
C L I N I C A L I N V E S T I G A T I ON S

Antianginal medications and long-term outcomes after elective
catheterization in patients with coronary artery disease

Lan Shen1,2 | John P. Vavalle2 | Samuel Broderick3 | Linda K. Shaw3 | Pamela S. Douglas3

1Shanghai Renji Hospital, School of Medicine,

Shanghai Jiaotong University, Shanghai, China

2School of Medicine, University of North

Carolina, Chapel Hill

3The Duke Clinical Research Institute, Duke

University Medical Center, Durham, North

Carolina

Corresponding Author: Lan Shen, Department

of Cardiology, Shanghai Renji Hospital, School

of Medicine, Shanghai Jiaotong University,

227 South Chongqing Road, Shanghai, China

20025 (lanshen105@sjtu.edu.cn).

Background: Antianginal medications are a class I recommendation by the American College of

Cardiology/American Heart Association guidelines for stable ischemic heart disease. We sought

to better understand guidance in drug selection and real-life outcomes of antianginal

medication use.

Hypothesis: In patients with stable ischemic heart disease, antianginal medications lower

mortality.

Methods: We evaluated 5608 patients with obstructive coronary artery disease (CAD) on elec-

tive cardiac catheterization with follow-up through self-administered questionnaires. Patients

were classified as being prescribed a particular medication if they received that medication at

index catheterization, or within 3 months postcatheterization. The association between antian-

ginal medication use and outcomes was evaluated using Cox proportional hazards models.

Results: Compared with the 11% not prescribed any antianginal medication, patients prescribed

antianginal medication were more likely to be older and female; have a history of hypertension,

diabetes mellitus, peripheral vascular disease, or 3-vessel CAD; have lower adjusted mortality

(hazard ratio [HR]: 0.75, 95% confidence interval [CI]: 0.63-0.89); and experience mortality or

myocardial infarction (HR: 0.83, 95% CI: 0.71-0.98). Compared with patients not taking

β-blockers (17%), those taking β-blockers had a lower risk of mortality (HR: 0.76, 95% CI: 0.66-

0.88). Patients prescribed calcium channel blockers or long-acting nitrates had a higher risk of

mortality compared with nonusers (HR: 1.16, 95% CI: 1.04-1.29; HR: 1.20, 95% CI: 1.08-1.34;

respectively).

Conclusions: Antianginal medications are not universally prescribed among obstructive CAD

patients; nonuse was associated with higher mortality. For CAD patients with or without prior

myocardial infarction, β-blockers were associated with improved long-term survival.
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1 | INTRODUCTION

The use of β-blockers, calcium channel blockers (CCBs), and long-

acting nitrates as antianginal medications are class I recommendations

according to the American College of Cardiology/American Heart

Association (ACC/AHA) guidelines for stable ischemic heart disease

(SIHD).1 β-Blockers (ie, one class of antianginal medications) are

recommended for ≥3 years of treatment for CAD patients following

acute coronary syndrome or heart failure—even in asymptomatic

individuals.1 Randomized clinical trials have demonstrated that opti-

mal medical treatment alone is equivalent to or better than revascu-

larization in improving symptoms and preventing events among SIHD

patients,2–4 yet detailed recommendations are lacking with regard to

which medications to use individually or in combination. Furthermore,

in contrast to the numerous examinations of real-life antianginal med-

ication use and outcomes in ST-segment elevation myocardial infarc-

tion patients, there have been few examinations of optimal

antianginal medicine treatment in SIHD patients, particularly those

taking CCBs and ranolazine.1 Consequently, guidance for clinical

decision-making regarding antianginal drug use is limited.
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Using the Duke Databank for Cardiovascular Disease (DDCD),

we examined the real-world use of antianginal medications and the

long-term outcomes of their use on SIHD patients. First, we deter-

mined the type and frequency of antianginal medication prescribed in

the 90 days post–elective catheterization demonstrating significant

obstructive CAD. Then, we ascertained the patient characteristics

associated with receiving a specific antianginal medication regimen vs

the characteristics of those who did not, and the relationship of

medication-use differences with long-term outcomes.

2 | METHODS

Data were obtained from the DDCD, which is an ongoing database

of all patients undergoing diagnostic cardiac catheterization at Duke

University Medical Center; this databank has been previously

described.5 We included patients if they underwent elective coronary

angiography during a cardiac catheterization at Duke (January 2006–

December 2010) for the evaluation of suspect or known SIHD, where

obstructive CAD was found (defined as ≥1 stenosis ≥50% in a major

epicardial vessel). We excluded patients if they had primary valve dis-

ease, congenital heart disease, a coexisting life-threatening comorbid-

ity, a myocardial infarction (MI) within 3 days of catheterization, or

other characteristics (Figure 1). After exclusions, our final study popu-

lation contained 5608 patients.

Data from the index catheterization were prospectively col-

lected as part of routine patient care. Baseline clinical variables for

each patient were stored in the DDCD using methods previously

described.5 Follow-up was obtained through Duke electronic medi-

cal records and self-administered questionnaires, with telephone

follow-up to nonresponders. Patients without death information

had vital status determined through a National Death Index search.6

Patients were classified as being prescribed a particular medication

if there was record that they received that medication at or within

3 months after the index catheterization. Follow-up began at

30 days after index catheterization and continued to death or to

when the patient was last known alive. Median follow-up time was

4.4 years (interquartile range, 3.1–6.1 years), with a maximum of

8.1 years. The primary clinical outcomes of interest were all-cause

mortality, nonfatal MI, and combined mortality and MI. We had a

97% follow-up rate.

2.1 | Statistical analysis

Various patient characteristics were summarized by whether or not

specific individual treatment or different treatment combinations

were prescribed. Continuous variables were summarized by their

medians, along with 25th and 75th percentiles. Categorical variables

were presented as frequencies and percentages. To determine which

patient characteristics were associated with the receipt of a specific

antianginal medication, we constructed unadjusted logistic regression

models for each of the 4 medication classes (β-blockers, CCBs, long-

acting nitrates, and ranolazine).

Multivariable Cox proportional hazard models were used to

assess the association between different patterns of initial antianginal

drug use and outcomes with adjustment for age, sex, diabetes melli-

tus (DM), left ventricular ejection fraction (LVEF), body mass index,

CAD severity (defined as significant stenosis [≥50%] in 1, 2, or 3 major

coronary arteries), and vascular disease index (defined as the total

number of a history of peripheral vascular disease, history of cerebro-

vascular disease, and presence of bruits ranging from 0 to 3).7 We

also tested whether the relationship between medication use and

long-term outcomes depended on whether a patient had a revascu-

larization within 30 days after index catheterization.

The percentage of missing data was <5% for all variables except

LVEF (~15% missing). All missing data were imputed using statistical

multiple imputation techniques, which allowed the multivariable Cox

proportional hazard model analysis to account for additional variation.

Comparisons were 2-sided; P < 0.05 was considered statistically sig-

nificant. Analyses were performed using SAS version 9.2 (SAS Insti-

tute, Cary, North Carolina).

3 | RESULTS

Of 5608 obstructive CAD patients identified with coronary angiogra-

phy at elective catheterization, 11% had no record of being pre-

scribed any antianginal medication within 3 months. At least 1 drug

was prescribed in 89% of patients; β-blockers in 83%, CCBs in 41%,

long-acting nitrates in 30%, and ranolazine in 1%. Among all patients,

38% were administered 1 class of antianginal medication, 36%

received 2 classes, and 14% received 3 or 4 classes (see Supporting

Information, Figure 1, in the online version of this article). In patients

taking only 1 medication, the medication most often used was a

β-blocker (86%); in patients taking 2 classes of medications, the med-

ications most often used were β-blockers (97%) and CCBs (64%);

and with 3 or 4 classes of medications, the medications most often

used were β-blockers (100%), CCBs (99%), and nitrates (99%; see

Supporting Information, Figure 2, in the online version of this

article).

Compared with patients with no antianginal medication prescrip-

tion record, those taking antianginal medications were older, more

likely to be female, and more likely to have comorbidities including

hypertension (HTN), hyperlipidemia, DM, peripheral vascular disease

(PVD), history of MI, typical chest pain, a positive stress test, and 3-

vessel CAD (Table 1). Similarly, among medication users, female sex

and comorbidities such as HTN, DM, PVD, and history of MI were

significantly associated with the use of 3 or 4 classes of medications,

slightly associated with 2 classes of medication use, but were not

associated with single medication use (Table 2; see Supporting Infor-

mation, Figure 3, in the online version of this article).

Patients prescribed β-blockers, CCBs, or nitrates were more likely

to be older, female, and have HTN, DM, PVD, and 3-vessel CAD

(Table 1). Logistic regression model results indicate baseline charac-

teristics were associated with the use of any antianginal medication.

The association between some patient characteristics and antianginal

medication use varied with medication choice (see Supporting Infor-

mation, Figure 3, in the online version of this article).

Compared with patients not prescribed any antianginal medica-

tion, those taking any antianginal drug had a significantly lower
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adjusted mortality, as well as a lower rate of combined mortality or

MI events; patients on 1 medication class had a significantly lower

adjusted mortality and a lower rate of combined mortality or MI;

patients on 2 medication classes had a significantly lower adjusted

rate of mortality, but a higher adjusted MI rate; and those on 3 or

4 medication classes had similar mortality rates, but higher adjusted

MI rates (Table 3).

Patients on 3 or 4 medication classes had higher unadjusted

mortality rates than untreated patients, except for β-blockers users,

who had similar unadjusted mortality rates as β-blocker nonusers.

After adjusting for baseline characteristics, β-blocker users

(compared with nonusers) had a lower risk of mortality, as well as a

lower risk of mortality or MI (Table 4). β-Blocker use was associated

with lower long-term mortality outcomes for patients with and with-

out prior MI (see Supporting Information, Table 1, in the online ver-

sion of this article).

In contrast, higher adjusted rates of mortality, and combined

mortality or MI, were observed in long-acting nitrate users when

compared with nonusers. Similarly, a higher adjusted risk of mortality,

and combined mortality or MI, was also present in CCB users when

compared with nonusers (Table 4). The relationship between medica-

tion use and long-term outcomes was not affected by whether a

TABLE 1 Baseline characteristics of antianginal medication users and nonusers, by each medication group

Any Kind of Drug β-Blocker CCB Long-acting Nitrate Ranolazine

Yes
(n = 4996)

No
(n = 612)

Yes
(n = 4629)

No
(n = 979)

Yes
(n = 2294)

No
(n = 3314)

Yes
(n = 1685)

No
(n = 3923)

Yes
(n = 65)

No
(n = 5543)

Age, y, median (IQR) 65 (57–73) 63 (56–71) 65 (57–73) 64 (57–72) 66 (58–74) 64 (56–72) 66 (57–73) 65 (57–72) 69 (60–75) 65 (57–73)

Female sex 32 30 32 31 37 29 36 30 34 32

HTN 78 67 78 71 83 72 81 75 86 77

Hyperlipidemia 70 68 70 68 70 70 72 69 80 70

DM 35 31 36 31 39 32 38 33 37 35

PVD 12 9 12 10 14 10 14 11 22 11

History of MI 31 26 32 23 28 32 34 29 42 30

Typical chest pain 71 58 71 60 69 70 71 69 76 69

Positive stress test 59 56 59 57 57 60 57 60 46 59

Number of 3-vessel
disease

37 31 38 30 38 35 43 33 45 36

Revascularization
(PCI/CABG) within
30 days post-
catheterization

59 23 60 34 62 51 52 57 49 55

Abbreviations: CABG, coronary artery bypass grafting; CCB, calcium channel blocker; DM, diabetes mellitus; HTN, hypertension; IQR, interquartile range;
MI, myocardial infarction; NSTEMI, non–ST-segment elevation myocardial infarction; PCI, percutaneous coronary intervention; PVD, peripheral vascular
disease; STEMI, ST-segment elevation myocardial infarction.

All values are reported as % unless otherwise specified.

FIGURE 1 Patient flowchart displaying the

final study cohort, from the initial study
population through exclusions.
Abbreviations: CAD, coronary artery
disease; MI, myocardial infarction.
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TABLE 2 Baseline characteristics by number of categories of medications prescribed

No
Medications, n = 612

1 Class,
n = 2145

2 Classes,
n = 2043

3 or
4 Classes, n = 808

Age, y, median (IQR) 63 (56–71) 64 (57–72) 66 (57–73) 66 (58–74)

Female sex 30 27 34 41

HTN 67 73 80 85

DM 31 32 36 43

PVD 9 10 12 17

History of MI 26 31 30 33

History of HF 23 27 29 34

History of CVD 8 9 12 13

On dialysis 3 2 3 5

Renal disease 4 3 3 5

Typical chest pain 58 70 71 70

Positive stress test 56 63 57 56

Prior ACS category

STEMI 1 2 1 2

NSTEMI 3 4 4 7

UA 20 27 32 35

No. of 3-vessel disease 31 33 38 46

Revascularization (PCI/CABG) within 30 days post-
catheterization

23 60 59 57

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CVD, cerebrovascular disease; DM, diabetes mellitus; HF, heart
failure; HTN, hypertension; IQR, interquartile range; MI, myocardial infarction; NSTEMI, non–ST-segment elevation myocardial infarction; PCI, percutane-
ous coronary intervention; PVD, peripheral vascular disease; STEMI, ST-segment elevation myocardial infarction; UA, unstable angina.

All values reported as % unless otherwise specified.

TABLE 4 Relationship between prescription of each different category of medication and long-term outcomes

Mortality MI Mortality or MI

Event
Rate

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Event
Rate1

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Event
Rate

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

β-Blocker 25 vs 27 0.97 (0.84-1.11) 0.76 (0.66-0.88) 7 vs 5 1.37 (1.01-1.86) 1.20 (0.87-1.64) 29 vs 30 1.02 (0.89-1.16) 0.82 (0.72-0.94)

CCB 28 vs 23 1.26 (1.13-1.39) 1.16 (1.04-1.29) 7 vs 6 1.17 (0.95-1.44) 1.04 (0.84-1.29) 32 vs 27 1.23 (1.12-1.36) 1.13 (1.03-1.25)

Long-acting
nitrates

29 vs 23 1.35 (1.22-1.51) 1.20 (1.08-1.34) 8 vs 6 1.40 (1.13-1.73) 1.23 (0.99-1.53) 34 vs 27 1.34 (1.21-1.48) 1.19 (1.07-1.32)

Ranolazine 35 vs 25 1.51 (0.96-2.37) 1.29 (0.82-2.04) 5 vs 7 0.85 (0.27-2.65) 0.73 (0.23-2.28) 38 vs 29 1.38 (0.90-2.12) 1.19 (0.77-1.83)

Abbreviations: CCB, calcium channel blocker; CI, confidence interval; HR, hazard ratio; MI myocardial infarction.
1 5-year unadjusted cumulative incidence rate (%).

TABLE 3 Relationships of the number of classes of medications prescribed with long-term outcomes, compared with patients using no anginal

medications

Mortality MI Mortality or MI

Event
Rate1

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Event
Rate2

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Event
Rate1

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Any vs 0 25 vs 27 0.94 (0.80-1.11) 0.75 (0.63-0.89) 7 vs 4 1.68 (1.11-2.53) 1.52 (1.00-2.30) 29 vs 30 1.02 (0.87-1.20) 0.83 (0.71-0.98)

1 class vs 0 21 vs 27 0.78 (0.65-0.93) 0.65 (0.54-0.78) 6 vs 4 1.47 (0.95-2.27) 1.42 (0.92-2.20) 26 vs 30 0.86 (0.73-1.02) 0.74 (0.62-0.88)

2 classes vs 0 25 vs 27 0.95 (0.80-1.14) 0.77 (0.64-0.92 7 vs 4 1.75 (1.14-2.70) 1.57 (1.02-2.43) 30 vs 30 1.04 (0.88-1.24) 0.86 (0.72-1.02)

3 or 4 classes
vs 0

34 vs 27 1.37 (1.13-1.67) 0.96 (0.79-1.18) 8 vs 4 2.06 (1.29-3.29) 1.65 (1.03-2.66) 38 vs 30 1.42 (1.18-1.71) 1.03 (0.85-1.24)

Abbreviations: CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
1 5-year unadjusted Kaplan-Meier event rate (%).
2 5-year unadjusted cumulative incidence rate (%).
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patient had revascularization within 30 days after the index

catheterization.

4 | DISCUSSION

In this large observational cohort of patients with SIHD, we found

that (1) antianginal medication use was not universal among patients

with obstructive CAD, with 11% of patients receiving no antianginal

medication and 17% not being prescribed a β-blocker; (2) increasing

age, female sex, and higher comorbidity burden was associated with

a greater likelihood of receiving any medication, as well as multiple

classes of medications; (3) there was an overall association of medica-

tion use (vs nonuse) with reduced death and death or MI outcomes;

and (4) the relationships between outcomes varied with individual

classes of drugs.

To our knowledge, our study is the only detailed description of

single or combined antianginal medication use in SIHD patients. To

categorize medication use, we used medication records from the first

3 months post-catheterization, because discharge medication use

tends to determine long-term use for CAD patients8,9; studies have

shown that the prescription at discharge is strongly associated with

patients being on an appropriate dose at follow-up. For example,

β-blocker use at discharge was strongly associated with optimal

β-blocker use at follow-up (adjusted odds ratio: 6.08, 95% confidence

interval [CI]: 3.70-10.01).8 Alternative approaches to characterizing

medication use over time are cumbersome, may yield conflicting

results, and may not provide additional information.10

Among all patients, 38% received 1 class of antianginal medica-

tion, 36% received 2 classes, and 14% received 3 or 4 classes. Similar

to previous studies,2,11 we found that antianginal medications were

underused; 11% of patients in our cohort did not receive any antian-

ginal medication within 3 months after angiography. We were unable

to assess symptoms related to medication use, yet guideline recom-

mendations for SIHD patients suggest proactive use of anti-ischemia

therapy, regardless of symptoms,1 with β-blockers being are recom-

mended to be considered as chronic therapy for all patients with cor-

onary vascular disease, even if symptoms are resolved by

revascularization.1 In our study, almost 17% of SIHD patients did not

receive β-blocker treatment, despite guidelines recommending

β-blockers as the initial therapy for symptom relief (class Ib)1; we

were unable to formally assess whether or not these patients had

β-blocker contraindications, but other studies have shown that 5% to

15% of CAD patients have contraindications.9,11 In SIHD patients,

medication use is critical as it is associated with at least an equivalent

(if not greater) improvement in patient symptoms and outcomes than

revascularization.3,4,13 Yet a recent study demonstrated the underuse

of medications,14 suggesting underuse is problematic in real life2 and,

therefore, may be an actionable area to improve quality of care.

Compared with antianginal medication users, nonusers were

more likely to be male and younger, have a lower prevalence of each

cardiovascular risk factor, a lower likelihood of having a history of

CAD, and less severe CAD. A history of MI was associated with

higher β-blocker and nitrate use, which is consistent with previous lit-

erature and guidelines15; however, CCB use was less likely to be

observed in patients with a history of MI.1 Revascularization within

30 days of the index catheterization was positively associated with

β-blocker and CCB use, but negatively associated with nitrate use,

which suggests medication use was symptom-driven with a reduced

requirement post-revascularization.

Despite the greater burden of comorbidities, greater age, and

more severe CAD in medication users, when compared with nonuse,

antianginal medication use was associated with a 25% reduction in

death and a 17% reduction in death or MI; improved outcomes were

most apparent in those prescribed a single antianginal drug vs none

(mortality: HR: 0.65, 95% CI: 0.54-0.78; mortality or MI: HR: 0.74,

95% CI: 0.62-0.88). The comparison of β-blocker use vs nonuse

across all patients demonstrated a 24% reduction in death and an

18% reduction in death or MI. Long-term β-blocker use has shown

benefits in SIHD by reducing both ischemia burden and threshold,

and improving survival in patients with left ventricular dysfunction or

a history of MI.16–18

Our data differ from 2 other observational studies. Andersson

et al found β-blockers unhelpful in revascularized/unstable angina

patients without prior MI.19 Similarly, Bangalore et al found that

β-blocker use was not associated with a reduced risk of composite car-

diac events among a heterogeneous group including those with known

prior MI, CAD without prior MI, or with CAD risk factors only.20 How-

ever, in the Bangalore study, the definition of β-blocker use was docu-

mentation of β-blocker at the time of enrollment. Differing from the

Bangalore study, our study took into account the impact of invasive

therapy by defining β-blockers use as medication use at or within

3 months after the index catheterization. In our study, we found that

among SIHD patients, β-blocker prescription was associated with a

lower risk of mortality for those with and without prior MI, regardless

of the time duration since prior MI or revascularization, supporting the

current 2012 ACC/AHA SIHD guideline recommendations for their

use in patients with coronary vascular disease (class IIb, level of evi-

dence C).1 Similarly, our findings suggest that there should be no time

limit on the current class I recommendation for β-blocker use after MI

or with LVEF ≤40%; the recommended duration is now 3 years.1

A larger number of antianginal agents used correlated with a

reduction in adjusted mortality benefit: there were lower odds of

experiencing death in patients taking 2 classes of drugs, but not in

those taking 3 or 4 classes, and MIs became more frequent in

patients taking 2, 3, or 4 classes than in those not taking any antiangi-

nal agents. Examining the outcomes in users vs nonusers of specific

drug classes is helpful in understanding this pattern since users of

CCBs and nitrates each had greater mortality rates than nonusers

despite adjustment, perhaps because CCBs and nitrates are mecha-

nistically not thought to reduce events, but relieve symptoms.1,21–23

In conjunction with our findings, previous reports have demonstrated

that long-term nitrate therapy increases the risk of cardiac mortality

in postinfarction patients.24 Importantly, we found that nitrates were

most commonly used as add-on drugs, rather than monotherapy;

patients on multiple drugs had a higher baseline risk profile. Even

after risk adjustment, there was residual increased mortality risk asso-

ciated with comorbidities in these nitrate-using patients; perhaps this

risk profile contributes to the need for more medication rather than

an independent negative effect of nitrates or CCBs. Further studies
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are needed to better understand the benefits and risks of long-term

nitrate or CCB use in this population.25

4.1 | Study limitations

Our study had several limitations. First, our data were limited to pro-

spectively collected information from this long-term, single-center

registry. As a result, some outcomes-influential data are unavailable,

but because the category and discharge medication dose have been

reported to be highly related to long-term use,8 then our results

would probably not change appreciably. Second, because short-acting

nitrates are often prescribed “as needed” rather than a fixed dose, we

were unable to examine their use. Third, our data assess antianginal

medication prescription after elective catheterization; we were una-

ble to evaluate the adequacy of optimal medication, which is complex

and may evolve over years of follow-up. Finally, the limited number

of ranolazine users means that this medication class is underpowered

to fully capture patient characteristics and the related outcomes

impact. Fortunately, additional data regarding post–percutaneous cor-

onary intervention ranolazine use will soon be available from the

Ranolazine for Incomplete Vessel Revascularization Post-

Percutaneous Coronary Intervention (RIVER-PCI) trial.26

5 | CONCLUSION

Among patients diagnosed with obstructive CAD at elective catheteriza-

tion, a substantial minority (11%) did not receive a prescription for any

antianginal medication, and nearly one-fifth of patients were not pre-

scribed β-blockers. Patients who were prescribed medications were older,

had a higher burden of risk factors, comorbidities, and more extensive

CAD, but those prescribed β-blockers had better outcomes. In contrast,

those prescribed long-acting nitrates and CCBs had higher mortality, and

risk adjustment did not fully explain why. Further research is needed to

definitively determine the value of β-blockers in SIHD patients.
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