor-
hood income quintile (20% of the population residing in the
lowest income to 20% of the population residing in the
highest income neighborhoods), and prescription reim-
bursement status (by provincial drug program, Pharmacare
or Income Assistance). Physician measures included: age,
gender, location of training (Canada/US versus not),
specialty [general practitioner (GP), or specialist], years
since licensure (<20 years versus more), hospital affiliation
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(treating physician in the hospital database), and type of
practice (solo versus group). A solo practitioner was
identified with reimbursement claims from one location
without claims from other physicians at this location [27].
For celecoxib prescriptions, presence of a chronic arthritic
condition was defined as at least one physician visit for
rheumatoid arthritis (ICD9 code=714) or osteoarthritis
(ICD9 code=715), at least one prescription for a gold
preparation, or intermittent or continuous prescriptions for
NSAIDs in the year prior to the first celecoxib prescription
[26]. Without evidence of a chronic arthritic condition, the
prescription was classified as being dispensed for an acute
condition.

Analysis

The diffusion of prescribing curve for each drug was
compared and the extent of overlap in the categories of
early, majority and late prescribers was determined with the
kappa statistic. The characteristics of physicians and
patients were compared among early and later prescribers,
using descriptive statistics. Polytomous logistic regression
was used to identify a multivariate model of patient and
physician measures which determined the likelihood (odds
ratio) of being an early or late prescriber, relative to a
majority prescriber (reference category). Polytomous logis-
tic regression was employed in the multivariate analysis,
with the majority prescribers as the reference group. The
unit of analysis was the physician. Clustering of patients by
physician in our analysis was too infrequent to necessitate
the use of multi-level analysis. Variables were retained in
models at the 95% level of confidence.

Results

In the year following market availability (1999–2000),
1,302 physicians wrote a first prescription for celecoxib in
Manitoba. For clopidogrel and alendronate, 594 and 425
physicians, respectively, wrote first prescriptions in the year
following availability. Half of physicians wrote their first

prescription by the time clopidogrel and alendronate were
listed on the Pharmacare formulary (Table 1). Half of
pantoprazole prescriptions (n=447 physicians) were dis-
pensed 87 days after formulary listing. In contrast, 50% of
first prescriptions for celecoxib were dispensed 51 days
after market availability and 187 days before reimburse-
ment by Pharmacare. Close to 90% of first prescriptions for
celecoxib were dispensed before its addition to the
provincial formulary.

Celecoxib and alendronate had the most rapid uptake into
use (Fig. 1). Ten percent of first prescriptions for alendronate
and 25% of prescriptions for celecoxib (>300 physicians)
were dispensed within two weeks of availability. Three
hundred more physicians wrote a celecoxib prescription in
the second month after availability. The number of physi-
cians writing a first prescription for celecoxib declined to a
rate of 70 per month four months later, then a rate of 40 per
month 10 months after the first introduction of celecoxib.
The number of new physicians prescribing alendronate per
month also tapered over time, but the rates for pantoprazole
and clopidogrel remained steady at 40–50 new physicians
per month.

There was little agreement between the percent of
prescriptions that fell into the same categories for all drugs
(Table 2). Physicians prescribing alendronate or pantoprazole
may have not been in practice at the time that celecoxib was
released, but this does not explain poor agreement with
clopidogrel.

Early users of celecoxib were more often seniors and
females (Table 1). Low income persons were less likely to
have early access to celecoxib, but use became increasing-
ly more prevalent in the majority and late recipient group
(p<0.0005). Most prescriptions for early users of celecoxib
were not reimbursed, but paid out-of-pocket or by private
insurance. The reverse was observed for late users of
celecoxib. A similar trend was observed for alendronate,
clopidogrel and pantoprazole (p<0.0005 for all), but one
quarter of late users of pantoprazole were not reimbursed.

Early prescribers of celecoxib wrote a prescription within
7 days ofmarket availability (Table 1). There was a decreasing
trend for age from early to late prescriber (p<0.0001)

Table 1 Timeline for diffusion of new drugs

Prescription
drug

Date of 1st
prescription
(market
availability)

Early prescribers (days until
10% of 1st Rxa written by
physicians)

Late prescribers (days until
90% of 1st Rx written by
physicians)

Days until
Pharmacare
approval

Days until 50% of 1st Rx
written by physicians in
year after 1st Rx

Celecoxib Apr 21 1999 7 258 238 51
Clopidogrel Nov 28 1998 63 349 205 203
Alendronate Apr 01 1996 14 312 122 129
Pantoprazole Apr 08 1997 64 338 137 224

a Rx = prescription
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(Table 3). Early prescribers of celecoxib were more likely
than majority and late prescribers to be general practi-
tioners (GPs), to have a hospital affiliation or to not be
trained in Canada/US (p<0.005) (Table 4). Early pre-
scribers of clopidogrel were more likely to be specialists.
Similar to celecoxib, early prescribers of pantoprazole were
more likely than the majority and late adopters be hospital
affiliated.

In the multivariate model (Table 5), early adopters were
more likely than the majority to prescribe celecoxib if
individuals had an arthritic condition, were high income or

paid out-of-pocket for their prescription. Independent of user
characteristics, early prescribers of celecoxib were more
likely than the majority to be GPs and to have hospital
affiliations. Late prescribers of celecoxib were more likely to
be specialists, not to have hospital affiliations and to be in
practice for <20 yrs. For alendronate, clopidogrel and
pantoprazole, only drug plan status was retained in the
multivariate model; late adopters were more likely to
prescribe to patients that had Pharmacare coverage for the
medication. For clopidogrel, late prescribers were more
likely than the majority to be group practitioners.

Table 2 Kappa agreement for adopter categories for different drugs

Prescription
drug

% Early celecoxib adopters
who were early adopters of
drug

% Majority celecoxib adopters
who were majority adopters of
drug

% Late celecoxib adopters
who were late adopters of
drug

Kappa statistics
(percent overall
agreement)

Clopidogrel
(n=523)

13 80 20 0.04

Alendronate
(n=344)

18 79 29 0.07

Pantoprazole
(n=399)

18 82 14 0.10
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Discussion

In comparison to alendronate, clopidogrel and pantoprazole,
celecoxib enjoyed a dramatically higher uptake. The next
highest uptake was by alendronate, followed by clopidogrel
and then pantoprazole. Early celecoxib adopters were not
the same physicians who were first prescribers of alendro-
nate, clopidogrel and pantoprazole. Early users of all four
new drugs were more likely to have paid out-of-pocket for
their prescription then to have received reimbursement by
the provincial plan. While early prescribers of celecoxib
were more likely than later prescribers to be GPs or to have
a hospital affiliation, these associations were not found for
the other drugs. Our findings are consistent with other
studies which have failed to characterize the ‘early prescrib-
er’ across different drugs [21, 22].

Attributes of a drug, such as perceived efficacy and
improvement over existing alternatives, have shown to
impact early use [28–33]. Attributes of celecoxib that
resulted in such a rapid uptake potentially include percep-
tion of safety compared to other NSAIDs [12], and its use
for an easily recognizable, treatable symptom. Advertising
both to physicians and patients may have influenced the
uptake of celecoxib. Cost is another important attribute of
an innovation. Low income persons were less likely to first
receive celecoxib, consistent with the need to pay out-of-
pocket for this drug before it achieved drug plan status. The
fact that only 12% of first recipients of celecoxib were low
income highlights the effect of cost as a barrier to access to
prescription drugs [34].

While professional contact between physicians serves as
an important communication channel for new drugs [14,
28, 30, 31, 35, 36], information from pharmaceutical
representatives is often a first source of drug information
[28, 30, 32, 37, 38] and promotional activity influences
adoption of new evidence, such as randomized controlled
trials [39]. Commercial information is important to GPs and
specialists, although more so to GPs [30, 40]. At the time of
market availability, there were no published peer reviewed
studies evaluating celecoxib [2], and celecoxib was second
only to rofecoxib for promotional dollars spent in Canada
in 2000 [41]. These events suggest a role of the GP who
was identified as an early prescriber in our study in the
rapid uptake of celecoxib. Furthermore, promotion of
celecoxib was heavily marketed to patients at the time of
marketing, and it is known that direct to consumer
advertising influences prescriptions for newly marketed
drugs [42].

Aspects of the physician’s social system such as
location, size and type of physician practice [13, 20, 36,
43] and opinion leader availability [14, 30, 44] also affect
new prescribing. Group practice predicts new drug use in
some [20, 28, 36], but not other studies [31]. While we
observed that late clopidogrel adopters were more likely to
work in group practice, this may be a function of increasing
use by GPs. Hospital prescribing may influence choice of a
new drug [45] via the influence of hospital opinion leaders,
increased awareness, or exposure to new drugs through
clinical trials [32, 37, 46]. Although only noted to be a
significant association in celecoxib use, early prescribers of

Table 3 Characteristics of patients receiving prescriptions for celecoxib, alendronate, clopidogrel and pantoprazole

Characteristic Drug Early Majority Late Total p valuea

Mean age (years) Celecoxib 67.4 63.5 57.2 63.3 <0.0001
Alendronate 70.7 70.9 71.8 70.9 NS
Clopidogrel 67.6 68.1 70.5 68.2 NS
Pantoprazole 53.0 56.2 54.4 55.7 NS

Patient gender (% female) Celecoxib 67.4 63.7 59.4 63.7 NS
Alendronate 96.0 90.4 100.0 92.0 NS
Clopidogrel 48.4 50.4 38.2 49.1 NS
Pantoprazole 57.8 56.3 55.8 56.4 NS

Neighborhood residence (% urban) Celecoxib 54.9 60.1 66.2 60.1 0.0517
Alendronate 66.0 60.2 68.3 61.7 NS
Clopidogrel 71.0 63.6 56.4 63.7 NS
Pantoprazole 68.9 62.5 62.8 63.1 NS

Low income (%) Celecoxib 11.8 20.0 28.6 20.0 0.0005
Alendronate 26.0 26.8 22.0 26.2 NS
Clopidogrel 25.8 22.5 25.5 23.1 NS
Pantoprazole 8.9 20.2 26.3 18.7 NS

Drug insurance status not reimbursed patient pays (%) Celecoxib 96.5 90.1 2.3 81.8 <0.0001
Alendronate 100.0 46.4 7.3 48.9 <0.0001
Clopidogrel 95.2 64.2 16.4 63.0 <0.0001
Pantoprazole 95.6 45.9 23.3 48.8 0.0004

a Chi-squared test for trend
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each study drug were more likely than late prescribers to
have hospital affiliations.

Attempts to characterize early prescribers by profession-
al characteristics have yielded mixed results. Our finding

that early prescribers of celecoxib were more likely to be
GPs is consistent with some, but not all, of the published
literature [21, 30, 39, 40, 47, 48]. Early prescribers have
also been described as being more professionally oriented

Table 4 Characteristics of physicians prescribing celecoxib, alendronate, clopidogrel and pantoprazole

Characteristic Drug Early Majority Late Total p valuea

Physician age (% <50 yrs) Celecoxib 61.7 61.7 64.0 61.7 NS
Alendronate 56.5 55.7 55.0 55.8 NS
Clopidogrel 55.2 64.3 76.0 64.4 0.025
Pantoprazole 48.8 64.3 60.5 62.4 NS

Physician gender (% male) Celecoxib 82.3 73.6 81.4 75.3 NS
Alendronate 73.9 74.5 72.5 74.3 NS
Clopidogrel 87.9 78.4 74.0 79.0 NS
Pantoprazole 81.4 78.5 69.8 77.9 NS

Physician specialty (% GP) Celecoxib 87.9 72.3 36.1 71.5 <0.0001
Alendronate 84.8 82.8 75.0 82.3 NS
Clopidogrel 63.8 78.9 80.0 77.4 0.0346
Pantoprazole 81.4 87.6 90.7 87.3 NS

Years in practice (% >20 years) Celecoxib 29.08 26.02 20.93 26.02 NS
Alendronate 28.3 34.1 22.5 32.3 NS
Clopidogrel 36.2 22.5 18.0 23.5 0.0218
Pantoprazole 34.9 25.7 30.2 27.1 NS

% Trained in North America Celecoxib 52.5 59.1 72.1 59.3 0.0051
Alendronate 56.5 56.7 55.0 56.5 NS
Clopidogrel 67.2 62.5 60.0 62.8 NS
Pantoprazole 51.2 58.4 55.8 57.4 NS

% Hospital affiliated Celecoxib 90.07 85.83 75.58 85.58 0.0046
Alendronate 91.3 94.3 85.0 93.0 NS
Clopidogrel 91.4 88.2 84.0 88.1 NS
Pantoprazole 93.0 90.6 79.1 89.7 0.0339

% Solo practitioners Celecoxib 12.8 15.6 18.6 15.5 NS
Alendronate 20.0 12.6 14.6 13.7 NS
Clopidogrel 12.9 14.8 3.6 13.6 NS
Pantoprazole 11.1 15.1 25.6 15.7 NS

a Chi-squared test for trend

Table 5 Likelihood (Odds ratios, 95% Confidence Intervals) of an early and late prescriber of celecoxib, alendronate, clopidogrel and pantoprazole,
multivariate model with majority prescriber as reference

Early prescribers Majority prescribers Late prescribers

Celecoxib
Condition (acute vs chronic) 0.81 (0.67–0.97) Reference 1.21 (0.91–1.60)
Income (low vs high) 0.74 (0.56–0.97) Reference 1.00 (0.74–1.35)
Physician specialty (GP vs others) 1.81 (1.40–2.35) Reference 0.47 (0.34–0.64)
Practice (<20 years vs 20+ years) 0.88 (0.72–1.08) Reference 1.43 (1.01–2.02)
Hospital affiliation (yes vs no) 1.35 (1.03–1.77) Reference 0.68 (0.51–0.93)
Drug plan status (reimbursed vs not) 0.64 (0.40–1.02) Reference 17.79 (9.90–31.98)
Alendronate
Drug plan status (reimbursed vs not) – Reference 3.30 (1.81–6.01)
Clopidogrel
Physician practice (group vs solo) 1.04 (0.69–1.55) Reference 2.28 (1.11–4.73)
Drug plan status (reimbursed vs not) 0.30 (0.17–0.54) Reference 3.08 (2.12–4.45)
Pantoprazole
Drug plan status (reimbursed vs not) 0.20 (0.10–0.41) Reference 1.67 (1.16–2.42)
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[36], different from mainstream medicine [14], and younger
than the majority [21, 31, 36], but these factors were not
measured or were not significant in our study.

Limitations of this evaluation include the inability of
health care data to capture factors that may have influenced
prescribing such as patient requests, pharmaceutical indus-
try visits, advertising, physician samples, or perception of
the efficacy and safety.

However, we have tested the diffusions of innovation
model on population-based data and have identified
characteristics of early prescribers, such as hospital affili-
ation and GP status, which are helpful in the development
of targeted educational strategies to promote the appropriate
use of newly-marketed drugs. A further limitation includes
the use of first prescription to classify early adopters. This
definition of early adopters may not have been as sensitive
to capturing early adopters, as for example, a measure of
the density of prescriptions for new medications after
market availability. Additionally, a physician’s first pre-
scription for a newly marketed drug may have been a repeat
prescription for a drug initiated by another doctor. This
would misclassify the prescription as first use in the patient,
but would not misclassify first prescribing of the drug by
that physician.

Following availability, celecoxib demonstrated a faster
uptake then alendronate, pantoprazole and clopidogrel. No
common group of patients or physicians who were early
prescribers or users of all four medications emerged.
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