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Background: Undertreatment of hyperlipidemia has received considerable attention. However, little is
known about trends in overprescribing of lipid lowering agents. We examined these trends and their
associations with physician, practice, and organisational factors.
Methods: 2034 physicians were surveyed twice: baseline (1996–7) and follow up (1998–9). On each
occasion they were asked: ‘‘For what percentage of 50 year old men without other cardiac risk factors
would you recommend an oral agent for total cholesterol of 240, LDL 150, and HDL 50 after 6 months on
a low cholesterol diet?’’ During the survey period the National Cholesterol Education Program guidelines
did not recommend prescribing for these patients. Binomial and multinomial logistic regressions assessed
baseline overprescribing and longitudinal changes in overprescribing, accounting for complex sampling.
Results: 39% of physicians recommended prescribing at baseline (round 1), increasing at follow up (round
2) to 51% (p,0.001). Physicians who were more likely to overprescribe at baseline were less likely to be
board certified (odds ratio (OR) 0.49, 95% confidence interval (CI) 0.38 to 0.63; p,0.001), were in solo
or two-physician practices (OR 1.88, 95% CI 1.46 to 2.41; p,0.001), had more revenue from Medicare
(OR 1.10, 95% CI 1.03 to 1.17; p = 0.004) or Medicaid (OR 1.09, 95% CI 1.01 to 1.18; p = 0.03), or
were family physicians (OR 1.87, 95% CI 1.35 to 2.58; p,0.001). Physicians with large increases in
overprescibing were more likely than those with small increases in overprescribing to be international
medical graduates (OR 2.09, 95% CI 1.20 to 3.64; p = 0.011) and to spend more hours in patient care
(OR 1.14, 95% CI 1.03 to 1.26; p = 0.016).
Conclusions: Overprescribing of lipid lowering agents is commonplace and increased. At baseline and
longitudinally, overprescribing was primarily associated with physician and practice characteristics and
not with organisational factors.

T
o address the widespread problem of undertreatment of
hyperlipidemia, much attention has focused on increas-
ing prescribing of lipid lowering agents.1 However, cost

effectiveness analysis has shown that appropriate treatment
for the entire US population is not financially feasible.2 The
National Cholesterol Education Program (NCEP) guidelines3

recommend lipid lowering agents for 36 million US resi-
dents,4 and proposed updates to these guidelines further
increase the number of individuals requiring treatment.5

Statins, the most commonly prescribed anti-hyperlipidemic
agents, currently cost approximately $14.7 billion annually in
the US;6 this cost would increase further if updates to the
NCEP guidelines are implemented. As the cost implications of
the new Medicare prescription drug bill are debated,7 the
impact of guidelines on actual clinical practice become
increasingly relevant. Additionally, drug treatments for
hyperlipidemia are associated with significant adverse events,
another costly consequence of unnecessary prescribing.8–10

No nationally representative studies have examined the
prevalence of, or factors associated with, overprescribing of
lipid lowering agents.11 In the face of constrained resources,
strategies to reduce overprescribing are critical to raise the
number of persons treated appropriately. Such strategies
should rely on clear understanding of factors influencing
overprescribing. These factors may include physician char-
acteristics, practice characteristics, and organisational efforts
to shape physician behaviour such as guidelines, formularies
and profiling, as well as pharmaceutical company advertising
to physicians or consumers.12–15 However, the extent and
direction of influence of these factors on overprescribing of
lipid lowering agents is unclear.

We have examined the overprescribing of lipid lowering
agents using longitudinal vignette responses from the
Community Tracking Study (CTS) physician survey during

a 2 year period in which the NCEP guidelines remained
unchanged. We hypothesize that overprescribing is shaped by
physician and practice characteristics as well as organisa-
tional incentives. Understanding how these factors influence
physicians’ prescribing of lipid lowering agents has implica-
tions for targeting interventions to improve prescribing.

METHODS
Data and sampling
Data included rounds 1 (baseline, 1996–7) and 2 (follow up,
1998–9) of the CTS, a nationally representative survey of
direct patient care physicians who provide at least 20 hours
of patient care weekly and designed to assess how delivery of
health care is changing.16 The sample was randomly selected
in proportion to the population of 60 randomly selected
communities chosen after stratification to ensure diversity.
This sample was supplemented with a small randomly
selected national sample of physicians (n = 2306) to permit
precise national estimates.

The sampling frame was taken from American Medical
Association and American Osteopathic Association master
files. Primary care physicians were oversampled to allow
precise analysis of their practice of medicine.16 As the CTS
seeks to be nationally representative of direct patient care
delivery, residents, fellows, federal physicians, graduates of
foreign medical schools with temporary US licenses, physi-
cians not office-based or hospital-based (such as teachers,
researchers, and administrators), and certain specialists
(such as radiologists, anesthesiologists and pathologists)
were not surveyed.17 From 17 704 physicians surveyed, 7092
were sampled longitudinally. The population of interest for
this analysis was the 1218 internists and 816 family
physicians who responded to the vignette both times.
Although endocrinologists and cardiologists might initiate
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pharmacotherapy for hyperlipidemia, they were not included
in our analysis due to the small numbers surveyed in each
specialty. Response rates were 64.5% and 60.9% for rounds 1
and 2, respectively. Additional information on the CTS survey
can be found elsewhere.16

The study was approved by the University of Wisconsin
Medical School’s institutional review board.

Variables
The dependent variable ‘‘baseline overprescribing of oral lipid
lowering agents’’ was physician response during round 1 to
the vignette:

‘‘What about treating an elevated cholesterol with oral agents for a
50 year old man who has no other cardiac risk factors except elevated
cholesterol? After 6 months on a low cholesterol diet, his total
cholesterol is 240 and his LDL is 150. His HDL cholesterol is 50,
giving a ratio of total cholesterol to HDL cholesterol of 4.8. For what
percentage of such patients would you recommend oral agents at this
point?’’

Because NCEP guidelines concurrent with the surveys
(NCEP II) would not recommend that the vignette patient
should receive lipid lowering agents,18 the physician
responses were dichotomised to reflect overprescribing with
0 = no oral agent recommended (response to the vignette 0%)

and 1 = recommended oral agent (response to the vignette 1–
100%). However, although guidelines for the management of
hyperlipidemia did not change during the study period,
scientific literature during this period began to suggest that
stricter control of LDL might be warranted. Due to concerns
about the stringency of this cutpoint—that is, physicians may
be adopting new scientific knowledge about the benefits of
stricter LDL control not yet incorporated in guidelines or may
have patients similar to the vignette patient for whom lipid
lowering agents could be appropriate based on factors not
included in the vignette—we conducted sensitivity analyses
by redefining the two categories using cutpoints of 5% and
10% instead of 0%. Conclusions were unchanged so we
present results using the 0% cutpoint corresponding to the
NCEP guidelines.

To examine factors that explained longitudinal increases in
overprescribing, we used the subset of the sample who
increased prescribing between baseline (round 1, 1996–7)
and follow up (round 2, 1998–9). Longitudinal increases in
overprescribing were categorised by tertiles into ‘‘small’’ (1–
25%), ‘‘moderate’’ (26–50%), and ‘‘large’’ (51–100%) abso-
lute increases.

We identified explanatory variables representing physi-
cian characteristics and practice characteristics. Physician

Table 1 Physician characteristics by round of the Community Tracking Study (n = 2034)*

Characteristic

Baseline (1996–7) Follow up (1998–9)

Mean or % SE Mean or % SE

Physician characteristics
Family physician (%) 41.8 0.04 41.8 0.04
Internal medicine physician (%) 58.2 0.04 58.2 0.04
Board certification (%) 81.6 0.02 83.0 0.01
Osteopathic physician (%) 11.0 0.01 11.0 0.01
International medical graduate (%) 21.4 0.02 21.4 0.02
Female (%) 19.8 0.01 19.8 0.01
Career satisfaction� 4.0 0.06 3.8 0.03
Year of residency completion 1981 0.30 1981 0.29
Hours of patient care per week 45.2 0.75 44.6 0.78

Practice characteristics
Solo/two-physician practice (%) 36.3 0.02 36.3 0.02
Metropolitan area (%) 81.9 0.13 81.9 0.13
Percent revenue from Medicaid 12.6 0.87 12.1 0.80
Percent revenue from Medicare 35.6 0.84 36.2 1.04

Financial factors
Physician can make clinical decisions in the best interest of patients without
reducing his/her income`

4.0 0.06 3.9 0.07

Educational factors
Effect of guidelines on physician’s practice of medicine1 2.3 0.04 2.4 0.03
Effect of use of computer for treatment/guidelines on physician’s practice of
medicine1

1.7 0.03 1.9 0.04

Effect of patient satisfaction surveys on physician’s practice of medicine1 2.7 0.03 2.7 0.03
Effect of profiling on physician’s practice of medicine1 2.0 0.05 2.0 0.05
Effect of use of computer to obtain or record clinical data (medical records and
lab results)1

2.4 0.06 2.5 0.06

Effect of reminders about preventive services on physician’s practice of medicine1 2.2 0.08 2.3 0.03

Policies and procedures
Physician has freedom to make decisions based on patient needs` 4.2 0.06 4.1 0.06
Physician has the ability to maintain continuing patient relationships` 3.9 0.08 3.8 0.06
Physician has the ability to obtain high quality specialist referrals� 5.1 0.03 5.1 0.04
Physician has the ability to obtain high quality ancillary services such as physical
therapy, nutrition, or home care�

4.9 0.05 4.8 0.04

Physician has adequate time to spend with office patients� 3.5 0.03 3.3 0.04
2 year change in complexity of patients cared for without specialist referral** 3.4 0.02 3.3 0.03
2 year change in number of referrals to specialists** 3.0 0.03 3.1 0.02
2 year change in complexity of patients expected to care for without specialist
referral**

3.2 0.02 3.2 0.02

Sufficient communication with specialists to ensure quality care� 4.3 0.04 4.2 0.03
Percentage of patients for whom oral lipid lowering agent was recommended 38.9 1.06 50.5 0.98

*Values represent means unless otherwise specified.
�Mean values with very dissatisfied = 1, very satisfied = 5.
`Mean values with strongly disagree = 1, strongly agree = 5.
1Mean values with no effect = 0, very large effect = 5.
�Mean values with never = 1, always = 6.
**Mean values with decreased a lot = 1, increased a lot = 5.
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characteristics included specialty (family practice or internal
medicine), sex, type of physician (DO/MD), career satisfac-
tion (1 = very dissatisfied to 5 = very satisfied), board
certification (yes/no), international medical school graduate
status (yes/no), year of residency completion, and hours
spent in patient care during the previous week (in 10 hour
increments). Practice characteristics included practice type
(solo/two physician versus other), metropolitan area (yes/
no), as well as percentage practice revenue from Medicaid (in
10% increments) and from Medicare (in 10% increments).

Our model also included organisational factors that
potentially influence prescribing through educational and
selection efforts (for example, managed care organisations
may select providers with certain characteristics), policies

and procedures, and financial incentives.19 Organisational
efforts to educate/select physicians were represented by six
items assessing the physician’s perception of the effect of (1)
guidelines, (2) reminders about preventive services, (3) use of
computer to obtain or record clinical data (medical records
and laboratory results), (4) use of computer for treatment
information or guidelines, (5) patient satisfaction surveys,
and (6) profiling on their practice, all of which were reported
as 0 = no effect to 5 = very large effect. Organisational
policies and procedures were represented by the physicians’
perceptions of nine factors. These included change in the
previous 2 years in the number of referrals to specialists and
in the complexity of the patients that they cared for or were
expected to care for without specialist referral (all as

Table 2 Adjusted odds ratios (OR) and 95% confidence intervals (CI) for variables
associated with overprescribing of lipid lowering agents at baseline* (n = 2034)

OR� 95% CI

Physician characteristics
Family physician 1.87 1.35 to 2.58
Board certification 0.49 0.38 to 0.63
Osteopathic physician 1.14 0.86 to 1.50
International medical graduate 0.76 0.54 to 1.06
Career satisfaction` 1.05 0.95 to 1.16
Year of residency completion 0.99 0.98 to 1.00
Hours of patient care per week (per 10 hour increment) 1.06 0.95 to 1.19

Practice characteristics
Solo/two-physician practice 1.88 1.46 to 2.41
Percentage revenue from Medicaid (per 10% increment) 1.09 1.01 to 1.18
Percentage revenue from Medicare (per 10% increment) 1.10 1.03 to 1.17

Educational factors
Effect of guidelines on physician’s practice of medicine1 0.90 0.80 to 1.01
Effect of use of computer for treatment/guidelines on physician’s
practice of medicine1

1.02 0.94 to 1.10

Effect of use of computer to obtain or record clinical data (medical
records and laboratory results)1

0.97 0.89 to 1.05

Policies and procedures
Physician has freedom to make decisions based on patient needs� 0.92 0.83 to 1.02
Physician has the ability to maintain continuing patient relationships� 1.02 0.94 to 1.10
2 year change in complexity of patients expected to care for without
specialist referral**

0.88 0.77 to 1.01

Sufficient communication with specialists to ensure quality care� 1.18 0.92 to 1.51

*Adjusted for sex, metropolitan area, physician can make clinical decisions in the best interest of patients without
reducing his/her income, effect of patient satisfaction surveys on physician’s practice of medicine, effect of profiling
on physician’s practice of medicine, effect of reminders about preventive services on physician’s practice of
medicine, physician has the ability to obtain high quality specialist referrals, physician has the ability to obtain high
quality ancillary services such as physical therapy, nutrition, or home care, physician has adequate time to spend
with office patients, 2 year change in complexity of patients cared for without specialist referral, 2 year change in
number of referrals to specialists.
�For continuous explanatory variables, OR represents the odds of overprescribing for a one unit increase in the
explanatory variable. For explanatory variables that reference the presence or absence of a characteristic, OR
represents the the odds of overprescribing when the characteristic is present.
`Mean values with very dissatisfied = 1, very satisfied = 5.
1Mean values with no effect = 0, very large effect = 5.
�Mean values with strongly disagree = 1, strongly agree = 5.
**Mean values with decreased a lot = 1, increased a lot = 5.

Table 3 Categories of change in percentage prescribing of lipid lowering agents between survey rounds 1 (baseline) and 2
(follow up) (n = 2034)

N
Round 1
(baseline) Mean (SE)

Round 2
(follow up) Mean (SE)

Change
Mean (SE)

Appropriate prescribing
Perfect (vignette responses in both rounds of 0% prescribing for the
patient described, consistent with NCEP guidelines)

360 0.0 (0.00) 0.0 (0.00) 0.0 (0.00)

Overprescribing
Increasing (round 2 prescribing higher than round 1, indicating
change not consistent with NCEP guidelines)

927 25.3 (0.87) 70.5 (1.10) 45.1 (1.02)

Stable (vignette responses in both rounds are the same but non-zero,
indicating no change consistent with NCEP guidelines)

276 82.2 (2.00) 82.2 (2.00) 0.0 (0.00)

Decreasing (round 2 prescribing less than round 1, indicating change
consistent with NCEP guidelines)

471 68.0 (1.59) 27.2 (1.90) 240.8 (1.82)
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1 = decreased a lot to 5 = increased a lot). Other policy and
procedure items included having freedom to make clinical
decisions that meet patients’ needs, having sufficient com-
munication with specialists to ensure quality care, having
adequate time to spend with patients, having the ability to
maintain continuing relationships with patients over time
(all as 1 = disagree strongly to 5 = agree strongly), and
having the ability to obtain high quality ancillary services
or to obtain referrals to high quality specialists (both as
1 = never to 6 = always). Financial incentives were repre-
sented by the physician’s perceived ability to make clinical
decisions without reducing personal income (1 = disagree
strongly to 5 = agree strongly).

Statistical methods
Binomial and multinomial logistic regressions were used to
analyse baseline overprescribing and longitudinal changes in
prescribing behaviour, accounting for the complex sample
design of the survey by using the ‘‘svy’’ commands in Stata
8.0 and applying recommended statistical techniques for
longitudinal data.20 Our analyses also incorporated non-
response adjustments into survey weights and were therefore

less likely to be affected by non-response bias. Other
researchers have shown that there was little difference
between CTS responders and non-responders.21 All analyses
were performed on the total sample and used the subpopula-
tion option to examine our population of interest (1218
internists and 816 family physicians surveyed longitudin-
ally), ensuring correct calculation of standard errors. All
explanatory variables were modeled as either ordinal or
continuous unless otherwise specified. To guard against
possible confounding, all variables were retained in statistical
models but presented in tables only if significant at p,0.20 in
either the baseline or longitudinal model.22

RESULTS
Respondent characteristics
Baseline (round 1) and follow up (round 2) characteristics of
respondents are shown in table 1, accounting for survey
design factors to produce nationally representative estimates.
In general, respondents were predominantly men and were
board certified graduates of US medical schools who
perceived the impact of many organisational strategies
designed to influence their behaviour. The percentage of

Table 4 Odds ratios (OR) and 95% confidence intervals (CI) for variables associated with
moderate or large increases in overprescribing compared with small increases*(n = 927)

Moderate increase in
overprescribing

Large increase in
overprescribing

OR� 95% CI OR� 95% CI

Physician characteristics
Family physician 1.10 0.65 to 1.87 1.35 0.79 to 2.30
Board certification 0.80 0.49 to 1.30 0.85 0.58 to 1.25
Osteopathic physician 1.55 0.88 to 2.72 1.42 0.72 to 2.78
International medical graduate 1.70 1.07 to 2.71 2.09 1.20 to 3.64
Career satisfaction` 0.99 0.81 to 1.20 0.86 0.70 to 1.06
Year of residency completion 0.98 0.96 to 1.00 1.00 0.97 to 1.02
Hours of patient care per week (per 10 hour
increment)

1.14 1.03 to 1.27 1.14 1.03 to 1.26

Practice characteristics
Solo/two-physician practice 1.15 0.82 to 1.62 0.72 0.44 to 1.18
Percentage revenue from Medicaid (per 10%
increment)

0.94 0.79 to 1.12 0.98 0.86 to 1.11

Percentage revenue from Medicare (per 10%
increment)

0.90 0.84 to 0.97 0.95 0.86 to 1.04

Educational factors
Effect of guidelines on physician’s practice of
medicine1

0.96 0.76 to 1.20 1.02 0.87 to 1.19

Effect of use of computer for treatment/guidelines
on physician’s practice of medicine1

0.87 0.75 to 1.00 1.03 0.90 to 1.18

Effect of use of computer to obtain or record
clinical data (medical records and laboratory results)1

1.08 0.97 to 1.21 1.07 0.94 to 1.23

Policies and procedures
Physician has freedom to make decisions based
on patient needs�

1.01 0.80 to 1.27 0.97 0.73 to 1.30

Physician has ability to maintain continuing
patient relationships�

1.01 0.84 to 1.22 0.91 0.81 to 1.03

2 year change in complexity of patients expected
to care for without specialist referral**

0.88 0.59 to 1.33 0.86 0.61 to 1.21

Sufficient communication with specialists to
ensure quality care�

1.10 0.91 to 1.33 1.21 0.96 to 1.52

*Adjusted for sex, metropolitan area, physician can make clinical decisions in the best interest of patients without
reducing his/her income, effect of patient satisfaction surveys on physician’s practice of medicine, effect of profiling
on physician’s practice of medicine, effect of reminders about preventive services on physician’s practice of
medicine, physician has the ability to obtain high quality specialist referrals, physician has the ability to obtain high
quality ancillary services such as physical therapy, nutrition, or home care, physician has adequate time to spend
with office patients, 2 year change in complexity of patients cared for without specialist referral, 2 year change in
number of referrals to specialists.
�For continuous explanatory variables, OR represents the odds of either moderate or large increases in
overprescribing for a one unit increase in the explanatory variable compared with a small increase. For
explanatory variables that reference the presence or absence of a characteristic, OR represents the odds of either
moderate or large increases in overprescribing when the characteristic is present.
`Mean values with very dissatisfied = 1, very satisfied = 5.
1Mean values with no effect = 0, very large effect = 5.
�Mean values with strongly disagree = 1, strongly agree = 5.
**Mean values with decreased a lot = 1, increased a lot = 5.
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vignette patients for whom respondents would recommend
an oral lipid lowering agent increased from 38.9% at baseline
to 50.5% at follow up (p,0.001).

Factors associated with baseline overprescribing
At baseline a greater likelihood of overprescribing oral lipid
lowering agents was significantly associated with being a
family physician (p,0.001), in a solo or two-physician
practice (p,0.001), and having more Medicaid (p = 0.03)
or Medicare (p = 0.004) revenue (table 2). Board certification
was associated with less likelihood of overprescribing
(p,0.001).

Changes in prescribing over time
Of the 2034 physicians surveyed longitudinally, approximately
one fifth were consistently appropriate with respect to the NCEP
guidelines (did not recommend oral lipid lowering agents for
vignette patient in baseline or follow up survey; table 3). Of the
remaining four fifths of physicians who recommended pre-
scribing inappropriately in at least one survey round, more than
half increased overprescribing from baseline, while one fifth
had stable but non-zero overprescribing and slightly more than
one quarter reduced their overprescribing.

Factors associated with increasing overprescribing
To identify factors that might explain the 12% absolute
increase in overprescribing, we focused on the 927 physicians
who increased prescribing from baseline. Compared with
physicians with small increases in overprescribing, those with
moderate or large increases were more likely to be interna-
tional medical graduates (p = 0.027 and p = 0.011, respec-
tively) and to spend more hours in direct patient care
(p = 0.012 and p = 0.016, respectively) (table 4). Physicians
with moderate increases in overprescribing had less practice
revenue from Medicare than those with small increases
(p = 0.01).

DISCUSSION
Our results suggest that overprescribing of lipid lowering
agents may be significant in magnitude and increasing. At
baseline, overprescribing of lipid lowering medications was
primarily associated with physician and practice character-
istics such as board certification, specialty, and practice
setting. Longitudinal increases in overprescribing were also
primarily related to physician and practice characteristics.
Organisational incentives had little association with over-
prescribing, consistent with literature suggesting that most
managed care strategies to influence physician prescribing
have limited effectiveness.23

Our results are consistent with research demonstrating
that guidelines may not be applied in clinical practice.12 13 24–26

Despite substantial efforts to promote NCEP guidelines and
to intensively fund physician education efforts, only 59% of
internists in an American College of Physicians survey were
familiar with NCEP guidelines.24 Further, in a study about
family physicians’ awareness of hyperlipidemia consensus
statements, less than 20% of respondents knew the exact
values recommended in the statements.25 Although interven-
tions to change physician prescribing27 and improve guideline
adherence12 13 have been studied extensively, few studies
have examined factors associated with increasing overpre-
scribing when guidelines are implemented in actual practice.
Recognition of factors associated with increased overpre-
scribing after guideline publication may inform future
guideline implementations and interventions to decrease
overprescribing.

No non-interventional studies have examined physician
and practice characteristics associated with longitudinal
increases in overprescribing. However, a randomised trial of

an educational intervention suggested that prescribing
changes were independent of physician characteristics,
including age, board certification, specialty, rural versus
urban practice, intensity of previous target drug use, and size
of Medicaid practice.28 This contrasts with our results that
international medical graduates and physicians with more
hours in direct patient care had larger increases in over-
prescribing. This may illustrate the distinction between
randomised trials of interventions that target specific
improvements in physician behaviour and changes in actual
clinical practice after guideline publication. Many factors may
affect these ‘‘real world’’ behaviour changes, but the
relationship between overprescribing and more hours in
direct patient care may be partially due to lack of agreement
with guidelines. In a survey of internists who were members
of the American College of Physicians, physicians seeing
patients more than 20 hours per week were more likely to
feel that guidelines challenged physician autonomy and were
too rigid for actual use with individual patients than those
with less clinical time.24 Alternatively, this finding may
represent the struggles that busy clinicians face in becoming
aware of or familiar with guidelines. Lastly, international
medical graduates may receive perplexing messages about
hyperlipidemia management as guidelines and units of
measure for lipid levels vary nationally. However, a previous
study showed that, although national guidelines varied, the
NCEP guidelines would treat more patients than several
other international guidelines.29 Thus, this would not explain
the association between international medical graduates and
increasing overprescribing. In addition, the definition of oral
agent was left to the respondent. If international medical
graduates were more likely to recommend dietary supple-
ments, this might explain the association between over-
prescribing and international medical graduate status.

In contrast to studies of change over time, previous
literature has suggested that a number of physician and
practice characteristics are associated with baseline inap-
propriate prescribing. These physician characteristics include
older age,30 31 male sex,30 family/general practitioner com-
pared with other specialties,30 32 lacking specialty certifica-
tion,31 and practice outside an urban area.30 32 These findings
are consistent with our results that physicians who were not
board certified, were in solo or two-physician practices, or
were family physicians were more likely to prescribe
inappropriately. In addition, physicians who had more
practice revenue from either Medicare or Medicaid were
more likely to prescribe inappropriately at baseline, perhaps
reflecting awareness of their patients’ reduced financial
barriers to prescription drug use.

As in all observational studies, unmeasured factors may
contribute to or explain the relationships observed. While
CTS data on physician, practice, and organisational char-
acteristics do allow adjustment for many potential confoun-
ders, the impact of prescription drug insurance or formularies
could not be assessed. It is conceivable that responses to the
vignette may not reflect actual practice, although previous
literature has shown that vignettes accurately reflect practice
behaviour.33 Overprescribing of lipid lowering agents was
examined with a single clinical vignette, so the study results
may not be generalisable to practice overall. In addition, the
2 year interval between surveys may not be sufficient to
create a detectable impact of some organisational incentives.

Although the guidelines were unchanged during the study
period, publications about the benefits of stricter LDL
control34 35 may have led some physicians to prescribe beyond
guideline recommendations. Also, while the vignette states
the patient has ‘‘no other cardiac risk factors’’, physicians
may have believed there were some patients similar to the
vignette patient for whom treatment could be indicated
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based on factors not explicitly stated in the vignette. To
address these possibilities, we performed a sensitivity
analysis with less stringent cutpoints for appropriate pre-
scribing. The less stringent cutpoints allowed physicians who
prescribed for 5–10% of such patients to be considered as
appropriate prescribers. Analyses based on these less strin-
gent cutpoints did not alter the conclusions of the study.

The marked increase in overprescribing of lipid lowering
agents may result from a number of factors directed to either
patients or physicians. These include direct to consumer
advertising (DTCA) or physician directed advertising by
pharmaceutical companies, both of which have been shown
to increase physician prescribing.15 DTCA is a particularly
likely cause as guidance by the Food and Drug
Administration in 1997 (between the two rounds of the
CTS) facilitated DTCA. Both hyperlipidemia diagnoses and
the number of lipid lowering agent prescriptions are
positively associated with DTCA expenditures for lipid low-
ering agents.14 Marketing strategies directed towards physi-
cians have also been shown to affect prescribing,36 despite the
fact that many of the promotional statements in advertise-
ments for lipid lowering drugs are not supported by the cited
reference.37 Additionally, efforts to raise awareness of
cardiovascular health38 and the use of cholesterol screening
as a marker for quality of care39 40 could contribute to our
findings. Although these factors cannot be assessed with our
data, they could be considered in future research on
overprescribing of lipid lowering agents.

This work shows the magnitude and trend of overprescrib-
ing of lipid lowering agents during a period of stability in the
NCEP guidelines while also examining factors associated
with this overprescribing. Recognition of overprescribing of
lipid lowering agents is critical in the context of concerns
about their safety.8–10 Furthermore, previous work has shown
our inability as a nation to fund lipid lowering agents for all
patients who meet treatment criteria.2 The findings of our
study indicate that we are even less well situated to meet the
treatment needs of our patients. This is particularly relevant
given recent policy changes surrounding prescription drug
coverage,7 and NCEP guideline updates focused on tightening
lipid level goals and thus increasing the number of people for
whom such drugs are recommended.3 5

This work also suggests that interventions to curb over-
prescribing should consider the role of physician and practice
characteristics in shaping physician behaviour. Because data
on whether a physician prescribes inappropriately are rarely
available, identifying these physicians through their common
characteristics may promote effective targeting of quality
improvement efforts. Furthermore, the characteristics of
these physicians suggest that education (lack of board
certification or international medical graduates), lack of time
for educational pursuits (in solo or two-physician practices),
and financial incentives (those with more practice revenue
from Medicare or Medicaid) are potential root causes for
overprescribing of lipid lowering agents.
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