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The important role of cholesterol in the develop-
ment of coronary atherosclerosis has been appreci-
ated for decades.1–3 Epidemiologic data were so

compelling that national guidelines have encouraged lipid-
lowering therapy for the treatment of people at high risk
since the early 1990s.4 Subsequently, randomized clinical
trials5–8 have affirmed the soundness of this secondary pre-
vention, even for those who have coronary revasculariza-
tion.9,10

Coronary revascularization procedures are widely used to
treat coronary artery disease and have been shown to im-
prove quality of life and longevity in specific situations. As
the population ages and indications expand,  more revascu-
larization procedures are performed each year. Patients who
undergo coronary revascularization, particularly the elderly,
nevertheless remain at high risk of repeat coronary events.
Therefore, according to current guidelines,4 this group
should be targeted for secondary prevention strategies.

The goals of this study were to determine the rate and
predictors of the filling of one or more cholesterol-lowering
drug prescriptions in a well-defined cohort of elderly patients
who had recently undergone coronary revascularization.

Methods

We conducted this population-based study with data from the
computerized administrative databases of the Régie de l’assurance
maladie du Québec. These databases were developed in the con-
text of the universal health insurance program provided to all resi-
dents of Quebec, Canada, and capture all physician visits, proce-
dures, hospitalizations, outpatient prescription drugs dispensed
and vital status. Outpatient prescription data include information
on the nature, quantity, strength, dosage and dispensing date of all
drugs. The hospital database contains information on all in-hospi-
tal procedures as well as patient demographics, admission and dis-
charge dates, and up to 15 discharge diagnoses coded with the 9th
revision of the International Classification of Diseases (ICD-9).

All databases were linked through the use of a unique and
anonymous identifier, thereby creating a longitudinal history of
each patient’s clinical outcomes and patterns of drug use after
their revascularization procedure. The prescription drug database
is complete only for those over the age of 65. Cohort entry was
defined as the discharge date for the hospitalization that included
the revascularization procedure.

We followed patients from the first revascularization proce-
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Background: In clinical trials, cholesterol-lowering medications
have been proven to decrease mortality and morbidity and are
strongly recommended as secondary prevention for patients
with established coronary artery disease. Whether physicians
and patients follow this recommendation is unknown. Our ob-
jective was to determine the rate at which patients fill at least
one prescription for cholesterol-lowering medications after
coronary revascularization.

Methods: Using the computerized administrative databases of
the Régie de l’assurance maladie du Québec, we identified
all elderly patients (older than 65 years) who had a coronary
revascularization procedure (percutaneous coronary inter-
vention or coronary artery bypass graft) between Apr. 1,
1995, and Dec. 31, 1997, and who survived until hospital
discharge. We also determined the percentage of these pa-
tients who filled one or more prescriptions for cholesterol-
lowering drug therapy before Dec. 31, 1999, or death,
whichever date came first. We used multivariate logistic re-
gression models to examine the independent associations
between filling a prescription for a cholesterol-lowering
drug, patient characteristics and the type and year of coro-
nary revascularization.

Results: We identified 11 958 elderly patients who had a coro-
nary revascularization between Apr. 1, 1995, and Dec. 31,
1997. During a follow-up period that averaged 3 years, 4443
(37.2%) patients did not fill a prescription for a cholesterol-
lowering medication. Patients who were male, of advanced
age, who had diabetes or congestive heart failure were less
likely to fill a prescription for a cholesterol-lowering medica-
tion. Patients whose initial revascularization procedure was
coronary artery bypass grafting were also less likely than those
who had angioplasty to start cholesterol-lowering medication
(relative risk [RR] 0.77, 95% confidence interval [CI] 0.73 –
0.81). Use of cholesterol lowering medications before the
revascularization procedure was very strongly associated with
future drug use (RR 7.20, 95% CI 6.83–7.58).

Interpretation: In this population-based study of revascularized
patients, we observed a substantial underutilization of choles-
terol-lowering medications after revascularization.  Our obser-
vations suggest an important role for continuity of care in the
treatment of cardiovascular patients undergoing revasculariza-
tion procedures.
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dure they had during the period Apr. 1, 1995, to Dec. 31, 1997,
until Dec. 31, 1999, or until they died, whichever came first. Pa-
tients may have had previous revascularization procedures before
Apr. 1, 1995. The only patients excluded from the cohort were
those less than 65 years of age at the time of their revasculariza-
tion procedure, non-Quebec residents and those who died in the
hospital during their initial revascularization.

We confirmed the validity of the physician services dataset
that we used to identify revascularized patients by cross-linking
with the hospital admission and discharge dataset. We were un-
able to locate a corresponding hospital record for less than 1% of
patients, and these cases were discarded. The reliability of the
hospital administrative databases in recording the number of
coronary revascularizations has been previously validated.11

Moreover, the coding accuracy of primary and secondary dis-
charge diagnoses in the Quebec hospitalization database for el-
derly persons with cardiovascular disorders has also been demon-
strated,12 as has the accuracy of the pharmaceutical database.13 

The primary outcome measure was the dispensing of a cho-
lesterol-lowering drug prescription, and we defined exposure as
patients who filled at least 1 prescription after their revasculariza-
tion procedure.

We analyzed the univariate associations of numeric and cate-
gorical variables with the post-revascularization use of choles-
terol-lowering medications with t-tests and χ2 respectively. We
developed fully adjusted multivariate logistic regression models
to assess the independent associations between the start of cho-
lesterol-lowering drug use and patient demographics, geo-
graphic region, year and type of coronary revascularization, dis-
ease severity, comorbidities, use of other medications and the
intensity of medical follow-up. We used the incidence of previ-
ous myocardial infarction and congestive heart failure as mark-
ers of disease severity. We assessed the severity of the associated
comorbidities collectively with the Charlson index,14 a weighted
index of the seriousness of hospital diagnoses that has previously
been validated.
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Table 1: Baseline characteristics of elderly subjects who underwent a
coronary revascularization procedure in Quebec in 1995–97, overall and
according to cholesterol-lowering drug use after initial revascularization

Feature

No. (and %) of
non-users
(n = 4443)

No. (and %) of
users

(n = 7515) p value

Clinical

Mean age, yr (±SD) 72.7 (5.0) 70.6 (4.2) < 0.001

Males 2986 (67.2) 4376 (58.2) < 0.001

Mean follow-up, days (±SD) 1083 ± 415 1174 ± 320 < 0.001

Diabetes 1022 (23.0) 1500 (20.0) < 0.001

Hypertension 1770 (39.8) 3154 (42.0) < 0.022

Congestive heart failure 901 (20.3) 987 (13.1) < 0.001

Myocardial infarction 1370 (30.8) 2047 (27.2) < 0.001

Charlson Index score
(mean, SD)

2.0 (1.8) 1.6 (1.6) < 0.001

Previous medications*

Cholesterol-lowering Rx† 216 (4.9) 3483 (46.3) < 0.001

  Statins 164 (3.7) 2953 (39.3) < 0.001

  Fibrates 49 (1.1) 592 (7.9) < 0.001

  Other classes 9 (0.2) 73 (1.0) < 0.001

ASA 2632 (59.2) 5048 (67.2) < 0.001

Beta blockers 2273 (51.2) 4495 (59.8) < 0.001

Calcium-channel blockers 2280 (51.3) 4114 (54.7) < 0.001

Oral hypoglycemics or insulin 1015 (22.8) 1710 (22.8) 0.91

Index procedure

Year of intervention

  1995 1204 (39.4) 1848 (60.6) 0.45

  1996 1490 (36.2) 2626 (63.8) 0.05

  1997 1749 (36.5) 3041 (63.5) 0.82

Intervention type

  Angioplasty 1956 (36.3) 3429 (45.6)   0.09‡
  CABG 2487 (63.7) 4086 (54.3)   0.09‡

Note: CABG = coronary artery bypass grafting, SD = standard deviation.
*Baseline period defined as the 90-day time window preceding and including the index revascularization.
†Categories for cholesterol-lowering agents are not mutually exclusive.
‡Combined p value for angioplasty and CABG data.
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Results

Between Apr. 1, 1995, and Dec. 31, 1997, 31 520 pa-
tients had a revascularization procedure and 12 759 were
aged 65 years or older when they had their first procedure.
We excluded 661 (5%) who died in hospital and a further
140 (1%) patients for whom it was impossible to locate
complete records, leaving a final cohort of 11 958 patients.

The baseline characteristics of these patients are given in
Table 1. The average age was 71 years (standard deviation
4.7, range 65 to greater than 85) and 64.6% were males. As
expected, diabetes, hypertension and prior myocardial in-
farctions were highly prevalent conditions. The initial
revascularization procedure was percutaneous coronary in-
tervention (angioplasty) in 5385 patients and bypass
surgery (coronary artery bypass grafting) in 6573. In the 3
months before their coronary revascularizations, 3698 pa-
tients (31%) had filled a prescription for cholesterol-lower-
ing medications.

The total number of patients who filled at least one
prescription for a cholesterol-lowering medication after
their initial revascularization procedure was 7515
(62.8%), including 4033 (33.7%) who were new users.
The median time to filling the first prescription after
revascularization was less than 1 month for continuing
users, but was over 8 months for new users. For most

(6613) patients (88%) their first prescription was for a
statin. There were 4227 patients (35.4% of the total co-
hort) who never filled a prescription for any cholesterol-
lowering medication, and 216 (1.8%) patients who had
used a cholesterol-lowering medication before their
revascularization did not, at any time after the procedure,
refill a prescription. Therefore, during an average follow-
up period of over 3 years after their revascularization pro-
cedure, 4443 (37.2%) did not fill a single prescription for
cholesterol-lowering therapy.

Non-users generally had a higher risk profile than
users, with increased disease severity, more comorbid ill-
ness and more advanced age (Table 1). We identified sev-
eral variables that were independently associated with the
dispensing of a cholesterol-lowering drug after revascular-
ization (Table 2). Men were less likely to fill a prescription
(relative risk [RR] 0.87, 95% confidence interval [CI]
0.83–0.92). There was a strong inverse relationship be-
tween drug exposure and increasing age (Fig. 1). For ex-
ample, patients between 75 and 79 years old were 39%
(95% CI 35%–43%) less likely to be treated than the ref-
erence group of patients aged 65 to 69 years. Patients
whose initial revascularization procedure was bypass
surgery were less likely to be treated than those undergo-
ing angiography (RR 0.77, 95% CI 0.73–0.81). Higher
risk patients with diabetes (RR 0.89, 95% CI 0.84–0.94)

Table 2: Predictors of cholesterol-lowering medication use after initial
revascularization

Predictor Crude RR (and 95% CI) Adjusted RR (and 95% CI)*

Male 0.89 (0.85–0.93) 0.87 (0.83–0.92)
Age

  65–69 yr Reference Reference

  70–74 yr 0.84 (0.80–0.88) 0.87 (0.82–0.91)

  75–79 yr 0.55 (0.51–0.59) 0.61 (0.57–0.65)

  ≥ 80 yr 0.35 (0.31–0.41) 0.43 (0.37–0.49)

Procedure

  Angioplasty Reference Reference

  CABG 0.92 (0.88–0.96) 0.77 (0.73–0.81)

Year

  1995† Reference Reference

  1996 1.18 (1.11–1.26) 1.19 (1.12–1.27)

  1997 1.36 (1.28–1.44) 1.29 (1.21–1.37)

Prior myocardial infarction 0.89 (0.85–0.94) 0.99 (0.93–1.05)

Congestive heart failure 0.75 (0.70–0.80) 0.81 (0.76–0.87)

Hypertension 1.08 (1.03–1.13) 1.02 (0.98–1.08)

Diabetes 0.94 (0.88–0.98) 0.89 (0.84–0.94)

Charlson score (> 1) 0.84 (0.80–0.89) 0.96 (0.91–1.02)

Prior CLM 7.11 (6.77–7.47) 7.20 (6.83–7.58)

Prior ASA 1.24 (1.18–1.30) 1.04 (0.98–1.09)

Note: RR = relative risk, CABG = coronary artery bypass grafting, CLM = cholesterol-lowering medications.
*The fully adjusted model included all variables in Table 2, geographic region and the intensity of medical
follow-up, as assessed by the number of physician contacts.

†χ2 test for linear trend = 5.73; p = 0.016.



and congestive heart failure (RR 0.81, 95% CI 0.76–0.87)
were also less likely to be treated. Prior use of cholesterol-
lowering medications was very strongly associated with fu-
ture drug use (RR 7.20, 95% CI 6.83–7.58). Patients who
entered the cohort more recently had an increased chance
of receiving therapy (p = 0.02). Those patients with hyper-
tension, previous myocardial infarction, prior use of as-
pirin and an increased Charlson score were no more likely
to fill a cholesterol drug prescription than those without
these conditions.

Interpretation

We have demonstrated an important underutilization of
cholesterol-lowering medications among patients who have
had revascularization procedures despite guidelines, pub-
lished before the inception of this cohort, that emphasize
that similar high-risk patients are suitable candidates for
drug therapy.4 There is a pronounced association of under-
utilization with increasing age. Whether patients used pre-
scriptions for cholesterol-lowering medication before coro-
nary revascularization was the best marker of whether they
would start using them again after the procedure.  This
suggests an important role of continuity of care in overall
quality of care.

As early as 1994, practice guidelines supported by the
large randomized 4S trial5 argued for secondary prevention
of adverse coronary events by lowering cholesterol. A nat-
ural question is why the drug patterns observed in this
study do not seem to conform to these standards. The im-
proving prescribing patterns observed over the period of
the study suggest that perhaps physicians were awaiting ad-
ditional scientific evidence. A meta-analysis published only
late in the follow-up period did confirm these advantages
for elderly patients.15

It is disconcerting to note that patients with the highest
risk of death or myocardial infarction (the very elderly,
those with diabetes and those with congestive heart failure)

are the same patients who have the lowest likelihood of re-
ceiving cholesterol-lowering medications. Recent trials
published after the time period of this study have con-
firmed the benefits of extending cholesterol-lowering ther-
apy to the elderly.16,17 The elderly have previously been
identified as a patient group prone to underutilization of
other proven cardiac therapies.18 It is odd that a medical
system appears willing to provide invasive and expensive
revascularization techniques, without compelling evidence
of benefit in the very elderly, but seems less eager to follow
up with a proven low-technology intervention such as cho-
lesterol-lowering drug therapy.

Is it possible that this underutilization of a proven ther-
apy is a phenomenon restricted to our study area? This ap-
pears unlikely because studies19–21 in other countries have
also shown a low prevalence of secondary prevention with
lipid-lowering drugs in other populations. Moreover, Que-
bec physicians have been shown22 to follow evidence-based
medicine at least as readily as their American colleagues, if
not more so. However, to further clarify this issue, others
may consider examining this question in their local region
or country.

Our study does have some potential limitations. First,
we chose an inaugural prescription as our primary end-
point because we were interested in assessing the intent to
introduce this therapy. Our data would not permit an ade-
quate ascertainment of the interplay of physicians’ or pa-
tients’ characteristics ( e.g., cost, side effects) that might
influence long-term adherence. Although compliance
was, therefore, not assessed in this study, it is clearly an
important issue because low adherence rates have been
observed previously in elderly populations.23,24 Second, we
have no biochemical lipoprotein measurements. However,
local and international evidence 25, 26 suggests that the
great majority of revascularized patients have clinically
significant dyslipidemias that  need pharmacologic treat-
ment according to current guidelines. As well, the sugges-
tion that the pleiotropic properties of statins (improving
endothelial function, diminishing inflammation and im-
proving plaque stability) are important further argues that
virtually all revascularized patients should be treated re-
gardless of their cholesterol level.17 Third, we have infor-
mation only on the dispensing of drugs, not on actual pre-
scription rates.

In conclusion, this study has shown an underutilization
of cholesterol-lowering therapy in a cohort of revascular-
ized elderly patients. We have identified subgroups who are
especially likely to be neglected. Continuity of care is likely
to be an important process in assuring improved quality of
drug therapy in this population. Although some improve-
ment in prescription patterns was observed over time, more
research is needed to confirm and extend these findings. A
simple approach to addressing this identified gap in care
may be to systematically introduce cholesterol-lowering
drugs on hospital discharge and to later reassess the need
for long-term continuation.
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Fig. 1: Patients not receiving cholesterol-lowering medication
after initial revascularization as a function of age.

%
 o

f p
at

ie
nt

s 
no

t 
re

ce
iv

in
g 

ch
ol

es
te

ro
l d

ru
gs 100

80

60

40

20

0
0 1 2 3 4 5

Time since revascularization, yr

> 80
75–79
70–74
65–69



References

1. Lipid Research Clinics Program. JAMA 1984;252(18):2545-8.
2. Stamler J, Wentworth D, Neaton JD. Is relationship between serum choles-

terol and risk of premature death from coronary heart disease continuous and
graded? Findings in 356222 primary screenees of the Multiple Risk Factor In-
tervention Trial (MRFIT). JAMA 1986;256(20):2823-8.

3. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel
WB. Prediction of coronary heart disease using risk factor categories. Circula-
tion 1998;97(18):1837-47.

4. National Cholesterol Education Program. Second Report of the Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel II). Circulation 1994;89(3):1333-445.

5. Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: The Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344
(8934):1383-9.

6. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, et
al. The effect of pravastatin on coronary events after myocardial infarction in
patients with average cholesterol levels. Cholesterol and Recurrent Events
Trial Investigators. N Engl J Med 1996;335(14):1001-9.

7. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, MacFarlane PW, et
al. Prevention of coronary heart disease with pravastatin in men with hyperc-
holesterolemia. West of Scotland Coronary Prevention Study Group. N Engl
J Med 1995;333(20):1301-7.

8. Prevention of cardiovascular events and death with pravastatin in patients
with coronary heart disease and a broad range of initial cholesterol levels. The
Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
Study Group. N Engl J Med 1998;339(19):1349-57.

9. The effect of aggressive lowering of low-density lipoprotein cholesterol levels
and low-dose anticoagulation on obstructive changes in saphenous-vein coro-
nary-artery bypass grafts. The Post Coronary Artery Bypass Graft Trial Inves-
tigators. [published erratum appears in N Engl J Med 1997;337(25):1859]. N
Engl J Med 1997;336(3):153-62. Erratum in: N Engl J Med 1997;337(25):1859. 

10. Flaker GC, Warnica JW, Sacks FM, Moye LA, Davis BR, Rouleau JL, et al.
Pravastatin prevents clinical events in revascularized patients with average
cholesterol concentrations. Cholesterol and Recurrent Events CARE Investi-
gators. J Am Coll Cardiol 1999;34(1):106-12.

11. Conseil d`évaluation des technologies de la santé : Revascularization techniques
used in the treatment of stable angina pectoris. Montreal: le Conseil; 1996.

12. Levy AR, Tamblyn RM, Fitchett D, McLeod PJ, Hanley JA. Coding accuracy
of hospital discharge data for elderly survivors of myocardial infarction. Can J
Cardiol 1999;15(11):1277-82.

13. Tamblyn R, Lavoie G, Petrella L, Monette J. The use of prescription claims
databases in pharmacoepidemiological research: the accuracy and comprehen-
siveness of the prescription claims database in Quebec. J Clin Epidemiol
1995;48(8):999-1009.

14. 14. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 1987;40:373-83.

15. LaRosa JC, He J, Vupputuri S. Effect of statins on risk of coronary disease: a
meta-analysis of randomized controlled trials. JAMA 1999;282:2340-6.

16. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, et
al. Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a
randomised controlled trial. Lancet 2002;360:1623-30.

17. Heart Protection Study Collaborative Group: MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin in 20,536 high-risk individuals:
a randomised placebo-controlled trial. Lancet 2002;360:7-22.

18. Boucher JM, Racine N, Thanh TH, Rahme E, Brophy J, LeLorier J, et al.

Age-related differences in in-hospital mortality and the use of thrombolytic
therapy for acute myocardial infarction. CMAJ 2001;164(9):1285-90.

19. Reid FD, Cook DG, Whincup PH. Use of statins in the secondary prevention
of coronary heart disease: is treatment equitable? Heart 2002;88:15-9.

20. Whincup PH, Emberson JR, Lennon L, Walker M, Papacosta O, Thomson
A. Low prevalence of lipid lowering drug use in older men with established
coronary heart disease. Heart 2002;88(1):25-9.

21. Frolkis JP, Zyzanski SJ, Schwartz JM, Suhan PS. Physician noncompliance
with the 1993 National Cholesterol Education Program (NCEP-ATPII)
guidelines. Circulation 1998;98:851-859

22. Rouleau JL, Moye LA, Pfeffer MA, Arnold JM, Berstein V, Cuddy TE, et al.
A comparison of management patterns after acute myocardial infarction in
Canada and the United States. The SAVE investigators. N Engl J Med 1993;
328(11):779-84.

23. Jackevicius CA, Mamdani M, Tu JV. Adherence with statin therapy in elderly
patients with and without acute coronary syndromes. JAMA 2002;288:462-7.

24. Benner JS, Glynn RJ, Mogun H, Neumann PJ, Weinstein MC, Avorn J.
Long-term persistence in use of statin therapy in elderly patients. JAMA
2002;288:455-61.

25. Baillot R. Surgical database of the Québec Heart Institute, Laval Hospital,
Que. [unpublished data]. 

26. Barbir M, Lazem F, Ilsley C, Mitchell A, Khaghani A, Yacoub M. Coronary
artery surgery in women compared with men: analysis of coronary risk factors
and in-hospital mortality in a single centre. Br Heart J 1994;71:408-12.

Use of cholesterol-lowering medications

CMAJ • NOV. 25, 2003; 169 (11) 1157

This article has been peer reviewed.

Competing interests: None declared.

Contributors: All authors contributed fully to the design and conduct of the study.

Acknowledgements: Dr. Brophy receives financial support from le Fonds de la
Recherche en Santé du Québec. Dr. Brassard is a Canadian Institutes of Health
Research (CIHR) funded scholar. This study was funded by the Réseau d'utilisa-
tion des médicaments du Fonds de la Recherche en Santé du Québec. Although
data were provided by the Régie de l'assurance maladie du Québec and by the
Ministère de la santé et des services sociaux du Québec, the statements contained
herein do not necessarily represent those of the Quebec government.

From the Department of Medicine, McGill University Health Center, McGill
University, Montréal, Que.

Correspondence to: Dr. James Brophy, Clinical Epidemiology,
McGill University Health Center, Royal Victoria Hospital, 
687 Pine Ave. W, Room R4.12, Montréal QC  H3A 1A1; 
fax 514 843-1493; james.brophy@mcgill.ca

CMA’s Emergency
Relief Network

Join the Canadian Medical Association’s
(CMA) network of physicians willing to 
respond to health emergencies.

Visit www.medconnexions.ca to join
or contact 

Carole Deburggraeve
1 800 663-7336 x2301

carole.deburggraeve@cma.ca

JoinTODAY!


