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ABSTRACT 

We assessed the independent effects of beta blockers, calcium antagonists, lipid-

lowering drugs, angiotensin converting enzyme inhibitors (ACEIs), angiotensin 

receptor blockers (ARBs), anti-platelet drugs, vitamin K antagonists, percutaneous 

coronary intervention (PCI) and coronary artery by-pass grafting (CABG) on mortality 5 

and on the composite endpoint of death, myocardial infarction, stroke or heart failure 

in patients with stable angina pectoris. We estimated the effects of the interventions 

used at baseline by multivariate Cox regression and during follow-up by G-estimation 

in 7665 patients followed for a mean of five years in the ACTION trial. Adjusted 

hazard ratios (95% confidence intervals) comparing all cause mortality among users 10 

during follow-up to non-users were 1.01 (0.91, 1.09) for beta blockade, 0.82 (0.75, 

0.89) for ACEIs or ARBs, 0.93 (0.87, 0.98) for calcium antagonists, 0.54 (0.49, 0.62) 

for lipid-lowering drugs, 0.49 (0.42, 0.53) for anti-platelet drugs, 0.74 (0.69, 0.78) for 

PCI, and 0.91 (0.82, 0.98) for CABG. Effects on the composite endpoint were less 

marked. This observational study confirms that ACEIs or ARBs, lipid-lowering and 15 

anti-platelet drugs as used in the everyday management of stable angina have 

independent secondary preventive effects. Calcium antagonists, PCI and CABG also 

appear to improve outcome.  

 

Keywords: angina pectoris; cardiovascular agents; coronary artery bypass; coronary 20 

disease; percutaneous coronary intervention; secondary prevention, G-estimation 
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ABBREVIATIONS 

ACEI  angiotensin converting enzyme inhibitor 

aHR adjusted hazard ratio 

ARB  angiotensin receptor blocker 

ATC  Anatomical Therapeutic Chemical 5 

CABG  coronary artery by-pass grafting 

CEC Critical Events Committee 

CI confidence interval 

GCP  good clinical practice 

GITS gastrointestinal therapeutic system 10 

HF heart failure 

HR hazard ratio 

ICH International Conference on Harmonisation 

MI myocardial infarction 

PCI  percutaneous coronary intervention  15 
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INTRODUCTION 

Several drug classes, such as anti-platelet agents, beta-blockers, and statins have 

been shown in clinical trials to reduce morbidity and mortality in patients with 

coronary heart disease. In the recent CORONA trial, statins surprisingly did not show 

benefit the sub-group of patients with coronary heart disease and heart failure (HF); 5 

this trial demonstrated the need for caution when applying results in a broad 

population to sub-groups of that population [1]. Few large and long-term trials or data 

bases exist that allow the evaluation of preventive therapy in the sub-group of 

patients with coronary heart disease and angina pectoris. However, the ACTION trial 

was one such trial [2]; the primary purpose of ACTION was to assess the effects of 10 

nifedipine GITS in patients with stable symptomatic angina over a mean follow-up of 

five years [2, 3]. Patients were randomly assigned to treatment with nifedipine GITS 

or placebo in addition to the other medications prescribed as clinically indicated. In 

this paper we describe the pattern of prescribed medications, as recommended in 

guidelines for patients with established coronary heart disease and the effects on 15 

mortality and major cardiovascular events of these cardiovascular medications and 

coronary interventions [4-6]. We adjusted for prognostic factors and considered both 

the relationship between outcome and treatment at baseline, and treatment during 

follow-up.  

 20 

METHODS 

The ACTION trial was carried out in accordance with the Declaration of Helsinki and 

ICH guidelines for good clinical practice (GCP). To protect patient safety, predefined 

interim analyses were performed by an independent safety monitoring committee that 

had access to the medication code. These did not lead to early termination. ACTION 25 
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was a multinational, randomized, placebo-controlled trial comparing the effects of 

nifedipine GITS versus placebo on clinical outcome in patients aged at least 35 years 

old with stable symptomatic coronary artery disease who required treatment with 

anti-anginal drugs [2, 3]. The inclusion criteria were angina pectoris that had been 

stable for at least one month, and the need for oral or transdermal treatment either to 5 

treat or prevent anginal attacks. Patients had to have a history of myocardial 

infarction (MI), or angiographically proven coronary artery disease, or a positive 

exercise test or perfusion defect. Major exclusion criteria included left ventricular 

ejection fraction below 40% and clinically significant symptoms or signs of HF. 

Nifedipine GITS (target dose 60 mg once daily) or matching placebo was added to 10 

the conventional anti-anginal medication regimen. Physicians were encouraged to 

optimise risk factor modification and to treat symptomatic angina with appropriate 

additional medications. Standard baseline assessments included echocardiography, 

vital signs, electrocardiography, laboratory tests and a full medical history. Blood 

pressure was recorded with a standard sphygmomanometer in the sitting position 15 

after 5 min of rest. ECG abnormalities were coded locally by the treating physician, 

using a standard coding form. Baseline coronary angiography was not required but 

clinically significant lesions identified in those past coronary angiograms that were 

done were documented as described elsewhere [7]. After randomisation, patients 

were seen in the out-patient clinic at two weeks, six weeks and six months after 20 

randomisation; and from then onwards every six months. Between visits, patients 

were contacted by telephone. 

ACTION was completed as planned [2]. Between November 1996 and 

December 1998, 7665 patients were started on study medication (3825 nifedipine 

GITS, 3840 placebo), and are the basis of this report. The mean duration of follow-up 25 
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until death or end of study was the same for both treatments (4.94 years) and follow-

up was 97.3% complete.  

 

Assessment of clinical events during follow-up 

Any untoward experience that occurred during the trial was reported as a (serious) 5 

adverse event. This included major diagnostic and intervention procedures. According 

to procedures and pre-defined criteria described elsewhere [8], the Critical Events 

Committee (CEC) independently determined the occurrence of acute MI, refractory 

angina, new overt HF, debilitating stroke, and peripheral revascularisation. Each 

patient could have several clinical events. The CEC determined the order of 10 

occurrence. 

For the purpose of the present report, we defined chest pain requiring 

hospitalisation as any chest pain or worsening angina reported by the investigator for 

which the patient was hospitalised, and included in the definition refractory angina as 

determined by the CEC. We defined any stroke as either debilitating stroke 15 

determined by the CEC or stroke diagnosed by the investigator.  

 

Statistical analyses 

The treatments considered in this analysis were beta blockers, calcium antagonists 

(which included double-blind active nifedipine GITS and open-label calcium 20 

antagonists given on indication), lipid-lowering drugs, angiotensin converting enzyme 

(ACE) inhibitors, angiotensin receptor blockers (ARBs), aspirin or other anti-platelet 

drugs, vitamin K antagonists, percutaneous coronary intervention (PCI) and coronary 

artery by-pass grafting (CABG). All treatments prescribed at baseline and during 

follow-up were documented, including indication, daily dose, route of administration, 25 
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and start and end date of use. We classified concomitant drugs according to the 

Anatomical Therapeutic Chemical (ATC) classification system (WHO Collaborating 

Center for Drug Statistics Methodology, 2006). For each patient, we calculated the 

percentage of follow-up time that (combinations of) the drug classes considered were 

used, and compared the ACTION treatment arms by t-tests.  5 

To estimate the occurrence of death and of the composite of death, MI, stroke 

and HF, we determined the rates of these events in two different ways. Considering 

treatment at baseline only, we took rates as the number of patients with event by 

treatment at baseline, divided by the total person-time of follow-up ‘at risk’ of event by 

treatment at baseline based on ‘intention-to-treat’, i.e. ignoring treatment changes 10 

during follow-up. Considering actual treatment during follow-up, we took rates as the 

number of patients with event by the treatment actually used at the time of event, 

divided by the total person-time of follow-up ‘at risk’ that the treatment concerned 

was actually used. In the latter rate calculations, each patient could contribute to 

follow-up time ‘at risk’ both as a user and as a non-user of a particular class of drug, 15 

based on start and stop dates for the treatment concerned.  

In rate calculations for CABG and PCI respectively, we considered that the 

patient concerned was treated from the date of the first procedure onwards, and 

ignored repeat coronary revascularisation procedures. 

We estimated the effect of treatments on all cause mortality and on the 20 

composite of death, MI, stroke and HF. Firstly, to estimate the effects of the 

treatments given at baseline (including a history of CABG or PCI) on clinical events, 

we used multivariate Cox regression to estimate hazard ratios comparing treatment 

with no treatment adjusted for covariates (aHR) and their 95% confidence intervals 

(CIs). Adjustments were made for age, gender, history of MI, HF, stroke, frequency of 25 
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angina (none, occasional, regular, frequent, daily), number of significant lesions on 

coronary angiogram, smoking, baseline total cholesterol (≥ 5 mmol/L or < 5 mmol/L), 

blood pressure (systolic blood pressure (SBP) ≥ 150 mmHg or diastolic blood 

pressure (DBP) ≥ 100 mmHg; SBP: 140-149 mmHg and DBP < 100 mmHg or DBP: 

90-99 mmHg; SBP< 140 mmHg and DBP < 90 mmHg, diabetes mellitus, left 5 

ventricular ejection fraction and serum creatinine.  

Secondly, we performed G-estimation to estimate the effect of each treatment 

prescribed during follow-up as a time-dependent covariate based on start and stop 

dates for drugs, and for CABG and PCI, the date when the first procedure was 

performed, respectively [9]. We used the application stgest (STATA10.1) to perform 10 

the analysis [10]. Besides the baseline confounders, we adjusted for blood pressure, 

angina requiring hospitalisation, and total cholesterol level in a time dependent 

manner. When death was considered as outcome, additional adjustment was made 

for MI, HF, and stroke in a time-dependent manner. The parameter estimated by G-

estimation is the causal survival time ratio. To estimate hazard ratios, we assumed 15 

that survival times followed a Weibull distribution and fitted Weibull regression 

models with the same covariates as the corresponding models in the G-estimation 

procedures. We have taken the estimates of the shape parameters from the Weibull 

models to calculate hazard ratios from the causal survival time ratios [9]. We used 

application gesttowb (STATA10.1) to perform the analysis [10]. 20 

Both in the analyses for treatment at baseline and in the time-dependent 

analyses for treatment during follow-up, the use of vitamin K antagonists was 

adjusted for atrial fibrillation or irregular pulse at baseline and in a time-dependent 

manner. 
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Finally, in G-estimation procedures, we estimated the independent effect of 

each treatment assessed adjusted for the same covariates as in the previous 

analysis and for the other treatments. 

 

RESULTS 5 

Baseline patient profile 

The ACTION trial was completed as planned and 7665 patients were started on 

study medication [2]. 79% of patients (n=6084) were male and 46% (n=3548) were 

65 years or older. A history of MI was present in 51% (n=3898) and 92% (n=7070) 

reported anginal attacks. 7479 (98%) had complete information on all covariates 10 

considered in Cox regression analyses and are the basis for the remainder of this 

report. 

 

Cardiovascular drug use  

The prescription pattern of beta blockers, lipid-lowering drugs, ACEIs or ARBs and 15 

aspirin or another anti-platelet at baseline is given in Table 1. A vitamin K antagonist 

was prescribed at baseline for 305 patients (4%). 

During follow-up, patients assigned nifedipine GITS or placebo were 

prescribed beta blocking, lipid-lowering drugs and aspirin or other anti-platelet drugs 

to a similar degree (c.f. Table 1). Patients assigned nifedipine used an ACEI or ARB 20 

significantly less frequently than those assigned placebo (mean 27% as opposed to 

33% of follow-up time, p<0.001). All four drugs were used during a mean of 14% of 

follow-up time by patients assigned nifedipine as opposed to 18% of patients 

assigned placebo (p<0.001). 

 25 
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The impact of cardiovascular drugs use on mortality 

As shown in Table 2, only lipid-lowering drugs and aspirin or other anti-platelet drugs 

were associated with a significantly (95% confidence interval of aHR does not cover 

unity) lower death rate adjusted for other covariates when comparing users with non-

users at baseline (aHR 0.78 and 0.75 respectively). Relative to non-users, the use of 5 

vitamin K antagonists was associated with a significantly increased rate of death 

(aHR 1.38) in an analysis that was also adjusted for atrial fibrillation or irregular 

pulse.  

Time-dependent analyses comparing use during follow-up with non-use with 

adjustment for other covariates time-dependently are shown in Tables 2 and 3 in 10 

addition to analyses comparing treatments at baseline. When drug use during follow-

up was taken into account in this manner, lipid-lowering drugs, ACEIs or ARBs, 

aspirin or other anti-platelet drugs, and calcium antagonists significantly reduced the 

rate of death (aHRs 0.54, 0.82, 0.49, and 0.93 respectively, c.f. Table 2). Use of 

vitamin K increased mortality (aHR 1.19, CI 1.02, 1.37, c.f. Table 2).  15 

 

The impact of cardiovascular drugs use on mortality, MI, stroke or HF 

As shown in Table 3, for the outcome death (all cause), MI, stroke or HF, use of beta 

blockers at baseline was associated with a significantly increased rate of event (aHR 

1.15) while lipid-lowering drugs was associated with a significantly reduced rate (aHR 20 

0.84), relative to non-users. Vitamin K antagonists had no effect on this outcome. 

Drugs that reduced mortality in the time-dependent covariate also significantly 

reduced the rate of mortality (all cause), MI, stroke or HF (c.f. Table 3). Lipid lowering 

drugs had the largest effect (aHR 0.73, CI 0.70, 0.78, c.f. Table 3). Vitamin K 

antagonists were not significantly associated with the combined outcome. Beta-25 
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blockers use on the other hand increased the risk of death, MI, stroke or HF (aHR 

1.07). 

 

Coronary interventions and outcome 

CABG had been performed before inclusion in 1749 (23%) patients, and was 5 

performed during follow-up in a further 584 (10% of those not having baseline history 

and included in this analysis). CABG was not associated with the rate of death or the 

combined rate of death, MI, stroke or HF as a baseline covariate. In the time-

dependent analysis, it did not reduce the rate of the combined event significantly, but 

it reduced mortality by 9% (c.f. Tables 2 and 3).  10 

PCI had been performed before inclusion in 1956 (26%) patients, and was 

performed during follow-up in a further 455 (8% of those not having baseline history 

and included in this analysis). Patients with history of PCI at baseline had a 

significantly reduced rate of death (aHR 0.67) but no significant reduction of the rate 

of any death, MI, stroke or HF (c.f. Tables 2 and 3). PCI as a time-dependent 15 

covariate significantly reduced the rate of death (aHR 0.74) and the rate of any 

death, MI, stroke or HF (aHR 0.92).  

 

Combined effect of cardiovascular treatments 

The conditionally independent effects of cardiovascular treatments during follow-up 20 

adjusted for relevant covariates at baseline and time-dependently are shown in Table 

4. Use of an ACEI or ARB, calcium antagonist, lipid-lowering drugs, aspirin or 

another anti-platelet drug, and Vitamin K antagonist had significant conditionally 

independent preventive effect both on mortality and on any death, MI, stroke or HF. 

The rate of death and of the combined outcome of any death, MI, stroke or HF was 25 
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higher in those on a beta-blocker but for death alone, this was not statistically 

significantly.  

CABG had a statistically significant independent effect on mortality (aHR 0.84) 

but did not have an independent effect on the combined outcome. PCI was 

associated with a significant reduction of mortality and any death, MI, stroke or HF.  5 

 

DISCUSSION 

The selection criteria of the ACTION study allowed for the inclusion of a broad 

spectrum of patients with symptomatic stable angina requiring anti-anginal treatment 

and who did not have clinical signs of heart failure. Hence the present population is 10 

likely to be representative of stable angina patients seen in everyday clinical practice. 

Patients included in ACTION were slightly older and more often male than patients 

investigated in two recent large cohorts managed in general practice [11, 12]. 

The main finding of the present analyses is that three of the four therapies 

currently recommended for secondary prevention in patients with coronary heart 15 

disease, i.e. lipid-lowering drugs, ACEIs or ARBs and anti-platelet drugs all improve 

outcome [6, 13]. These treatments significantly reduced mortality and the rate of any 

death, MI, stroke or HF in adjusted time-dependent analyses that took drug use 

during follow-up into account. Only lipid-lowering and anti-platelet drugs significantly 

reduced mortality and only lipid lowering drugs reduced the rate of any death, MI, 20 

stroke or HF when comparing treatment at baseline with no treatment. We attribute 

this to dilution caused by treatment changes during follow-up and our results 

underline the importance of taking such changes into account by time-dependent 

analyses. In time-dependent analysis of actual drug use, adjustment for previous 

health status is needed, because these are related to the indication of treatments. On 25 
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the other hand, adjustment for future health status should be avoided because they 

are intermediates in the causal pathways (i.e. they predict the outcome). 

Conventional multivariate regression methods (like Cox-regression) are not, but G-

estimation procedure is a suitable method to achieve this [9]. 

Lipid-lowering drugs, ACEIs or ARBs and anti-platelet drugs have all been 5 

shown to be effective in a broad spectrum of patients with coronary heart disease, or 

with risk factors for its development [13]. In addition, the present results confirm that 

secondary preventive agents have conditionally independent effects. 

In a cohort of 3031 patients studied between 2002 and 2003, Daly et al. found 

that beta blockade, statins and anti-platelet therapy were prescribed as mono-10 

therapy, dual or triple therapy in 18%, 36% and 35% of patients respectively [14]. In 

the present study (Table 1), we found that the proportion of patients prescribed these 

therapies as mono, dual and triple therapy were 11% (n=814), 38% (n=2910) and 

50% (n=3853) respectively so patients were treated as intensively with triple therapy 

as patients discharged after acute MI in a French registry [15]. When the present 15 

study was performed (between 1996 to 2003), beta blockers were prescribed more 

frequently than ACEIs or ARBs, drug classes not then considered as components of 

combination therapy [15]. Indeed, 64% of patients were prescribed a beta blocker 

and 42% an ACEI in the Daly et al. cohort as opposed to 80% and 23% respectively 

in this cohort (c.f. Table 1) [14]. In the most recent guidelines for secondary 20 

prevention it is recommended to consider the use of ACEIs in all patients and ARBs 

in patients who are ACEI intolerant [6, 13]. 

The only randomised comparison in the ACTION trial was between nifedipine 

GITS and placebo. To remove confounding when assessing effects of non-

randomised treatments as much as possible, we used G-estimation to adjust for 25 
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time-varying confounders. However, confounding by indication can never be 

absolutely controlled for in non-randomised comparisons [16]. Adjusted comparisons 

for non-randomised treatments cannot replace appropriately designed randomised 

trials. Nonetheless, we believe that adjusted analyses of observational data are 

relevant to confirm that effects predicted based on results of trials can be achieved in 5 

clinical practice.  

Currently, calcium antagonists are not generally recommended for secondary 

prevention in patients with coronary heart disease although their usefulness in 

treating anginal symptoms and lowering blood pressure is widely accepted. The 

ACTION study did not show an effect of nifedipine GITS on mortality or on the 10 

combination of death, MI, stroke or HF in a conventional intention-to-treat analyses; 

nifedipine did reduce the incidence of HF, any stroke, the need for coronary 

angiography and the need for CABG [2]. In our analysis, adjusted time-dependent 

analyses taking the actual use of a calcium antagonist during follow-up into 

consideration showed that calcium antagonists (which included active study 15 

treatment) reduced both mortality and the combination of death, MI, stroke or HF. We 

found that patients assigned placebo were more intensively treated with combination 

therapy including an ACEI or ARB than patients randomly assigned nifedipine GITS. 

This may explain why the intention-to-treat analysis did not show significant effects of 

nifedipine on mortality and the composite endpoint while time-dependent analyses 20 

did. Intention-to-treat comparisons are unbiased if there is no effect, but may be 

diluted when the drug considered has effects relative to placebo on changes made to 

study or other medications for clinical reasons during follow-up. Furthermore, it needs 

to be emphasised that this analysis compared the rate of events in patients who 

actually were using any calcium antagonist (which might have been active double 25 
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blind drug or an open-label calcium antagonist) with the rate of events in patients 

who were not using a calcium antagonist adjusted for other determinants. Such an 

analysis is different from comparing the rate of events in patients assigned active 

treatment with the rate of events in patients assigned placebo, and then disregarding 

whether the assigned drug was really used during a mean follow-up of almost five 5 

years. 

Vitamin K antagonists increased mortality even in the time-dependent 

analysis. However, when its use was adjusted for the use of other drugs, it 

significantly reduced both mortality and the rate of any death, MI, stroke or HF. The 

WARIS II trial concluded that warfarin in combination with aspirin was superior to 10 

aspirin alone in reducing the incidence of death, non-fatal reinfarction or 

thromboembolic cerebral stroke, but was associated with a higher risk of bleeding 

[17]. Our results may reflect the independent benefit of Vitamin K antagonists.  

Both CABG and PCI had a large positive effect on survival. PCI significantly 

reduced the rate of any death, MI, stroke or HF, too. These results came as a 15 

surprise as we are not aware of any randomised trial that has shown unequivocally 

that these procedures improve outcome. Recently, the 5-year results of the Clinical 

Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) 

trial were reported [18]. In this largest and most contemporary trial addressing the 

benefit of PCI in addition to optimal medical therapy in patients with stable coronary 20 

artery disease, there were no significant differences in mortality, MI, and stroke 

between patients with and without PCI. The only difference was that patients initially 

on medical therapy alone subsequently had more frequently a revascularisation 

procedure (33% vs. 21%). Patients randomised in the COURAGE trial [18], however, 

represented only a very small proportion of those screened for eligibility (6.4%), 25 
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raising the question of the relevance of the conclusions of the trial in the real world 

setting. Comparing outcomes between patients with and without PCI by a time-

dependent analysis in the present cohort may be biased because it involves events 

immediately after the procedure only in a minority of patients. Of all patients in the 

time-dependent analysis who had PCI, 1956 had a history of this procedure 5 

performed at least three months before inclusion while 455 had PCI during follow-up. 

In addition, residual confounding by indication may be present after adjustment.  

 

CONCLUSION 

As far as we are aware, this is the first time that such an analysis has been 10 

performed to investigate the effectiveness of secondary preventive therapies as 

actually used in patients with a cardiovascular disease, on outcome. The ACTION 

trial enabled this analyses to be performed because of the detailed data collected 

during follow-up for each patient. In summary, this study confirms that ACEIs or 

ARBs, lipid-lowering and anti-platelet drugs as used in the everyday management of 15 

patients with stable angina have the secondary preventive effects claimed based on 

clinical trials. Calcium antagonists PCI, and to a smaller extent CABG although not 

proven in clinical trials, also seem to improve outcome in time-dependent non-

experimental comparisons.  

 20 
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Table 1. Use of (combinations of) secondary preventive treatments at baseline and 

during follow-up in 7665 patients with stable angina 

Beta-
blocker 

Lipid-
lowering 

drug 

ACEI or 
ARB 

Aspirin or 
other anti-

platelet 

N (%) 
prescribed at 

baseline 

Mean % of follow-up 
time prescribed 

P 

Nifedipine Placebo 

None of these 67 (0.9%) 1.2% 1.2% 0.9 

X    147 (1.9%) 1.7% 1.8% 0.7 

 X   88 (1.1%) 1.5% 1.1% 0.1 

  X  21 (0.3%) 0.3% 0.4% 0.3 

   X 357 (4.7%) 4.1% 3.9% 0.6 

Any one drug class 613 (8.0%) 7.6% 7.2% 0.5 

X X   277 (3.6%) 3.8% 3.4% 0.3 

X  X  49 (0.6%) 0.7% 0.7% 1.0 

X   X 1357 (18%) 13% 12% 0.6 

 X X  36 (0.5%) 0.6% 0.7% 0.5 

 X  X 571 (7.4%) 9.1% 7.6% 0.01 

  X X 137 (1.8%) 1.9% 2.0% 0.8 

Any combination of two drug classes 2427 (32%) 29% 27% 0.02 

X X X  84 (1.1%) 1.5% 1.9% 0.1 

X X  X 3062 (40%) 39% 35% <0.001 

X  X X 332 (4.3%) 3.7% 4.8% 0.005 

 X X X 289 (3.8%) 4.3% 5.1% 0.05 

Any combination of three drug classes 3767 (49%) 48% 47% 0.2 

All four drug classes 791 (10%) 14% 18% <0.001 

Total    6099 (80%) 77% 78% 0.28 

 Total   5198 (68%) 74% 73% 0.35 

  Total  1739 (23%) 27% 33% <0.001 

   Total 6896 (90%) 89% 89% 0.96 

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker 
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Table 2. Cardiovascular therapy and death 

 
Comparing treatment with no treatment 

at baseline 
 Comparing treatment with no treatment 

during follow-up 

 
Treatment 
at baseline 

No. of deaths 
(rate/100 pyrs) 

Adjusted* HR 
(95% CI) 

 % of total  
f-up used 

No. of deaths 
(rate/100 pyrs) 

Survival time 
ratio† (95% CI) 

Adjusted† HR 
(95% CI) 

Beta-blocker         

Yes 5950 (80%) 463 (1.57) 1.07 (0.87, 1.30)  77.7 377 (1.31) 0.99 (0.93, 1.08) 1.01 (0.91, 1.09) 

No  1529 (20%) 124 (1.66) ref. cat.   210 (2.55) ref. cat. ref. cat. 

Lipid-lowering drug         

Yes 5074 (68%) 342 (1.35) 0.78 (0.66, 0.92)  74.5 274 (1.00) 1.60 (1.45,1.72) 0.54 (0.49, 0.62) 

No  2405 (32%) 245 (2.11) ref. cat.   313 (3.32)  ref. cat. 

ACEI or ARB:         

Yes 1694 (23%) 142 (1.73) 0.99 (0.81, 1.20)  30.1 176 (1.58) 1.17 (1.09, 1.25) 0.82 (0.75, 0.89) 

No  5785 (77%) 445 (1.55) ref. cat.   411 (1.59) ref. cat. ref. cat. 

Aspirin  
or other anti-platelet: 

   
 

    

Yes 6715 (90%) 495 (1.49) 0.75 (0.60, 0.94)  89.2 378 (1.15) 1.76 (1.67, 1.98) 0.49 (0.42, .0.53) 

No  764 (10%) 92 (2.51) ref. cat.   209 (5.23) ref. cat. ref. cat. 

Vitamin K antagonist:         

Yes 294 (4%) 45 (3.15) 1.38 (1.00, 1.90)
‡
  5.4 73 (3.66) 0.87 (0.77, 0.99)

 ‡
 1.19 (1.02, 1.37)

 ‡
 

No  7185 (96%) 542 (1.53) ref. cat.   514 (1.47) ref. cat. ref. cat. 

Calcium antagonist:         

Yes 3740 (50%) 305 (1.65) 1.09 (0.93, 1.28)  44.8 163 (0.98) 1.06 (1.02, 1.12) 0.93 (0.87, 0.98) 

No  3739 (50%) 282 (1.53) ref. cat.   424 (2.08) ref. cat. ref. cat. 



 

 page 24 of 28 

 
Comparing treatment with no treatment 

at baseline 
 Comparing treatment with no treatment 

during follow-up 

 
Treatment 
at baseline 

No. of deaths 
(rate/100 pyrs) 

Adjusted* HR 
(95% CI) 

 % of total  
f-up used 

No. of deaths 
(rate/100 pyrs) 

Survival time 
ratio† (95% CI) 

Adjusted† HR 
(95% CI) 

CABG:         

Yes 1749 (23%) 150 (1.72) 1.00 (0.78, 1.27)  27.6 192 (1.88) 1.08 (1.02, 1.18) 0.91 (0.82, 0.98) 

No 5730 (77%) 437 (1.55) ref. cat.   395 (1.48) ref. cat. ref. cat. 

PCI:         

Yes 1956 (26%) 95 (0.97) 0.67 (0.52, 0.85)  29.6 123 (1.13) 1.23 (1.21, 1.34) 0.74 (0.69, 0.78) 

No 5523 (74%) 492 (1.81) ref. cat.   464 (1.78) ref. cat. ref. cat. 

pyrs, person years; HR, hazard ratio; CI, confidence interval; ref. cat., reference category; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery 

bypass grafting; PCI, percutaneous coronary intervention 

* Adjusted for age, gender, history of MI, HF and stroke, frequency of angina, number of significant lesions on coronary angiogram, smoking, total cholesterol, blood pressure, diabetes mellitus, 

left ventricular ejection fraction, and serum creatinine at baseline.  

† Adjusted for age, gender, history of MI, HF and stroke, frequency of angina, number of significant lesions on coronary angiogram, smoking, total cholesterol, blood pressure, diabetes mellitus, 5 

left ventricular ejection fraction, serum creatinine at baseline and for blood pressure, angina requiring hospitalisation, MI, HF, stroke and total cholesterol level in a time dependent manner. Drug 

use treated as a time-dependent indicator variable that could change continuously and interventions as a time-dependent indicator variable that could change once at the time of the first 

intervention concerned.  

‡ Adjusted in addition for atrial fibrillation or irregular pulse at baseline and in a time-dependent manner. 
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Table 3. Cardiovascular therapy and first occurrence of death, MI, stroke or HF 

 
Comparing treatment with no treatment 

at baseline 
 Comparing treatment with no treatment 

during follow-up 

 
Treatment 
at baseline 

No. of patients 
(rate/100 pyrs) 

Adjusted* HR 
(95% CI) 

 % of total 
f-up used 

No. of patients 
(rate/100 pyrs) 

Survival time 
ratio† (95% CI) 

Adjusted† HR 
(95% CI) 

Beta-blocker:         

Yes 5950 (80%) 962 (3.41) 1.15 (1.00, 1.33)  77.6 889 (3.24) 0.94 (0.89, 0.98) 1.07 (1.03, 1.14) 

No  1529 (20%) 234 (3.26) ref. cat.   307 (3.87) ref. cat. ref. cat. 

Lipid-lowering drug:         

Yes 5074 (68%) 746 (3.07) 0.84 (0.74, 0.94)  74.4 742 (2.82) 1.33 (1.26-1.37) 0.73 (0.70; 0.78) 

No  2405 (32%) 450 (4.07) ref. cat.   454 (5.01) ref. cat. ref. cat. 

ACEI or ARB:         

Yes 1694 (23%) 293 (3.74) 0.97 (0.85, 1.12)  29.1 384 (3.73) 1.13 (1.08, 1.19) 0.88 (0.83, 0.92) 

No  5785 (77%) 903 (3.28) ref. cat.   812 (3.24) ref. cat. ref. cat. 

Aspirin 
or other anti-platelet: 

      
 

 

Yes 6715 (90%) 1056 (3.32) 0.99 (0.83, 1.18)  89.3 942 (2.98) 1.23 (1.10, 1.26) 0.80 (0.78, 0.90) 

No  764 (10%) 140 (3.97) ref. cat.   254 (6.70) ref. cat. ref. cat. 

Vitamin K antagonist:         

Yes 294 (4%) 67 (4.90) 
1.01 (0.78, 

1.30)
‡
 

 
5.1 103 (5.77) 1.04 (0.90, 1.12) 0.96 (0.88, 1.12)

‡
 

No  7185 (96%) 1129 (3.32) ref. cat.   1093 (3.26) ref. cat. ref. cat. 

Calcium antagonist:         

Yes 3740 (50%) 587 (3.31) 0.95 (0.85, 1.07)  45.2 448 (2.80) 1.05 (1.01, 1.09) 0.95 (0.91, 0.99) 

No  3739 (50%) 609 (3.45) ref. cat.   748 (3.86) ref. cat. ref. cat. 
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Comparing treatment with no treatment 

at baseline 
 Comparing treatment with no treatment 

during follow-up 

 
Treatment 
at baseline 

No. of patients 
(rate/100 pyrs) 

Adjusted* HR 
(95% CI) 

 % of total 
f-up used 

No. of patients 
(rate/100 pyrs) 

Survival time 
ratio† (95% CI) 

Adjusted† HR 
(95% CI) 

CABG:         

Yes 1749 (23%) 332 (4.01) 1.07 (0.90, 1.26)  26.8 393 (4.04) 1.02 (0.97, 1.05) 0.98 (0.95, 1.04) 

No 5730 (77%) 864 (3.19) ref. cat.   813 (3.14) ref. cat. ref. cat. 

PCI:         

Yes 1956 (26%) 261 (2.79) 0.92 (0.79, 1.07)  29.0 300 (2.92) 1.08 (1.05, 1.13) 0.92 (0.87, 0.95) 

No 5523 (74%) 935 (3.60) ref. cat.   896 (3.57) ref. cat. ref. cat. 

pyrs, person years; HR, hazard ratio; CI, confidence interval; ref. cat., reference category; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery 

bypass grafting; PCI, percutaneous coronary intervention 

* Adjusted for age, gender, history of MI, HF and stroke, frequency of angina, number of significant lesions on coronary angiogram, smoking, total cholesterol, blood pressure, diabetes mellitus, 

left ventricular ejection fraction, and serum creatinine at baseline.  

† Adjusted for age, gender, history of MI, HF and stroke, frequency of angina, number of significant lesions on coronary angiogram, smoking, total cholesterol, blood pressure, diabetes mellitus, 5 

left ventricular ejection fraction, serum creatinine at baseline and for blood pressure, angina requiring hospitalisation and total cholesterol level in a time dependent manner. Drug use treated as 

a time-dependent indicator variable that could change continuously and interventions as a time-dependent indicator variable that could change once at the time of the first intervention 

concerned.  

‡ Adjusted in addition for atrial fibrillation or irregular pulse at baseline and in a time-dependent manner. 

 10 
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Table 4. Conditionally independent effects of cardiovascular treatments during follow-up (time-dependent analysis by G-estimation 

procedure) 

 Any death  Any death, MI, stroke or HF 

 Causal survival 
time ratio (95% CI) 

HR 
(95% CI)  

 Causal survival time 
ratio (95% CI) 

HR 
(95% CI)  

Beta blocker 0.96 (0.89, 1.01) 1.06 (0.98, 1.16)  0.92 (0.89, 0.96) 1.09 (1.05, 1.15) 

Lipid-lowering drugs 1.53 (1.42, 1.61) 0.58 (0.54, 0.64)  1.29 (1.25, 1.36) 0.76 (0.71, 0.78) 

ACEI or ARB 1.10 (1.00, 1.18) 0.89 (0.81, 1.00)  1.10 (1.06, 1.17) 0.90 (0.84, 0.94) 

Aspirin or other anti-platelet 1.73 (1.55, 1.99) 0.49 (0.41, 0.57)  1.12 (1.06, 1.26) 0.88 (0.77, 0.94) 

Vitamin K antagonist 1.12 (1.02, 1.37) 0.87 (0.67, 0.97)  1.12 (1.04, 1.37) 0.88 (0.71, 0.96) 

Calcium antagonist 1.06 (1.02, 1.12) 0.92 (0.87, 0.98)  1.05 (1.02, 1.09) 0.95 (0.91, 0.98) 

CABG 1.15 (1.04, 1.22) 0.84 (0.77, 0.95)  1.02 (0.97, 1.06) 0.98 (0.94, 1.04) 

PCI 1.25 (1.18, 1.31) 0.75 (0.71, 0.81)  1.08 (1.03, 1.11) 0.92 (0.89, 0.97) 

HR, hazard ratio; CI, confidence interval; MI, myocardial infarction; HF, heart failure; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery 

bypass grafting; PCI, percutaneous coronary intervention 5 

* Adjusted for age, gender, history of MI, HF and stroke, frequency of angina, number of significant lesions on coronary angiogram, smoking, total cholesterol, systolic blood pressure, diabetes 

mellitus, left ventricular ejection fraction, serum creatinine at baseline, and for blood pressure, angina requiring hospitalisation, MI, HF, stroke and total cholesterol level in a time dependent 

manner. Drug use treated as a time-dependent indicator variable that could change continuously and interventions as a time-dependent indicator variable that could change once at the time of 

the first intervention concerned. Adjusted for the use of other drugs and history of interventions at baseline and also in a time-dependent manner. 
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† Adjusted in addition for atrial fibrillation or irregular pulse at baseline and in a time-dependent manner. 


