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Applying the Evidence
Do Patients With Stroke, Coronary Artery Disease, or Both Achieve
Similar Treatment Goals?
Gustavo Saposnik, MD, MSc, FAHA; Shaun G. Goodman, MD, MSc; Lawrence A. Leiter, MD;
Raymond T. Yan, MD; David H. Fitchett, MD; Neville H. Bayer, MD;
Amparo Casanova, MD, PhD; Anatoly Langer, MD, MSc; Andrew T. Yan, MD;
for the Vascular Protection (VP),* Guidelines-Oriented Approach to Lipid-Lowering (GOALL)
Registries Investigators,* and on behalf of the Stroke Outcome Research Canada (SORCan) Working Group
Background and Purpose—The importance of early and aggressive initiation of secondary prevention strategies for patients with
both coronary artery disease (CAD) and cerebrovascular disease (CVD) is emphasized by multiple guidelines. However,
limited information is available on cardiovascular protection and stroke prevention in an outpatient setting from communitybased populations. We sought to evaluate and compare differences in treatment patterns and the attainment of current
guideline-recommended targets in unselected high-risk ambulatory patients with CAD, CVD, or both.
Methods—This multicenter, prospective, cohort study was conducted from December 2001 to December 2004 among
ambulatory patients in a primary care setting. The prospective Vascular Protection and Guidelines-Oriented Approach
to Lipid-Lowering Registries recruited 4933 outpatients with established CAD, CVD, or both. All patients had a
complete fasting lipid profile measured within 6 months before enrollment. The primary outcome measure was the
achievement of blood pressure (BP) ⬍140/90 mm Hg (or ⬍130/80 mm Hg for patients with diabetes) and LDL
cholesterol ⬍2.5 mmol/L (⬍97 mg/dL) according to the Canadian guidelines in place at that time (similar to the
National Cholesterol Education Program’s value of 100 mg/dL). Secondary outcomes include use of antithrombotic,
antihypertensive, and lipid-modifying therapies.
Results—Of the 4933 patients, 3817 (77%) had CAD only; 647 (13%) had CVD only; and 469 (10%) had both CAD and
CVD. Mean⫾SD age was 67⫾10 years, and 3466 (71%) were male. Mean systolic and diastolic BPs were 130⫾16 and
75⫾9 mm Hg, respectively. Minor but significant differences were observed on baseline BP, total cholesterol, and LDL
cholesterol measurements among the 3 groups. Overall, 83% of patients were taking a statin and 93% were receiving
antithrombotic therapy (antiplatelet and/or anticoagulant agents). Compared with patients with CAD, those with CVD
only were less likely to achieve the recommended BP (45.3% vs 57.3%, respectively; P⬍0.001) and lipid (19.4% vs
30.5%, respectively; P⬍0.001) targets. Among patients with CVD only, women were less likely to achieve the
recommended BP and lipid targets compared with their male counterparts (for LDL cholesterol ⬍2.5 mmol/L, 18.7%
vs 23.8%, respectively; P⫽0.048). In multivariable analysis, patients with CVD alone were less likely to achieve
treatment success (BP or lipid targets) after adjusting for age, sex, diabetes, and use of pharmacologic therapy.
Conclusions—Despite the proven benefits of available antihypertensive and lipid-lowering therapies, current management
of hypertension and dyslipidemia continues to be suboptimal. A considerable proportion of patients failed to achieve
guideline-recommended targets, and this apparent treatment gap was more pronounced among patients with CVD and
women. Quality improvement strategies should target these patient subgroups. (Stroke. 2009;40:1417-1424.)
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C

ardiovascular diseases are a major cause of morbidity
and mortality, and their prevalence will continue to
increase as the population ages.1 For example, according to
Statistics Canada, a 75% increase in the prevalence of
cardiovascular disease is expected among those 80 years and
older in the next 2 decades,2 with important implications for
public health and resource utilization. Professional cardiovascular associations worldwide, including the American Heart
Association, American College of Cardiology, and the Canadian Cardiovascular Society, have established guidelines to
stress the importance of risk factor assessment and management.3,4 These guidelines are based on convincing evidence
from clinical trials conducted during the past decade, which
have demonstrated an important reduction in cardiovascular
morbidity and mortality with antihypertensive and LDL
cholesterol (LDL-C)–lowering therapies.5–7 Furthermore, the
benefits of treatment appear more pronounced among patients
with established cardiovascular disease or in those at high
risk of developing cardiovascular disease. Therefore, the
Canadian Guidelines for the Management of Dyslipidemia
and Hypertension and the National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (ATP III) guidelines, revised in 2001, continue to focus on LDL-C as the
primary therapeutic target and recommend individualized
treatment goals tailored to the estimated cardiovascular
risk.8 –10 However, despite the well-established efficacy of
lipid-modifying and antihypertensive therapy, limited data
are available on guideline attainment in ambulatory patients
with known cardiovascular disease who are at the highest risk
of a recurrent vascular event.
We herein aimed to compare (1) whether attainment of the
recommended blood pressure (BP; ⬍140/90 mm Hg, or
130/80 mm Hg in patients with coexisting diabetes) and
LDL-C (⬍2.5 mmol/L [97 mg/dL], which was the LDL-C
target at the time these registries were undertaken) targets are
similar in ambulatory high-risk patients with cerebrovascular
disease (CVD), coronary artery disease (CAD), or both; (2)
sex differences in attainment of guideline-recommended targets for patients with CVD; and (3) treatment patterns and
their relation to the targets achieved.

Patients and Methods
Study Design
The Vascular Protection (VP) and Guidelines-Oriented Approach to
Lipid-Lowering (GOALL) registries are 2 Canadian national registries whose aim was to examine clinical management practices and
to identify gaps between patient care recommended in the guidelines
and that delivered in the “real world” from December 2001 to
December 2004. We recruited physicians across Canada through
direct mail or fax campaigns, scientific meetings, continuing medical
education events, and investigator meetings in previous or other
ongoing registries organized by the Canadian Heart Research Centre.
Primary care physicians were invited to participate regardless of their
prescribing patterns. Overall, 278 physicians participated in the VP
Registry and 254 participated in the GOALL Registry. Participation
in the registries was completely voluntary, and all enrolled patients
gave written, informed consent. Further details have been published
elsewhere.11,12 The present study is a cross-sectional analysis of the
prospective, observational VP and GOALL Registries including
participants with CAD (n⫽3817), CVD (n⫽647), or both (n⫽469).

Patient Population
Both registries aimed to enroll patients at high risk for or those with
established cardiovascular disease and used similar inclusion criteria,
including CAD, peripheral arterial disease, and/or CVD, according
to standard definitions.11,12 CAD was defined as prior coronary
artery bypass surgery or percutaneous coronary intervention, previous documentation of myocardial infarction or unstable angina, or
stable angina with positive stress test or ⬎50% stenosis of at least 1
major coronary artery on angiography. Peripheral arterial disease
included a history of intermittent claudication, decreased pulses or
bruit with ankle-brachial index ⬍0.90, or abnormal duplex ultrasound findings (⬎50% stenosis in ⱖ1 major artery). CVD was
defined as previous stroke or transient ischemic attack. In the VP
Registry, diabetic patients with at least 1 other cardiovascular risk
factor (systolic BP ⬎160 mm Hg, diastolic BP ⬎90 mm Hg, or use
of antihypertensive medication; total cholesterol [TC] ⬎5.2 mmol/L
or HDL-C ⬍0.9 mmol/L; current cigarette smoking; microalbuminuria) were eligible. The GOALL Registry also included any diabetic
patients, and elderly patients (age ⬎65 years) with 2 or more risk
factors (as stated earlier). The presence of diabetes was determined
on the basis of current standard laboratory diagnostic criteria,
previous diagnosis of diabetes by a physician, or the use of
antihyperglycemic medications or insulin. There were no specific
exclusion criteria, and participating physicians were instructed to
enroll consecutive eligible patients. The present study focused on the
5791 patients with established cardiovascular disease (CAD, CVD,
or both).

Data Collection
On standardized case report forms, the participating physicians
collected data on patient demographics, vascular risk factors, past
history of atherosclerotic diseases (as detailed earlier), medication
use, height, weight, heart rate, BP, and routine blood work. Lipidmodifying medications included statins, cholesterol absorption inhibitors, fibrates, niacin, and bile acid sequestrants. Antihypertensive
medications included diuretics, ␤-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers.
Plasma lipid profile was measured in commercial laboratories as
in routine clinical practice. Patients with familial hypercholesterolemia (TC ⬎9.4 mmol/L, LDL-C ⬎6.8 mmol/L], as well as those
with a triglyceride level [TG] ⬎4.5 mmol/L [400 mg/dL], which
precluded accurate calculation of LDL-C level by the Friedewald
formula13) and those without a complete lipid profile of fasting TC,
LDL-C, HDL-C, and TG measured on the same day were excluded
in the present analysis (n⫽858, 14.8%). Thus, the final study
population consisted of 4933 patients.
Completed case report forms were scanned into an electronic
database (Teleform, version 7.0, Cardiff, San Diego, Calif) at the
Canadian Heart Research Centre. Queries for incomplete or unclear
data on case report forms were sent to the study investigators. Two
independent ethics review boards approved the study protocols.

Outcome Measures
Both NCEP ATP III and Canadian guidelines in place at the time of
the registries recommended a very similar target for LDL-C
(⬍2.6 mmol/L [100 mg/dL] and ⬍2.5 mmol/L [97 mg/dL], respectively) for these high-risk patients (all 3 groups).9 A TC to HDL-C
ratio ⬍4.0 is a secondary lipid target as stated in the Canadian
guidelines.9 According to the Canadian Hypertension Society and the
Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure, the
optimal BP was ⬍140/90 mm Hg for nondiabetic patients and
⬍130/80 mm Hg for diabetic patients.
In this study, the primary outcome measure was attainment of the
recommended LDL-C goal ⬍2.5mmol/L (97 mg/dL) and BP ⬍140/
90 mm Hg (⬍130/80 mm Hg for diabetic patients) or a composite
treatment success of both LDL-C and BP. Secondary outcome
measures include use of antithrombotic, antihypertensive, and lipidlowering agents, and “optimal therapy” was defined as the combi-
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Demographic and Clinical Characteristics

Age, y, mean⫾SD

All Patients
(n⫽4933)

Patients With CAD Only
(n⫽3817)

Patients With Concomitant
CAD and CVD (n⫽469)

Patients With CVD Only
(n⫽647)

67⫾11

66⫾11

72⫾9

69⫾10

Female, %

28.8

26.2

32.5

42.2

Hypertension, %

54.7

51.5

63.5

67.2

Diabetes, %

37.2

35.8

45.2

40.0

Stable angina, %

37.3

42.8

44.8

0†

Previous myocardial infarction, %

48.6

56.2

53.9

0†

Current smoker, %

12.9

12.2

12.2

17.6

Prior PCI, %

20.9

25.0

16.0

0†

Prior CABG, %

26.8

30.4

34.1

0†

Heart failure, %

11.4

11.7

17.7

5.0

Peripheral arterial disease, %

12.2

9.9

29.2

13.8

Family history of premature
cardiovascular disease

38.9

40.6

40.4

27.5

Transient ischemic attack, %

12.8

0†

62.7

51.8

Stroke, %

12.0

0†

46.3

58.3

Hospitalization in the past
6 months before enrollment

12.7

13.6

13.3

7.2

Chronic kidney disease

28.7

25.9

44.7

33.5

Heart rate, bpm*
Systolic BP, mm Hg*
Diastolic BP, mm Hg*
BMI*

70 (64,76)

70 (64, 75)

70 (64, 76)

72 (68, 80)

130 (120,140)

130 (120, 140)

130 (120, 140)

130 (122, 140)

76 (70, 80)
28.5 (25.6, 32)

76 (70, 80)

75 (70, 80)

28.6 (25.7, 32.0)

28.4 (25.5, 31.9)

78 (70, 80)
28.1 (25.3, 31.9)

PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass graft surgery; and BMI, body mass index. Chronic kidney
disease was defined as creatinine clearance ⬍60 mL/min.
*Median and 25th and 75th percentiles.
†According to the stratification of patients into 3 mutually exclusive groups.

nation of prescribed antithrombotic therapy and achievement of both
lipid and BP targets.

Data Analysis
The study population was stratified into 3 mutually exclusive groups:
(1) patients with CAD only; (2) patients with CVD only; and (3)
patients with both CAD and CVD (group CAD⫹CVD). The dose of
statin was classified as low, standard, or high, according to previously published LDL-C reduction comparison charts.11,12 To determine sex-related differences in the care of CVD patients, both the
CVD group and the CAD⫹CVD group were combined.
Continuous variables were summarized as medians with 25th and
75th percentiles or mean⫾SD for normally distributed data, and
group comparisons were made with the t test or ANOVA. Tukey’s
honestly significant test was used for post hoc pairwise comparisons.
Categorical variables are presented as percentage and were compared
by 2 test. We performed multivariable logistic-regression analysis
to determine the factors associated with achievement of BP and lipid
targets. Based on the results of prior studies14,16,17 and bivariate
analyses, the predictor variables considered in the models were age,
sex, diabetes, prior coronary revascularization, history of heart
failure, obesity, and use of antihypertensive, statin, and other
lipid-modifying drugs.18 We report adjusted odds ratios with 95%
CIs. Model discrimination was assessed by the c-statistic (area under
the receiver-operating characteristic curve) and calibration by the
Hosmer-Lemeshow goodness-of-fit test. We performed statistical
analyses with SPSS version 12.0 (SPSS Inc, Chicago, Ill). A 2-sided
probability value of ⬍0.05 was considered statistically significant.

Results
Of the 4933 patients in the present analysis, 3817 (77.3%)
had CAD only,, 647 (13.1%) had established CVD only, and

469 (9.5%) had coexisting CAD and CVD. Their demographic and clinical characteristics are summarized in Table
1. Overall, there was a high prevalence of cardiovascular risk
factors such as diabetes, hypertension, and obesity. More than
12% of patients were still smoking. Patients with CVD were
older and had a higher prevalence of hypertension and
smoking compared with those without CVD. Women with
CVD had higher systolic BP than their male counterparts
(135.2 vs 132.3 mm Hg, P⫽0.006). However, there were no
differences in diastolic BP or body mass index between men
and women.

Medication Profile
Lipid-Lowering Therapy
Overall, 4167 patients (84.5%) were prescribed at least 1
lipid-modifying drug, with 4096 (98.2%) and 837 (1.8%)
receiving statin and nonstatin therapy, respectively (Table 2).
The majority of patients (60.3%) were taking a standard dose
of statin, 9.4% were taking a low dose, and 13.2% were
taking a high dose (see supplemental Table I and footnote for
details, available online at http://stroke.ahajournals.org). Patients with CVD alone were less frequently given statin or
nonstatin therapy (P⬍0.001). Among patients taking a statin,
a lower proportion in the CVD group were prescribed a high
dose (P⫽0.01). Atorvastatin (n⫽2124) was the most commonly used lipid-lowering agent. Women were less likely to
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Table 2.

Outcome Measures by Patient Groups
All Patients
(n⫽4933)

CAD Only
(n⫽3817)

CAD⫹CVD
(n⫽469)

CVD Only
(n⫽647)

P Value
(3-Group Comparisons)

Achieved LDL-C ⬍2.5 mmol/L, %

50.6

52.0*

53.9*

40.5

⬍0.001

Achieved BP ⬍140/90 mm Hg
(or ⬍130/80 for diabetics), %

54.7

57.3*

45.3

46.0

⬍0.001

Achieved BP ⬍140/90 mm Hg
(or ⬍130/80 mm Hg for
diabetic patients) and LDL-C
⬍2.5 mmol/L, %

28.6

30.5*

25.6*

19.4

⬍0.001

Outcome Measures
Primary

Secondary
Statin use, %

83.0

84.4*

81.0*

76.5

⬍0.001

Use of any lipid-modifying
agent, %

84.5

85.7*

82.3

78.7

⬍0.001

Antithrombotic therapy, %

93.0

93.3

92.5

91.3

0.18

Antihypertensive therapy, %

92.0

93.1

93.8

83.6

⬍0.001

Optimal care†

27.2

20.3*

23.5*

17.7

⬍0.001

Recommended target in the Canadian Dyslipidemia guidelines is LDL-C ⬍2.5 mmol/L (equivalent to LDL-C 97 mg/dL,
similar to NCEP ATP III Expert Panel LDL-C of ⬍100 mg/dL).
*P⬍0.01 for post hoc pairwise comparisons with the CVD-only group.
†Optimal care defined as BP ⬍140/90 mm Hg (or ⬍130/80 mm Hg for persons with diabetes), LDL-C ⬍2.5 mmol/L,
and treated with antithrombotic therapy.

be treated with statins than men (80.4% vs 84%, respectively;
P⫽0.002).
Antihypertensive Therapy
Overall, 4471 patients (90.6%) were prescribed at least 1
antihypertensive agent, with 1281 (28.6%) receiving 1 agent,
1280 (41.2%) receiving 2 agents, and 1350 (30.2%) receiving
3 or more agents. Patients with CVD alone were less
frequently given an antihypertensive agent (83.6% vs 93.2%,
P⬍0.001).
Angiotensin-converting enzyme inhibitors were the most
commonly (n⫽2826, 57%) prescribed agent among all 3
groups. Angiotensin receptor blockers were prescribed for
840 (17%) patients. Angiotensin-converting enzyme inhibitors were less likely to be prescribed for patients with CVD
alone (49.9% vs 59.1%, P⬍0.001), whereas angiotensin
receptor blockers were most commonly prescribed in this
group (15% vs 22%; P⬍0.001).
Antithrombotic Therapy
Overall, 4587 patients (93.0%) were prescribed an antithrombotic agent (antiplatelet or anticoagulant therapy), with 4293
(87.0%) receiving an antiplatelet agent and 443 (9.0%)
Table 3.

receiving anticoagulation therapy (Table 2). The most common antiplatelet agent was aspirin. Patients with CVD alone
were more commonly taking clopidogrel (or ticlopidine) than
were patients with CAD (21.9% vs 9.2%, P⬍0.0001). There
was no significant sex difference in the use of antithrombotic
therapy (91.3% for men vs 92.8% for women, P⫽0.37).

Lipid Profile
Table 3 summarizes the lipid profile for the 3 patient groups. The
average TC and LDL-C levels were highest in the CVD-only
group (P⬍0.001 for pairwise comparisons with CAD-only and
CAD⫹CVD groups). There were no significant differences in
TG and the TC to HDL-C ratio among groups. Among patients
with CVD (CVD only and CAD⫹CVD), women had significantly higher TC (5.10⫾1.10 vs 4.58⫾1.02 mmol/L), TG
(1.84⫾0.79 vs 1.73⫾0.76 mmol/L), HDL-C (1.39⫾0.39 vs
1.16⫾0.33 mmol/L), and LDL-C (2.87⫾1.05 vs 2.64⫾
0.88 mmol/L) levels than did men (P⬍0.001 for all differences).

Achieving Treatment Goals
Overall, 50.6% of patients achieved the target LDL-C value
of ⬍2.5 mmol/L (97 mg/dL), and 54.7% attained the BP

Lipid Profile by Patient Groups

Lipid Values

All Patients

N or n

CAD Only

CAD⫹CVD

CVD Only

P Value

4933

3817

469

647

TC, mmol/L

4.61⫾1.03

4.57⫾1.00*

4.58⫾1.00*

4.92⫾1.12

⬍0.0001

LDL-C, mmol/L

2.61⫾0.88

2.59⫾0.86*

2.55⫾0.91*

2.85⫾0.97

⬍0.0001

HDL-C, mmol/L

1.19⫾0.34

1.18⫾0.32*

1.19⫾0.35*

1.29⫾0.38

⬍0.0001

TG, mmol/L

1.75⫾0.80

1.75⫾0.80

1.82⫾0.78

1.74⫾0.77

0.15

TC:HDL-C

4.06⫾1.21

4.28⫾1.24

4.15⫾1.22

4.03⫾1.20

0.78

To convert cholesterol and TG units from mmol/L to mg/dL, multiply by 38.67 and 88.57, respectively.
*P⬍0.001 for post hoc pairwise comparisons with the CVD-only group.
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Table 4. Sex Differences in the Attainment of
Guideline-Recommended Targets in Patients With CVD

Table 5. Multivariable Analysis: Factors Associated With
Attainment of BP Target

CVD Patients
Male,
n⫽679

Female,
n⫽415

P Value

Statin, %

77.8

79.2

0.57

Any lipid-modifying agent, %

79.8

80.6

0.75

Antihypertensive therapy, %

87.2

89.0

0.37

Antithrombotic therapy, %

91.3

92.8

0.38

Achieved LDL-C
⬍2.5 mmol/L, %

48.7

41.9

0.02

Achieved BP ⬍140/90 mm Hg
(⬍130/80 for diabetic patients), %

47.9

42.2

0.048

Outcome Measures

Variable

Medication use

Outcome measures

Achieved BP ⬍140/90 mm Hg
(⬍130/80 for diabetic patients)
and LDL-C ⬍2.5 mmol/L, %

23.8

Optimal care, %*

21.3

18.7

17.9

1421

0.047

0.18

*Optimal care defined as BP ⬍140/90 mm Hg (or ⬍130/80 mm Hg for
diabetic patients), LDL-C ⬍2.5 mmol/L, and treated with antithrombotic
therapy.

target of ⬍140/90 mm Hg (or 130/80 mm Hg for persons
with diabetes). Table 2 shows the percentages of patients
achieving these goals in the 3 groups. The proportion of
patients reaching the LDL-C target was highest in the group
with concomitant CAD and CVD. Patients with CVD alone
were less likely to meet the recommended BP target or the
combined BP and LDL-C targets. Of note, patients with CVD
alone were also more likely to continue smoking (Table 1).
Compared with patients not prescribed statins, those on statin
therapy more frequently attained the target LDL-C level
(33.9% vs 54.1%, P⬍0.0001) and the TC:HDL-C target
(41.0% vs 55.7%, P⬍0.0001). Among patients with CVD
(CVD only and CAD⫹CVD), women were less likely to
meet the BP and lipid targets despite a similar history of
hypertension and use of antithrombotic, antihypertensive, and
lipid-modifying agents (Table 4).

⬍65 years

Referent group

65–74 years

0.74 (0.64–0.83)

⬍0.001

ⱖ75 years

0.63 (0.53–0.76)

⬍0.001

Female

0.83 (0.72–0.96)

0.012

Diabetes

0.16 (0.14–0.19)

⬍0.001

BMI ⬎30

0.71 (0.62–0.82)

⬍0.001

History of heart failure

1.70 (1.38–2.11)

⬍0.001

CAD alone

Referent group

CVD alone

0.71 (0.58–0.86)

⬍0.001

CAD⫹CVD

0.72 (0.57–0.90)

0.004

OR indicates odds ratio; BMI, body mass index. Note that patients with CVD
alone or with concomitant CAD were less likely to achieve the BP target.
c-statistics (95% CI)⫽0.74 (0.73– 0.76).

and LDL-C levels recommended by guidelines, and 12.9%
were still smoking. Patients with CVD were less likely to
achieve these targets when compared with patients with CAD
alone and those with coexisting CAD and CVD. This held
true even after adjusting for covariates in the multivariable
analysis. Interestingly, the multivariable analysis showed that
patients with CVD (either alone or with concomitant CAD)
were less likely to attain the recommended BP targets,
suggesting a differential gap in the prevention of hypertension and dyslipidemia between patients with CVD alone and
those with concomitant CAD. Furthermore, a considerable
proportion of patients who failed to reach target were either
prescribed submaximal doses of statins or not treated with
statins at all. In particular, women with CVD were less likely
to meet the recommended BP and lipid targets compared with
men with CVD.
Table 6. Multivariable Analysis: Factors Associated With
Attainment of Lipid Target
Variable

In multivariable logistic-regression analysis, patients with
CVD alone were less likely to meet the recommended lipid
target. Patients with CVD (either alone or with CAD) were
less likely to meet the recommended BP targets after adjusting for independent predictors (Tables 5 and 6). HosmerLemeshow goodness-of-fit probability values were 0.55 and
0.67 for the BP and lipid target models, respectively, indicating that the models provided adequate fit with the data.
Similar findings were observed when adjusting for use of
concomitant medications, use of statins, or antihypertensive
drugs (data not shown).

Age

Discussion

P Value

Age

Multivariable Analysis

In this large, prospective, observational study of 4933 highrisk ambulatory patients with known cardiovascular disease,
we demonstrated that only about half achieved the target BP

BP ⬍140/90 mm Hg
(⬍130/80 for diabetic patients),
Adjusted OR (95% CI)

⬍65 years

LDL-C ⬍2.5 mmol/L 关97 mg/dL兴
Adjusted OR (95% CI)

P Value

Referent group

65–74 years

1.16 (1.02–1.33)

0.03

ⱖ75 years

1.42 (1.22–1.66)

⬍0.001

Female

0.76 (0.67–0.87)

⬍0.001

Diabetes

1.45 (1.28–1.63)

⬍0.001

Prior PCI or CABG

1.42 (1.25–1.60)

⬍0.001

Statin use

2.25 (1.92–2.65)

⬍0.001

CAD alone

Referent group

CVD alone

0.79 (0.66–0.95)

0.01

CAD/CVD

1.00 (0.83–1.25)

0.86

OR indicates odds ratio. Multivariable analysis was adjusted for age, sex,
diabetes, coronary artery bypass graft surgery (CABG), or percutaneous
coronary intervention (PCI). Note that patients with CVD alone were less likely
to achieve the lipid target. c-statistics (95% CI)⫽0.62 (0.61– 0.64).
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Our study provides new insights into the contemporary
management of hypertension and dyslipidemia in these highrisk patients. Several randomized, clinical trials have shown
the important benefit of antihypertensive, lipid-lowering, and
antithrombotic therapy in stroke prevention.5,19 –22 For example, in the PROGRESS study (Perindopril Protection against
Recurrent Stroke Study), a decrease of 12/5 mm Hg reduced
the relative risk of a recurrent cerebrovascular event by 36%
(95% CI, 19% to 49%) for ischemic stroke and 76% (95% CI,
55% to 87%) for hemorrhagic stroke.23 Similarly, in the
HOPE (Heart Outcomes Prevention Evaluation) study, patients with vascular disease treated with ramipril experienced
a relative risk reduction of 32% (P⬍0.001) in stroke with a
small reduction in BP of 3/1 mm Hg.24 In the SPARCL
(Stroke Prevention by Aggressive Reduction in Cholesterol
Levels) study, 4731 patients with noncardioembolic stroke or
transient ischemic attack in the preceding 6 months were
randomized to atorvastatin 80 mg daily or placebo. The risk
for stroke (primary outcome) decreased by 16% (95% CI, 1%
to 29%; P⫽0.03) while the risk of acute coronary events
(secondary outcome) decreased by 35% (95% CI, 16% to
50%; P⬍0.001).20 A similar risk reduction was observed in a
large meta-analysis that included 90 056 randomized individuals in 14 clinical trials of statins.25 In addition, the calculated
cumulative risk reduction for implementing lifestyle modifications, aspirin, statins, and antihypertensive therapy (crucial
applicable strategies in secondary stroke prevention) was
80% as revealed from a recent meta-analysis.26 In the Life
Long After Cerebral Ischemia (LiLAC) study, the 10-year
major vascular event rate was 44.1%, with the corresponding
absolute risk reduction of 35%, equivalent to a number
needed to treat of only 3.27
Despite the significant advances made during the last
decade regarding cardiovascular prevention, there are only
limited data on the contemporary treatment of hypertension
and dyslipidemia, especially among high-risk patients.3,8,9
Previous studies in the 1990s documented significant gaps
between evidence-based medicine and “real world” clinical
practice.14,28,29 For example, among 4888 outpatients enrolled
in the Lipid Treatment Assessment Project, overall only 38%
attained the LDL-C goal recommended by NCEP ATP II. In
the highest-risk group with known CAD, the proportion of
patients achieving target levels was even lower, at 18%.14 In
the analysis of treatment adherence including 2894 participants in the Vitamin Intervention for Stroke Prevention
(VISP) trial, half of stroke patients were not taking a statin,
and of those receiving statin treatment, less than half achieved
the recommended lipid goals.29 Our results also concur with
those of a recent US national survey, which documented an
LDL-C goal-attainment rate of 57% among 2708 high-risk
patients.12
The results of this study highlight the substantial gap
between current guidelines and target achievement in an
outpatient setting. A few studies showed the importance of
optimizing discharge planning for future adherence to the
guidelines,30,31 but most of the studies were conducted in
inpatient settings. The Reduction of Atherothrombosis for
Continued Health (REACH) Registry was an international,
prospective, cohort study in ambulatory patients with either

established atherosclerotic disease (CAD, peripheral artery
disease, CVD) or at least 3 risk factors for atherothrombosis.
Guideline attainment results from this key study have not
been yet published. Our study provides a comprehensive
assessment of the lipid profiles and almost doubles the
number of high-risk Canadian patients recruited in the
REACH multicenter study, in which LDL-C measures were
not collected prospectively.
More concerning is that less than one third of high-risk
patients were receiving optimal care, defined as the achievement of LDL-C ⬍2.5 mmol/L, BP ⬍140/90 mm Hg (or
⬍130/80 for persons with diabetes), and being on antithrombotic therapy. This gap was greater in patients with CVD
alone. Several reasons may account for the poor adherence to
treatment guidelines. Differences in the emphasis of recommended targets between cardiovascular and stroke prevention
guidelines may explain our findings. It is possible that a
medical procedure such as coronary revascularization,
chronic anginal symptoms, or ongoing specialty care could
improve patients’ awareness and consequent treatment success. Barriers to the implementation of treatment guidelines
are perhaps another contributing factor to the suboptimal
management of these patients. These may include inappropriate drug or dose selection, lack of aggressive management
of hypertension/dyslipidemia, patient nonadherence, or limited drug efficacy. For example, among 83% of patients
receiving a lipid-lowering agent in our study, 11.4% were
receiving low doses, and only 50% achieved the recommended targets. It is also possible that the lack of definitive
value for LDL-C lowering for the reduction of recurrent
stroke (since the results of SPARCL were published after the
time period of data collection) may have influenced our
results. To the best of our knowledge, this is the first study
comparing differences in guideline attainment between highrisk patients with CAD and CVD. The study had a large
sample size and included relatively unselected ambulatory
patients in primary care.

Practical Implications
In 2006, the Canadian guidelines for the management of
dyslipidemia and the NCEP in 2004 recommended an LDL-C
⬍2.0 mmol/L (77 mg/dL) for high-risk patients with cardiovascular disease.32,33 Our results confirm that only a minority
of such patients (24.7% of 4933 high-risk patients) would
have achieved this target in 2001 to 2004, and more effective
therapeutic strategies are warranted. As recent clinical trials
continue to support more aggressive LDL-C lowering,20,34,35
our data should also serve as a useful benchmark to reevaluate
the attainment of new LDL-C goals in the future.
This study is unique in providing evidence that patients
with CVD received suboptimal therapy and were less likely
to achieve the targets when compared with patients with
CAD. Moreover, our study reveals a differential gap in the
treatment of hypertension and dyslipidemia between patients
with both CVD and CAD and those with CVD alone, who
were also more likely to be current smokers. In addition,
women with CVD are less likely to achieve the BP and lipid
targets. Our results are consistent with a recent study of
high-risk women managed in a care setting, in which only
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12% achieved the American Heart Association optimal combined lipid levels.17
More important, antithrombotic, antihypertensive, and
lipid-lowering therapies are established quality indicators of
in-hospital stroke care.36 The implementation of standardized
preprinted orders may optimize adherence to therapy after
discharge. However, lack of titration of medications (or
add-on therapy) is another important barrier to achieve
optimal targets. We believe that outpatient titration of
evidence-based therapies should also be carefully and regularly assessed, particularly in patients with CVD, with close
follow-up by the family physician, general practitioner, or
specialist.
Several limitations deserve comment. First, we have no
information on the duration of statin therapy and lifestyle
modifications, although dietary and other lifestyle interventions had likely been implemented concurrently according to
current guidelines. Second, although we attempted to minimize bias by enrolling consecutive eligible patients in diverse
practice settings, the nonrandom selection of participating
physicians and consenting patients with a complete lipid
profile might limit the generalizability of our findings. It is
also possible that patients with severe stroke were underrepresented in our study. However, we believe our results were
probably conservative and underestimated the prevalence of
treatment failure in the general population. Third, lipid
measurements were not performed in a central core laboratory. However, this reflects “real world” practice where
physicians initiate or titrate therapy based on available test
results. Fourth, we were unable to distinguish stroke subtypes
among participants included in the present study. Finally, we
did not evaluate adherence to prescribed medications by pill
count or pharmacy records.
Despite these limitations, this large study constitutes the
first step in understanding the differential gaps in ambulatory
management of high risk-patients with known cardiovascular
disease. Current management of dyslipidemia and hypertension remains suboptimal, with a persistent underutilization of
proven antihypertensive and lipid-modifying therapies. Our
study reaffirms the ongoing need to narrow this treatment
gap—in particular, quality improvement strategies should be
directed to patients with CVD alone and women, who were
less likely to achieve the recommended targets in comparison
with patients with CAD, to ensure that they will also derive
the important treatment benefits demonstrated in clinical
trials.
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