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ABSTRACT 

Objectives: A number of observational studies have reported that, in patients with 

chronic obstructive pulmonary disease (COPD), β-blockers (BBs) decrease risk of 

mortality and COPD exacerbations. To address important methodological concerns of 

these studies, we compared the effectiveness and safety of cardioselective BBs versus 

non-dihydropyridine calcium channel blockers (non-DHP CCBs) in patients with acute 

coronary syndromes (ACS) and COPD using a propensity score- (PS-) matched, active 

comparator, new user design. We also assessed for potential unmeasured confounding by 

examining a short-term COPD hospitalization outcome. 

Setting and participants: We identified 22,985 patients with ACS and COPD starting 

cardioselective BBs or non-DHP CCBs across five claims databases from the US, Italy, 

and Taiwan.  

Primary and secondary outcome measures: Stratified Cox regression models were 

used to estimate HRs for mortality, cardiovascular hospitalizations, and COPD 

hospitalizations in each database after variable-ratio PS matching. Results were combined 

with random-effects meta-analyses. 

Results: Cardioselective BBs were not associated with reduced risk of mortality (HR, 

0.90; 95% CI, 0.78-1.02) or cardiovascular hospitalizations (HR, 1.06; 95% CI, 0.91-
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1.23), although statistical heterogeneity was observed across databases. In contrast, a 

consistent, inverse association for COPD hospitalizations was identified across databases 

(HR, 0.54; 95% CI, 0.47-0.61), which persisted even within the first 30 days of follow-up 

(HR, 0.55; 95% CI, 0.37-0.82). Results were similar across a variety of sensitivity 

analyses, including PS trimming, high dimensional-PS matching, and restricting to high-

risk patients 

Conclusions: This multi-national study found a large inverse association between 

cardioselective BBs and short-term COPD hospitalizations. The persistence of this bias 

despite state-of-the-art pharmacoepidemiologic methods calls into question the ability of 

claims data to address confounding in studies of BBs in patients with COPD. 

  

Abstract word count 273 
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Strengths and limitations of this study 

� A growing body of observational studies suggest that BBs may decrease risk of 

mortality and COPD exacerbations in patients with COPD; most studies compared 

prevalent BB users to non-users. 

� This study used an active comparator, new user cohort design to examine the 

association between BBs and clinical outcomes and to assess potential remaining 

unmeasured confounding using data from five claims databases in the US, Italy, and 

Taiwan.  

� The study applied a variety of sensitivity analyses, including PS trimming, an hd-PS 

matching technique, and restricting to high-risk patients, to evaluate the consistency 

of results. 

� Although this multi-national study was conducted with a common protocol, the 

inherent variations in healthcare systems and data structures across countries 

necessitated certain database-specific modifications to the protocol.  

� Owing to analytic flexibility, we conducted sensitivity analyses in the three US 

databases only. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) has profound health impacts 

worldwide
1,2 

 and usually coexists with cardiovascular (CV) morbidity.
3-5

 CV risk 

reduction is therefore a major focus in COPD management. β-blockers (BBs) are a 

cornerstone treatment for improving survival and reducing CV morbidity in patients with 

coronary artery disease.
6-9

 However, patients with COPD have generally been excluded 

from randomized controlled trials evaluating the efficacy of BBs in patients experiencing 

myocardial infarction (MI).
6,8  

In addition, while the targets of BBs in treating CV disease 

are β-1 receptors predominantly found in cardiac tissues, BBs can also block β-2 

receptors in the respiratory system, causing bronchospasm and increasing the risk of 

COPD exacerbations.
10 

Therefore, in clinical practice, physicians may be reluctant to 

prescribe BBs to patients with COPD.
11 

One study found that, among patients 

hospitalized for acute MI, those with COPD had 56% lower odds of being treated with 

BBs as compared to those without COPD.
11

  

 

Despite these safety concerns, a growing body of observational studies suggest that BBs 

may have cardioprotective effects in COPD patients.
12-19 

One meta-analysis of 

observational studies reported that a 36% reduction in all-cause mortality associated with 
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BB use in patients with coronary heart disease and COPD.
20

 However, these studies have 

important methodological limitations.  In particular, most of these studies focused on 

prevalent users of BBs
12-19

 and used non-users of BBs as a comparator group.
12-18

 Patients 

who remain on BB treatment for a long time may be less susceptible to the outcome of 

interest as compared to those just starting the drug. The prevalent user design is therefore 

vulnerable to biases due to depletion of susceptible patients.
21,22

 Treated patients may also 

differ from untreated patients in important ways, which can create confounding, 

especially when the indication for treatment is a risk factor for the outcome(s) of 

interest.
21

  The non-user comparator approach is also vulnerable to immortal time bias.
23  

These methodological issues may explain the paradoxical COPD hospitalization findings 

and perhaps even the reported survival advantage.  

 

Drug safety and comparative effectiveness studies are increasingly using multiple 

databases across various countries.
24-26

 The larger sample size afforded by multi-

databases studies facilitates the application of robust study designs and, by using a 

common protocol, such studies enable investigators to leverage differences in the 

healthcare systems in the assessment of unmeasured confounding, treatment effect 

heterogeneity, and generalizability across diverse populations, while holding the constant 
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the design and analytic approach. In the present study, we used multiple databases from 

three countries to: (1) address important shortcomings of prior studies by comparing the 

effectiveness and safety of BBs in patients with acute coronary syndromes (ACS) and 

COPD using a propensity score- (PS-) matched, active comparator, new user cohort 

design; and (2) assess for potential remaining unmeasured confounding by examining a 

short-term COPD hospitalization outcome. 

 

 

METHODS 

Data source 

We identified eligible cohorts from five databases in the US, Italy, and Taiwan: (1) the 

Optum Research Database (Optum); (2) pharmacy claims data from the Pharmaceutical 

Assistance Contract for the Elderly program (PACE) in Pennsylvania linked to Medicare 

claims data; (3) pharmacy claims data from the Pharmaceutical Assistance for the Aged 

and Disabled program in New Jersey (PAAD) linked to Medicare claims data; (4) the 

population-based Regione Emilia-Romagna, Italy, database (RER); and (5) the 

population-based Taiwan National Health Insurance database (NHI). These databases 

contain demographic and enrollment records, hospital admissions, outpatient visits 
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(except in RER), outpatient pharmacy dispensing claims, and death information. These 

five databases cover the period from 1994 through the end of 2013 and represent diverse 

source populations across countries with different health insurance programs (see the 

supplementary materials for details).  

 

Study population and study drugs 

From each database, we identified patients who were hospitalized for ACS, had a COPD 

diagnosis before the ACS hospitalization discharge date, and initiated a cardioselective 

BB or non-dihydropyridine calcium channel blocker (non-DHP CCB) within 90 days 

following hospital discharge (see the supplementary materials for details). Codes used to 

identify study drugs are provided in Table S1. The index date was defined as the date of 

the first post-discharge prescription of a study drug. To focus on initiators, patients with 

any use of these drugs before the first post-discharge prescription were excluded. 

Cardioselective BBs were chosen as the exposure of interest in alignment with prior 

studies.
12-19  

Initiators of non-DHP CCBs were selected as the referent group since these 

drugs induce comparable bradycardic effects and are the most commonly used 

alternatives to BBs in the post-ACS setting.  
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We excluded patients without continuous enrollment for at least 180 days before the ACS 

hospitalization admission date (see the supplementary materials for details), those with 

age less than 20 years (Optum, RER, NHI) or 65 years (PACE, PAAD) or more than 120 

years, and those who simultaneously initiated study drugs from both exposure groups on 

the index date. All eligible episodes were identified for each patient and the first available 

index date was included for those patients with more than one eligible episode. 

 

Outcomes and follow-up 

We selected all-cause mortality and CV hospitalizations as outcomes of interest. CV 

hospitalizations were defined as first hospitalization for a composite CV event, including 

acute MI, unstable angina, and congestive heart failure (CHF) following the index date. 

We conducted analyses of each outcome separately. We also examined hospitalization for 

COPD as an outcome (see the supplementary materials for outcome ascertainment). 

While animal models have suggested that chronic BB use may up-regulate β-2 

adrenoceptors and attenuate pulmonary inflammation,
27,28 

meta-analyses of randomized 

trials have found that there is no significant effect of cardioselective BB on pulmonary 

function in the short-term (single dose to 4 months).
29,30

 We therefore assessed for the 

presence of bias by using a short-term COPD hospitalization outcome as a negative 
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control, defined as a COPD hospitalization within 30 days following the index date. We 

assumed that, even if BBs improve COPD in the long-term, any apparent protective 

association in the short-term would not be causal and would reflect bias, such as 

confounding due to unmeasured baseline differences between treatment groups. 

 

In the primary “first exposure carried forward” analysis, we followed patients from the 

index date to the earliest of outcome occurrence, death, disenrollment from the health 

insurance program, or the end of study. In the secondary “as-treated” analysis, follow-up 

ended on the first of treatment discontinuation or change, outcome occurrence, death, 

disenrollment from the health insurance program, or the end of study. Treatment 

discontinuation was defined using a grace period of up to 14 days between the end of one 

prescription and the date of the next prescription, if any. Treatment change was defined as 

a dispensation of a drug in the other exposure group. Given the absence of information on 

days supply in the RER database, we assigned a proxy based on the World Health 

Organization’s Defined Daily Dose methodology (Table S1). This approach has shown 

good concordance with days supply for chronically used medications.
31 

 

 

Covariates 
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Information on potential confounders included demographic data, enrollment duration, 

resource utilization, comorbidities, and other medication use. Resource utilization was 

evaluated during the180-day baseline period preceding the index date. CV-related 

comorbidities and medication use were assessed in two separate periods: a chronic phase 

before the ACS hospitalization admission date (data were traced back as far as possible 

within each database); and an acute phase between the ACS hospitalization date and the 

index date. Non-CV comorbidities and medication use were evaluated using all available 

data prior to the index date.
  
Such an approach has been found to better reduce bias under 

most conditions as compared to a fixed look-back period.
 32

 Details on covariate 

ascertainment are provided in Table S2-S3.   

 

Statistical analysis  

Using the predefined covariates described above, we estimated baseline PSs using 

logistic regression models to predict the probability of receiving cardioselective BBs 

versus non-DHP CCBs. Because we had many more cardioselective BB initiators than 

non-DHP CCB initiators, we conducted variable ratio matching (up to 10 cardioselective 

BB users to each non-DHP CCB user) using a nearest-neighbor algorithm with a 

maximum matching caliper of 0.01 on the PS scale.
33
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Variable ratio matching produces covariate balance within matched sets but not 

marginally in the overall matched population.
33

 We therefore randomly sampled one 

cardioselective BB user from each set of patients matched to each non-DHP CCB user  

and examined whether adequate balance in covariates was achieved between treatment 

groups using standard differences
34

 among this sample (1:1 random-sample matched 

cohort). We used Cox proportional hazard models to estimate hazard ratios (HRs) and 

95% confidence intervals (CIs). To account for the variable ratio matching, the Cox 

model was stratified on PS-matched sets. 

 

We identified study cohorts, extracted information on variables, fit PS models, and 

performed PS matching separately within each database. We computed standardized 

differences across the databases for each variable using pooled means and standard 

deviations. The random-effects meta-analysis was used to generate summary estimates 

across all databases. Statistical heterogeneity across databases was quantified using the I
2
 

statistic. 

 

Sensitivity analysis 
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To mitigate potential unmeasured confounding, four sensitivity analyses were performed 

in the US databases. First, the maximum matching caliper was reduced to 0.005. Second, 

before PS matching, asymmetric PS trimming
35

 was applied to exclude those with PS 

values less than the 2.5
th

 percentile or greater than the 97.5
th

 percentile of the PS 

distribution in cardioselective BB users and non-DHP CCB users, respectively. Third, 

high-dimensional PSs (hd-PSs) were used to identify and include an additional 100 

empirically-identified variables in the PS model.
33,36 

Finally, we restricted to high-risk 

patients, defined as those with COPD hospitalizations and use of bronchodilators or 

inhaled corticosteroids in the window between 180 days before the index hospital 

admission date and the index date. 

 

 

RESULTS 

Patients 

Among 22,985 eligible patients, 18,406 initiated cardioselective BBs (80.1%) and 4,579 

initiated non-DHP CCBs (18.9%) (Figure 1 and Table S4). Most patients (>80%) started 

treatment within 30 days after the ACS hospitalization discharge. The mean age of the 

cohort was 71 years and 59% were male. In general, non-DHP CCB initiators were older 
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and have had a longer length of stay for the index ACS hospitalization, a longer history of 

COPD, and higher resource utilization. Cardioselective BB initiators were more likely to 

have received coronary revascularization procedures, have had a diagnosis of MI, 

peripheral vascular disease, and hyperlipidemia, and have used angiotensin converting 

enzyme inhibitors, fibrates, and statins. Non-DHP CCB initiators were more likely to 

have had a diagnosis of angina, arrhythmia, and congestive heart failure and taken anti-

hypertensive agents, nitrates, anti-arrhythmic agents, and anti-platelet agents. Non-DHP 

CCB initiators were also more likely to have had asthma and used bronchodilators or 

corticosteroids (Table 1 and Table S5a-S5e).  

 

The PS-matched cohort included 11,479 cardioselective BB initiators and 3,588 non-

DHP CCB initiators (66% of the total study cohort). Most, but not all, covariates had 

standardized differences of less than 0.1 in the matched cohort with random sampling of 

comparator patients (Table 1 and Table S5a-S5e). 

 

Follow-up and incidence rates 

Mean follow-up duration ranged from 1.9 to 3.5 years across databases, with 7,489 death, 

4,970 CV hospitalization, and 1,829 COPD hospitalization events. Incidence rates of 
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individual outcomes for each treatment group are presented in Table 2 and 

Table S6.  

 

All-cause mortality and CV hospitalizations 

In the primary analysis considering first exposure carried forward, the crude HRs 

comparing cardioselective BBs to non-DHP CCBs on all-cause mortality and 

CV hospitalizations were 0.73 (95% CI, 0.65-0.83) and 0.98 (95% CI, 0.84-

1.14), respectively. After PS matching, the adjusted HRs were 0.90 (95% CI, 0.78-

1.02) for mortality and 1.06 (95% CI, 0.91-1.23) for CV hospitalizations. We observed 

substantial statistical heterogeneity across databases, with HRs and 95% CIs for mortality 

below one in the PACE and RER databases. In the as-treated analysis, the adjusted HRs 

for mortality and CV hospitalizations were 0.80 (95% CI, 0.67-0.96) and 1.07 (95% 

CI, 0.85-1.36), respectively. We did not observe statistical heterogeneity for 

mortality, although the HR in the Taiwan NHI database was statistically 

significantly less than one (0.70; 95% CI, 0.67-0.96) (Table 3). HRs for CV 

hospitalizations due to acute MI, unstable angina, and CHF were similar to those for the 

composite outcomes (Table S7).  
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COPD hospitalization outcome  

In the first exposure carried forward and as-treated analyses, the crude HRs 

comparing cardioselective BBs to non-DHP CCBs for COPD hospitalizations 

were 0.30 (95% CI, 0.26-0.36) and 0.23 (95% CI, 0.19-0.27), respectively. After PS 

matching, HRs were still substantially less than one: 0.54 (95% CI, 0.47-0.61) for the 

first exposure carried forward analysis and 0.54 (95% CI, 0.41-0.70) for the as-treated 

analysis (Table 3). The adjusted HR for COPD hospitalizations restricted to the first 30 

days of follow-up was 0.55 (95% CI, 0.37-0.82) (Table 4). 

 

Sensitivity analysis 

Sensitivity analyses applying a narrower PS caliper, asymmetric PS trimming, hd-PS 

matching, and restricting to high-risk patients did not materially change the primary 

analysis results. The hd-PS sensitivity analysis yielded an estimate for COPD 

hospitalizations that was closest to the null at 0.62 (95% CI, 0.51-0.76) (Table 5). See 

Table S8a-S8c for baseline characteristics of patients in sensitivity analyses. 

 

 

DISCUSSION 
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This large-scale, multi-national study employed state-of-the-art pharmacoepidemiologic 

methods, including an active comparator, new user cohort design, PS trimming, and hd-

PS matching, and found potential evidence of bias when comparing cardioselective BB 

and non-DHP CCB in patients with ACS and COPD as reflected by an apparent large 

protective effect of cardioselective BBs on a short-term COPD hospitalization outcome. 

The observed association was highly consistent across different methods used to address 

confounding and across the five databases encompassing diverse populations from 

different health systems. Cardioselective BBs were not associated with reduced risk of 

mortality or CV hospitalizations, although statistical heterogeneity was observed across 

data sources. 

 

While bias due to unmeasured confounding is not the only potential explanation for the 

apparent large protective effect of cardioselective BBs on a short-term COPD 

hospitalization outcome, we believe it is the most likely explanation.  This large finding 

is not likely to be due to chance given that we observed consistent point estimates across 

databases and statistical approaches and the CIs around the estimates were narrow. This 

finding is also unlikely to be explained by other sources of bias, such as surveillance bias 

because healthcare professionals or patients themselves may be more attune to 
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respiratory-related effects when cardioselective BBs are given.  Any resulting bias would, 

in expectation, be in the opposite direction of the observed association.   

 

In expectation, non-differential exposure or outcome misclassification would lead to bias 

towards the null and therefore be unlikely to explain the observed findings.  We also 

expect that differential outcomes misclassification would operate similar to surveillance 

bias.  We also do not believe that the observed association between BB use and COPD 

hospitalization is causal.  Animal models and meta-analyses of randomized trials do not 

support the causal hypothesis that BB treatment can have such a large and immediate 

benefit on respiratory function.
27-30

  

 

Taken all together, the benefit of cardioselctive BB on the COPD hospitalization may not 

be a true causal relation. Instead, it may reflect that clinicians preferentially avoid 

prescribing BBs, even cardioselective BBs, in severe COPD patients and is most likely 

due to baseline differences in COPD severity and smoking status between treatment 

groups, which are usually not well recorded in claims data. This finding is similar to a 

40% reduction in COPD exacerbations associated with BB use observed in a meta-

analysis of observational studies.
20

  Moreover, even long-acting bronchodilators, the most 
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effective known treatment for COPD, reduce COPD hospitalizations by only 14-17%,
37, 

38
 which is considerably smaller than the apparent 45% reduction associated with BB 

treatment observed in this and other claims-based studies.  Furthermore, we observed 

important differences between BB and CBD initiators at baseline.  As compared to non-

DHP CCB initiators, cardioselective BBs initiators were younger, had less health 

resource utilization, and had less prior COPD medication use. While we were able to 

account for these differences in measured factors, we suspect that other important 

unmeasured risk factors for COPD hospitalization remained imbalanced, such as 

differences in COPD severity and smoking status.  However, since these variables are not 

captured in claims data, we cannot verify this.   

 

The prior meta-analysis of observational studies suggested that BB use was associated 

with an approximately 40% reduction in mortality in patients with coronary diseases and 

COPD.
20

 However, our PS-matched as-treated analysis of mortality yielded an HR of 

0.80 (95% CI, 0.67-0.96) and our PS-matched first exposure carried forward analysis 

yielded an HR of 0.90 (95% CI, 0.78-1.02). Our results also suggested no benefit of 

cardioselective BBs on CV hospitalizations. An important difference between our study 

and the prior studies is that we used an active comparator group of non-DHP CCB 
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initiators whereas most other studies compared BB users to non-users. To our knowledge, 

only one published randomized trial has compared the efficacy of BBs and CCBs in post-

ACS patients and found similar results for mortality (HR, 1.01 [95% CI, 0.87-1.16]) and 

MI (HR, 0.97 [95% CI, 0.80-1.18]).
39 

Our mortality and CV hospitalization results are in 

line with comparable bradycardic effects between cardioselctive BBs and non-DHP 

CCBs and are similar to those of the trial; however, given the potential unmeasured 

confounding observed for the short-term COPD hospitalization outcome, our results are 

likely biased downward to the extent that COPD severity and smoking status, if 

imbalanced between treatment groups, are also risk factors for mortality and CV 

hospitalizations.
5,40

  

 

A strength of our multi-national study is that it permits examination of heterogeneity in 

results across databases and across countries. While the overall summary estimate did not 

indicate a survival benefit comparing cardioselective BBs to non-DHP CCBs, the 

database-specific HRs for mortality in the US PACE and Italy RER databases 

were 0.86 (95% CI, 0.76-0.98) and 0.74 (95% CI, 0.64-0.85), respectively. These 

findings are similar to those of some prior observational studies.
13,15,16

 While it is possible 

that this variation in results may be due to true heterogeneity in treatment effects across 
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databases and populations, publication of these results in isolation could have led to very 

different and potentially misleading conclusions.  The multi-database approach protects 

against this potential problem.  As prescribing patterns and patient characteristics vary 

across different health systems and geographical areas, true treatment effects and 

confounding can also vary across databases.  Results can also vary across studies due to 

differences in design and analytic choices. In contrast to meta-analyses, which usually 

combine results from various study designs, our approach using a common protocol 

eliminates differences in design and analytic choices as an explanation for differences in 

results across databases. 

 

Our study had several additional limitations. First, while we used a common protocol to 

implement our study across databases, the inherent variations in healthcare systems and 

data structures across countries necessitated certain database-specific modifications to the 

protocol. For example, some databases required different definitions for continuous 

enrollment and different coding methods for ascertainment of drug use. Also, we could 

only access information on inpatient diagnoses in the RER database, which likely 

resulted in the identification of a more severe COPD population than in the other 

databases. Moreover, information on drug days supply was not available in the RER 
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database, which we inferred based on the defined daily dose. Second, we could not 

accurately capture inpatient drug information in all five databases. Patients 

may not fully adhere to their index drugs and may add or switch medications 

during follow-up. However, our first exposure carried forward and as-treated analyses 

yielded similar results, which partially mitigates concerns about exposure 

misclassification. Third, owing to analytic flexibility, we conducted sensitivity analyses 

in the three US databases only. However, results restricted to these three databases were 

similar to the main analyses, which also included the RER and Taiwan NHI databases. 

 

In conclusion, this multi-national study found a strong inverse association between 

cardioselective BB use and COPD hospitalizations, even in the first 30 days of follow-up, 

suggestive of bias likely due to unmeasured confounding. This apparent bias persisted 

across diverse populations and health systems and could not be fully removed by state-of-

the-art design and analysis methods. This finding calls into question the validity of prior 

observational studies of the effectiveness of BBs and also the ability of claims data, in 

general, to address questions related to outcomes of BBs in COPD patients. Data from 

randomized trials or studies that include information on COPD severity and smoking 

status are needed to elucidate the benefits and risks of BBs in COPD patients.
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Figure 1. Flowchart of the study cohort assembly 

 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine 

calcium channel blockers. N and n represented number of patient episodes and number of patients remained and excluded in each step.

Page 35 of 81

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 

36 

 

Table 1. Selected Baseline Demographics, Resource Utilization, Comorbidities, and 

Medication Use between Cardioselective BB or Non-DHP CCB Initiators
* 

 Before Matching After Matching 

 Total Study Cohort (n=22,985) 1: 1 Random-Sample§ Matched Cohort 

(n=7,176) 

 Cardio-selective 

BBs 

(n=18,406) 

Non-DHP 

CCBs 

(n=4,579) 

STD Cardio-selective 

BBs 

(n=3,588) 

Non-DHP 

CCBs 

(n=3,588) 

STD 

Age, mean (SD) 70.4 (9.9) 

 

73.8 (10.2) 

 

-0.34 

 

73.7 (10.2) 

 

73.5 (10.4) 

 

0.02 

 

Male, % 59.6 55.4 0.09 56.1 55.7 0.01 

Length of stay of ACS 

hospitalization, day, mean 

(SD) 

8.6 (7.9) 

 

 

10.5 (12.6) 

 

 

-0.18 

 

 

10.0 (11.4) 

 

 

10.2 (12.4) 

 

 

-0.02 

 

 

COPD duration, day , mean 

(SD) 

998.1 (773.7) 

 

1374.0 (967.6) 

 

-0.43 

 

1384.4 (962.9) 

 

1367.2 (988.1) 

 

0.02 

 

       

Resource utilization       

No of hospitalization due to 

any episodes, mean (SD) 

1.4 (0.8) 

 

1.6 (1.0) 

 

-0.25 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

0.01 

 

No of outpatient visits due to 

any episodes, mean (SD) 

8.2 (6.2) 

 

14.5 (9.6) 

 

-0.78 

 

14.0 (9.2) 

 

13.9 (9.4) 

 

0.02 

 

No of outpatient visits due to 

CV episodes†, mean (SD) 

3.9 (4.3) 

 

5.2 (4.9) 

 

-0.29 

 

5.4 (4.8) 

 

5.3 (4.9) 

 

0.02 

 

No of outpatient visits due to 

pulmonary-related 

episodes‡, mean (SD) 

1.2 (2.6) 

 

 

2.7 (3.9) 

 

 

-0.44 

 

 

2.0 (3.6) 

 

 

2.1 (3.2) 

 

 

-0.01 

 

 

No. of drugs, mean (SD) 14.4 (6.7) 21.0 (9.4) -0.81 20.4 (9.3) 20.1 (9.0) 0.03 

       

Comorbidities, %       

Before the ACS admission date 

MI 17.3 17.1 0.01 18.3 17.5 0.02 

PTCA 4.7 6.6 -0.09 7.0 7.0 <0.01 

Stent 3.0 2.4 0.04 2.6 2.8 -0.01 

CABG 1.1 1.0 0.01 1.2 1.1 0.01 

Hemorrhagic stroke 1.8 2.8 -0.07 2.8 2.8 <0.01 

Ischemic  stroke 12.5 14.3 -0.06 14.8 14.7 <0.01 

TIA 10.3 12.1 -0.06 12.2 12.2 <0.01 

Between the ACS admission date and the index date 

MI  76.3 58.2 0.40 62.2 62.8 -0.01 

PTCA  44.0 25.9 0.41 29.1 30.4 -0.03 

Stent  37.0 16.0 0.52 17.9 18.3 -0.01 

CABG  17.3 7.8 0.30 8.7 9.1 -0.01 

Hemorrhagic stroke  0.5 0.6 -0.01 0.5 0.6 -0.02 

Ischemic  stroke  4.7 4.5 0.01 5.0 4.5 0.02 

TIA 2.3 1.7 0.04 1.6 2.0 -0.02 

Before the index date       

Hypertension 82.0 81.0 0.03 83.0 82.3 0.02 

Angina  52.1 62.8 -0.22 60.7 59.8 0.02 

Ischemic heart disease  86.1 84.2 0.06 84.9 84.5 0.01 

Cardiac dysrhythmia  44.1 50.8 -0.14 49.7 48.9 0.02 

Atrial fibrillation  19.1 25.7 -0.17 25.4 24.4 0.02 

CHF 45.3 53.7 -0.18 53.8 53.7 <0.01 
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Cerebrovascular disease  36.9 38.8 -0.04 39.4 39.5 <0.01 

PVD 18.4 12.7 0.21 13.3 13.1 0.01 

Disorders of lipid 

metabolism 

65.5 

 

52.9 

 

0.27 

 

56.9 

 

56.1 

 

0.02 

 

Diabetes mellitus 41.1 42.4 -0.03 44.3 43.6 0.01 

Asthma 23.3 40.5 -0.40 37.0 35.9 0.02 

       

Medication use, %       

Before the ACS admission date 

ACEIs / ARBs / renin 

inhibitors 

51.6 

 

56.5 

 

-0.10 

 

58.2 

 

57.6 

 

0.01 

 

Non-cardioselective BBs 19.0 32.2 -0.37 33.9 32.7 0.03 

DHP CCBs 35.4 46.0 -0.24 47.5 47.1 0.01 

Diuretics 44.8 56.0 -0.23 56.2 55.3 0.02 

Other anti-hypertensive 

agents 

15.9 

 

24.9 

 

-0.26 

 

25.3 

 

25.0 

 

0.01 

 

Nitrates 30.2 46.8 -0.36 45.9 45.8 <0.01 

Anti-arrhythmic agents 7.2 11.3 -0.14 10.5 10.3 <0.01 

Digoxin 9.3 16.6 -0.23 14.7 15.0 -0.01 

Antiplatelet agents 33.1 51.1 -0.48 50.9 50.7 0.01 

Anticoagulants 7.0 7.6 -0.02 8.5 7.5 0.04 

Fibrates / statins 37.2 32.8 0.10 35.7 35.1 0.01 

Between the ACS admission date and the index date 

ACEIs / ARBs / renin 

inhibitors 

48.5 

 

36.2 

 

0.26 

 

41.9 

 

40.3 

 

0.03 

 

Non-cardioselective BBs 4.2 8.7 -0.23 9.2 8.7 0.02 

DHP CCBs 11.6 8.8 0.10 10.7 10.3 0.01 

Diuretics 27.1 29.4 -0.05 30.9 30.0 0.02 

Other anti-hypertensive 

agents 

3.3 

 

4.2 

 

-0.06 

 

4.1 

 

4.4 

 

-0.01 

 

Nitrates 47.5 59.7 -0.25 59.2 59.0 <0.01 

Anti-arrhythmic agents 6.2 7.1 -0.04 6.9 7.0 <0.01 

Digoxin 6.1 10.5 -0.17 9.0 9.4 -0.02 

Antiplatelet agents 60.6 56.9 0.10 59.5 59.8 -0.01 

Anticoagulants 6.1 6.6 -0.02 7.2 6.6 0.03 

Fibrates / statins 48.2 25.6 0.51 29.4 29.4 <0.01 

Before the index date       

   Anti-diabetic agents  27.1 27.2 <0.01 29.4 29.3 <0.01 

  Short-acting bronchodilators  34.3 49.8 -0.32 45.7 44.2 0.03 

  Long-acting bronchodilators 19.6 27.7 -0.21 24.9 23.6 0.03 

  ICS 23.8 34.3 -0.25 30.8 29.6 0.03 

  Oral corticosteroids 44.6 64.4 -0.45 61.4 61.4 <0.01 

  Oral bronchodilators 25.8 61.7 -1.16 57.0 56.7 0.01 

ACEIs indicate angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, β-

blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, Transient 

ischemic attack.  

*presenting as summary estimates for mean, SD, and STD across databases. 

†CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  
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‡Pulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

§1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 
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Table 2. Follow-up and Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

All-cause mortality* 

US Optum   6,383 384 12,298 31.2 (28.3-34.5) 296 35 445 78.7 (56.5-109.5) 

US PACE   3,372 1,909 11,616 164.3 (157.1-171.9) 909 717 3,301 217.2 (201.9-233.7) 

US PAAD   2,108 957 6,264 152.8 (143.4-162.8) 560 353 2,128 165.9 (149.4-184.1) 

Italy RER  2,489 989 8,042 123.0 (115.6-130.9) 565 352 2,181 161.4 (145.4-179.2) 

Taiwan NHI  4,054 1,003 11,403 88.0 (82.5-93.4) 2,249 790 6,491 121.7 (113.2-130.2) 

Summary estimate    96.9 (61.9-151.8)    145.0 (111.1-189.3) 

         

CV hospitalizations* 

US Optum   6,383 476 11,534 41.3 (37.7-45.2) 296 27 402 67.2 (46.1-97.9) 

US PACE   3,372 1,144 9,155 125.0 (117.9-132.4) 909 312 2,582 120.9 (108.2-135.0) 

US PAAD   2,108 633 4,986 127.0 (117.4-137.2) 560 169 1,724 98.0 (84.3-114.0) 

Italy RER  2,489 761 6,267 121.4 (113.1-130.4) 565 225 1,608 139.9 (122.8-159.4) 

Taiwan NHI  4,054 816 10,055 81.2 (75.6-86.7) 2,249 407 5,763 70.3 (63.4-77.1) 

Summary estimate    91.7 (63.4-132.5)    96.8 (72.1-129.9) 

         

COPD hospitalizations* 

US Optum   6,383 192 12,035 15.95 (13.9-18.4) 296 35 395 88.5 (63.6-123.3) 

US PACE   3,372 274 11,023 24.9 (22.1-28.0) 909 214 2,808 76.2 (66.7-87.1) 

US PAAD   2,108 155 5,938 26.1 (22.3-30.6) 560 146 1,823 80.1 (68.1-94.2) 

Italy RER  2,489 240 7,529 31.9 (28.1-36.2) 565 145 1,804 80.4 (68.3-94.6) 

Taiwan NHI  4,054 154 11,145 13.8 (11.6-16.0) 2,249 274 6,022 45.5 (40.1-50.9) 

Summary estimate    21.5 (15.9-29.1)    71.5 (54.6-93.6) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National Health Insurance; PAAD, 

Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward.
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Table 3. Risk of All-Cause Mortality, CV Hospitalizations, and COPD Hospitalizations 

Comparing Cardioselective BB versus Non-DHP CCB Initiators  

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching  

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 All-cause mortality 

US Optum 0.42 (0.30-0.60) 1.05 (0.65-1.68)  0.71 (0.31-1.61) 1.23 (0.47-3.20) 

US PACE  0.76 (0.69-0.82) 0.86 (0.76-0.98)  0.70 (0.57-0.87) 0.90 (0.64-1.27) 

US PAAD  0.91 (0.81-1.03) 1.12 (0.93-1.36)  0.94 (0.69-1.30) 0.93 (0.58-1.52) 

Italy RER 0.74 (0.66-0.84) 0.74 (0.64-0.85)  0.86 (0.68-1.11) 0.74 (0.52-1.05) 

Taiwan NHI    0.71 (0.65-0.78) 0.90 (0.80-1.02)  0.63 (0.51-0.78) 0.70 (0.51-0.96) 

Summary estimate 0.73 (0.65-0.83) 0.90 (0.78-1.02)  0.75 (0.64-0.87) 0.80 (0.67-0.96) 

I
2
 , % 81.9 68.5  35.1 0.0 

P for heterogeneity <0.001 0.013  0.187 0.649 

     

 CV hospitalizations 

US Optum 0.70 (0.47-1.02) 0.96 (0.59-1.56)  0.76 (0.41-1.39) 0.84 (0.41-1.71) 

US PACE  1.01 (0.89-1.14) 1.03 (0.87-1.22)  0.96 (0.81-1.13) 1.09 (0.85-1.39) 

US PAAD  1.16 (0.97-1.37) 1.30 (1.03-1.65)  1.27 (0.97-1.67) 1.41 (0.95-2.11) 

Italy RER 0.80 (0.69-0.93) 0.86 (0.73-1.01)  0.77 (0.59-0.99) 0.75 (0.56-1.02) 

Taiwan NHI 1.12 (1.00-1.26) 1.17 (1.00-1.36)  1.06 (0.87-1.29) 1.31 (1.00-1.71) 

Summary estimate 0.98 (0.84-1.14) 1.06 (0.91-1.23)  0.98 (0.83-1.15) 1.07 (0.85-1.36) 

I
2
 , % 78.2 63.8  51.0 59.5 

P for heterogeneity 0.001 0.026  0.086 0.043 

     

 COPD hospitalizations 

US Optum 0.19 (0.13-0.27) 0.54 (0.37-0.87)  0.16 (0.09-0.31) 0.53 (0.19-1.47) 

US PACE  0.32 (0.27-0.39) 0.51 (0.39-0.67)  0.22 (0.17-0.29) 0.54 (0.34-0.86) 

US PAAD  0.30 (0.24-0.38) 0.45 (0.32-0.62)  0.23 (0.15-0.34) 0.54 (0.30-0.98) 

Italy RER 0.38 (0.31-0.48) 0.56 (0.44-0.73)  0.29 (0.19-0.46) 0.40 (0.20-0.77) 

Taiwan NHI 0.30 (0.25-0.37) 0.60 (0.47-0.78)  0.24 (0.16-0.34) 0.65 (0.38-1.13) 

Summary estimate 0.30 (0.26-0.36) 0.54 (0.47-0.61)  0.23 (0.19-0.27) 0.54 (0.41-0.70) 
I
2
 , % 62.0 0.0 0.0 0.0 

P for heterogeneity 0.030 0.721 0.639 0.877 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the 

Elderly; PS, propensity score; RER, Emilia-Romagna Region. 
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Table 4. Results for 30-day COPD Hospitalizations Comparing Cardioselective BB versus Non-

DHP CCB Initiators*  

Database Crude HR (95% CI) HR after PS matching (95% CI) 

US Optum 0.28 (0.06-1.23) 1.33 (0.17-10.70) 

US PACE 0.27 (0.15-0.47) 0.70 (0.31-1.54) 

US PAAD 0.19 (0.09-0.37) 0.43 (0.18-0.99) 

Italy RER 0.22 (0.10-0.48) 0.37 (0.16-0.84) 

Taiwan NHI  0.28 (0.15-0.51) 0.67 (0.32-1.38) 

Summary estimate 0.25 (0.18-0.34) 0.55 (0.37-0.82) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity 

score; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward. 
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Table 5. Results of Sensitivity Analyses Comparing Cardioselective BB versus Non-DHP CCB Initiators in three US 

Databases* 

Type of analysis Main analysis†  Sensitivity analysis 

   

 

PS matching caliper of 

0.005 

Asymmetric PS 

trimming 

 

hd-PS  

with additional 100 

empirical covariates 

Restricting to high-

risk patients 

Database HR after PS matching (95% CI) 

 All-cause mortality 

US Optum 1.05 (0.65-1.68)  1.06 (0.65-1.73)  0.92 (0.54-1.56) 1.02 (0.61-1.72) 1.11 (0.53-2.33) 

US PACE 0.86 (0.76-0.98)  0.85 (0.75-0.97)  0.85 (0.74-0.97) 0.86 (0.76-0.99) 0.91 (0.73-1.14) 

US PAAD 1.12 (0.93-1.36)  1.13 (0.93-1.36)  1.00 (0.82-1.23) 1.16 (0.95-1.40) 1.02 (0.73-1.42) 

Summary estimate 0.98 (0.80-1.21)   0.98 (0.78-1.23)  0.90 (0.80-1.00)  0.99 (0.78-1.26) 0.95 (0.80-1.14) 

 CV hospitalizations 

US Optum 0.96 (0.59-1.56)  0.92 (0.56-1.49)  0.81 (0.48-1.38) 0.99 (0.60-1.65) 0.70 (0.31-1.62) 

US PACE 1.03 (0.87-1.22)  1.03 (0.86-1.22)  1.02 (0.85-1.23) 1.01 (0.84-1.21) 1.03 (0.76-1.39) 

US PAAD 1.30 (1.03-1.65)  1.33 (1.04-1.69)  1.31 (1.01-1.69) 1.10 (0.86-1.43) 1.31 (0.82-2.10) 

Summary estimate 1.11 (0.94-1.32)   1.11 (0.91-1.36)  1.08 (0.87-1.35)  1.04 (0.90-1.19) 1.06 (0.83-1.35) 

 COPD hospitalizations 

US Optum 0.54 (0.37-0.87)  0.59 (0.35-0.97)  0.67 (0.37-1.23) 0.77 (0.44-1.34) 0.61 (0.30-1.22) 

US PACE 0.51 (0.39-0.67)  0.52 (0.40-0.67)  0.50 (0.37-0.66) 0.61 (0.46-0.80) 0.56 (0.39-0.81) 

US PAAD 0.45 (0.32-0.62)  0.46 (0.33-0.64)  0.36 (0.25-0.51) 0.59 (0.41-0.84) 0.52 (0.31-0.88) 

Summary estimate 0.50 (0.41-0.69)   0.51 (0.42-0.61)  0.47 (0.35-0.64)  0.62 (0.51-0.76) 0.56 (0.42-0.73) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; NHI, 

National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-

Romagna Region. 

*based on the analysis that considered first exposure carried forward. 

†Main analysis used maximum PS matching caliper of 0.01, no PS trimming, and a pre-defined PS model
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Figure 1. Flowchart of the study cohort assembly  
 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; 

DHP CCBs, dihydropyridine calcium channel blockers. N and n represented number of patient episodes and 
number of patients remained and excluded in each step.  

Figure 1  
187x218mm (300 x 300 DPI)  
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METHODS 

Data source 

The US Optum Research Database (Optum) comprises data for health insurance beneficiaries 

enrolled in commercial UnitedHealth Group-affiliated health plans. The database includes data 

for approximately 14 million patients on a yearly basis and 60 million patients in total, 

representing a large geographically diverse population across the US.  

 

The Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE) and the New 

Jersey Pharmaceutical Assistance to the Aged and Disabled (PAAD) programs assist low-income 

residents of  Pennsylvania and New Jersey aged 65 years or older with prescription drug 

coverage. These programs cover virtually all prescription medications for their beneficiaries, 

requiring individuals to pay only a small copayment. The pharmacy claims records for each 

beneficiary were linked to Medicare Part A and Part B data through the Centers for Medicare and 

Medicaid Services.  

 

The Italian National Health Service provides universal health insurance coverage for all Italian 

citizens. The Regione Emilia-Romagna (RER) database, a population-based longitudinal health 

care database, captures claims for care provided to individuals in Emilia-Romagna, a 

northeastern Italian region with approximately 4 million residents.  

 

The Taiwan National Health Insurance (NHI) Administration has executed a single-payer and 

compulsory NHI program in Taiwan since 1995, with an enrollment rate of 99% by 2014. The 

Taiwan NHI database comprises approximately 99% of the total Taiwanese population of 
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approximately 23 millions of individuals.  

 

All these databases include comprehensive information on demographic and enrollment records, 

hospital admissions, pharmacy dispensing claims data from outpatient clinics, and vital status. 

The RER database does not contain information on outpatient resource utilization and days 

supply of medications for each pharmacy dispensing. Data from each dataset could be linked via 

anonymized unique patient identifiers within individual databases. In general, these five 

databases cover widely geographically, socioeconomically, and clinically diverse individuals, 

which facilitates the generalizability of this study. 

 

Definition of continuous enrollment 

For Optum, PACE, and PAAD databases, continuous enrollment was operationally defined as 

having no insurance coverage gap of greater than 30 days during the 180 days before the index 

hospitalization admission. For the RER database, continuous enrollment was defined as having 

an at least 180-day residency in Emilia-Romagna. For the Taiwan NHI database, continuous 

enrollment was defined as having >=1 hospital admission or outpatient visit during this period. 

 

Study population and study drugs 

ACS hospitalization was defined as an inpatient stay for acute myocardial (MI) or unstable 

angina using International Classification of Diseases, 9th Revision, Clinical modification (ICD-

9-CM) codes 410.x0, 410.x1, 411.xx in any position on an inpatient claim. The COPD diagnosis 

was defined as any inpatient or outpatient ICD-9-CM codes 491.xx, 492.xx, 494.xx, or 496.xx in 

any position (except for the RER database, in which information was available only from 

inpatient diagnosis files). 
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Outcomes and follow-up 

CV hospitalizations were defined as first hospitalization for a composite CV event, including 

acute MI, unstable angina, and congestive heart failure (CHF) (ICD-9-CM codes 410.x0, 410.x1, 

411.xx, 428.xx based on the primary diagnosis) following the index date. COPD hospitalization 

was the first hospitalized event (ICD-9-CM codes 491.xx, 492.xx, 494.xx, 496.xx, based on the 

primary diagnosis) following the index date. 
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Table S1. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Cardioselective BB or Non-DHP CCB Initiators 

Medication ATC Classification System Codes Defined Daily Dose
a
 

Cardioselective BBs 

Practolol  C07AB01 0.3 g 

Metoprolol  C07AB02 0.15 g 

Atenolol  C07AB03 75 mg 

Acebutolol  C07AB04 0.4 g 

Betaxolol  C07AB05 20 mg 

Bevantolol  C07AB06 0.3 g 

Bisoprolol  C07AB07 10 mg 

Celiprolol  C07AB08 0.2 g 

Epanolol  C07AB10 0.2 g 

s-Atenolol  C07AB11 50 mg 

Nebivolol  C07AB12 5 mg 

Talinolol  C07AB13 0.1 g 

Metoprolol, combinations  C07AB52 0.15 g
b
 

Bisoprolol, combinations  C07AB57 10 mg
b
 

Metoprolol and thiazides  C07BB02 0.15 g
b
 

Atenolol and thiazides  C07BB03 75 mg
b
 

Acebutolol and thiazides  C07BB04 0.4 g
b
 

Bevantolol and thiazides  C07BB06 0.3 g
b
 

Bisoprolol and thiazides  C07BB07 10 mg
b
 

Nebivolol and thiazides  C07BB12 5 mg
b
 

Metoprolol and thiazides, 

combinations  
C07BB52 

0.15 g
b
 

Metoprolol and other 

diuretics  
C07CB02 

0.15 g
b
 

Atenolol and other diuretics  C07CB03 75 mg
b
 

Atenolol and other diuretics, 

combinations  
C07CB53 

75 mg
b
 

Atenolol, thiazides and other 

diuretics  
C07DB01 

75 mg
b
 

Metoprolol and other 

antihypertensives  
C07FB02 

0.15 g
b
 

Atenolol and other 

antihypertensives  
C07FB03 

75 mg
b
 

Bisoprolol and other 

antihypertensives  
C07FB07 

10 mg
b
 

 

Non-DHP CCBs 

Verapamil  C08DA01 0.24 g 

Verapamil, combinations  C08DA51 0.24 g
b
 

Diltiazem  C08DB01 0.24 g 

Abbreviations: BBs, β-blockers; DHP CCBs, dihydropyridine calcium channel blockers. 

a
The defined daily dose was established by the expert committee of World Health Organization as the average maintenance 

dose per day for a drug used for its main indication in adults  (http://www.whocc.no/atcddd/  accessed Feb, 2015). 

b 
The defined daily dose of combination is based on the ingredients of cardioselective BB or non-DHP CCB.  
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Table S2. International Classification of Diseases, 9
th

 Revision, Clinical Modification (ICD-9-CM) 

Diagnostic or Procedure Codes or Current Procedure Terminology, 4
th

  Revision (CPT) Codes Used To 

Identify Baseline Comorbidities
a
 for Cardioselective BB or Non-DHP CCB Initiators 

Comorbidities ICD-9-CM Diagnostic Codes Other Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

MI
b
 410.xx, 412.xx  

PTCA
b
 

 

ICD-9-CM Procedure Code: 

00.66, 36.01, 36.02, 36.05, 36.09 

CPT Codes: 92973, 92982, 92984, 

92995, 92996 

Stent
b
 

 

ICD-9-CM Procedure Code: 

36.06, 36.07  

CPT Codes: 92980, 92981 

CABG
b
 

 

ICD-9-CM Procedure Code: 

36.1x, 36.2x 

CPT Codes: 33510-19, 33521-23, 

33530, 33533-36, 33545, 33572 

Coronary revascularization
b,d  

   Specific for Taiwan NHI 

database 

68023A,68023B, 

68024A,68024B,68025A, 

68025B,83064A1, 97901K, 97902A, 

97903B, 97906K, 97907A, 97908B, 

97911K, 97912A, 97913B,97916K, 

97917A, 97918B, 33076A, 33076B, 

33077A, 33077B, 33078A, 33078B, 

97511K, 97512A, 97513B, 97516K, 

97517A, 97518B, 97521K, 97522A, 

97523B 

Hemorrhagic stroke
b
 430.xx, 431.xx, 432.xx  

Ischemic heart disease
b
 433.x1, 434.x1, 436.xx  

TIA
b
 435.xx  

   

Assessment Period: Before The Index Date 

Hypertension
b
 401.xx-405.xx 

(diagnosis-related group: 134) 

 

Angina
b
 411.xx  

IHD
b
 413.xx, 414.xx  

Cardiac dysrhythmia
b
 427.xx  

Atrial fibrillation
b
 427.31  

CHF
b
 428.xx, 398.91, 402.01, 402.11, 402.91, 

404.01, 404.11, 404.91, 404.03, 404.13, 

404.93 

 

Cereborvascular disease
b
 430.xx-438.xx  

PVD
b
 443.xx, 445.xx, 442.0x, 442.2x, 442.3x 

 

CPT Codes: 35256, 35286, 35351, 

35355, 35361, 35363, 35371, 35372, 

35381, 35454, 35456, 35459, 35470, 

35473, 35474, 35482, 35483, 35485, 

35492, 35493, 35495, 35521, 35533, 

35541, 35546, 35548, 35549, 35551, 

35556, 35558, 35563, 35565, 35566, 

35571, 35621, 35623, 35641, 35646, 

35647, 35650, 35651, 35654, 35656, 

35661, 35663, 35666, 35671, 27590, 

27591, 27592, 27594, 27596, 27880, 

27881, 27882, 27884, 27886, 27888 
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Disorders of lipid metabolism 272.xx  

Diabetes mellitus 250.xx  

Thyroid disease 244.9  

COPD
c
 491.xx, 492.xx, 494.xx, 496.xx  

Asthma
c
 493.xx  

Pneumonia, influenza, and acute 

bronchitis
c
 

480.xx-487.xx, 466.xx  

Chronic liver disease 571.xx  

Gastric bleeding 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 

532.2x, 532.4x, 532.6x, 533.0x, 533.2x, 

533.4x, 533.6x, 534.0x, 534.2x, 534.4x, 

534.6x, 578.0 

 

4 

ICD-9-CM Procedure Codes: 

44.43 

CPT Codes: 43255 

Chronic kidney disease or end-

stage renal disease 

403.xx, 404.xx, 585.xx 

 

ICD-9-CM Procedure Codes: 

39.95, 54.98 

CPT Codes: 90935-90993, 90999, 

99512, 99559 

Rheumatoid arthritis / 

Osteoarthritis 

710.x,714.xx, 715.xx, 720.xx  

Osteoporosis 733.0x  

Any cancer other than lung 

cancer 

140.xx-161.xx, 163.xx-208.xx  

Lung cancer 162.x  

Dementia 290.0x-290.4x, 291.2, 294.1x, 331.0x-331.2x, 

331.82 

 

Seizure 345.xx, 780.3x  

Psychiatric disorder 293.83, 296.2x, 296.3x, 296.82, 296.90, 298.0, 

300.4, 309.0, 309.1, 309.28, 311, 300.0x-

300.3x, 300.5x-300.9x, 295.xx, 297.xx-

299.xx, 290.8, 290.9, 780.1, 296.0x, 296.1x, 

296.4x-296.9x 

 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, 

Congestive heart failure; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel 

blockers; IHD, Ischemia heart disease; MI, myocardial infarction; NHI, national health insurance; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; TIA, Transient ischemic attack. 
a Comorbidities were measured based on any diagnosis positions in inpatient and outpatient diagnosis files.

 

b
Cardiovascular episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic 

stroke, TIA, hypertension, angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  
c
Respiratory -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

d
Based on Taiwan NHI service claims codes 

(http://www.nhi.gov.tw/query/query2.aspx?menu=20&menu_id=710&webdata_id=3633&WD_ID=900 accessed October, 

2013). 
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Table S3. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Baseline Medication Use for Cardioselective BB or Non-DHP CCB Initiators 
Medication ATC Classification System Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

ACEIs / ARBs / Reinin inhibitors C09 

Non-cardioselective BB C07AA, C07AG, C07BA, C07BG, C07CA, C07CG, 

C07DA, C07EA, C07FA 

DHP CCB C08C, C08E, C08G 

Diuretics C03, C07B, C07C, C07D, C08G 

Other anti-hypertensive agents C02 

Nitrates C01DA 

Anti-arrhythmic agents C01B 

Digoxin C01AA 

Anti-platelet agents B01AC 

Anti-coagulants B01AA 

Fibrates / statins   C10AA, C10AB 

  

Assessment Period: Before the Index Date 

Anti-diabetic agents A10A, A10B 

Thyroid-therapy drugs H03 

Inhaled short-acting bronchodilators   R03AC02, R03AC03, R03AC04, R03AC06, R03BB01 

Inhaled long-acting bronchodilators R03AC12, R03AC13, R03AC16, R03AC18, R03AK06, 

R03AK07, R03BB04 

ICS R03BA, R03AK06, R03AK07 

Oral corticosteroids H02AB, H02BX 

Oral bronchodilators 

 

R03CC02, R03CC03, R03CC04, R03CC05, R03CC08, 

R03CC09, R03CC12, R03CC13, R03CC91 

R03DA04, R03DA05 

Antibiotics J01 

Histamine 2 antagonists / PPIs A02BA, A02BC 

COX-2 selective NSAIDs M01AH 

COX-2 nonselective NSAIDs M01AA, M01AB, M01AC, M01AE, M01AG, 

M01AX 

Anti-epileptics N03 

Anti-psychiatric drugs N06A, N05B, N05C, N05A 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ 

receptor blockers; BBs, β-blockers; Cox, cyclooxygenase; DHP CCBs, dihydropyridine calcium channel blockers; ICS, 

inhaled corticosteroids; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors. 
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Table S4. Summary of the Study Cohort Assembly, By Database 
 Database (Study Period) 

Inclusion / Exclusion Criteria US Optum 

(2004/07-2013/12) 

US PACE 

(1994/07-2005/12) 

US PAAD 

(1995/07-2005/12) 

Italy RER 

(2003/7-2013/12) 

Taiwan NHI 

(2007/01-2011/12) 

Patient episodes with an ACS hospitalization 

in the individual databases during the study 

period 

No of patient episodes = 

175,939 

No of patient episodes = 

195,954 

No of patient episodes = 

116,121 

No of patient episodes = 

179,864 

No of patient episodes = 

187,487 

Excluded due to 

* Lack of continuous enrollment for 180 

days before the ACS hospitalization 

admission date  

* No COPD diagnosis before the ACS   

hospitalization discharge date 

 

* No of patient episodes = 

25,149 

 

* No of patient episodes = 

117,511 

 

* No of patient episodes = 

74,488 

 

* No of patient episodes = 

61,136 

 

* No of patient episodes = 

51,230 

 

* No of patient episodes = 

31,467 

 

* No of patient episodes = 

3,892 

 

* No of patient episodes = 

152,210 

 

* No of patient episodes = 

5,716 

 

* No of patient episodes = 

97,300 

Patient episodes with ACS and COPD during 

the study period   

No of patient episodes = 

33,279 

No of patient episodes = 

60,330 

No of patient episodes = 

33,424 

No of patient episodes = 

23,762 

No of patient episodes = 

84,471 

Excluded due to 

* No prescription of cardioselective BBs or 

non-DHP CCBs within 90 days after ACS 

hospitalization discharge 

 

* No of patient episodes = 

16,112 

 

* No of patient episodes = 

32,737 

 

* No of patient episodes = 

17,419 

 

* No of patient episodes = 

12,512 

 

* No of patient episodes = 

54,487 

Patient episodes with use of cardioselective 

BBs or non-DHP CCBs 

No of patient episodes = 

17,167 

No of patient episodes = 

27,593 

No of patient episodes = 

16,005 

No of patient episodes = 

11,250 

No of patient episodes = 

29,984 

Excluded due to 

* Age less than 20 (or 65) years, more than 

120 years, or undetermined 

* Undetermined sex 

 

* Use of cardioselective BBs or non-DHP 

CCBs before the index date  

* Receipt of both cardioselective BBs and 

non-DHP CCBs on the index date  

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

8,751 

* No of patient episodes = 

166 

 

* No of patient episodes = 

41 

* No of patient episodes = 

0 

* No of patient episodes = 

18,598 

* No of patient episodes = 

0 

 

* No of patient episodes = 

1,309 

* No of patient episodes = 

0 

* No of patient episodes = 

9,846 

* No of patient episodes = 

158 

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

5,716 

* No of patient episodes = 

28 

 

* No of patient episodes = 

0 

* No of patient episodes = 

18 

* No of patient episodes = 

23,112 

* No of patient episodes = 

84 

Patient episodes included  No of patient episodes = 

8,250 

 

No of patient episodes = 

8,954 

No of patient episodes = 

4,692 

No of patient episodes = 

5506 

No of patient episodes = 

6,770 

Restrict to first index date for each patient No of patients = 6,679 No of patients = 4,281 No of patients = 2,668 No of patients = 3,054 No of patients = 6,303 

 * Cardioselective BBs = 

6,383 

* Non-DHP CCBs =296 

* Cardioselective BBs = 

3,372 

* Non-DHP CCBs =909 

* Cardioselective BBs = 

2,108 

* Non-DHP CCBs =560 

* Cardioselective BBs = 

2,489 

* Non-DHP CCBs = 565 

* Cardioselective BBs = 

4,054 

* Non-DHP CCBs = 2,249 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, national health 

insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 
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Table S5a. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US Optum Database 

 Before Matching After Matching 

 Total Study Cohort (n=6,679) 1: 1 Random-Sample Matched Cohortc  

(n=554) 

 Cardio-

selective 

BBs 

 (n=6,383) 

Non-DHP 

CCBs 

 (n=296) 

STD Cardio-

selective 

BBs  

 (n=277) 

Non-DHP 

CCBs 

(n=277) 

STD 

Age, mean (SD) 60.9 (10.6) 63.2 (11.1) -0.21 

 

62.5 (11.5) 62.9 (11.1) -0.03 

Male, % 69.2 56.4 0.27 56.7 56.3 0.01 

Length of stay of ACS hospitalization, 

day, mean (SD) 

6.5 (6.0) 8.22 (7.0) -0.26 8.4 (12.8) 8.1 (6.9) 0.03 

COPD duration, day , mean (SD) 427.3(593.6) 483.7(582.4) -0.10 444.7(503.3) 463.1(571.9) 0.03 

Year of the index date, %       

2004 6.7 7.4 -0.03 10.5 7.2 0.11 

2005 15.9 27.4 -0.28 23.1 26.7 -0.08 

2006 12.0 12.2 -0.01 13.0 12.3 0.02 

2007 11.9 8.1 0.13 8.7 8.7 0.00 

2008 11.7 10.1 0.05 9.0 10.5 -0.05 

2009 9.3 7.8 0.06 6.9 7.9 -0.04 

2010 8.6 7.1 0.06 7.9 7.6 0.01 

2011 8.3 10.1 -0.06 13.0 9.0 0.13 

2012 8.5 5.7 0.11 5.4 5.8 -0.02 

    2013 7.1 4.1 0.13 d 4.3 -0.10 

       

Enrollment duration, day , mean (SD) 985.6(717.6) 881.8(618.0) 0.15 856.1(625.0) 873.8(606.5) -0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.2 (0.5) 1.4 (0.8) -0.27 1.3 (0.7) 1.3 (0.7) -0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

3.9 (3.9) 5.3 (4.8) -0.31 5.3 (4.5) 5.0 (4.6) 0.08 

No of outpatient visits due to CV 

episodesa, mean (SD) 

2.3 (4.2) 3.5 (4.8) -0.26 3.7 (6.3) 3.4 (4.8) 0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (2.9) 3.8 (5.8) -0.55 3.1 (5.1) 3.2 (4.9) -0.03 

No. of drugs, mean (SD) 10.0 (5.3) 12.9 (6.9) -0.47 12.7 (6.4) 12.5 (6.7) 0.04 

       

Comorbidities, %       

Before the ACS admission date       

MI 13.1 15.9 -0.08 14.8 15.9 -0.03 

PTCA  2.6 4.4 -0.10 4.7 4.7 0.00 

Stent  3.2 5.4 -0.11 5.4 5.8 -0.02 

CABG  0.4 d 
-0.04 

d d 
0.09 

Hemorrhagic stroke  0.4 d 
0.01 

d d 
0.00 

Ischemic  stroke  5.0 3.7 0.06 
d d 

-0.02 

TIA 4.4 d 
0.13 

d d 
0.02 

       

Between the ACS admission date and the index date 

MI 77.4 69.9 0.17 69.7 69.7 0.00 

PTCA  51.5 23.3 0.61 24.2 24.9 -0.02 

Stent  49.9 22.6 0.59 23.1 24.2 -0.03 
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CABG  24.9 15.2 0.24 17.0 16.3 0.02 

Hemorrhagic stroke  0.4 d 
0.09 

d d 
NA 

Ischemic  stroke  3.5 d 
0.02 

d d 
0.02 

TIA  1.5 d 
0.02 

d d 
-0.03 

       

Before the index date       

Hypertension 77.4 78.7 -0.03 78.3 78.0 0.01 

Angina  53.4 58.5 -0.10 58.8 58.5 0.01 

IHD  92.9 81.4 0.35 84.5 81.2 0.09 

Cardiac dysrhythmia  38.3 56.1 -0.36 55.2 53.4 0.04 

Atrial fibrillation  12.6 36.5 -0.58 32.9 33.6 -0.02 

CHF  30.5 41.6 -0.23 39.7 40.8 -0.02 

Cerebrovascular disease  25.4 22.3 0.07 22.4 22.7 -0.01 

PVD 15.3 17.2 -0.05 15.2 17.7 -0.07 

Disorders of lipid metabolism 74.6 66.9 0.17 65.3 66.1 -0.02 

Diabetes mellitus 31.4 35.8 -0.09 30.7 35.0 -0.09 

Thyroid disease 13.4 17.2 -0.11 15.5 15.2 0.01 

Asthma 21.8 38.5 -0.37 41.9 37.6 0.09 

Pneumonia, influenza, and acute 

bronchitis 
43.4 61.8 

-0.37 

 
58.1 59.2 

-0.02 

 

Chronic liver disease 5.3 4.1 0.06 4.7 4.3 0.02 

Gastritis or peptic ulcer disease 1.9 4.4 -0.15 
d 4.0 -0.06 

Chronic kidney disease 8.3 12.8 -0.15 15.5 13.4 0.06 

Rheumatoid arthritis /Osteoarthritis 27.2 32.4 -0.11 31.1 32.5 -0.03 

Osteoporosis 7.0 10.1 -0.11 7.9 9.4 -0.05 

Any cancer (except lung cancer) 15.0 14.9 0.01 17.0 14.1 0.08 

Lung cancer 2.5 5.4 -0.15 4.7 4.3 0.02 

Dementia 2.1 d 
< 0.01 

d d 
0.02 

Seizure 3.3 5.7 -0.12 7.2 5.8 0.06 

Psychiatric disorder 26.2 30.1 -0.09 30.0 29.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 37.9 43.2 -0.11 40.1 41.2 -0.02 

Non-cardioselective BBs 3.5 5.1 -0.08 7.9 5.1 0.12 

DHP CCBs 14.7 16.2 -0.04 14.4 15.9 -0.04 

Diuretics 29.0 40.5 -0.25 40.4 40.1 0.01 

Other anti-hypertensive agents 4.6 7.1 -0.11 5.1 6.5 -0.06 

Nitrates 10.4 16.6 -0.18 14.4 17.0 -0.07 

Anti-arrhythmic agents 4.8 6.1 -0.05 5.4 6.1 -0.03 

Digoxin 2.0 4.7 -0.15 
d 4.0 -0.04 

Antiplatelet agents 9.9 14.9 -0.15 14.8 14.4 0.01 

Anticoagulants 4.1 6.8 -0.12 7.2 6.1 0.04 

Fibrates / statins 38.9 38.9 < 0.01 38.3 38.3 0.00 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 43.5 30.4 0.27 30.3 30.7 -0.01 

Non-cardioselective BBs 0.4 d -0.11 
d d 0.06 

DHP CCBs 5.0 3.7 0.06 4.7 4.0 0.04 

Diuretics 18.2 24.7 -0.16 23.5 25.3 -0.04 

Other anti-hypertensive agents 1.6 3.7 -0.13 
d d -0.04 

Nitrates 32.2 28.0 0.09 26.7 29.2 -0.06 

Anti-arrhythmic agents 6.5 8.1 -0.06 8.3 8.3 0.00 

Digoxin 3.1 10.8 -0.31 6.9 9.0 -0.08 

Antiplatelet agents 59.1 36.5 0.46 36.8 38.6 -0.04 

Anticoagulants 5.1 13.2 -0.28 10.1 12.3 -0.07 
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Fibrates / statins 63.6 38.5 0.52 39.0 40.1 -0.02 

       

Before the index date       

Anti-diabetic agents  21.0 23.7 -0.06 22.0 23.5 -0.03 

    Thyroid-therapy drugs 9.0 11.2 -0.07 9.4 11.6 -0.07 

    Short-acting bronchodilators  37.7 63.2 -0.53 61.4 61.7 -0.01 

    Long-acting bronchodilators 22.8 45.3 -0.49 46.2 43.3 0.06 

ICS 20.7 42.9 -0.49 42.2 40.4 0.04 

Oral corticosteroids 37.1 61.8 -0.51 61.7 59.6 0.04 

Oral bronchodilators 1.9 11.2 -0.38 5.8 7.6 -0.07 

Antibiotics 74.3 81.1 -0.16 77.3 80.1 -0.07 

Histamine 2 antagonists / PPIs 37.3 43.9 -0.13 38.6 42.6 -0.08 

COX-2 selective NSAIDs 8.1 9.1 -0.04 7.6 9.0 -0.05 

COX-2 nonselective NSAIDs 32.1 30.4 0.04 29.6 30.7 -0.02 

Anti-epileptics 14.8 14.9 <0.01 17.3 15.2 0.06 

Anti-psychiatric drugs 45.7 51.0 -0.11 52.4 50.5 0.04 

Estrogen 2.5 d 
-0.03 

d d 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, 

Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5b. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PACE Database 

 Before Matching After Matching 

 Total Study Cohort (n=4,281) 1: 1 Random-Sample Matched Cohortc  

(n=1,408) 

 Cardio-selective 

BBs 

 (n=3,372) 

Non-DHP 

CCBs 

 (n=909) 

STD Cardio-selective 

BBs 

 (n=704) 

Non-DHP 

CCBs 

 (n=704) 

STD 

Age, mean (SD) 79.5 (7.1) 78.4 (6.8) 0.16 78.9 (6.9) 78.66 (6.9) 0.03 

Male, % 34.0 34.1 <0.01 31.0 33.5 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (6.2) 9.9 (7.4) -0.12 9.6 (6.8) 9.6 (7.3) 0.01 

COPD duration, day , mean (SD) 922.5 (952.7) 797.5(782.0) 0.14 825.8 (856.4) 822.9(821.2) <0.01 

Year of the index date, %       

1994 2.4 9.7 -0.31 7.1 6.7 0.02 

1995 8.8 20.7 -0.34 19.9 18.9 0.03 

1996 9.9 15.8 -0.18 15.3 16.2 -0.02 

1997 9.0 13.1 -0.13 10.9 11.7 -0.02 

1998 9.4 10.9 -0.05 10.8 11.8 -0.03 

1999 10.0 8.6 0.05 9.0 9.2 -0.01 

2000 9.6 5.7 0.15 7.2 6.4 0.03 

2001 8.7 4.0 0.20 5.3 4.8 0.02 

2002 8.1 4.8 0.13 6.0 5.7 0.01 

2003 8.4 2.6 0.25 3.7 3.4 0.02 

2004 7.2 2.2 0.24 2.3 2.8 -0.04 

2005 8.5 1.9 0.30 2.6 2.4 0.01 

       

Enrollment duration, day , mean (SD) 1312.6 (974.1) 921.8(702.8) 0.46 996.7 (758.0) 976.1(736.7) 0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 1.6 (1.0) -0.13 1.6 (0.9) 1.5 (0.9) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

4.5 (3.9) 4.7 (3.9) -0.05 4.8 (4.0) 4.6 (3.8) 0.04 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.7 (3.9) 3.3 (3.6) 0.09 3.7 (3.8) 3.5 (3.6) 0.05 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.0 (1.9) 2.3 (3.0) -0.52 1.9 (2.6) 1.8 (2.5) 0.02 

No. of drugs, mean (SD) 10.7 (4.8) 11.6 (5.3) -0.17 11.4 (5.2) 11.1 (5.0) 0.07 

       

Comorbidities, %       

Before the ACS admission date       

MI 26.4 23.1 0.08 24.3 22.6 0.04 

PTCA  3.1 2.2 0.05 1.7 2.4 -0.05 

Stent  1.9 d d d d -0.03 

CABG  2.0 d d d d 0.01 

Hemorrhagic stroke  2.6 2.4 0.01 2.8 3.0 -0.01 

Ischemic  stroke  19.9 14.5 0.14 17.2 16.1 0.03 

TIA 17.3 14.2 0.09 14.6 15.5 -0.02 

       

Between the ACS admission date and the index date 

MI 75.7 63.2 0.27 65.5 65.8 -0.01 

PTCA  19.3 11.1 0.23 11.4 12.5 -0.04 
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Stent  15.7 6.3 0.31 7.1 7.5 -0.02 

CABG  13.9 9.2 0.15 9.7 10.5 -0.03 

Hemorrhagic stroke  1.0 d d d d -0.04 

Ischemic  stroke  8.1 6.2 0.07 7.8 7.0 0.03 

TIA  4.1 3.0 0.06 2.8 3.4 -0.03 

       

Before the index date       

Hypertension 88.4 79.5 0.24 83.7 82.1 0.04 

Angina  61.4 63.7 -0.05 65.1 62.8 0.05 

IHD  92.9 87.8 0.17 91.1 88.9 0.07 

Cardiac dysrhythmia  63.0 66.1 -0.07 68.5 65.9 0.05 

Atrial fibrillation  33.2 41.0 -0.16 41.6 40.8 0.02 

CHF  65.4 68.1 -0.06 67.9 67.8 <0.01 

Cerebrovascular disease  51.6 41.3 0.21 45.6 44.9 0.01 

PVD 42.7 36.0 0.14 38.4 36.4 0.04 

Disorders of lipid metabolism 61.1 44.8 0.33 49.0 49.3 -0.01 

Diabetes mellitus 48.4 40.3 0.17 41.2 41.9 -0.01 

Thyroid disease 27.8 19.6 0.19 21.6 22.4 -0.02 

Asthma 21.9 36.4 -0.32 34.0 31.3 0.06 

Pneumonia, influenza, and acute 

bronchitis 

59.6 

 
65.0 

 
-0.11 

 

63.6 

 

62.8 

 
0.02 

 

Chronic liver disease 3.1 3.0 0.01 3.0 2.7 0.02 

Gastritis or peptic ulcer disease 6.5 5.8 0.03 6.1 6.4 -0.01 

Chronic kidney disease 15.0 11.9 0.09 12.5 12.6 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.5 52.8 0.22 57.4 55.7 0.03 

Osteoporosis 23.8 19.8 0.10 20.9 18.6 0.06 

Any cancer (except lung cancer) 31.2 27.2 0.09 28.6 27.6 0.02 

Lung cancer 3.7 3.4 0.01 4.0 3.3 0.04 

Dementia 9.4 7.4 0.07 9.5 8.8 0.02 

Seizure 6.8 6.1 0.03 6.4 6.4 0.00 

Psychiatric disorder 36.3 33.8 0.05 36.2 34.9 0.03 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 44.1 35.6 0.17 39.8 37.5 0.05 

Non-cardioselective BBs 13.8 9.1 0.15 12.5 10.4 0.07 

DHP CCBs 32.7 29.2 0.08 31.4 30.8 0.01 

Diuretics 43.9 38.3 0.11 41.6 39.6 0.04 

Other anti-hypertensive agents 10.3 6.3 0.15 6.7 7.2 -0.02 

Nitrates 38.6 40.3 -0.03 41.8 40.3 0.03 

Anti-arrhythmic agents 5.6 6.7 -0.05 8.4 6.7 0.06 

Digoxin 13.3 12.0 0.04 11.8 12.5 -0.02 

Antiplatelet agents 12.0 8.7 0.11 8.8 9.1 -0.01 

Anticoagulants 13.5 11.9 0.05 14.2 12.9 0.04 

Fibrates / statins 24.1 15.0 0.23 16.8 17.1 -0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 35.0 22.8 0.27 26.6 25.9 0.02 

Non-cardioselective BBs 1.3 1.9 -0.05 3.0 2.0 0.06 

DHP CCBs 13.0 3.7 0.34 6.0 4.7 0.06 

Diuretics 21.3 17.5 0.10 16.5 17.3 -0.02 

Other anti-hypertensive agents 2.4 2.3 0.01 2.4 2.3 0.01 

Nitrates 56.4 59.5 -0.06 59.4 58.7 0.01 

Anti-arrhythmic agents 5.1 6.7 -0.07 7.1 6.4 0.03 

Digoxin 12.2 14.2 -0.06 12.2 14.5 -0.07 

Antiplatelet agents 24.8 9.8 0.40 11.9 11.9 0.00 
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Anticoagulants 11.2 13.1 -0.06 14.1 13.4 0.02 

Fibrates / statins 21.8 9.4 0.35 11.5 11.4 <0.01 

       

Before the index date       

Anti-diabetic agents  22.9 18.2 0.12 18.8 19.6 -0.02 

Thyroid-therapy drugs 16.3 11.1 0.15 14.5 12.8 0.05 

Short-acting bronchodilators  35.7 60.3 -0.51 54.7 53.1 0.03 

Long-acting bronchodilators 9.4 14.5 -0.16 14.5 12.8 0.05 

ICS 15.9 28.1 -0.30 23.9 22.6 0.03 

Oral corticosteroids 23.1 30.9 -0.18 27.8 27.6 0.01 

Oral bronchodilators 11.2 35.4 -0.60 27.3 26.1 0.03 

Antibiotics 83.8 82.3 0.04 83.2 82.5 0.02 

Histamine 2 antagonists / PPIs 62.5 61.6 0.02 65.3 61.4 0.08 

COX-2 selective NSAIDs 17.8 7.8 0.30 10.1 9.0 0.04 

COX-2 nonselective NSAIDs 42.4 40.5 0.04 42.1 41.2 0.02 

Anti-epileptics 12.2 8.6 0.12 9.7 9.4 0.01 

Anti-psychiatric drugs 55.6 53.9 0.03 55.7 53.7 0.04 

Estrogen 1.9 d 0.06 d d -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5c. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PAAD Database 

 Before Matching After Matching 

 Total Study Cohort (n=2,668) 1: 1 Random-Sample Matched Cohortc  

(n=850) 

 Cardio-selective 

BBs 

(n=2,108) 

Non-DHP 

CCBs 

 (n=560) 

STD Cardio-selective 

BBs 

 (n=425) 

Non-DHP 

CCBs 

 (n=425) 

STD 

Age, mean (SD) 79.5 (7.2) 78.4 (7.1) 0.15 78.8 (6.7) 78.8 (7.0) <0.01 

Male, % 36.12 31.3 0.10 32.7 32.7 0.00 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.9 (7.3) 

 

10.3 (8.2) -0.05 10.1 (7.2) 9.9 (8.2) 0.02 

COPD duration, day , mean (SD) 1075.5 (101.0) 

 

917.0(919.3) 0.24 967.0 (913.6) 974.8(960.4) -0.01 

Year of the index date, %       

1995 2.0 8.2 -0.28 6.1 5.9 0.01 

1996 7.5 21.4 -0.40 16.2 17.4 -0.03 

1997 6.1 12.0 -0.20 10.4 10.8 -0.02 

1998 6.00 7.7 -0.07 6.6 8.2 -0.06 

1999 8.0 9.5 -0.05 11.8 9.9 0.06 

2000 8.8 9.5 -0.02 9.9 9.4 0.02 

2001 11.2 7.1 0.14 9.2 8.9 0.01 

2002 13.7 7.3 0.21 8.7 7.3 0.05 

2003 13.1 8.0 0.17 9.4 10.1 -0.02 

2004 12.0 4.8 0.26 7.1 6.4 0.03 

2005 11.6 4.5 0.26 4.7 5.7 -0.04 

       

Enrollment duration, day , mean (SD) 1495.8 (980.7) 1057.6 (829.0 )  0.48 1198.6 (842.5) 1149.7(869.1 )  0.06 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.4 (0.8) 1.7 (1.1) -0.25 1.6 (1.0) 1.6 (1.0) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

5.2 (4.4) 5.4 (4.4) -0.06 5.3 (4.5) 5.1 (4.0) 0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.8 (3.9) 3.8 (4.2) <0.01 4.0 (4.1) 3.7 (4.0) 0.07 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.1 (2.0) 2.3 (2.7) -0.54 1.9 (2.9) 1.9 (2.3) 0.02 

No. of drugs, mean (SD) 11.8 (5.4) 13.2 (5.7) -0.26 12.8 (5.8) 12.4 (5.3) 0.08 

       

Comorbidities, %       

Before the ACS admission date       

MI 28.8 22.9 0.14 25.9 23.8 0.05 

PTCA  4.7 3.2 0.08 3.8 3.8 0.00 

Stent  3.8 2.5 0.07 2.8 3.1 -0.01 

CABG  1.8 1.3 0.04 
d d -0.02 

Hemorrhagic stroke  2.1 2.9 -0.05 
d d -0.02 

Ischemic  stroke  20.8 17.5 0.08 18.8 18.6 0.01 

TIA 21.0 15.5 0.14 17.4 16.7 0.02 

       

Between the ACS admission date and the index date 

MI 76.0 56.4 0.42 63.1 61.2 0.04 

PTCA  24.6 14.5 0.26 16.2 17.4 -0.03 

Stent  21.5 12.1 0.25 13.2 14.6 -0.04 
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CABG  11.6 7.7 0.13 8.2 9.2 -0.03 

Hemorrhagic stroke  0.8 0.7 0.01 
d d -0.03 

Ischemic  stroke  8.2 7.1 0.04 8.7 7.5 0.04 

TIA  5.7 3.4 0.11 2.8 3.5 -0.04 

       

Before the index date       

Hypertension 92.9 89.5 0.12 91.3 90.6 0.02 

Angina  68.4 76.3 -0.18 75.1 73.7 0.03 

IHD  95.6 91.6 0.16 92.9 92.5 0.02 

Cardiac dysrhythmia  69.3 73.6 -0.09 74.8 72.9 0.04 

Atrial fibrillation  36.1 43.9 -0.16 46.4 40.9 0.11 

CHF  69.7 71.3 -0.03 72.5 72.2 0.01 

Cerebrovascular disease  54.9 42.9 0.24 46.1 46.1 0.00 

PVD 42.4 32.1 0.21 34.4 34.6 -0.01 

Disorders of lipid metabolism 77.3 59.8 0.38 66.6 65.7 0.02 

Diabetes mellitus 54.1 43.9 0.20 48.7 45.2 0.07 

Thyroid disease 32.1 22.1 0.23 24.7 24.0 0.02 

Asthma 27.3 44.3 -0.36 40.0 39.5 0.01 

Pneumonia, influenza, and acute 

bronchitis 

66.0 

 

67.7 

 
-0.04 

 

72.0 

 

67.3 

 
0.10 

 

Chronic liver disease 4.0 2.9 0.06 3.5 3.5 0.00 

Gastritis or peptic ulcer disease 8.8 6.4 0.09 7.1 6.8 0.01 

Chronic kidney disease 18.7 12.0 0.19 13.7 12.5 0.04 

Rheumatoid arthritis /Osteoarthritis 63.4 53.2 0.21 53.9 55.1 -0.02 

Osteoporosis 25.7 20.0 0.14 20.2 20.5 -0.01 

Any cancer (except lung cancer) 35.3 28.9 0.14 30.4 29.7 0.02 

Lung cancer 4.0 4.6 -0.03 5.7 4.7 0.04 

Dementia 12.8 9.1 0.12 10.8 10.8 0.00 

Seizure 6.9 6.3 0.03 7.3 6.6 0.03 

Psychiatric disorder 33.8 31.6 0.05 29.7 32.0 -0.05 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 49.5 46.3 0.07 48.7 45.7 0.06 

Non-cardioselective BBs 15.8 10.9 0.14 13.7 12.5 0.04 

DHP CCBs 34.4 25.9 0.19 29.4 26.8 0.06 

Diuretics 52.9 54.5 -0.03 56.7 53.7 0.06 

Other anti-hypertensive agents 12.0 8.8 0.11 10.1 10.1 0.00 

Nitrates 37.0 40.9 -0.08 41.7 39.3 0.05 

Anti-arrhythmic agents 8.4 8.6 -0.01 7.8 8.2 -0.02 

Digoxin 17.5 22.5 -0.13 22.1 21.4 0.02 

Antiplatelet agents 18.0 15.2 0.08 15.8 15.1 0.02 

Anticoagulants 10.5 10.5 <0.01 14.8 10.1 0.14 

Fibrates / statins 34.8 21.6 0.30 29.2 24.7 0.10 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 41.2 28.2 0.28 34.6 28.9 0.12 

Non-cardioselective BBs 1.8 2.5 -0.05 2.4 2.8 -0.03 

DHP CCBs 12.8 5.0 0.28 4.7 5.9 -0.05 

Diuretics 30.8 29.8 0.02 32.2 30.4 0.04 

Other anti-hypertensive agents 3.7 2.3 0.08 
d 2.6 -0.03 

Nitrates 50.5 56.3 -0.12 52.0 52.2 <0.01 

Anti-arrhythmic agents 5.5 7.5 -0.08 6.8 6.8 0.00 

Digoxin 13.5 20.0 -0.18 19.5 18.8 0.02 

Antiplatelet agents 35.0 18.8 0.37 20.7 21.7 -0.02 

Anticoagulants 8.3 12.3 -0.13 14.1 10.8 0.10 
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Fibrates / statins 32.1 14.6 0.42 17.7 17.7 0.00 

       

Before the index date       

Anti-diabetic agents  26.2 20.9 0.13 22.4 22.6 -0.01 

Thyroid-therapy drugs 15.6 12.1 0.10 12.5 12.2 0.01 

Short-acting bronchodilators  35.5 64.6 -0.61 60.0 57.2 0.06 

Long-acting bronchodilators 13.3 20.5 -0.19 21.7 20.0 0.04 

ICS 20.1 36.6 -0.37 33.7 33.2 0.01 

Oral corticosteroids 30.2 45.7 -0.32 42.4 41.9 0.01 

Oral bronchodilators 10.2 29.3 -0.50 22.4 22.8 -0.01 

Antibiotics 86.4 84.3 0.06 84.7 84.2 0.01 

Histamine 2 antagonists / PPIs 66.1 66.4 -0.01 65.2 63.8 0.03 

COX-2 selective NSAIDs 27.5 15.7 0.29 20.0 17.2 0.07 

COX-2 nonselective NSAIDs 46.8 42.0 0.10 43.8 41.9 0.04 

Anti-epileptics 12.1 9.1 0.10 11.3 10.6 0.02 

Anti-psychiatric drugs 58.0 58.9 -0.02 57.4 58.6 -0.02 

Estrogen 2.4 2.0 0.03 2.4 d 
0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 

Page 62 of 81

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

20 

 

Table S5d. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Italy RER Database 

 Before Matching After Matching 

 Total Study Cohort (n=3,054) 1: 1 Random-Sample Matched Cohortc  

(n=896) 

 Cardio-selective  

BBs  

(n=2,489) 

Non-DHP 

CCBs 

(n=565) 

STD Cardio-selective  

BBs 

 (n=448) 

Non-DHP 

CCBs 

 (n=448) 

STD 

Age, mean (SD) 76.6 (10.1) 76.8 (8.7) -0.01 76.7 (10.0) 77.0 (9.0) -0.04 

Male, % 68.6 60.4 0.17 63.2 61.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

11.4 (10.7) 

 

11.5 (7.6) 

 

< 0.01 

 

11.5 (10.0) 

 

11.6 (8.0) 

 

-0.02 

 

COPD duration, day , mean (SD) 714.9 (906.4) 507.4 (731.3) 0.25 534.7 (756.8) 547.0 (786.0) -0.02 

Year of the index date, %       

2003 1.8 7.3 -0.26 4.9 5.4 -0.02 

2004 5.9 14.9 -0.30 14.1 11.8 0.07 

2005 7.6 15.8 -0.25 14.3 14.5 -0.01 

2006 8.0 15.6 -0.24 13.0 14.5 -0.05 

2007 8.8 11.7 -0.09 10.7 11.6 -0.03 

2008 10.3 7.6 0.09 8.5 8.7 -0.01 

2009 11.9 8.3 0.12 10.9 10.0 0.03 

2010 12.1 7.1 0.17 8.5 8.5 0.00 

2011 11.5 4.6 0.26 5.8 5.8 0.00 

2012 10.3 4.4 0.23 5.8 5.6 0.01 

2013 11.7 2.8 0.35 3.6 3.6 0.00 

       

Enrollment duration, day , mean (SD) 2288.2 (1039.2) 1546.5 (963.0) 0.74 1714.4 (1011.6) 1700.4 (986.4) 0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.9 (1.2) 

 

1.8 (1.1) 

 

0.03 

 

1.8 (1.1) 

 

1.8 (1.1) 

 

-0.03 

 

No of outpatient visits due to any 

episodes, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to CV 

episodesa, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

NA NA NA NA NA NA 

No. of drugs, mean (SD) 11.8 (4.7) 12.3 (4.7) 
-0.13 

 
12.2 (5.2) 12.1 (4.7) 

<0.01 

 

       

Comorbidities, %       

Before the ACS admission date       

MI 8.8 6.9 0.07 6.3 7.6 -0.05 

PTCA  3.5 3.0 0.03 3.4 3.4 0.00 

Stent  3.3 3.0 0.02 3.6 3.4 0.01 

CABG  0.8 d 0.03 d d 0.00 

Hemorrhagic stroke  1.1 d 0.09 d d 0.00 

Ischemic  stroke  6.5 3.4 0.14 4.2 3.8 0.02 

TIA 3.7 3.2 0.03 2.7 3.4 -0.04 

       

Between the ACS admission date and the index date 

MI 82.9 70.8 0.29 74.1 74.8 -0.02 

PTCA  48.5 33.5 0.31 37.1 37.3 <0.01 

Stent  45.8 31.9 0.29 35.9 35.0 0.02 
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CABG  7.2 1.8 0.26 2.5 d 0.02 

Hemorrhagic stroke  
d d 0.02 d d 0.00 

Ischemic  stroke  1.1 d 0.04 d d -0.03 

TIA  
d d -0.01 d d -0.04 

       

Before the index date       

Hypertension 66.5 62.0 0.10 64.3 62.7 0.03 

Angina  25.2 36.6 -0.25 32.6 33.5 -0.02 

IHD  40.5 40.7 <0.01 39.7 40.4 -0.01 

Cardiac dysrhythmia  22.7 24.6 -0.04 23.9 24.8 -0.02 

Atrial fibrillation  16.8 18.6 -0.05 18.3 19 -0.02 

CHF  30.5 28.5 0.04 27.7 30.4 -0.06 

Cerebrovascular disease  24.6 18.1 0.16 20.1 19.6 0.01 

PVD 2.1 d 0.12 d d 0.00 

Disorders of lipid metabolism 27.9 18.8 0.22 22.5 19.2 0.08 

Diabetes mellitus 24.1 20.7 0.08 19.6 20.1 -0.01 

Thyroid disease 3.3 2.5 0.05 2.7 2.9 -0.01 

Asthma 3.0 4.6 -0.08 4.9 4.5 0.02 

Pneumonia, influenza, and acute 

bronchitis 

19.1 

 

22.7 

 

-0.09 

 

21.2 

 

21.4 

 

-0.01 

 

Chronic liver disease 3.7 4.8 -0.05 5.1 4.5 0.03 

Gastritis or peptic ulcer disease 2.3 d 0.05 d d -0.04 

Chronic kidney disease 17.0 12.0 0.14 13.4 12.7 0.02 

Rheumatoid arthritis /Osteoarthritis 8.2 7.1 0.04 6.7 7.6 -0.03 

Osteoporosis 3.5 3.9 -0.02 3.1 4.0 -0.05 

Any cancer (except lung cancer) 15.6 8.7 0.21 7.8 9.2 -0.05 

Lung cancer 2.6 2.7 -0.01 2.9 2.5 0.03 

Dementia 6.5 3.4 0.14 3.6 4.0 -0.02 

Seizure 1.6 d 0.15 d d 0.04 

Psychiatric disorder 7.2 5.5 0.07 5.8 5.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 71.2 67.4 0.08 68.1 69.0 -0.02 

Non-cardioselective BBs 12.7 8.0 0.16 11.4 9.2 0.07 

DHP CCBs 39.9 34.5 0.11 37.7 35.5 0.05 

Diuretics 54.4 59.5 -0.10 57.4 59.4 -0.04 

Other anti-hypertensive agents 14.1 11.3 0.08 12.7 11.6 0.03 

Nitrates 29.2 35.6 -0.14 33.5 34.4 -0.02 

Anti-arrhythmic agents 7.7 8.3 -0.02 8.0 8.9 -0.03 

Digoxin 11.3 15.6 -0.12 14.1 16.1 -0.06 

Antiplatelet agents 64.8 59.3 0.11 61.4 61.6 <0.01 

Anticoagulants 8.3 9.4 -0.04 9.4 8.9 0.02 

Fibrates / statins 35.6 26.9 0.19 31.3 29.9 0.03 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 60.1 47.3 0.26 51.3 50.9 0.01 

Non-cardioselective BBs 1.6 d 0.05 d d 0.00 

DHP CCBs 10.5 3.0 0.30 4.0 3.6 0.02 

Diuretics 44.2 38.8 0.11 40.6 40.4 <0.01 

Other anti-hypertensive agents 3.0 3.9 -0.05 2.9 3.6 -0.04 

Nitrates 37.0 45.3 -0.17 43.5 43.8 <0.01 

Anti-arrhythmic agents 5.3 2.3 0.16 d 2.9 -0.04 

Digoxin 2.1 2.7 -0.04 3.4 3.1 0.01 

Antiplatelet agents 79.2 61.8 0.39 66.5 66.7 <0.01 

Anticoagulants 6.0 4.1 0.09 5.4 4.7 0.03 
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Fibrates / statins 55.4 37.9 0.36 40.6 40.9 <0.01 

       

Before the index date       

Anti-diabetic agents  24.8 21.1 0.09 21.0 21.0 0.00 

Thyroid-therapy drugs 9.4 10.6 -0.04 10.5 10.0 0.01 

Short-acting bronchodilators  38.6 53.5 -0.30 52.7 50.5 0.04 

Long-acting bronchodilators 47.9 73.5 -0.54 69.2 67.6 0.03 

ICS 64.5 77.5 -0.29 75.9 74.6 0.03 

Oral corticosteroids 52.6 67.6 -0.31 63.6 64.1 -0.01 

Oral bronchodilators 16.4 37.7 -0.50 31.5 31.7 <0.01 

Antibiotics 93.2 92.6 0.02 92.0 91.7 0.01 

Histamine 2 antagonists / PPIs 86.8 78.9 0.21 80.6 79.2 0.03 

COX-2 selective NSAIDs 27.8 24.1 0.09 23.7 25.9 -0.05 

COX-2 nonselective NSAIDs 71.2 68.1 0.07 67.2 67.6 -0.01 

Anti-epileptics 17.2 15.0 0.06 13.0 14.7 -0.05 

Anti-psychiatric drugs 34.9 31.3 0.08 31.0 32.1 -0.02 

Estrogen 3.3 3.0 0.02 3.4 3.6 -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; RER, Emilia-Romagna Region; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5e. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Taiwan NHI Database  

 Before Matching After Matching 

 Total Study Cohort (n=6,303) 1: 1 Random-Sample Matched Cohortc  

(n=3,468) 

 Cardio-select ive 

BBs  

(n=4,054) 

Non-DHP 

CCBs 

 (n=2,249) 

STD Cardio-select ive 

BBs 

(n=1,734) 

Non-DHP 

CCBs 

 (n=1,734) 

STD 

Age, mean (SD) 69.4 (12.6) 71.5 (12.7) -0.17 71.3 (12.2) 70.9 (12.8) 0.03 

Male, % 72.4 68.7 0.08 70.2 68.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (11.0) 

 

10.8 (17.8) 

 

-0.11 

 

9.9 (14.4) 

 

10.5 (17.5) 

 

-0.03 

 

COPD duration, day , mean (SD) 2093.3 (1176.6) 2055.7(1164.7) 0.03 2083.2 (1144.9) 2040.7(1181.4) 0.04 

Year of the index date, %       

2007 17.5 26.6 -0.22 23.2 24.2 -0.02 

2008 18.6 22.1 -0.09 22.3 21.7 0.01 

2009 19.9 18.8 0.03 19.9 19.4 0.01 

2010 21.4 16.9 0.11 17.7 17.5 <0.01 

2011 22.8 15.6 0.19 17.0 17.2 -0.01 

       

Enrollment duration, day , mean (SD) 1148.9 (528.2) 992.4 (528.4) 0.30 1,031.0 (524.6) 1,028.6 (531.7) <0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 

 

1.7 (1.1) 

 

-0.18 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

<0.01 

 

No of outpatient visits due to any 

episodes, mean (SD) 

19.6 (12.5) 

 

21.9 (13.9) 

 

-0.18 

 

21.3 (13.2) 

 

21.2 (13.7) 

 

0.01 

 

No of outpatient visits due to CV 

episodesa, mean (SD) 

6.5 (5.0) 

 

6.5 (5.6) 

 

<0.01 

 

6.7 (5.1) 

 

6.7 (5.7) 

 

<0.01 

 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (3.0) 

 

 

2.7 (4.2) 

 

 

-0.38 

 

 

1.9 (3.9) 

 

 

2.0 (3.5) 

 

 

-0.02 

 

 

No. of drugs, mean (SD) 27.5 (12.5) 30.0 (13.5) -0.19 29.3 (13.4) 29.0 (13.0) 0.02 

       

Comorbidities, %       

Before the ACS admission date       

MI 15.6 15.9 -0.01 17.7 16.6 0.03 

Coronary revascularization 10.2 10.4 -0.01 11.3 11.0 0.01 

Hemorrhagic stroke  3.8 3.8 <0.01 4.0 3.9 0.01 

Ischemic  stroke  17.7 17.6 <0.01 17.4 17.8 -0.01 

TIA 12.4 14.0 -0.05 13.9 13.7 <0.01 

       

Between the ACS admission date and the index date 

MI 71.1 51.9 0.40 56.3 57.8 -0.03 

Coronary revascularization  60.4 33.3 0.56 38.2 40.0 -0.04 

Hemorrhagic stroke  0.4 0.6 -0.03 
d 0.6 -0.01 

Ischemic  stroke  4.2 4.3 -0.01 4.3 4.0 0.01 

TIA  1.4 1.2 0.01 1.3 1.4 -0.01 

       

Before the index date       

Hypertension 87.4 84.6 0.08 86.3 86.1 0.01 

Angina  50.2 66.1 -0.33 62.9 62.1 0.02 

IHD  92.6 92.1 0.02 92.2 92.7 -0.02 

Cardiac dysrhythmia  37.5 44.8 -0.15 41.8 41.7 <0.01 

Atrial fibrillation  10.5 15.4 -0.15 14.2 13.7 0.01 

Page 66 of 81

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

24 

 

CHF  48.1 51.5 -0.07 52.5 51.4 0.02 

Cerebrovascular disease  40.8 44.2 -0.07 43.0 43.5 -0.01 

PVD 0.7 0.8 -0.01 0.9 0.8 0.01 

Disorders of lipid metabolism 71.7 61.3 0.22 65.3 64.4 0.02 

Diabetes mellitus 53.9 49.2 0.09 53.0 51.3 0.03 

Thyroid disease 4.1 4.5 -0.02 4.7 4.8 -0.01 

Asthma 37.5 50.5 -0.26 44.9 44.8 <0.01 

Pneumonia, influenza, and acute 

bronchitis 

89.4 

 

91.8 

 

-0.08 

 

90.3 

 

90.4 

 

<0.01 

 

Chronic liver disease 39.7 40.0 -0.01 41.1 40.1 0.02 

Gastritis or peptic ulcer disease 20.1 23.8 -0.09 23.4 23.1 0.01 

Chronic kidney disease 20.3 20.9 -0.02 21.0 21.0 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.9 67.5 -0.08 67.1 66.0 0.02 

Osteoporosis 22.6 25.1 -0.06 24.4 24.7 -0.01 

Any cancer (except lung cancer) 13.8 13.7 <0.01 13.9 13.7 0.01 

Lung cancer 3.1 4.2 -0.06 3.5 3.9 -0.02 

Dementia 8.3 12.2 -0.13 11.7 10.8 0.03 

Seizure 4.8 6.9 -0.09 6.4 6.5 <0.01 

Psychiatric disorder 44.9 49.4 -0.09 48.6 48.7 <0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 68.2 66.5 0.04 68.3 68.4 <0.01 

Non-cardioselective BBs 53.2 56.5 -0.07 57.6 57.2 0.01 

DHP CCBs 68.1 64.5 0.08 66.3 66.7 -0.01 

Diuretics 60.6 64.7 -0.09 64.3 63.5 0.02 

Other anti-hypertensive agents 41.4 42.1 -0.01 43.1 42.2 0.02 

Nitrates 51.5 57.6 -0.12 56.9 57.1 <0.01 

Anti-arrhythmic agents 11.3 15.2 -0.12 13.4 13.4 <0.01 

Digoxin 12.2 18.7 -0.18 16.1 15.9 <0.01 

Antiplatelet agents 75.4 80.0 -0.11 79.6 79.2 0.01 

Anticoagulants 3.7 4.7 -0.05 4.6 4.5 <0.01 

Fibrates / statins 47.7 43.4 0.09 45.8 45.9 <0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 64.2 41.6 0.46 49.4 47.8 0.03 

Non-cardioselective BBs 14.8 15.9 -0.03 16.7 16.0 0.02 

DHP CCBs 20.9 13.8 0.19 16.8 16.4 0.01 

Diuretics 33.5 32.4 0.02 35.2 33.0 0.05 

Other anti-hypertensive agents 6.2 5.6 0.03 5.8 6.1 -0.01 

Nitrates 69.3 68.3 0.02 69.8 69.4 0.01 

Anti-arrhythmic agents 7.5 8.2 -0.03 7.9 8.1 -0.01 

Digoxin 4.6 8.6 -0.16 6.9 6.8 0.01 

Antiplatelet agents 94.7 86.8 0.27 90.2 90.1 <0.01 

Anticoagulants 2.5 2.3 0.02 2.7 2.4 0.02 

Fibrates / statins 49.9 30.2 0.41 35.1 35.0 <0.01 

       

Before the index date       

Anti-diabetic agents  42.0 34.5 0.15 38.8 38.0 0.02 

Thyroid-therapy drugs 4.1 4.5 -0.02 4.7 4.8 -0.01 

Short-acting bronchodilators  24.5 39.3 -0.32 34.3 33.0 0.03 

Long-acting bronchodilators 9.1 21.1 -0.34 15.1 14.4 0.02 

ICS 12.2 24.3 -0.32 19.4 18.2 0.03 

Oral corticosteroids 76.9 82.1 -0.13 79.1 79.5 -0.01 

Oral bronchodilators 89.7 93.2 -0.12 92.4 91.7 0.03 

Antibiotics 99.0 99.2 -0.03 99.4 99.0 0.04 
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Histamine 2 antagonists / PPIs 77.1 80.8 -0.09 80.1 79.5 0.01 

COX-2 selective NSAIDs 32.9 37.0 -0.09 36.5 35.9 0.01 

COX-2 nonselective NSAIDs 99.1 99.1 <0.01 99.2 99.2 <0.01 

Anti-epileptics 31.9 37.0 -0.11 35.5 35.4 <0.01 

Anti-psychiatric drugs 94.2 96.6 -0.11 95.0 96.1 -0.05 

Estrogen 8.1 10.1 -0.07 9.1 9.9 -0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NHI, national health insurance; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; 

PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; 

TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset.  
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Table S6. Follow-up and Individual Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

Acute MI
a
 

US Optum   6,383 268 11,850 22.6 (20.1-25.5) 296 
b b 

23.2 (12.5-43.1) 

US PACE   3,372 445 10,783 41.3 (37.6-45.3) 909 105 3,061 34.3 (28.3-41.5) 

US PAAD   2,108 230 5,844 39.4 (34.6-44.8) 560 49 2,037 24.1 (18.2-31.8) 

Italy RER  2,489 279 7,409 37.7 (33.5-42.4) 565 79 1,967 40.2 (32.2-50.1) 

Taiwan NHI  4,054 324 10,917 29.7 (26.5-32.9) 2,249 136 6,281 21.7 (18.0-25.3) 

Summary estimate    33.3 (26.8-41.4)    28.4 (21.6-37.3) 

         

Unstable angina
a
 

US Optum   6,383 21 12,253 1.7 (1.1-2.6) 296 
b b 

0.00 

US PACE   3,372 84 11,296 7.4 (6.0-9.2) 909 42 3,128 13.4 (9.9-18.2) 

US PAAD   2,108 65 6,021 10.8 (8.5-13.8) 560 30 2,012 14.9 (10.4-21.3) 

Italy RER  2,489 168 7,480 22.5 (19.3-26.1) 565 51 2,004 25.5 (19.3-33.5) 

Taiwan NHI  4,054 188 11,034 17.0 (14.6-19.5) 2,249 110 6,237 17.6 (14.3-20.9) 

Summary estimate    9.0 (5.0-16.5)    17.5 (13.5-22.7) 

         

CHF
a
 

US Optum   6,383 227 11,976 19.9 (16.6-21.6) 296 18 415 43.4 (27.4-68.9) 

US PACE   3,372 834 9,954 83.8 (78.3-89.7) 909 232 2,870 80.8 (71.1-91.9) 

US PAAD   2,108 475 5,421 87.6 (80.1-95.9) 560 128 1,851 69.2 (58.2-82.3) 

Italy RER  2,489 494 7,100 69.6 (63.7-76.0) 565 155 1,860 83.4 (71.2-97.6) 

Taiwan NHI  4,054 423 10,775 39.3 (35.5-43.0) 2,249 220 6,170 35.7 (30.9-40.4) 

Summary estimate    52.1 (32.5-83.5)    59.9 (41.1-87.3) 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; MI, myocardial infarction; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

a
based on the analysis that considered first exposure carried forward. 

b
No of events<11 
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Table S7. Risk of CV Hospitalizations Due To Individual Outcomes Comparing 

Cardioselective BB versus Non-DHP CCB Initiators 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI)  

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 Acute MI 

US Optum   1.06 (0.56-1.98) 1.12 (0.53-2.38)  0.69 (0.30-1.58) 0.58 (0.22-1.55) 

US PACE   1.18 (0.95-1.45) 1.16 (0.88-1.54)  1.05 (0.78-1.42) 0.99 (0.62-1.60) 

US PAAD   1.50 (1.10-2.05) 1.31 (0.86-2.00)  1.90 (1.06-3.41) 1.98 (0.79-4.96) 

Italy RER  0.87 (0.68-1.12) 0.83 (0.63-1.10)  0.78 (0.48-1.24) 0.68 (0.37-1.25) 

Taiwan NHI  1.34 (1.09-1.63) 1.17 (0.91-1.50)  1.06 (0.77-1.47) 1.01 (0.65-1.57) 

Summary estimate 1.18 (0.98-1.43) 1.19 (1.00-1.40)  1.05 (0.81-1.35) 1.02 (0.75-1.40) 

I
2
 , % 58.6 0.0  38.0 9.2 

P for heterogeneity 0.047 0.965  0.168 0.347 

     

 Unstable angina 

US Optum   -
a
 -

a
  -

a
 -

a
 

US PACE   0.54 (0.37-0.78) 0.89 (0.55-1.44)  0.46 (0.29-0.74) 0.87 (0.46-1.66) 

US PAAD   0.63 (0.41-0.96) 1.07 (0.56-2.01)  0.58 (0.29-1.15) 2.14 (0.59-7.74) 

Italy RER  0.78 (0.57-1.06) 0.87 (0.62-1.23)  0.51 (0.30-0.87) 0.65 (0.35-1.20) 

Taiwan NHI  0.94 (0.75-1.19) 1.01 (0.75-1.35)  0.94 (0.62-1.43) 1.68 (0.90-3.13) 

Summary estimate 0.73 (0.57-0.94) 0.99 (0.78-1.25)  0.61 (0.43-0.88) 1.32 (0.79-2.21) 

I
2
 , % 58.4 0.0  49.3 26.8 

P for heterogeneity 0.066 0.877  0.116 0.255 

     

 CHF 

US Optum   0.50 (0.31-0.81) 1.10 (0.55-1.84)  0.83 (0.34-2.03) 1.18 (0.44-3.22) 

US PACE   1.00 (0.86-1.15) 0.94 (0.77-1.15)  0.97 (0.79-1.20) 1.10 (0.81-1.48) 

US PAAD   1.14 (0.94-1.39) 1.19 (0.91-1.56)  1.24 (0.89-1.72) 1.13 (0.72-1.77) 

Italy RER  0.78 (0.65-0.93) 0.83 (0.68-1.01)  0.84 (0.59-1.19) 0.83 (0.54-1.26) 

Taiwan NHI  1.07 (0.91-1.26) 1.15 (0.94-1.42)  1.06 (0.80-1.41) 1.34 (0.91-1.96) 

Summary estimate 0.93 (0.77-1.11) 1.07 (0.95-1.21)  1.01 (0.88-1.15) 1.17 (0.96-1.44) 

I
2
 , % 76.7 0.0 0.0 0.0 

P for heterogeneity 0.002 0.444 0.560 0.882 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; MI, myocardial infarction; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, 

Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-Romagna Region. 

aAll the cases were in the cardioselective BB unmatched group (n=21 for the analysis that considered first exposure carried forward and 

n=10 for as the treated analysis). 
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Table S8a. Comparison of Characteristic Balance in Different Sensitivity Analyses in US Optum 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=269) 

Non-

DHP 

CCBs 

 (n=269) 

STD Cardio-

selective 

BBs 

 (n=209) 

Non-

DHP 

CCBs 

(n=209) 

STD Cardio-

selective 

BBs  

 (n=258) 

Non-

DHP 

CCBs 

(n=258) 

STD 

Age, mean (SD) 63.1  

(11.3) 

63.0 

(11.1) 

0.01 

 

63.1 (11.9) 62.7 

(19.9) 

0.03 63.0 

(12.0) 

62.9 

(11.2) 

0.01 

Male, % 59.5 57.6 0.04 54.1 58.4 -0.09 56.6 57.4 -0.02 

Length of stay of ACS hospitalization, 

day, mean (SD) 

8.0  

(9.7) 

8.1  

(7.0) 

-0.02 7.0  

(7.5) 

8.1 

(7.4) 

-0.15 7.5  

(6.8) 

8.4  

(7.1) 

-0.07 

COPD duration, day , mean (SD) 484.6 

(571.2) 

451.2 

(588.6) 

0.06 431.0 

(572.9) 

430.1 

(556.5) 

<0.01 465.9 

(582.4) 

477.6 

(593.9) 

-0.02 

Year of the index date, %          

2004 6.0 7.0 -0.05 10.1 7.7 0.08 8.5 7.8 0.03 

2005 23.4 26.8 -0.08 25.8 25.4 0.01 26.7 25.6 0.03 

2006 9.7 12.3 -0.08 12.9 12.9 0.00 8.9 12.0 -0.10 

2007 10.0 8.9 0.04 6.7 10.1 -0.12 5.4 8.5 -0.12 

2008 13.0 10.8 0.07 6.7 11.5 -0.17 8.5 10.5 -0.07 

2009 10.8 7.4 0.12 6.7 6.7 0.00 7.8 7.8 0.00 

2010 6.3 7.4 -0.04 10.5 8.1 0.08 9.7 8.1 0.05 

2011 9.7 9.3 0.01 8.1 9.1 -0.03 14.0 10.1 0.12 

2012 6.3 6.0 0.02 7.7 4.8 0.12 5.0 5.4 -0.02 

    2013 4.8 4.1 0.04 4.8 3.8 0.05 5.4 4.3 0.05 

          

Enrollment duration, day , mean (SD) 913.9 

(680.2) 

878.3 

(613.2) 

0.06 851.1 

(659.2) 

859.3 

(585.3) 

-0.01 883.1 

(673.4) 

890.8 

(629.1) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.4  

(0.7) 

1.3  

(0.7) 

0.04 1.3  

(0.7) 

1.3 

 (0.6) 

0.00 1.3 

 (0.7) 

1.3 

 (0.7) 

0.02 

No of outpatient visits due to any 

episodes, mean (SD) 

5.4  

(4.4) 

5.0  

(4.5) 

0.11 4.8  

(4.2) 

4.8 

 (4.5) 

<0.01 5.0 

 (4.4) 

5.1 

 (4.7) 

-0.01 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.9  

(6.3) 

3.4  

(4.9) 

0.09 2.6  

(3.7) 

3.1 

 (4.2) 

-0.12 3.0 

 (4.3) 

3.5 

 (5.0) 

-0.12 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

3.4  

(5.3) 

3.0  

(4.6) 

0.08 2.6  

(4.7) 

2.2 

 (3.2) 

0.12 3.3 

 (5.7) 

3.1 

 (4.8) 

0.04 

No. of drugs, mean (SD) 12.2 

(6.2) 

12.4 

(6.7) 

-0.03 12.0 

(6.3) 

11.9 

 (6.8) 

0.02 12.9 

 (6.7) 

12.4 

 (6.8) 

0.06 

          

Comorbidities, %          

Before the ACS admission date          

MI 18.2 15.2 0.08 12.4 14.4 -0.06 12.8 15.5 -0.08 

PTCA  6.0 4.8 0.05 2.9 3.8 -0.05 3.1 3.5 -0.02 

Stent  6.7 6.0 0.03 3.4 4.3 -0.05 5.4 4.7 0.04 

CABG  0.7 0.4 0.05 0.0 0.5 -0.10 0.4 0.8 -0.05 

Hemorrhagic stroke  0.7 0.4 0.05 0.5 0.5 0.00 0.4 0.4 0.00 

Ischemic  stroke  3.4 3.7 -0.02 3.4 3.8 -0.03 4.3 3.9 0.02 

TIA 0.7 2.2 -0.12 2.9 1.9 0.06 2.3 2.3 0.00 

Page 71 of 81

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

29 

 

          

Between the ACS admission date and 

the index date 

  
 

      

MI 68.0 69.9 -0.04 66.5 70.3 -0.08 65.5 69.8 -0.09 

PTCA  21.2 25.7 -0.11 26.8 27.8 -0.02 22.9 24.8 -0.05 

Stent  20.8 24.9 -0.10 26.3 27.3 -0.02 22.5 24.0 -0.04 

CABG  19.7 16.7 0.08 15.8 18.2 -0.06 15.5 17.1 -0.04 

Hemorrhagic stroke  0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 

Ischemic  stroke  1.9 3.4 -0.09 1.9 3.4 -0.09 4.7 3.1 0.08 

TIA  1.5 1.5 0.00 1.4 1.9 -0.04 0.8 1.2 -0.04 

          

Before the index date          

Hypertension 80.7 78.8 0.05 76.1 78.0 -0.05 80.6 79.5 0.03 

Angina  61.00 58.4 0.05 63.6 56.9 0.14 63.2 59.3 0.08 

IHD  83.3 81.4 0.05 86.1 83.7 0.07 78.7 82.2 -0.09 

Cardiac dysrhythmia  53.5 53.5 0.00 45.9 49.8 -0.08 52.7 52.3 0.01 

Atrial fibrillation  33.5 33.1 0.01 22.0 28.2 -0.14 29.8 32.2 -0.05 

CHF  42.4 41.3 0.02 36.4 40.7 -0.09 41.5 41.9 -0.01 

Cerebrovascular disease  19.7 23.1 -0.08 23.4 23.0 0.01 24.4 23.3 0.03 

PVD 15.6 18.2 -0.07 12.9 16.8 -0.11 17.8 17.1 0.02 

Disorders of lipid metabolism 69.1 66.9 0.05 69.4 66.5 0.06 65.1 67.8 -0.06 

Diabetes mellitus 37.2 35.7 0.03 39.2 35.4 0.08 37.2 35.7 0.03 

Thyroid disease 20.1 15.2 0.13 16.3 12.9 0.09 15.5 16.8 -0.03 

Asthma 34.6 36.1 -0.03 34.9 31.6 0.07 39.2 36.4 0.06 

Pneumonia, influenza, and acute 

bronchitis 

53.2 

 

59.1 

 

-0.12 

 

57.4 

 

55.0 

 

0.05 

 

62.0 

 

58.1 

 

0.08 

 

Chronic liver disease 3.7 4.5 -0.04 6.2 4.8 0.06 2.3 4.3 -0.11 

Gastritis or peptic ulcer disease 3.7 3.7 0.00 2.4 3.8 -0.08 4.7 3.9 0.04 

Chronic kidney disease 13.8 13.8 0.00 11.5 13.9 -0.07 10.1 14.0 -0.12 

Rheumatoid arthritis /Osteoarthritis 33.8 32.7 0.02 32.5 28.7 0.08 33.0 32.2 0.02 

Osteoporosis 10.0 9.3 0.03 7.7 8.6 -0.03 6.2 10.5 -0.15 

Any cancer (except lung cancer) 17.8 14.5 0.09 12.9 13.9 -0.03 16.3 14.3 0.05 

Lung cancer 5.2 4.5 0.03 4.3 5.3 -0.04 5.0 5.0 0.00 

Dementia 2.2 2.2 0.00 3.4 1.9 0.09 3.1 2.3 0.05 

Seizure 6.7 6.0 0.03 6.7 5.3 0.06 5.4 5.8 -0.02 

Psychiatric disorder 29.7 29.0 0.02 32.1 28.7 0.07 31.0 28.7 0.05 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 45.0 41.3 0.08 40.7 40.7 0.00 42.3 42.6 -0.01 

Non-cardioselective BBs 5.6 4.8 0.03 6.2 4.3 0.09 6.2 4.7 0.07 

DHP CCBs 15.6 16.4 -0.02 15.3 16.8 -0.04 15.1 16.7 -0.04 

Diuretics 36.8 40.5 -0.08 36.4 37.3 -0.02 39.5 39.5 0.00 

Other anti-hypertensive agents 3.4 6.3 -0.14 8.1 5.3 0.12 4.3 6.6 -0.10 

Nitrates 15.2 16.7 -0.04 14.4 12.9 0.04 18.2 16.7 0.04 

Anti-arrhythmic agents 5.6 6.3 -0.03 4.8 5.3 -0.02 3.5 6.2 -0.13 

Digoxin 2.2 4.1 -0.11 4.3 4.3 0.00 3.9 4.3 -0.02 

Antiplatelet agents 14.1 14.9 -0.02 8.6 12.9 -0.14 13.2 14.3 -0.03 

Anticoagulants 6.7 6.3 0.02 5.7 5.3 0.02 8.1 7.0 0.04 

Fibrates / statins 40.5 38.7 0.04 42.6 39.2 0.07 43.0 40.7 0.05 

          

Between the ACS admission date and 

the index date 

 
 

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.4 31.2 -0.11 33.5 32.1 0.03 30.2 29.1 0.03 

Non-cardioselective BBs 0.7 1.1 -0.04 1.4 0.5 0.10 0.8 1.2 -0.04 

DHP CCBs 1.9 4.1 -0.13 6.2 3.8 0.11 3.1 3.9 -0.04 

Page 72 of 81

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

30 

 

Diuretics 28.3 25.7 0.06 24.4 24.4 0.00 22.1 24.8 -0.06 

Other anti-hypertensive agents 3.4 3.7 -0.02 4.3 2.4 0.11 2.7 3.5 -0.05 

Nitrates 24.5 29.0 -0.10 32.1 26.8 0.12 34.5 29.1 0.12 

Anti-arrhythmic agents 11.2 8.6 0.09 4.3 8.6 -0.18 6.2 9.3 -0.12 

Digoxin 7.8 8.9 -0.04 6.2 7.7 -0.06 7.4 8.9 -0.06 

Antiplatelet agents 30.9 39.0 -0.17 45.5 42.1 0.07 35.7 37.6 -0.04 

Anticoagulants 16.4 12.6 0.11 11 12.4 -0.04 14.3 12 0.07 

Fibrates / statins 34.6 40.2 -0.12 45.9 42.6 0.07 41.9 41.9 0.00 

          

Before the index date          

Anti-diabetic agents  25.3 23.8 0.03 25.4 23.9 0.03 21.7 24 -0.06 

    Thyroid-therapy drugs 11.5 11.5 0.00 11.0 9.6 0.05 11.6 11.2 0.01 

    Short-acting bronchodilators  59.5 61.0 -0.03 55.5 56.5 -0.02 59.3 60.5 -0.02 

    Long-acting bronchodilators 43.9 43.1 0.02 40.2 39.7 0.01 44.6 41.9 0.05 

ICS 40.5 40.9 -0.01 37.3 37.8 -0.01 43 38.4 0.09 

Oral corticosteroids 55.4 58.7 -0.07 58.4 53.1 0.11 64 58.5 0.11 

Oral bronchodilators 3.7 6.3 -0.12 4.8 2.4 0.13 6.6 8.5 -0.07 

Antibiotics 78.1 79.9 -0.05 77.0 77.0 0.00 82.2 80.2 0.05 

Histamine 2 antagonists / PPIs 42 42.8 -0.01 41.2 41.6 -0.01 45 43 0.04 

COX-2 selective NSAIDs 8.9 8.9 0.00 9.6 8.1 0.05 10.5 9.3 0.04 

COX-2 nonselective NSAIDs 33.1 30.5 0.06 35.4 30.1 0.11 28.3 29.8 -0.03 

Anti-epileptics 15.6 15.2 0.01 17.7 16.3 0.04 16.3 15.9 0.01 

Anti-psychiatric drugs 46.5 50.2 -0.07 50.7 49.3 0.03 53.9 50.8 0.06 

Estrogen 2.6 2.6 0.00 4.3 2.9 0.08 3.1 2.7 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; ICS, inhaled corticosteroids; 

IHD, Ischemia heart disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump 

inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized 

differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 
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Table S8b. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PACE Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=693) 

Non-

DHP 

CCBs 

 (n=693) 

STD Cardio-

selective 

BBs 

 (n=599) 

Non-

DHP 

CCBs 

(n=599) 

STD Cardio-

selective 

BBs  

 (n=663) 

Non-

DHP 

CCBs 

(n=663) 

STD 

Age, mean (SD) 79.1  

(7.1) 

78.6 

 (6.9) 

0.07 

 

79.2 

 (6.8) 

78.8 

(6.8) 

0.06 78.8  

(6.8) 

78.7 

 (7.0) 

0.02 

Male, % 33.6 33.3 0.01 33.4 33.6 <0.01 32.3 35.6 -0.07 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.6 

 (6.6) 

9.5 

 (7.3) 

0.01 9.2  

(6.3) 

9.4 

 (6.6) 

-0.02 9.2  

(6.0) 

9.5  

(7.4) 

-0.05 

COPD duration, day , mean (SD) 815.8 

 (864.7) 

824.2 

(824.8) 

-0.01 833.2 

(870.4) 

817.2 

(839.3) 

0.02 822.4 

(877.6) 

801.1 

(831.7) 

0.02 

Year of the index date, %          

1994 6.4 6.4 0.00 5.2 6.0 -0.04 7.1 6.8 0.01 

1995 20.6 19.1 0.04 17.9 19.9 -0.05 20.5 19.5 0.03 

1996 15.7 16.2 -0.01 14.7 16.0 -0.04 15.2 15.5 -0.01 

1997 12.4 11.7 0.02 13.2 11.4 0.06 10.6 12.2 -0.05 

1998 10.1 11.7 -0.05 10.9 11.2 -0.01 9.7 10.9 -0.04 

1999 7.7 9.1 -0.05 9.0 8.9 0.01 8.3 8.6 -0.01 

2000 7.7 6.5 0.05 7.0 6.5 0.02 7.7 6.9 0.03 

2001 4.2 4.9 -0.04 5.2 4.5 0.03 4.8 5.0 -0.01 

2002 6.4 5.8 0.02 7.5 6.7 0.03 6.5 6.0 0.02 

2003 3.9 3.5 0.02 3.7 3.3 0.02 3.8 3.0 0.04 

2004 2.3 2.9 -0.04 3.3 3.3 0.00 3.3 3.0 0.02 

2005 2.7 2.5 0.02 2.5 2.3 0.01 2.6 2.6 0.00 

          

Enrollment duration, day , mean (SD) 1009.3 

(771.7) 

976.5 

(739.1) 

0.04 1042.9 

(785.7) 

985.6 

(756.6) 

0.07 977.7 

(768.4) 

989.0 

(756.5) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6  

(1.0) 

1.5 

 (0.9) 

0.05 1.5  

(0.9) 

1.5 

 (0.9) 

-0.01 1.5 

 (0.9) 

1.5 

 (0.6) 

<0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

4.3 

 (3.5) 

4.6 

 (3.8) 

-0.08 4.4 

 (3.8) 

4.6 

 (3.8) 

-0.05 4.6 

 (3.9) 

4.5 

 (3.7) 

0.03 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.5 

 (3.6) 

3.4 

 (3.6) 

0.02 3.6 

 (3.8) 

3.6 

(3.7) 

0.01 3.3 

 (3.7) 

3.4 

 (3.6) 

-0.03 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.7 

 (2.6) 

1.8 

 (2.5) 

-0.04 1.5 

 (2.2) 

1.6 

 (2.2) 

-0.04 1.7 

 (2.5) 

1.7 

 (2.4) 

0.00 

No. of drugs, mean (SD) 11.1 

 (5.0) 

11.1 

(5.0) 

<0.01 11.1 

 (5.2) 

10.8 

 (5.0) 

0.04 11.1 

 (5.2) 

10.1 

(5.0) 

0.02 

          

Comorbidities, %          

Before the ACS admission date          

MI 24.7 22.8 0.04 22.7 22.7 0.00 25.0 23.8 0.03 

PTCA  1.7 2.3 -0.04 2.0 2.5 -0.03 2.0 2.3 -0.02 

Stent  
d d 

-0.1 
d d 

0.00 
d d 

0.01 

CABG  1.6 d 
0.02 

d d 
-0.02 

d 1.7 -0.01 

Hemorrhagic stroke  2.3 3.0 -0.04 2.5 3.0 -0.03 3.0 2.7 0.02 

Ischemic  stroke  16.2 16.2 0.00 15.9 16.0 <0.01 15.5 14.5 0.03 

TIA 17.8 15.2 0.07 16.0 15.0 0.03 15.8 14.2 0.05 
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Between the ACS admission date and 

the index date 
     

 
  

 

MI 65.5 66.0 -0.01 64.1 67.3 -0.07 66.2 65.2 0.02 

PTCA  10.5 12.6 -0.06 9.9 12.2 -0.07 11.9 12.2 -0.01 

Stent  6.5 7.7 -0.05 5.8 7.2 -0.05 6.8 7.1 -0.01 

CABG  9.0 10.3 -0.04 8.4 10.5 -0.07 9.1 10.6 -0.05 

Hemorrhagic stroke  
d d 

-0.03 
d d 

-0.02 
d d 

-0.05 

Ischemic  stroke  7.7 6.9 0.03 8.9 7.0 0.07 6.5 6.5 0.00 

TIA  3.2 3.5 -0.02 3.2 3.5 -0.02 3.0 3.3 -0.02 

          

Before the index date          

Hypertension 84.7 81.8 0.08 82.6 83.8 -0.03 83.1 82.2 0.02 

Angina  62.2 62.5 -0.01 63.1 62.3 0.02 61.7 63.1 -0.03 

IHD  89.6 89.0 0.02 89.3 90.2 -0.03 88.1 88.5 -0.01 

Cardiac dysrhythmia  67.1 65.5 0.03 65.4 65.9 -0.01 62.9 64.0 -0.02 

Atrial fibrillation  42.0 40.3 0.04 40.4 40.1 0.01 36.8 39.8 -0.06 

CHF  68.7 67.4 0.03 66.1 67.8 -0.04 65.8 67.3 -0.03 

Cerebrovascular disease  46.5 44.4 0.04 45.1 45.9 -0.02 44.0 44.0 0.00 

PVD 37.4 35.8 0.03 35.9 36.6 -0.01 37.3 37.0 0.01 

Disorders of lipid metabolism 47.6 49.4 -0.03 48.3 50.3 -0.04 48.9 48.9 0.00 

Diabetes mellitus 43.7 42.3 0.03 39.1 43.1 -0.08 43.9 41.3 0.05 

Thyroid disease 22.7 22.5 <0.01 21.9 23.5 -0.04 23.4 21.3 0.05 

Asthma 30.0 31.0 -0.02 28.9 29.7 -0.02 30.6 29.9 0.02 

Pneumonia, influenza, and acute 

bronchitis 

62.9 

 

62.8 

 
<0.01 

 

64.4 

 

60.6 

 
0.08 

 

63.2 

 

61.2 

 
0.04 

 

Chronic liver disease 3.0 2.7 0.02 2.8 2.8 0.00 2.4 2.7 -0.02 

Gastritis or peptic ulcer disease 6.6 6.5 0.01 7.0 6.7 0.01 6.8 5.7 0.04 

Chronic kidney disease 12.7 12.6 <0.01 13.2 13.4 -0.01 11.3 13.4 -0.06 

Rheumatoid arthritis /Osteoarthritis 57.0 55.4 0.03 56.8 55.3 0.03 55.4 54.3 0.02 

Osteoporosis 18.5 18.6 <0.01 19.9 18.0 0.05 19.6 18.7 0.02 

Any cancer (except lung cancer) 26.4 27.6 -0.03 28.9 28.1 0.02 28.5 27.0 0.03 

Lung cancer 3.3 3.3 0.00 3.0 3.2 -0.01 4.8 3.6 0.06 

Dementia 9.4 8.7 0.03 9.2 8.7 0.02 8.1 8.3 -0.01 

Seizure 7.4 6.4 0.04 6.3 6.2 0.01 6.9 6.5 0.02 

Psychiatric disorder 35.1 35.1 0.00 35.9 33.7 0.05 35.0 34.5 0.01 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 39.4 36.9 0.05 37.4 37.6 <0.01 38.3 38.5 <0.01 

Non-cardioselective BBs 11.3 10.3 0.03 11.4 9.5 0.06 10.4 11.0 -0.02 

DHP CCBs 31.3 30.9 0.01 31.7 30.1 0.04 30.2 29.9 0.01 

Diuretics 42.1 39.4 0.06 41.4 40.7 0.01 40.1 40.1 0.00 

Other anti-hypertensive agents 5.9 7.2 -0.05 6.8 7.9 -0.04 7.1 7.2 -0.01 

Nitrates 41.3 39.8 0.03 41.9 40.4 0.03 39.1 40.1 -0.02 

Anti-arrhythmic agents 6.9 6.5 0.02 6.3 7.0 -0.03 6.2 7.1 -0.04 

Digoxin 12.7 12.4 0.01 12.9 12.2 0.02 11.6 11.6 0.00 

Antiplatelet agents 9.8 9.1 0.02 11.0 9.0 0.07 10.7 9.4 0.05 

Anticoagulants 13.6 12.8 0.02 13.7 13.2 0.01 12.8 12.8 0.00 

Fibrates / statins 17.3 17.0 0.01 17.2 18.0 -0.02 16.6 17.0 -0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.8 26.0 0.02 26.5 26.0 0.01 25.9 25.5 0.01 

Non-cardioselective BBs 1.9 1.9 0.00 2.2 2.2 0.00 1.7 2.1 -0.03 

DHP CCBs 4.6 4.8 -0.01 5.7 4.2 0.07 4.5 4.5 0.00 
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Diuretics 19.2 17.2 0.05 20.0 16.9 0.08 18.4 16.9 0.04 

Other anti-hypertensive agents 1.9 2.2 -0.02 
d 1.8 -0.07 2.3 2.4 -0.01 

Nitrates 59.0 58.9 <0.01 59.6 58.1 0.03 60.5 57.5 0.06 

Anti-arrhythmic agents 7.4 6.1 0.05 6.0 6.8 -0.03 6.2 6.5 -0.01 

Digoxin 13.9 14.1 -0.01 14.2 13.7 0.01 14.0 14.3 -0.01 

Antiplatelet agents 11.4 12.1 -0.02 13.2 12.2 0.03 11.6 12.2 -0.02 

Anticoagulants 13.7 13.1 0.02 12.7 13.4 -0.02 12.4 13.4 -0.03 

Fibrates / statins 9.8 11.5 -0.06 11.9 11.7 <0.01 11.6 11.0 0.02 

          

Before the index date          

Anti-diabetic agents  20.6 19.8 0.02 19.0 20.2 -0.03 20.4 19.6 0.02 

    Thyroid-therapy drugs 13.7 12.8 0.03 14.2 13.4 0.02 13.3 12.1 0.04 

    Short-acting bronchodilators  50.9 53.1 -0.04 52.8 50.6 0.04 52.0 51.0 0.02 

    Long-acting bronchodilators 12.0 12.7 -0.02 13.5 11.9 0.05 12.5 12.2 0.01 

ICS 22.1 22.7 -0.01 24.4 22.4 0.05 23.5 22.2 0.03 

Oral corticosteroids 26.8 27.9 -0.02 30.1 25.9 0.09 27.5 26.6 0.02 

Oral bronchodilators 24.8 25.5 -0.02 22.7 20.7 0.05 23.5 25.8 -0.05 

Antibiotics 82.1 82.5 -0.01 82.1 81.3 0.02 81.2 80.7 0.01 

Histamine 2 antagonists / PPIs 60.2 61.0 -0.02 58.8 61.6 -0.06 62.8 61.8 0.02 

COX-2 selective NSAIDs 10.0 9.1 0.03 10.5 9.9 0.02 10.1 9.4 0.03 

COX-2 nonselective NSAIDs 40.8 41.1 -0.01 39.4 40.6 -0.02 40.1 40.7 -0.01 

Anti-epileptics 10.0 9.5 0.01 9.7 8.5 0.04 9.1 9.2 -0.01 

Anti-psychiatric drugs 53.1 53.7 -0.01 54.8 53.6 0.02 55.5 55.2 0.01 

Estrogen 
d d 

-0.07 
d d 

-0.02 
d d 

0.00 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S8c. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PAAD 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=416) 

Non-

DHP 

CCBs 

 (n=416) 

STD Cardio-

selective 

BBs 

 (n=361) 

Non-

DHP 

CCBs 

(n=361) 

STD Cardio-

selective 

BBs  

 (n=405) 

Non-

DHP 

CCBs 

(n=405) 

STD 

Age, mean (SD) 78.7 

 (7.1) 

78.8 

 (7.0) 

-0.02 

 

78.3 

 (6.8) 

79.02 

(6.87) 

-0.11 78.6 

 (7.2) 

78.7  

(7.2) 

-0.02 

Male, % 32.0 33.2 -0.03 31.9 32.13 -0.01 30.1 32.6 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

10.1 

(8.7) 

10.0 

 (8.2) 

0.01 10.4  

(9.4) 

9.75 

(8.27) 

0.07 9.5  

(6.9) 

9.8  

(8.5) 

-0.04 

COPD duration, day , mean (SD) 987.6 

(939.3) 

976.1 

(964.9) 

0.01 1004.4 

(930.9) 

1013.95 

(974.64)  

-0.01 950.9 

(934.3) 

969.6 

(949.1) 

-0.02 

Year of the index date, %          

1995 5.1 5.8 -0.03 3.6 5.00 -0.07 5.9 5.4 0.02 

1996 16.8 17.3 -0.01 18.3 14.7 0.10 18.3 19.0 -0.02 

1997 11.8 10.6 0.04 9.7 11.1 -0.05 10.4 11.4 -0.03 

1998 8.4 8.2 0.01 8.0 8.6 -0.02 8.9 8.6 0.01 

1999 9.6 9.9 -0.01 9.7 10.5 -0.03 9.4 9.6 -0.01 

2000 10.1 9.4 0.02 10.5 10.5 0.00 10.6 9.6 0.03 

2001 9.6 9.1 0.02 8.9 8.9 0.00 8.9 8.6 0.01 

2002 6.5 7.5 -0.04 11.1 7.8 0.11 8.6 6.9 0.06 

2003 10.1 10.1 0.00 11.6 10.5 0.04 7.4 9.4 -0.07 

2004 6.0 6.5 -0.02 4.4 6.1 -0.07 5.7 5.7 0.00 

2005 6.0 5.8 0.01 4.2 6.4 -0.10 5.9 5.7 0.01 

          

Enrollment duration, day , mean (SD) 1144.3 

(813.7) 

1158.1 

(873.7) 

-0.02 1147.5 

(801.8) 

1198.8 

(874.0) 

-0.06 1142.4 

(804.6) 

1149.4 

(867.3) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6 

 (1.0) 

1.6  

(1.0) 

0.04 1.6 

 (1.0) 

1.5 

 (1.00) 

0.04 1.5  

(1.0) 

1.6  

(1.0) 

-0.03 

No of outpatient visits due to any 

episodes, mean (SD) 

5.3  

(4.6) 

5.1 

 (4.0) 

0.06 5.1 

 (4.1) 

4.9 

(3.9) 

0.05 5.2  

(4.4) 

5.5 

 (4.4) 

-0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

4.1 

 (4.3) 

3.7 

 (4.0) 

0.09 4.0  

(4.1) 

3.7 

 (4.11) 

0.09 3.6 

 (4.0) 

3.9 

 (4.3) 

-0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.8  

(2.9) 

1.8 

 (2.3) 

-0.01 1.6 

 (2.3) 

1.7 

 (2.11) 

-0.04 1.8 

(2.5) 

1.8 

 (2.3) 

-0.01 

No. of drugs, mean (SD) 12.7 

(5.8) 

12.31 

(5.26) 

0.07 12.0 

 (5.6) 

12.0 

 (5.1) 

<0.01 12.4 

(5.8) 

12.6 

(5.5) 

-0.03 

          

Comorbidities, %          

Before the ACS admission date          

MI 25.7 23.8 0.04 24.1 23.8 0.01 22.7 24.4 -0.04 

PTCA  4.8 3.9 0.05 5.0 3.6 0.07 4.0 4.0 0.00 

Stent  3.4 3.1 0.01 3.9 3.1 0.05 3.7 3.2 0.03 

CABG  
d d 

-0.04 
d d 

0.00 
d d 

-0.02 

Hemorrhagic stroke  2.6 d 
0.03 2.8 d 

0.05 
d d 

0.04 

Ischemic  stroke  19.7 19.0 0.02 16.9 19.4 -0.06 17.8 18.3 -0.01 
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TIA 19.7 16.8 0.07 15.5 17.2 -0.04 16.3 17.3 -0.03 

          

Between the ACS admission date and 

the index date 
     

 
  

 

MI 61.5 61.3 0.00 64.5 62.6 0.04 58.8 59.3 -0.01 

PTCA  16.1 17.3 -0.03 16.1 18.6 -0.07 20.0 17.0 0.08 

Stent  13.7 14.4 -0.02 13.3 15.8 -0.07 17.3 14.3 0.08 

CABG  9.6 9.1 0.02 10.3 8.3 0.07 6.9 9.1 -0.08 

Hemorrhagic stroke  
d d 

0.06 
d d 

0.03 
d d 

0.03 

Ischemic  stroke  6.7 7.5 -0.03 6.7 8.0 -0.05 7.9 6.9 0.04 

TIA  3.4 3.4 0.00 3.6 3.3 0.02 4.2 3.7 0.03 

          

Before the index date          

Hypertension 91.4 90.6 0.03 91.1 90.0 0.04 90.4 89.4 0.03 

Angina  74.0 73.6 0.01 75.1 71.2 0.09 75.6 74.8 0.02 

IHD  91.4 92.3 -0.04 93.4 92.5 0.03 91.6 93.3 -0.07 

Cardiac dysrhythmia  73.8 73.1 0.02 74.5 72.9 0.04 72.4 73.6 -0.03 

Atrial fibrillation  43.8 41.1 0.05 44.0 40.2 0.08 41.7 42.7 -0.02 

CHF  74.8 72.4 0.05 70.4 72.0 -0.04 69.4 72.1 -0.06 

Cerebrovascular disease  49.8 46.6 0.06 45.7 47.4 -0.03 46.2 46.7 -0.01 

PVD 36.1 34.9 0.03 37.7 34.6 0.06 32.6 35.6 -0.06 

Disorders of lipid metabolism 64.2 65.6 -0.03 64.8 66.8 -0.04 67.4 64.4 0.06 

Diabetes mellitus 48.1 45.4 0.05 48.8 47.4 0.03 46.2 45.9 <0.01 

Thyroid disease 26.0 23.8 0.05 25.5 25.2 0.01 23.5 24.0 -0.01 

Asthma 39.2 38.9 <0.01 34.9 37.4 -0.05 38.0 40.5 -0.05 

Pneumonia, influenza, and acute 

bronchitis 

70.0 

 

66.8 

 
0.07 

 

70.6 

 

66.5 

 
0.09 

 

22.7 

 

24.4 

 
0.06 

 

Chronic liver disease 4.3 3.1 0.06 3.6 3.6 0.00 2.7 3.2 -0.03 

Gastritis or peptic ulcer disease 7.5 7.0 0.02 7.8 6.1 0.07 5.9 6.7 -0.03 

Chronic kidney disease 10.6 12.5 -0.06 12.5 12.7 -0.01 12.4 12.6 -0.01 

Rheumatoid arthritis /Osteoarthritis 56.7 55.5 0.02 57.1 57.9 -0.02 55.6 56.5 -0.02 

Osteoporosis 19.7 20.7 -0.02 17.5 20.2 -0.07 19.3 21 -0.04 

Any cancer (except lung cancer) 31.7 29.8 0.04 28.3 30.2 -0.04 30.6 31.1 -0.01 

Lung cancer 5.3 4.6 0.03 5.8 5.3 0.02 4.7 5.7 -0.04 

Dementia 10.3 11.1 -0.02 9.7 10.5 -0.03 10.1 9.9 0.01 

Seizure 7.9 6.5 0.06 6.9 6.7 0.01 4.7 6.4 -0.08 

Psychiatric disorder 33.2 32.2 0.02 31.9 31.9 0.00 28.9 30.9 -0.04 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 49.8 45.7 0.08 49.3 45.4 0.08 45.7 45.9 -0.01 

Non-cardioselective BBs 12.7 12.7 0.00 11.9 13.0 -0.03 13.3 13.3 0.00 

DHP CCBs 28.1 26.9 0.03 32.4 26.0 0.14 28.2 26.9 0.03 

Diuretics 53.6 53.6 0.00 52.4 52.6 -0.01 50.1 54.6 -0.09 

Other anti-hypertensive agents 10.1 9.6 0.02 7.2 8.9 -0.06 10.1 9.9 0.01 

Nitrates 40.9 39.4 0.03 40.7 39.1 0.03 42.2 42.5 -0.01 

Anti-arrhythmic agents 9.4 8.4 0.03 8.0 8.6 -0.02 9.9 8.4 0.05 

Digoxin 23.3 21.6 0.04 21.6 21.1 0.01 19.8 22.0 -0.05 

Antiplatelet agents 15.6 15.1 0.01 14.4 15.0 -0.02 14.8 15.6 -0.02 

Anticoagulants 10.6 10.1 0.02 12.7 9.7 0.10 10.4 11.9 -0.05 

Fibrates / statins 28.6 25.0 0.08 27.4 24.1 0.08 24.4 24.2 0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 32.0 29.1 0.06 29.9 29.1 0.02 30.6 31.1 -0.01 

Non-cardioselective BBs 3.1 2.9 0.01 
d d 

-0.04 
d d 

0.00 
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DHP CCBs 5.3 6.0 -0.03 5.8 5.3 0.02 5.9 6.7 -0.03 

Diuretics 30.5 29.6 0.02 31.9 30.5 0.03 28.9 31.4 -0.05 

Other anti-hypertensive agents 3.4 2.6 0.04 2.8 d 
0.02 

d 2.5 -0.02 

Nitrates 54.1 52.2 0.04 56.2 53.5 0.06 56.1 53.3 0.05 

Anti-arrhythmic agents 6.0 7.0 -0.04 6.7 6.4 0.01 6.9 7.9 -0.04 

Digoxin 20.0 18.8 0.03 17.7 17.5 0.01 19.5 19.5 0.00 

Antiplatelet agents 20.4 21.4 -0.02 19.9 22.2 -0.05 24.4 22.0 0.06 

Anticoagulants 11.8 11.1 0.02 12.5 11.4 0.03 11.9 12.4 -0.02 

Fibrates / statins 16.8 17.6 -0.02 16.1 18.6 -0.07 20.0 17.0 0.08 

          

Before the index date          

Anti-diabetic agents  23.3 22.6 0.02 24.4 24.4 0.00 23.5 22.7 0.02 

    Thyroid-therapy drugs 11.5 12.0 -0.01 14.7 13.0 0.05 11.6 12.4 -0.02 

    Short-acting bronchodilators  54.1 56.3 -0.04 54.9 55.1 -0.01 54.1 57.0 -0.06 

    Long-acting bronchodilators 18.3 19.7 -0.04 20.5 19.7 0.02 18.3 18.5 -0.01 

ICS 31.7 32.7 -0.02 33.5 31.3 0.05 32.6 32.4 0.01 

Oral corticosteroids 41.1 41.4 <0.01 37.1 39.9 -0.06 40.5 42.2 -0.04 

Oral bronchodilators 23.3 22.6 0.02 19.1 18.3 0.02 20.5 22.0 -0.04 

Antibiotics 84.6 84.4 0.01 81.7 85.6 -0.11 84.2 84.9 -0.02 

Histamine 2 antagonists / PPIs 66.8 63.7 0.07 64.3 64 0.01 63.0 65.2 -0.05 

COX-2 selective NSAIDs 19.7 17.3 0.06 16.3 18 -0.04 17.0 17.3 -0.01 

COX-2 nonselective NSAIDs 42.6 41.8 0.01 39.9 42.9 -0.06 44.7 45.4 -0.01 

Anti-epileptics 10.6 10.6 0.00 9.7 10.5 -0.03 9.4 9.4 0.00 

Anti-psychiatric drugs 57.9 58.9 -0.02 55.7 57.9 -0.04 59.8 58.5 0.03 

Estrogen 
d d 

0.02 
d d 

0.04 
d d 

-0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11  
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Section/Topic Item 

# 
Recommendation Reported on page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract P 1, 3 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found P3-4 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported P6-8 

Objectives 3 State specific objectives, including any prespecified hypotheses P8 

Methods  

Study design 4 Present key elements of study design early in the paper P8-14 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

P8-12 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up P8-11 

(b) For matched studies, give matching criteria and number of exposed and unexposed P12-13 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

P9-12 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

P9-12 

Bias 9 Describe any efforts to address potential sources of bias P12-14 

Study size 10 Explain how the study size was arrived at P9-10 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

P12-14 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding P12-14 

(b) Describe any methods used to examine subgroups and interactions P12-14 

(c) Explain how missing data were addressed Not applicable 

(d) If applicable, explain how loss to follow-up was addressed P12-14 

(e) Describe any sensitivity analyses P14 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

P14-15, Fig 1 

  (b) Give reasons for non-participation at each stage Fig 1 

  (c) Consider use of a flow diagram Fig 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

P14-15, Table 1 

  (b) Indicate number of participants with missing data for each variable of interest Fig 1 

  (c) Summarise follow-up time (eg, average and total amount) P15-16 

Outcome data 15* Report numbers of outcome events or summary measures over time Table 2 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

P16-17, Table 3-4 

  (b) Report category boundaries when continuous variables were categorized Not applicable 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period P15-16, Table 2 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses P17, Table 5 

Discussion    

Key results 18 Summarise key results with reference to study objectives P18 

Limitations   P22-23 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

P18-24 

Generalisability 21 Discuss the generalisability (external validity) of the study results P21-22 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

P25 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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ABSTRACT 

Objectives:  A number of observational studies have reported that, in patients with 

chronic obstructive pulmonary disease (COPD), β-blockers (BBs) decrease risk of 

mortality and COPD exacerbations.  To address important methodological concerns of 

these studies, we compared the effectiveness and safety of cardioselective BBs versus 

non-dihydropyridine calcium channel blockers (non-DHP CCBs) in patients with acute 

coronary syndromes (ACS) and COPD using a propensity score- (PS-) matched, active 

comparator, new user design.  We also assessed for potential unmeasured confounding by 

examining a short-term COPD hospitalization outcome. 

Setting and participants:  We identified 22,985 patients with ACS and COPD starting 

cardioselective BBs or non-DHP CCBs across five claims databases from the US, Italy, 

and Taiwan.  

Primary and secondary outcome measures:  Stratified Cox regression models were 

used to estimate HRs for mortality, cardiovascular hospitalizations, and COPD 

hospitalizations in each database after variable-ratio PS matching.  Results were 

combined with random-effects meta-analyses. 

Results:  Cardioselective BBs were not associated with reduced risk of mortality (HR, 

0.90; 95% CI, 0.78-1.02) or cardiovascular hospitalizations (HR, 1.06; 95% CI, 0.91-
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1.23), although statistical heterogeneity was observed across databases.  In contrast, a 

consistent, inverse association for COPD hospitalizations was identified across databases 

(HR, 0.54; 95% CI, 0.47-0.61), which persisted even within the first 30 days of follow-up 

(HR, 0.55; 95% CI, 0.37-0.82).  Results were similar across a variety of sensitivity 

analyses, including PS trimming, high dimensional-PS matching, and restricting to high-

risk patients 

Conclusions:  This multi-national study found a large inverse association between 

cardioselective BBs and short-term COPD hospitalizations.  The persistence of this bias 

despite state-of-the-art pharmacoepidemiologic methods calls into question the ability of 

claims data to address confounding in studies of BBs in patients with COPD. 

  

Abstract word count 273 
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Strengths and limitations of this study 

� A growing body of observational studies suggest that BBs may decrease risk of 

mortality and COPD exacerbations in patients with COPD; most studies compared 

prevalent BB users to non-users. 

� This study used an active comparator, new user cohort design to examine the 

association between BBs and clinical outcomes and to assess potential remaining 

unmeasured confounding using data from five claims databases in the US, Italy, and 

Taiwan.  

� The study applied a variety of sensitivity analyses, including PS trimming, an hd-PS 

matching technique, and restricting to high-risk patients, to evaluate the consistency 

of results. 

� Although this multi-national study was conducted with a common protocol, the 

inherent variations in healthcare systems and data structures across countries 

necessitated certain database-specific modifications to the protocol.  

� Owing to analytic flexibility, we conducted sensitivity analyses in the three US 

databases only. 
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INTRODUCTION 1 

Chronic obstructive pulmonary disease (COPD) has profound health impacts 2 

worldwide
1,2 

 and usually coexists with cardiovascular (CV) morbidity.
3-6

  CV risk 3 

reduction is therefore a major focus in COPD management.  β-blockers (BBs) are a 4 

cornerstone treatment for improving survival and reducing CV morbidity in patients with 5 

coronary artery disease.
7-10

  The cardio-protective benefits of BBs are expected to extend 6 

to patients with COPD.  However, those with COPD have generally been excluded from 7 

randomized controlled trials evaluating the efficacy of BBs in patients experiencing 8 

myocardial infarction (MI).
7,9

  In addition, while the targets of BBs in treating CV disease 9 

are β-1 receptors predominantly found in cardiac tissues, BBs can also block β-2 10 

receptors in the respiratory system, causing bronchospasm and increasing the risk of 11 

COPD exacerbations.
11

  Therefore, in clinical practice, physicians may be reluctant to 12 

prescribe BBs to patients with COPD.
6,12

  One study found that, among patients 13 

hospitalized for acute MI, those with COPD had 56% lower odds of being treated with 14 

BBs as compared to those without COPD.
12

  15 

 16 

Despite these safety concerns, a growing body of observational studies suggest that BBs 17 

may have cardioprotective effects in COPD patients.
13-22

  One meta-analysis of 18 
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observational studies reported a 36% reduction in all-cause mortality associated with BB 1 

use in patients with coronary heart disease and COPD.
23

  However, these studies have 2 

important methodological limitations.  In particular, most of these studies focused on 3 

prevalent users of BBs
13-22

 and used non-users of BBs as the comparator group.
13-21

  4 

Patients who remain on BB treatment for a long time may be less susceptible to an 5 

outcome of interest as compared to those just starting the drug.  The prevalent user design 6 

is therefore vulnerable to biases due to depletion of susceptible patients.
24,25

  Treated 7 

patients may also differ from untreated patients in important ways, which can create 8 

strong confounding, especially when the indication for treatment is a risk factor for the 9 

outcome(s) of interest.
24

  The non-user comparator approach is also vulnerable to 10 

immortal time bias.
26 

 These methodological issues may explain the paradoxical COPD 11 

hospitalization findings and perhaps even the reported survival advantage.  12 

 13 

Drug safety and comparative effectiveness studies are increasingly using multiple 14 

databases across various countries.
27-29

  The larger sample size afforded by multi-15 

databases studies facilitates the application of robust study designs and, by using a 16 

common protocol, such studies enable investigators to leverage differences in the 17 

healthcare systems in the assessment of unmeasured confounding, treatment effect 18 
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heterogeneity, and generalizability across diverse populations, while holding constant the 1 

design and analytic approach.  In the present study, we used multiple databases from 2 

three countries to: (1) address important shortcomings of prior studies by comparing the 3 

effectiveness and safety of BBs in patients with acute coronary syndromes (ACS) and 4 

COPD using a propensity score- (PS-) matched, active comparator, new user cohort 5 

design; and (2) assess for potential remaining unmeasured confounding by examining a 6 

short-term COPD hospitalization outcome. 7 

 8 

 9 

METHODS 10 

Data source 11 

We identified eligible cohorts from five databases in the US, Italy, and Taiwan: (1) the 12 

Optum Research Database (Optum); (2) pharmacy claims data from the Pharmaceutical 13 

Assistance Contract for the Elderly program (PACE) in Pennsylvania linked to Medicare 14 

claims data; (3) pharmacy claims data from the Pharmaceutical Assistance for the Aged 15 

and Disabled program in New Jersey (PAAD) linked to Medicare claims data; (4) the 16 

population-based Regione Emilia-Romagna, Italy, database (RER); and (5) the 17 

population-based Taiwan National Health Insurance database (NHI).  These databases 18 
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contain demographic and enrollment records, hospital admissions, outpatient visits 1 

(except in RER), outpatient pharmacy dispensing claims, and death information.  These 2 

five databases cover the period from 1994 through the end of 2013 and represent diverse 3 

source populations across countries with different health insurance programs (see the 4 

supplementary materials for details).  5 

 6 

Study population and study drugs 7 

From each database, we identified patients who were hospitalized for ACS, had a COPD 8 

diagnosis before the ACS hospitalization discharge date, and initiated a cardioselective 9 

BB or non-dihydropyridine calcium channel blocker (non-DHP CCB) within 90 days 10 

following hospital discharge (see the supplementary materials for details).  Codes used to 11 

identify study drugs are provided in Table S1.  The index date was defined as the date of 12 

the first post-discharge prescription of a study drug.  To focus on initiators, patients with 13 

any use of these drugs before the first post-discharge prescription were excluded.  14 

Cardioselective BBs were chosen as the exposure of interest in alignment with prior 15 

studies.
13-22 

 Initiators of non-DHP CCBs were selected as the referent group since, as 16 

with cardioselective BBs, non-DHP CCBs can induce bradycardic effects, which may 17 

contribute to the survival benefit of BBs.
30,31

 18 
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 1 

We excluded patients without continuous enrollment for at least 180 days before the ACS 2 

hospitalization admission date (see the supplementary materials for details), those with 3 

age less than 20 years (Optum, RER, NHI) or 65 years (PACE, PAAD) or more than 120 4 

years, and those who simultaneously initiated study drugs from both exposure groups on 5 

the index date. 6 

 7 

Outcomes and follow-up 8 

We selected all-cause mortality and CV hospitalizations as outcomes of interest.  CV 9 

hospitalizations were defined as first hospitalization for a composite CV event, including 10 

acute MI, unstable angina, and congestive heart failure (CHF) following the index date.  11 

We conducted analyses for the composite CV event and individual components of the 12 

outcomes separately.  We also examined hospitalization for COPD as an outcome.  CV 13 

and COPD hospitalized events were defined using validated claims-based algorithms 14 

with positive predictive values of 80% for acute MI,
32

 88-94% for CHF,
33

 and 86% for 15 

COPD
34

 (see the supplementary materials for outcome ascertainment; all outcomes were 16 

based on primary inpatient diagnoses).  While animal models have suggested that chronic 17 

BB use may up-regulate β-2 adrenoceptors and attenuate pulmonary inflammation,
35,36 

18 
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meta-analyses of randomized trials have found that there is no significant effect of 1 

cardioselective BB on pulmonary function in the short-term (single dose to 4 2 

months).
37,38

  We therefore assessed for the presence of bias by using a short-term COPD 3 

hospitalization outcome as a negative control, defined as a COPD hospitalization within 4 

30 days following the index date.  We assumed that, even if BBs improve COPD in the 5 

long-term, a large apparent protective association in the short-term would not be causal 6 

and would reflect bias, such as confounding due to unmeasured baseline differences 7 

between treatment groups.  8 

 9 

In the primary “first exposure carried forward” analysis, we followed patients from the 10 

index date to the earliest of outcome occurrence, death, disenrollment from the health 11 

insurance program, or the end of study.  In the secondary “as-treated” analysis, follow-up 12 

ended on the first of treatment discontinuation or change, outcome occurrence, death, 13 

disenrollment from the health insurance program, or the end of study.  Treatment 14 

discontinuation was defined using a grace period of up to 14 days between the end of one 15 

prescription and the date of the next prescription, if any.  Treatment change was defined 16 

as a dispensation of a drug in the other exposure group.  Given the absence of 17 

information on days supply in the RER database, we assigned a proxy based on the World 18 
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Health Organization’s Defined Daily Dose methodology (Table S1).  This approach has 1 

shown good concordance with days supply for chronically used medications.
39 

 2 

 3 

Covariates 4 

Information on potential confounders included demographic data, year of index date, 5 

enrollment duration, resource utilization, comorbidities, and other medication use.  6 

Resource utilization was evaluated during the180-day baseline period preceding the index 7 

date.  CV-related comorbidities and medication use were assessed in two separate periods: 8 

a chronic phase before the ACS hospitalization admission date (data were traced back as 9 

far as possible within each database); and an acute phase between the ACS 10 

hospitalization date and the index date.  Non-CV comorbidities and medication use were 11 

evaluated using all available data prior to the index date.
 
 Using all available claims 12 

information has been found to better reduce bias under most conditions as compared to a 13 

fixed look-back period.
40,41

  Details on covariate ascertainment are provided in Table S2-14 

S3.   15 

 16 

Statistical analysis  17 

Using the predefined covariates described above, we estimated baseline PSs using 18 
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logistic regression models to predict the probability of receiving cardioselective BBs 1 

versus non-DHP CCBs.  Non-categorical covariates (e.g., age) were included in the PS 2 

model as linear terms.  Because we had many more cardioselective BB initiators than 3 

non-DHP CCB initiators, we conducted variable ratio matching (up to 10 cardioselective 4 

BB users to each non-DHP CCB user) using a nearest-neighbor algorithm with a 5 

maximum matching caliper of 0.01 on the PS scale.
42

 6 

 7 

Variable ratio matching produces covariate balance within matched sets but not 8 

marginally in the overall matched population.
42

  We therefore randomly sampled one 9 

cardioselective BB user from each set of patients matched to each non-DHP CCB user  10 

and examined whether adequate balance in covariates was achieved between treatment 11 

groups using standard differences
43

 among this sample (1:1 random-sample matched 12 

cohort).  We used Cox proportional hazard models to estimate hazard ratios (HRs) and 13 

95% confidence intervals (CIs).  To account for the variable ratio matching, the Cox 14 

model was stratified on PS-matched sets. 15 

 16 

We identified study cohorts, extracted information on variables, fit PS models, and 17 

performed PS matching separately within each database.  We computed standardized 18 
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differences across the databases for each variable using pooled means and standard 1 

deviations.  The random-effects meta-analysis was used to generate summary estimates 2 

across all databases.  Statistical heterogeneity across databases was quantified using the I
2
 3 

statistic. 4 

 5 

Sensitivity and subgroup analyses 6 

To mitigate potential unmeasured confounding, four sensitivity analyses were performed 7 

in the US databases.  First, the maximum matching caliper was reduced to 0.005.  Second, 8 

before PS matching, asymmetric PS trimming
44

 was applied to exclude those with PS 9 

values less than the 2.5
th

 percentile or greater than the 97.5
th

 percentile of the PS 10 

distribution in cardioselective BB users and non-DHP CCB users, respectively.  Third, 11 

high-dimensional PSs (hd-PSs) were used to identify and include an additional 100 12 

empirically-identified variables in the PS model.
42,45  

Finally, we restricted to high-risk 13 

patients, defined as those with COPD hospitalizations and use of bronchodilators or 14 

inhaled corticosteroids in the window between 180 days before the index hospital 15 

admission date and the index date.  To examine the influence of prescribing patterns and 16 

treatment strategies over time, we also conducted subgroup analyses by year of the index 17 

date.  18 
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 1 

 2 

RESULTS 3 

Patients 4 

Among 22,985 eligible patients, 18,406 initiated cardioselective BBs (80.1%) and 4,579 5 

initiated non-DHP CCBs (18.9%) (Figure 1 and Table S4).  Most patients (>80%) started 6 

treatment within 30 days after the ACS hospitalization discharge.  The mean age of the 7 

cohort was 71 years and 59% were male.  In general, non-DHP CCB initiators were older 8 

and had a longer length of stay for the index ACS hospitalization, a longer history of 9 

COPD, and higher resource utilization.  Cardioselective BB initiators were more likely to 10 

have received coronary revascularization procedures, have had a diagnosis of MI, 11 

peripheral vascular disease, and hyperlipidemia, and have used angiotensin converting 12 

enzyme inhibitors, fibrates, and statins.  Non-DHP CCB initiators were more likely to 13 

have had a diagnosis of angina, arrhythmia, and congestive heart failure and taken anti-14 

hypertensive agents, nitrates, anti-arrhythmic agents, and anti-platelet agents.  Non-DHP 15 

CCB initiators were also more likely to have had asthma and used bronchodilators or 16 

corticosteroids (Table 1 and Table S5a-S5e).  17 

 18 
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The PS-matched cohort included 11,479 cardioselective BB initiators and 3,588 non-1 

DHP CCB initiators (66% of the total study cohort).  Most, but not all, covariates had 2 

standardized differences of less than 0.1 in the matched cohort with random sampling of 3 

comparator patients (Table 1 and Table S5a-S5e).  Summaries of the PS distributions 4 

across study drugs and databases are provided in Table S6. 5 

 6 

Follow-up and incidence rates 7 

Mean follow-up duration ranged from 1.9 to 3.5 years across databases, with 7,489 death, 8 

4,970 CV hospitalization, and 1,829 COPD hospitalization events.  Incidence rates of 9 

individual outcomes for each treatment group are presented in Table 2 and 10 

Table S7.  11 

 12 

All-cause mortality and CV hospitalizations 13 

In the primary analysis considering first exposure carried forward, the crude HRs 14 

comparing cardioselective BBs to non-DHP CCBs on all-cause mortality and 15 

CV hospitalizations were 0.73 (95% CI, 0.65-0.83) and 0.98 (95% CI, 0.84-16 

1.14), respectively.  After PS matching, the adjusted HRs were 0.90 (95% CI, 0.78-17 

1.02) for mortality and 1.06 (95% CI, 0.91-1.23) for CV hospitalizations.  We observed 18 
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substantial statistical heterogeneity across databases, with HRs and 95% CIs for mortality 1 

below one in the PACE and RER databases.  In the as-treated analysis, the adjusted HRs 2 

for mortality and CV hospitalizations were 0.80 (95% CI, 0.67-0.96) and 1.07 (95% 3 

CI, 0.85-1.36), respectively.  We did not observe statistical heterogeneity for 4 

mortality, although the HR in the Taiwan NHI database was statistically 5 

significantly less than one (0.70; 95% CI, 0.67-0.96) (Table 3).  HRs for CV 6 

hospitalizations due to acute MI, unstable angina, and CHF were similar to those for the 7 

composite outcomes (Table S8).  8 

 9 

COPD hospitalization outcome  10 

In the first exposure carried forward and as-treated analyses, the crude HRs 11 

comparing cardioselective BBs to non-DHP CCBs for COPD hospitalizations 12 

were 0.30 (95% CI, 0.26-0.36) and 0.23 (95% CI, 0.19-0.27), respectively.  After PS 13 

matching, HRs were still substantially less than one: 0.54 (95% CI, 0.47-0.61) for the 14 

first exposure carried forward analysis and 0.54 (95% CI, 0.41-0.70) for the as-treated 15 

analysis (Table 3).  The adjusted HR for COPD hospitalizations restricted to the first 30 16 

days of follow-up was 0.55 (95% CI, 0.37-0.82) (Table 4). 17 

 18 
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Sensitivity and subgroup analyses 1 

Sensitivity analyses applying a narrower PS caliper, asymmetric PS trimming, hd-PS 2 

matching, and restricting to high-risk patients did not materially change the primary 3 

analysis results.  The hd-PS sensitivity analysis yielded an estimate for COPD 4 

hospitalizations that was closest to the null at 0.62 (95% CI, 0.51-0.76) (Table 5).  See 5 

Table S9a-S9c for baseline characteristics of patients in sensitivity analyses.  The 6 

association of cardioselective BBs and each outcome was similar across periods before 7 

2000, between 2001-2005, and after 2006 (Table S10). 8 

 9 

 10 

DISCUSSION 11 

This large-scale, multi-national study employed state-of-the-art pharmacoepidemiologic 12 

methods, including an active comparator, new user cohort design, PS trimming, and hd-13 

PS matching, and found potential evidence of bias when comparing cardioselective BB 14 

and non-DHP CCB in patients with ACS and COPD as reflected by an apparent large 15 

protective effect of cardioselective BBs on a short-term COPD hospitalization outcome.  16 

The observed association was highly consistent across different methods used to address 17 

confounding and across the five databases encompassing diverse populations from 18 
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different health systems.  Cardioselective BBs were not associated with reduced risk of 1 

mortality or CV hospitalizations, although statistical heterogeneity was observed across 2 

data sources. 3 

 4 

While there may be several reasons for the apparent large protective effect of 5 

cardioselective BBs on a short-term COPD hospitalization outcome, we believe bias due 6 

to unmeasured confounding is a major contributor.   We cannot exclude the possibility 7 

that CCBs may worsen oxygenation and lead to an increased risk of COPD 8 

hospitalizations.  However, this likely would not fully explain the observed association.  9 

In addition, this large finding is not likely to be due to chance given that we observed 10 

consistent point estimates across databases and statistical approaches and the CIs around 11 

the estimates were narrow.  In expectation, if there is non-differential exposure or 12 

outcome misclassification, it would lead to bias towards the null and therefore it is 13 

unlikely to explain the observed findings.  Moreover, our finding is unlikely to be 14 

explained by surveillance bias because healthcare professionals or patients themselves 15 

may be more attuned to respiratory-related effects when cardioselective BBs are given.  16 

Any resulting bias would be in the opposite direction of the observed association.  It is 17 

possible that, since clinicians are more likely to prescribe CCBs than BBs to patients with 18 
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more severe COPD, an anchoring bias
46

 could occur where CCB-treated patients may be 1 

more closely monitored for respiratory function and COPD exacerbations.  However, our 2 

study outcomes were all defined by requiring hospitalization, reducing the likelihood that 3 

such differential surveillance could fully explain the results.  We did observe important 4 

differences between cardioselective BB and non-DHP CCB initiators at baseline. As 5 

compared to non-DHP CCB initiators, cardioselective BBs initiators were younger, had 6 

less health resource utilization, and had less prior COPD medication use.  While we were 7 

able to account for these differences in measured factors, we suspect that other important 8 

unmeasured risk factors for COPD hospitalization remained imbalanced, such as 9 

differences in COPD severity and smoking status, which therefore led to a bias due to 10 

unmeasured confounding.  However, since these variables are not captured in claims data, 11 

we cannot verify this. 12 

 13 

In terms of pharmacological effects of BB treatment, animal models and meta-analyses of 14 

published randomized trials do not support the notion that BB treatment can have such a 15 

large and immediate effect on respiratory function.
35-38

  A prior study did not observe 16 

significant differences in pulmonary function or symptoms of wheezing or dyspnea after 17 

acute administration of BB treatment in patients with cardiac disease and COPD.
47

  Our 18 
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study, however, showed an apparent 45% reduction in COPD exacerbations comparing 1 

cardioselective BB to non-DHP CCB, which is similar to the 40% reduction observed in 2 

other observational studies in which BB use was compared to non-BB use.
12,15,17,18,20,21,23

  3 

This apparent benefit associated with BB treatment is even considerably larger than that 4 

conferred by the most effective known treatment – long-acting bronchodilators – which 5 

reduce COPD hospitalizations by only 14-17%.
48,49

  An ongoing randomized, double-6 

blind, placebo-controlled trial is examining whether BB treatment can prevent COPD 7 

exacerbations.
50

  The results will help determine the extent to which the observed 8 

association between BB treatment and reduced COPD hospitalization is due to actual 9 

clinical benefits of BBs versus bias in observational studies.  Our study suggests the latter 10 

to be a major contributor.  11 

 12 

Previous research suggest that non-DHP CCBs may increase the risk of CHF in patients 13 

experiencing acute MI,
51

 which may limit non-DHP CCBs as a comparison group. 14 

However, we did not observe any significant difference in CHF or the composite CV 15 

outcome (Table S8).  A prior meta-analysis of observational studies suggested that BB 16 

use was associated with a 36% reduction in mortality in patients with coronary diseases 17 

and COPD.
23

  However, our PS-matched as-treated analysis of mortality yielded an HR 18 
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of 0.80 (95% CI, 0.67-0.96) and our PS-matched first exposure carried forward analysis 1 

yielded an HR of 0.90 (95% CI, 0.78-1.02).  Our results also suggested no benefit of 2 

cardioselective BBs on CV hospitalizations.  An important difference between our study 3 

and the prior studies is that we used an active comparator group of non-DHP CCB 4 

initiators whereas most other studies compared BB users to non-users.  To our knowledge, 5 

only one published randomized trial has compared the efficacy of cardioselective BBs 6 

and non-DHP CCBs in post-ACS patients and found similar results for mortality (HR, 7 

1.01 [95% CI, 0.87-1.16]) and MI (HR, 0.97 [95% CI, 0.80-1.18]).
52

  Our mortality and 8 

CV hospitalization results are in line with comparable bradycardic effects between 9 

cardioselctive BBs and non-DHP CCBs and are similar to those of the trial; however, 10 

given the potential unmeasured confounding observed for the short-term COPD 11 

hospitalization outcome, our results are likely biased downward to the extent that COPD 12 

severity and smoking status, if imbalanced between treatment groups, are also risk factors 13 

for mortality and CV hospitalizations.
5,53

  14 

 15 

A strength of our multi-national study is that it permits examination of heterogeneity in 16 

results across databases and across countries.  While the overall summary estimate did 17 

not indicate a survival benefit comparing cardioselective BBs to non-DHP CCBs, 18 
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the database-specific HRs for mortality in the US PACE and Italy RER 1 

databases were 0.86 (95% CI, 0.76-0.98) and 0.74 (95% CI, 0.64-0.85), respectively.  2 

These findings are similar to those of some prior observational studies.
14,16,17

  While it is 3 

possible that this variation in results may be due to true heterogeneity in treatment effects 4 

across databases and populations, publication of these results in isolation could have led 5 

to very different and potentially misleading conclusions.  The multi-database approach 6 

protects against this potential problem.  As prescribing patterns and patient characteristics 7 

vary across different health systems and geographical areas, true treatment effects and 8 

confounding can also vary across databases.  Results can also vary across studies due to 9 

differences in design and analytic choices.  In contrast to meta-analyses, which usually 10 

combine results from various study designs, our approach using a common protocol 11 

eliminates differences in design and analytic choices as an explanation for differences in 12 

results across databases. 13 

 14 

Our study had several additional limitations.  First, while we used a common protocol to 15 

implement our study across databases, the inherent variations in healthcare systems and 16 

data structures across countries necessitated certain database-specific modifications to the 17 

protocol.  For example, some databases required different definitions for continuous 18 
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enrollment and different coding methods for ascertainment of drug use.  Also, we could 1 

only access information on inpatient diagnoses in the RER database, which likely 2 

resulted in the identification of a more severe COPD population than in the other 3 

databases.  Moreover, information on drug days supply was not available in the RER 4 

database, which we inferred based on the defined daily dose.  Second, as drug data 5 

during hospitalization are usually not available in healthcare claims databases, we could 6 

not accurately capture inpatient drug information in all five databases.  Also, 7 

patients may not fully adhere to their index drugs and may add or switch 8 

medications during follow-up.  However, our first exposure carried forward and as-9 

treated analyses yielded similar results, which partially mitigates concerns about 10 

exposure misclassification.  Third, owing to analytic flexibility, we conducted sensitivity 11 

analyses in the three US databases only.  However, results restricted to these three 12 

databases were similar to the main analyses, which also included the RER and Taiwan 13 

NHI databases.  Finally, in addition COPD severity and smoking status, we could not rule 14 

out the influence of unmeasured confounding from other clinical parameters, such as 15 

cardiac function.  16 

 17 

In conclusion, this multi-national study found a strong inverse association between 18 
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cardioselective BB use and COPD hospitalizations, even in the first 30 days of follow-up, 1 

suggestive of bias likely due to unmeasured confounding.  This apparent bias persisted 2 

across diverse populations and health systems and could not be fully removed by state-of-3 

the-art design and analysis methods.  This finding calls into question the validity of prior 4 

observational studies of the effectiveness of BBs and also the ability of claims data, in 5 

general, to address questions related to outcomes of BBs in COPD patients.  Data from 6 

randomized trials are needed to elucidate the benefits and risks of BBs in patients with 7 

COPD.8 
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Figure 1. Flowchart of the study cohort assembly 

 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine 

calcium channel blockers. N and n represented number of patient episodes and number of patients remained and excluded in each step.
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Table 1. Selected Baseline Demographics, Resource Utilization, Comorbidities, and 

Medication Use between Cardioselective BB or Non-DHP CCB Initiators
* 

 Before Matching After Matching 

 Total Study Cohort (n=22,985) 1: 1 Random-Sample§ Matched Cohort 

(n=7,176) 

 Cardio-selective 

BBs 

(n=18,406) 

Non-DHP 

CCBs 

(n=4,579) 

STD Cardio-selective 

BBs 

(n=3,588) 

Non-DHP 

CCBs 

(n=3,588) 

STD 

Age, mean (SD) 70.4 (9.9) 

 

73.8 (10.2) 

 

-0.34 

 

73.7 (10.2) 

 

73.5 (10.4) 

 

0.02 

 

Male, % 59.6 55.4 0.09 56.1 55.7 0.01 

Length of stay of ACS 

hospitalization, day, mean 

(SD) 

8.6 (7.9) 

 

 

10.5 (12.6) 

 

 

-0.18 

 

 

10.0 (11.4) 

 

 

10.2 (12.4) 

 

 

-0.02 

 

 

COPD duration, day , mean 

(SD) 

998.1 (773.7) 

 

1374.0 (967.6) 

 

-0.43 

 

1384.4 (962.9) 

 

1367.2 (988.1) 

 

0.02 

 

       

Resource utilization       

No of hospitalization due to 

any episodes, mean (SD) 

1.4 (0.8) 

 

1.6 (1.0) 

 

-0.25 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

0.01 

 

No of outpatient visits due to 

any episodes, mean (SD) 

8.2 (6.2) 

 

14.5 (9.6) 

 

-0.78 

 

14.0 (9.2) 

 

13.9 (9.4) 

 

0.02 

 

No of outpatient visits due to 

CV episodes†, mean (SD) 

3.9 (4.3) 

 

5.2 (4.9) 

 

-0.29 

 

5.4 (4.8) 

 

5.3 (4.9) 

 

0.02 

 

No of outpatient visits due to 

pulmonary-related 

episodes‡, mean (SD) 

1.2 (2.6) 

 

 

2.7 (3.9) 

 

 

-0.44 

 

 

2.0 (3.6) 

 

 

2.1 (3.2) 

 

 

-0.01 

 

 

No. of drugs, mean (SD) 14.4 (6.7) 21.0 (9.4) -0.81 20.4 (9.3) 20.1 (9.0) 0.03 

       

Comorbidities, %       

Before the ACS admission date 

MI 17.3 17.1 0.01 18.3 17.5 0.02 

PTCA 4.7 6.6 -0.09 7.0 7.0 <0.01 

Stent 3.0 2.4 0.04 2.6 2.8 -0.01 

CABG 1.1 1.0 0.01 1.2 1.1 0.01 

Hemorrhagic stroke 1.8 2.8 -0.07 2.8 2.8 <0.01 

Ischemic  stroke 12.5 14.3 -0.06 14.8 14.7 <0.01 

TIA 10.3 12.1 -0.06 12.2 12.2 <0.01 

Between the ACS admission date and the index date 

MI  76.3 58.2 0.40 62.2 62.8 -0.01 

PTCA  44.0 25.9 0.41 29.1 30.4 -0.03 

Stent  37.0 16.0 0.52 17.9 18.3 -0.01 

CABG  17.3 7.8 0.30 8.7 9.1 -0.01 

Hemorrhagic stroke  0.5 0.6 -0.01 0.5 0.6 -0.02 

Ischemic  stroke  4.7 4.5 0.01 5.0 4.5 0.02 

TIA 2.3 1.7 0.04 1.6 2.0 -0.02 

Before the index date       

Hypertension 82.0 81.0 0.03 83.0 82.3 0.02 

Angina  52.1 62.8 -0.22 60.7 59.8 0.02 

Ischemic heart disease  86.1 84.2 0.06 84.9 84.5 0.01 

Cardiac dysrhythmia  44.1 50.8 -0.14 49.7 48.9 0.02 

Atrial fibrillation  19.1 25.7 -0.17 25.4 24.4 0.02 

CHF 45.3 53.7 -0.18 53.8 53.7 <0.01 
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Cerebrovascular disease  36.9 38.8 -0.04 39.4 39.5 <0.01 

PVD 18.4 12.7 0.21 13.3 13.1 0.01 

Disorders of lipid 

metabolism 

65.5 

 

52.9 

 

0.27 

 

56.9 

 

56.1 

 

0.02 

 

Diabetes mellitus 41.1 42.4 -0.03 44.3 43.6 0.01 

Asthma 23.3 40.5 -0.40 37.0 35.9 0.02 

       

Medication use, %       

Before the ACS admission date 

ACEIs / ARBs / renin 

inhibitors 

51.6 

 

56.5 

 

-0.10 

 

58.2 

 

57.6 

 

0.01 

 

Non-cardioselective BBs 19.0 32.2 -0.37 33.9 32.7 0.03 

DHP CCBs 35.4 46.0 -0.24 47.5 47.1 0.01 

Diuretics 44.8 56.0 -0.23 56.2 55.3 0.02 

Other anti-hypertensive 

agents 

15.9 

 

24.9 

 

-0.26 

 

25.3 

 

25.0 

 

0.01 

 

Nitrates 30.2 46.8 -0.36 45.9 45.8 <0.01 

Anti-arrhythmic agents 7.2 11.3 -0.14 10.5 10.3 <0.01 

Digoxin 9.3 16.6 -0.23 14.7 15.0 -0.01 

Antiplatelet agents 33.1 51.1 -0.48 50.9 50.7 0.01 

Anticoagulants 7.0 7.6 -0.02 8.5 7.5 0.04 

Fibrates / statins 37.2 32.8 0.10 35.7 35.1 0.01 

Between the ACS admission date and the index date 

ACEIs / ARBs / renin 

inhibitors 

48.5 

 

36.2 

 

0.26 

 

41.9 

 

40.3 

 

0.03 

 

Non-cardioselective BBs 4.2 8.7 -0.23 9.2 8.7 0.02 

DHP CCBs 11.6 8.8 0.10 10.7 10.3 0.01 

Diuretics 27.1 29.4 -0.05 30.9 30.0 0.02 

Other anti-hypertensive 

agents 

3.3 

 

4.2 

 

-0.06 

 

4.1 

 

4.4 

 

-0.01 

 

Nitrates 47.5 59.7 -0.25 59.2 59.0 <0.01 

Anti-arrhythmic agents 6.2 7.1 -0.04 6.9 7.0 <0.01 

Digoxin 6.1 10.5 -0.17 9.0 9.4 -0.02 

Antiplatelet agents 60.6 56.9 0.10 59.5 59.8 -0.01 

Anticoagulants 6.1 6.6 -0.02 7.2 6.6 0.03 

Fibrates / statins 48.2 25.6 0.51 29.4 29.4 <0.01 

Before the index date       

   Anti-diabetic agents  27.1 27.2 <0.01 29.4 29.3 <0.01 

  Short-acting bronchodilators  34.3 49.8 -0.32 45.7 44.2 0.03 

  Long-acting bronchodilators 19.6 27.7 -0.21 24.9 23.6 0.03 

  ICS 23.8 34.3 -0.25 30.8 29.6 0.03 

  Oral corticosteroids 44.6 64.4 -0.45 61.4 61.4 <0.01 

  Oral bronchodilators 25.8 61.7 -1.16 57.0 56.7 0.01 

ACEIs indicate angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, β-

blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, Transient 

ischemic attack.  

*presenting as summary estimates for mean, SD, and STD across databases. 

†CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

Page 42 of 89

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 

43 

 

‡Pulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

§1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

Page 43 of 89

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review only

 

44 

 

Table 2. Follow-up and Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

All-cause mortality* 

US Optum   6,383 384 12,298 31.2 (28.3-34.5) 296 35 445 78.7 (56.5-109.5) 

US PACE   3,372 1,909 11,616 164.3 (157.1-171.9) 909 717 3,301 217.2 (201.9-233.7) 

US PAAD   2,108 957 6,264 152.8 (143.4-162.8) 560 353 2,128 165.9 (149.4-184.1) 

Italy RER  2,489 989 8,042 123.0 (115.6-130.9) 565 352 2,181 161.4 (145.4-179.2) 

Taiwan NHI  4,054 1,003 11,403 88.0 (82.5-93.4) 2,249 790 6,491 121.7 (113.2-130.2) 

Summary estimate    96.9 (61.9-151.8)    145.0 (111.1-189.3) 

         

CV hospitalizations* 

US Optum   6,383 476 11,534 41.3 (37.7-45.2) 296 27 402 67.2 (46.1-97.9) 

US PACE   3,372 1,144 9,155 125.0 (117.9-132.4) 909 312 2,582 120.9 (108.2-135.0) 

US PAAD   2,108 633 4,986 127.0 (117.4-137.2) 560 169 1,724 98.0 (84.3-114.0) 

Italy RER  2,489 761 6,267 121.4 (113.1-130.4) 565 225 1,608 139.9 (122.8-159.4) 

Taiwan NHI  4,054 816 10,055 81.2 (75.6-86.7) 2,249 407 5,763 70.3 (63.4-77.1) 

Summary estimate    91.7 (63.4-132.5)    96.8 (72.1-129.9) 

         

COPD hospitalizations* 

US Optum   6,383 192 12,035 15.95 (13.9-18.4) 296 35 395 88.5 (63.6-123.3) 

US PACE   3,372 274 11,023 24.9 (22.1-28.0) 909 214 2,808 76.2 (66.7-87.1) 

US PAAD   2,108 155 5,938 26.1 (22.3-30.6) 560 146 1,823 80.1 (68.1-94.2) 

Italy RER  2,489 240 7,529 31.9 (28.1-36.2) 565 145 1,804 80.4 (68.3-94.6) 

Taiwan NHI  4,054 154 11,145 13.8 (11.6-16.0) 2,249 274 6,022 45.5 (40.1-50.9) 

Summary estimate    21.5 (15.9-29.1)    71.5 (54.6-93.6) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National Health Insurance; PAAD, 

Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward.
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Table 3. Risk of All-Cause Mortality, CV Hospitalizations, and COPD Hospitalizations 

Comparing Cardioselective BB versus Non-DHP CCB Initiators  

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching  

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 All-cause mortality 

US Optum 0.42 (0.30-0.60) 1.05 (0.65-1.68)  0.71 (0.31-1.61) 1.23 (0.47-3.20) 

US PACE  0.76 (0.69-0.82) 0.86 (0.76-0.98)  0.70 (0.57-0.87) 0.90 (0.64-1.27) 

US PAAD  0.91 (0.81-1.03) 1.12 (0.93-1.36)  0.94 (0.69-1.30) 0.93 (0.58-1.52) 

Italy RER 0.74 (0.66-0.84) 0.74 (0.64-0.85)  0.86 (0.68-1.11) 0.74 (0.52-1.05) 

Taiwan NHI    0.71 (0.65-0.78) 0.90 (0.80-1.02)  0.63 (0.51-0.78) 0.70 (0.51-0.96) 

Summary estimate 0.73 (0.65-0.83) 0.90 (0.78-1.02)  0.75 (0.64-0.87) 0.80 (0.67-0.96) 
I

2
 , % 81.9 68.5  35.1 0.0 

P for heterogeneity <0.001 0.013  0.187 0.649 

     

 CV hospitalizations 

US Optum 0.70 (0.47-1.02) 0.96 (0.59-1.56)  0.76 (0.41-1.39) 0.84 (0.41-1.71) 

US PACE  1.01 (0.89-1.14) 1.03 (0.87-1.22)  0.96 (0.81-1.13) 1.09 (0.85-1.39) 

US PAAD  1.16 (0.97-1.37) 1.30 (1.03-1.65)  1.27 (0.97-1.67) 1.41 (0.95-2.11) 

Italy RER 0.80 (0.69-0.93) 0.86 (0.73-1.01)  0.77 (0.59-0.99) 0.75 (0.56-1.02) 

Taiwan NHI 1.12 (1.00-1.26) 1.17 (1.00-1.36)  1.06 (0.87-1.29) 1.31 (1.00-1.71) 

Summary estimate 0.98 (0.84-1.14) 1.06 (0.91-1.23)  0.98 (0.83-1.15) 1.07 (0.85-1.36) 
I

2
 , % 78.2 63.8  51.0 59.5 

P for heterogeneity 0.001 0.026  0.086 0.043 

     

 COPD hospitalizations 

US Optum 0.19 (0.13-0.27) 0.54 (0.37-0.87)  0.16 (0.09-0.31) 0.53 (0.19-1.47) 

US PACE  0.32 (0.27-0.39) 0.51 (0.39-0.67)  0.22 (0.17-0.29) 0.54 (0.34-0.86) 

US PAAD  0.30 (0.24-0.38) 0.45 (0.32-0.62)  0.23 (0.15-0.34) 0.54 (0.30-0.98) 

Italy RER 0.38 (0.31-0.48) 0.56 (0.44-0.73)  0.29 (0.19-0.46) 0.40 (0.20-0.77) 

Taiwan NHI 0.30 (0.25-0.37) 0.60 (0.47-0.78)  0.24 (0.16-0.34) 0.65 (0.38-1.13) 

Summary estimate 0.30 (0.26-0.36) 0.54 (0.47-0.61)  0.23 (0.19-0.27) 0.54 (0.41-0.70) 
I

2
 , % 62.0 0.0 0.0 0.0 

P for heterogeneity 0.030 0.721 0.639 0.877 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the 

Elderly; PS, propensity score; RER, Emilia-Romagna Region. 
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Table 4. Results for 30-day COPD Hospitalizations Comparing Cardioselective BB versus Non-

DHP CCB Initiators*  

Database Crude HR (95% CI) HR after PS matching (95% CI) 

US Optum 0.28 (0.06-1.23) 1.33 (0.17-10.70) 

US PACE 0.27 (0.15-0.47) 0.70 (0.31-1.54) 

US PAAD 0.19 (0.09-0.37) 0.43 (0.18-0.99) 

Italy RER 0.22 (0.10-0.48) 0.37 (0.16-0.84) 

Taiwan NHI  0.28 (0.15-0.51) 0.67 (0.32-1.38) 

Summary estimate 0.25 (0.18-0.34) 0.55 (0.37-0.82) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity 

score; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward. 
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Table 5. Results of Sensitivity Analyses Comparing Cardioselective BB versus Non-DHP CCB Initiators in three US 

Databases* 

Type of analysis Main analysis†  Sensitivity analysis 

   

 

PS matching caliper of 

0.005 

Asymmetric PS 

trimming 

 

hd-PS  

with additional 100 

empirical covariates 

Restricting to high-

risk patients 

Database HR after PS matching (95% CI) 

 All-cause mortality 

US Optum 1.05 (0.65-1.68)  1.06 (0.65-1.73)  0.92 (0.54-1.56) 1.02 (0.61-1.72) 1.11 (0.53-2.33) 

US PACE 0.86 (0.76-0.98)  0.85 (0.75-0.97)  0.85 (0.74-0.97) 0.86 (0.76-0.99) 0.91 (0.73-1.14) 

US PAAD 1.12 (0.93-1.36)  1.13 (0.93-1.36)  1.00 (0.82-1.23) 1.16 (0.95-1.40) 1.02 (0.73-1.42) 

Summary estimate 0.98 (0.80-1.21)   0.98 (0.78-1.23)  0.90 (0.80-1.00)  0.99 (0.78-1.26) 0.95 (0.80-1.14) 

 CV hospitalizations 

US Optum 0.96 (0.59-1.56)  0.92 (0.56-1.49)  0.81 (0.48-1.38) 0.99 (0.60-1.65) 0.70 (0.31-1.62) 

US PACE 1.03 (0.87-1.22)  1.03 (0.86-1.22)  1.02 (0.85-1.23) 1.01 (0.84-1.21) 1.03 (0.76-1.39) 

US PAAD 1.30 (1.03-1.65)  1.33 (1.04-1.69)  1.31 (1.01-1.69) 1.10 (0.86-1.43) 1.31 (0.82-2.10) 

Summary estimate 1.11 (0.94-1.32)   1.11 (0.91-1.36)  1.08 (0.87-1.35)  1.04 (0.90-1.19) 1.06 (0.83-1.35) 

 COPD hospitalizations 

US Optum 0.54 (0.37-0.87)  0.59 (0.35-0.97)  0.67 (0.37-1.23) 0.77 (0.44-1.34) 0.61 (0.30-1.22) 

US PACE 0.51 (0.39-0.67)  0.52 (0.40-0.67)  0.50 (0.37-0.66) 0.61 (0.46-0.80) 0.56 (0.39-0.81) 

US PAAD 0.45 (0.32-0.62)  0.46 (0.33-0.64)  0.36 (0.25-0.51) 0.59 (0.41-0.84) 0.52 (0.31-0.88) 

Summary estimate 0.50 (0.41-0.69)   0.51 (0.42-0.61)  0.47 (0.35-0.64)  0.62 (0.51-0.76) 0.56 (0.42-0.73) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; NHI, 

National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-

Romagna Region. 

*based on the analysis that considered first exposure carried forward. 

†Main analysis used maximum PS matching caliper of 0.01, no PS trimming, and a pre-defined PS model
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Figure 1. Flowchart of the study cohort assembly  
 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; 

DHP CCBs, dihydropyridine calcium channel blockers. N and n represented number of patient episodes and 
number of patients remained and excluded in each step.  

Figure 1  
145x177mm (200 x 200 DPI)  
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METHODS 

Data source 

The US Optum Research Database (Optum) comprises data for health insurance beneficiaries 

enrolled in commercial UnitedHealth Group-affiliated health plans. The database includes data 

for approximately 14 million patients on a yearly basis and 60 million patients in total, 

representing a large geographically diverse population across the US.  

 

The Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE) and the New 

Jersey Pharmaceutical Assistance to the Aged and Disabled (PAAD) programs assist low-income 

residents of  Pennsylvania and New Jersey aged 65 years or older with prescription drug 

coverage. These programs cover virtually all prescription medications for their beneficiaries, 

requiring individuals to pay only a small copayment. The pharmacy claims records for each 

beneficiary were linked to Medicare Part A and Part B data through the Centers for Medicare and 

Medicaid Services.  

 

The Italian National Health Service provides universal health insurance coverage for all Italian 

citizens. The Regione Emilia-Romagna (RER) database, a population-based longitudinal health 

care database, captures claims for care provided to individuals in Emilia-Romagna, a 

northeastern Italian region with approximately 4 million residents.  

 

The Taiwan National Health Insurance (NHI) Administration has executed a single-payer and 

compulsory NHI program in Taiwan since 1995, with an enrollment rate of 99% by 2014. The 

Taiwan NHI database comprises approximately 99% of the total Taiwanese population of 
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approximately 23 millions of individuals.  

 

All these databases include comprehensive information on demographic and enrollment records, 

hospital admissions, pharmacy dispensing claims data from outpatient clinics, and vital status. 

The RER database does not contain information on outpatient resource utilization and days 

supply of medications for each pharmacy dispensing. Data from each dataset could be linked via 

anonymized unique patient identifiers within individual databases. In general, these five 

databases cover widely geographically, socioeconomically, and clinically diverse individuals, 

which facilitates the generalizability of this study. 

 

Definition of continuous enrollment 

For Optum, PACE, and PAAD databases, continuous enrollment was operationally defined as 

having no insurance coverage gap of greater than 30 days during the 180 days before the index 

hospitalization admission. For the RER database, continuous enrollment was defined as having 

an at least 180-day residency in Emilia-Romagna. For the Taiwan NHI database, continuous 

enrollment was defined as having >=1 hospital admission or outpatient visit during this period. 

 

Study population and study drugs 

ACS hospitalization was defined as an inpatient stay for acute myocardial (MI) or unstable 

angina using International Classification of Diseases, 9th Revision, Clinical modification (ICD-

9-CM) codes 410.x0, 410.x1, 411.xx in any position on an inpatient claim. The COPD diagnosis 

was defined as any inpatient or outpatient ICD-9-CM codes 491.xx, 492.xx, or 496.xx in any 

position (except for the RER database, in which information was available only from inpatient 

diagnosis files). 
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Outcomes and follow-up 

CV hospitalizations were defined as first hospitalization for a composite CV event, including 

acute MI, unstable angina, and congestive heart failure (CHF) (ICD-9-CM codes 410.x0, 410.x1, 

411.xx, 428.xx based on the primary diagnosis) following the index date. COPD hospitalization 

was the first hospitalized event (ICD-9-CM codes 491.xx, 492.xx, 496.xx, based on the primary 

diagnosis) following the index date. 
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Table S1. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Cardioselective BB or Non-DHP CCB Initiators 

Medication ATC Classification System Codes Defined Daily Dose
a
 

Cardioselective BBs 

Practolol  C07AB01 0.3 g 

Metoprolol  C07AB02 0.15 g 

Atenolol  C07AB03 75 mg 

Acebutolol  C07AB04 0.4 g 

Betaxolol  C07AB05 20 mg 

Bevantolol  C07AB06 0.3 g 

Bisoprolol  C07AB07 10 mg 

Celiprolol  C07AB08 0.2 g 

Epanolol  C07AB10 0.2 g 

s-Atenolol  C07AB11 50 mg 

Nebivolol  C07AB12 5 mg 

Talinolol  C07AB13 0.1 g 

Metoprolol, combinations  C07AB52 0.15 g
b
 

Bisoprolol, combinations  C07AB57 10 mg
b
 

Metoprolol and thiazides  C07BB02 0.15 g
b
 

Atenolol and thiazides  C07BB03 75 mg
b
 

Acebutolol and thiazides  C07BB04 0.4 g
b
 

Bevantolol and thiazides  C07BB06 0.3 g
b
 

Bisoprolol and thiazides  C07BB07 10 mg
b
 

Nebivolol and thiazides  C07BB12 5 mg
b
 

Metoprolol and thiazides, 

combinations  
C07BB52 

0.15 g
b
 

Metoprolol and other 

diuretics  
C07CB02 

0.15 g
b
 

Atenolol and other diuretics  C07CB03 75 mg
b
 

Atenolol and other diuretics, 

combinations  
C07CB53 

75 mg
b
 

Atenolol, thiazides and other 

diuretics  
C07DB01 

75 mg
b
 

Metoprolol and other 

antihypertensives  
C07FB02 

0.15 g
b
 

Atenolol and other 

antihypertensives  
C07FB03 

75 mg
b
 

Bisoprolol and other 

antihypertensives  
C07FB07 

10 mg
b
 

 

Non-DHP CCBs 

Verapamil  C08DA01 0.24 g 

Verapamil, combinations  C08DA51 0.24 g
b
 

Diltiazem  C08DB01 0.24 g 

Abbreviations: BBs, β-blockers; DHP CCBs, dihydropyridine calcium channel blockers. 

a
The defined daily dose was established by the expert committee of World Health Organization as the average maintenance 

dose per day for a drug used for its main indication in adults  (http://www.whocc.no/atcddd/  accessed Feb, 2015). 

b 
The defined daily dose of combination is based on the ingredients of cardioselective BB or non-DHP CCB.  
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Table S2. International Classification of Diseases, 9
th

 Revision, Clinical Modification (ICD-9-CM) 

Diagnostic or Procedure Codes or Current Procedure Terminology, 4
th

  Revision (CPT) Codes Used To 

Identify Baseline Comorbidities
a
 for Cardioselective BB or Non-DHP CCB Initiators 

Comorbidities ICD-9-CM Diagnostic Codes Other Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

MI
b
 410.xx, 412.xx  

PTCA
b
 

 

ICD-9-CM Procedure Code: 

00.66, 36.01, 36.02, 36.05, 36.09 

CPT Codes: 92973, 92982, 92984, 

92995, 92996 

Stent
b
 

 

ICD-9-CM Procedure Code: 

36.06, 36.07  

CPT Codes: 92980, 92981 

CABG
b
 

 

ICD-9-CM Procedure Code: 

36.1x, 36.2x 

CPT Codes: 33510-19, 33521-23, 

33530, 33533-36, 33545, 33572 

Coronary revascularization
b,d  

   Specific for Taiwan NHI 

database 

68023A,68023B, 

68024A,68024B,68025A, 

68025B,83064A1, 97901K, 97902A, 

97903B, 97906K, 97907A, 97908B, 

97911K, 97912A, 97913B,97916K, 

97917A, 97918B, 33076A, 33076B, 

33077A, 33077B, 33078A, 33078B, 

97511K, 97512A, 97513B, 97516K, 

97517A, 97518B, 97521K, 97522A, 

97523B 

Hemorrhagic stroke
b
 430.xx, 431.xx, 432.xx  

Ischemic heart disease
b
 433.x1, 434.x1, 436.xx  

TIA
b
 435.xx  

   

Assessment Period: Before The Index Date 

Hypertension
b
 401.xx-405.xx 

(diagnosis-related group: 134) 

 

Angina
b
 411.xx  

IHD
b
 413.xx, 414.xx  

Cardiac dysrhythmia
b
 427.xx  

Atrial fibrillation
b
 427.31  

CHF
b
 428.xx, 398.91, 402.01, 402.11, 402.91, 

404.01, 404.11, 404.91, 404.03, 404.13, 

404.93 

 

Cereborvascular disease
b
 430.xx-438.xx  

PVD
b
 443.xx, 445.xx, 442.0x, 442.2x, 442.3x 

 

CPT Codes: 35256, 35286, 35351, 

35355, 35361, 35363, 35371, 35372, 

35381, 35454, 35456, 35459, 35470, 

35473, 35474, 35482, 35483, 35485, 

35492, 35493, 35495, 35521, 35533, 

35541, 35546, 35548, 35549, 35551, 

35556, 35558, 35563, 35565, 35566, 

35571, 35621, 35623, 35641, 35646, 

35647, 35650, 35651, 35654, 35656, 

35661, 35663, 35666, 35671, 27590, 

27591, 27592, 27594, 27596, 27880, 

27881, 27882, 27884, 27886, 27888 
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Disorders of lipid metabolism 272.xx  

Diabetes mellitus 250.xx  

Thyroid disease 244.9  

COPD
c
 491.xx, 492.xx, 494.xx, 496.xx  

Asthma
c
 493.xx  

Pneumonia, influenza, and acute 

bronchitis
c
 

480.xx-487.xx, 466.xx  

Chronic liver disease 571.xx  

Gastric bleeding 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 

532.2x, 532.4x, 532.6x, 533.0x, 533.2x, 

533.4x, 533.6x, 534.0x, 534.2x, 534.4x, 

534.6x, 578.0 

 

4 

ICD-9-CM Procedure Codes: 

44.43 

CPT Codes: 43255 

Chronic kidney disease or end-

stage renal disease 

403.xx, 404.xx, 585.xx 

 

ICD-9-CM Procedure Codes: 

39.95, 54.98 

CPT Codes: 90935-90993, 90999, 

99512, 99559 

Rheumatoid arthritis / 

Osteoarthritis 

710.x,714.xx, 715.xx, 720.xx  

Osteoporosis 733.0x  

Any cancer other than lung 

cancer 

140.xx-161.xx, 163.xx-208.xx  

Lung cancer 162.x  

Dementia 290.0x-290.4x, 291.2, 294.1x, 331.0x-331.2x, 

331.82 

 

Seizure 345.xx, 780.3x  

Psychiatric disorder 293.83, 296.2x, 296.3x, 296.82, 296.90, 298.0, 

300.4, 309.0, 309.1, 309.28, 311, 300.0x-

300.3x, 300.5x-300.9x, 295.xx, 297.xx-

299.xx, 290.8, 290.9, 780.1, 296.0x, 296.1x, 

296.4x-296.9x 

 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, 

Congestive heart failure; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel 

blockers; IHD, Ischemia heart disease; MI, myocardial infarction; NHI, national health insurance; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; TIA, Transient ischemic attack. 
a Comorbidities were measured based on any diagnosis positions in inpatient and outpatient diagnosis files.

 

b
Cardiovascular episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic 

stroke, TIA, hypertension, angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  
c
Respiratory -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

d
Based on Taiwan NHI service claims codes 

(http://www.nhi.gov.tw/query/query2.aspx?menu=20&menu_id=710&webdata_id=3633&WD_ID=900 accessed October, 

2013). 

Page 57 of 89

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

10 

 

Table S3. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Baseline Medication Use for Cardioselective BB or Non-DHP CCB Initiators 
Medication ATC Classification System Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

ACEIs / ARBs / Reinin inhibitors C09 

Non-cardioselective BB C07AA, C07AG, C07BA, C07BG, C07CA, C07CG, 

C07DA, C07EA, C07FA 

DHP CCB C08C, C08E, C08G 

Diuretics C03, C07B, C07C, C07D, C08G 

Other anti-hypertensive agents C02 

Nitrates C01DA 

Anti-arrhythmic agents C01B 

Digoxin C01AA 

Anti-platelet agents B01AC 

Anti-coagulants B01AA 

Fibrates / statins   C10AA, C10AB 

  

Assessment Period: Before the Index Date 

Anti-diabetic agents A10A, A10B 

Thyroid-therapy drugs H03 

Inhaled short-acting bronchodilators   R03AC02, R03AC03, R03AC04, R03AC06, R03BB01 

Inhaled long-acting bronchodilators R03AC12, R03AC13, R03AC16, R03AC18, R03AK06, 

R03AK07, R03BB04 

ICS R03BA, R03AK06, R03AK07 

Oral corticosteroids H02AB, H02BX 

Oral bronchodilators 

 

R03CC02, R03CC03, R03CC04, R03CC05, R03CC08, 

R03CC09, R03CC12, R03CC13, R03CC91 

R03DA04, R03DA05 

Antibiotics J01 

Histamine 2 antagonists / PPIs A02BA, A02BC 

COX-2 selective NSAIDs M01AH 

COX-2 nonselective NSAIDs M01AA, M01AB, M01AC, M01AE, M01AG, 

M01AX 

Anti-epileptics N03 

Anti-psychiatric drugs N06A, N05B, N05C, N05A 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ 

receptor blockers; BBs, β-blockers; Cox, cyclooxygenase; DHP CCBs, dihydropyridine calcium channel blockers; ICS, 

inhaled corticosteroids; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors. 
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Table S4. Summary of the Study Cohort Assembly, By Database 
 Database (Study Period) 

Inclusion / Exclusion Criteria US Optum 

(2004/07-2013/12) 

US PACE 

(1994/07-2005/12) 

US PAAD 

(1995/07-2005/12) 

Italy RER 

(2003/7-2013/12) 

Taiwan NHI 

(2007/01-2011/12) 

Patient episodes with an ACS hospitalization 

in the individual databases during the study 

period 

No of patient episodes = 

175,939 

No of patient episodes = 

195,954 

No of patient episodes = 

116,121 

No of patient episodes = 

179,864 

No of patient episodes = 

187,487 

Excluded due to 

* Lack of continuous enrollment for 180 

days before the ACS hospitalization 

admission date  

* No COPD diagnosis before the ACS   

hospitalization discharge date 

 

* No of patient episodes = 

25,149 

 

* No of patient episodes = 

117,511 

 

* No of patient episodes = 

74,488 

 

* No of patient episodes = 

61,136 

 

* No of patient episodes = 

51,230 

 

* No of patient episodes = 

31,467 

 

* No of patient episodes = 

3,892 

 

* No of patient episodes = 

152,210 

 

* No of patient episodes = 

5,716 

 

* No of patient episodes = 

97,300 

Patient episodes with ACS and COPD during 

the study period   

No of patient episodes = 

33,279 

No of patient episodes = 

60,330 

No of patient episodes = 

33,424 

No of patient episodes = 

23,762 

No of patient episodes = 

84,471 

Excluded due to 

* No prescription of cardioselective BBs or 

non-DHP CCBs within 90 days after ACS 

hospitalization discharge 

 

* No of patient episodes = 

16,112 

 

* No of patient episodes = 

32,737 

 

* No of patient episodes = 

17,419 

 

* No of patient episodes = 

12,512 

 

* No of patient episodes = 

54,487 

Patient episodes with use of cardioselective 

BBs or non-DHP CCBs 

No of patient episodes = 

17,167 

No of patient episodes = 

27,593 

No of patient episodes = 

16,005 

No of patient episodes = 

11,250 

No of patient episodes = 

29,984 

Excluded due to 

* Age less than 20 (or 65) years, more than 

120 years, or undetermined 

* Undetermined sex 

 

* Use of cardioselective BBs or non-DHP 

CCBs before the index date  

* Receipt of both cardioselective BBs and 

non-DHP CCBs on the index date  

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

10,322 

* No of patients = 166 

 

* No of patient episodes = 

41 

* No of patient episodes = 

0 

* No of patient episodes = 

23,271 

* No of patients = 0 

 

* No of patient episodes = 

1,309 

* No of patient episodes = 

0 

* No of patient episodes = 

11,870 

* No of patients = 158 

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

8,168 

* No of patients = 28 

 

* No of patient episodes = 

0 

* No of patient episodes = 

18 

* No of patient episodes = 

23,579 

* No of patients = 84 

Patients included  No of patients = 6,679 No of patients = 4,281 No of patients = 2,668 No of patients = 3,054 No of patients = 6,303 

 * Cardioselective BBs = 

6,383 

* Non-DHP CCBs =296 

* Cardioselective BBs = 

3,372 

* Non-DHP CCBs =909 

* Cardioselective BBs = 

2,108 

* Non-DHP CCBs =560 

* Cardioselective BBs = 

2,489 

* Non-DHP CCBs = 565 

* Cardioselective BBs = 

4,054 

* Non-DHP CCBs = 2,249 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, national health 

insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 
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Table S5a. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US Optum Database 

 Before Matching After Matching 

 Total Study Cohort (n=6,679) 1: 1 Random-Sample Matched Cohortc  

(n=554) 

 Cardio-

selective 

BBs 

 (n=6,383) 

Non-DHP 

CCBs 

 (n=296) 

STD Cardio-

selective 

BBs  

 (n=277) 

Non-DHP 

CCBs 

(n=277) 

STD 

Age, mean (SD) 60.9 (10.6) 63.2 (11.1) -0.21 

 

62.5 (11.5) 62.9 (11.1) -0.03 

Male, % 69.2 56.4 0.27 56.7 56.3 0.01 

Length of stay of ACS hospitalization, 

day, mean (SD) 

6.5 (6.0) 8.22 (7.0) -0.26 8.4 (12.8) 8.1 (6.9) 0.03 

COPD duration, day , mean (SD) 427.3(593.6) 483.7(582.4) -0.10 444.7(503.3) 463.1(571.9) 0.03 

Year of the index date, %       

2004 6.7 7.4 -0.03 10.5 7.2 0.11 

2005 15.9 27.4 -0.28 23.1 26.7 -0.08 

2006 12.0 12.2 -0.01 13.0 12.3 0.02 

2007 11.9 8.1 0.13 8.7 8.7 0.00 

2008 11.7 10.1 0.05 9.0 10.5 -0.05 

2009 9.3 7.8 0.06 6.9 7.9 -0.04 

2010 8.6 7.1 0.06 7.9 7.6 0.01 

2011 8.3 10.1 -0.06 13.0 9.0 0.13 

2012 8.5 5.7 0.11 5.4 5.8 -0.02 

    2013 7.1 4.1 0.13 d 4.3 -0.10 

       

Enrollment duration, day , mean (SD) 985.6(717.6) 881.8(618.0) 0.15 856.1(625.0) 873.8(606.5) -0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.2 (0.5) 1.4 (0.8) -0.27 1.3 (0.7) 1.3 (0.7) -0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

3.9 (3.9) 5.3 (4.8) -0.31 5.3 (4.5) 5.0 (4.6) 0.08 

No of outpatient visits due to CV 

episodesa, mean (SD) 

2.3 (4.2) 3.5 (4.8) -0.26 3.7 (6.3) 3.4 (4.8) 0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (2.9) 3.8 (5.8) -0.55 3.1 (5.1) 3.2 (4.9) -0.03 

No. of drugs, mean (SD) 10.0 (5.3) 12.9 (6.9) -0.47 12.7 (6.4) 12.5 (6.7) 0.04 

       

Comorbidities, %       

Before the ACS admission date       

MI 13.1 15.9 -0.08 14.8 15.9 -0.03 

PTCA  2.6 4.4 -0.10 4.7 4.7 0.00 

Stent  3.2 5.4 -0.11 5.4 5.8 -0.02 

CABG  0.4 d 
-0.04 

d d 
0.09 

Hemorrhagic stroke  0.4 d 
0.01 

d d 
0.00 

Ischemic  stroke  5.0 3.7 0.06 
d d 

-0.02 

TIA 4.4 d 
0.13 

d d 
0.02 

       

Between the ACS admission date and the index date 

MI 77.4 69.9 0.17 69.7 69.7 0.00 

PTCA  51.5 23.3 0.61 24.2 24.9 -0.02 

Stent  49.9 22.6 0.59 23.1 24.2 -0.03 
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CABG  24.9 15.2 0.24 17.0 16.3 0.02 

Hemorrhagic stroke  0.4 d 
0.09 

d d 
NA 

Ischemic  stroke  3.5 d 
0.02 

d d 
0.02 

TIA  1.5 d 
0.02 

d d 
-0.03 

       

Before the index date       

Hypertension 77.4 78.7 -0.03 78.3 78.0 0.01 

Angina  53.4 58.5 -0.10 58.8 58.5 0.01 

IHD  92.9 81.4 0.35 84.5 81.2 0.09 

Cardiac dysrhythmia  38.3 56.1 -0.36 55.2 53.4 0.04 

Atrial fibrillation  12.6 36.5 -0.58 32.9 33.6 -0.02 

CHF  30.5 41.6 -0.23 39.7 40.8 -0.02 

Cerebrovascular disease  25.4 22.3 0.07 22.4 22.7 -0.01 

PVD 15.3 17.2 -0.05 15.2 17.7 -0.07 

Disorders of lipid metabolism 74.6 66.9 0.17 65.3 66.1 -0.02 

Diabetes mellitus 31.4 35.8 -0.09 30.7 35.0 -0.09 

Thyroid disease 13.4 17.2 -0.11 15.5 15.2 0.01 

Asthma 21.8 38.5 -0.37 41.9 37.6 0.09 

Pneumonia, influenza, and acute 

bronchitis 
43.4 61.8 

-0.37 

 
58.1 59.2 

-0.02 

 

Chronic liver disease 5.3 4.1 0.06 4.7 4.3 0.02 

Gastritis or peptic ulcer disease 1.9 4.4 -0.15 
d 4.0 -0.06 

Chronic kidney disease 8.3 12.8 -0.15 15.5 13.4 0.06 

Rheumatoid arthritis /Osteoarthritis 27.2 32.4 -0.11 31.1 32.5 -0.03 

Osteoporosis 7.0 10.1 -0.11 7.9 9.4 -0.05 

Any cancer (except lung cancer) 15.0 14.9 0.01 17.0 14.1 0.08 

Lung cancer 2.5 5.4 -0.15 4.7 4.3 0.02 

Dementia 2.1 d 
< 0.01 

d d 
0.02 

Seizure 3.3 5.7 -0.12 7.2 5.8 0.06 

Psychiatric disorder 26.2 30.1 -0.09 30.0 29.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 37.9 43.2 -0.11 40.1 41.2 -0.02 

Non-cardioselective BBs 3.5 5.1 -0.08 7.9 5.1 0.12 

DHP CCBs 14.7 16.2 -0.04 14.4 15.9 -0.04 

Diuretics 29.0 40.5 -0.25 40.4 40.1 0.01 

Other anti-hypertensive agents 4.6 7.1 -0.11 5.1 6.5 -0.06 

Nitrates 10.4 16.6 -0.18 14.4 17.0 -0.07 

Anti-arrhythmic agents 4.8 6.1 -0.05 5.4 6.1 -0.03 

Digoxin 2.0 4.7 -0.15 
d 4.0 -0.04 

Antiplatelet agents 9.9 14.9 -0.15 14.8 14.4 0.01 

Anticoagulants 4.1 6.8 -0.12 7.2 6.1 0.04 

Fibrates / statins 38.9 38.9 < 0.01 38.3 38.3 0.00 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 43.5 30.4 0.27 30.3 30.7 -0.01 

Non-cardioselective BBs 0.4 d -0.11 
d d 0.06 

DHP CCBs 5.0 3.7 0.06 4.7 4.0 0.04 

Diuretics 18.2 24.7 -0.16 23.5 25.3 -0.04 

Other anti-hypertensive agents 1.6 3.7 -0.13 
d d -0.04 

Nitrates 32.2 28.0 0.09 26.7 29.2 -0.06 

Anti-arrhythmic agents 6.5 8.1 -0.06 8.3 8.3 0.00 

Digoxin 3.1 10.8 -0.31 6.9 9.0 -0.08 

Antiplatelet agents 59.1 36.5 0.46 36.8 38.6 -0.04 

Anticoagulants 5.1 13.2 -0.28 10.1 12.3 -0.07 
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Fibrates / statins 63.6 38.5 0.52 39.0 40.1 -0.02 

       

Before the index date       

Anti-diabetic agents  21.0 23.7 -0.06 22.0 23.5 -0.03 

    Thyroid-therapy drugs 9.0 11.2 -0.07 9.4 11.6 -0.07 

    Short-acting bronchodilators  37.7 63.2 -0.53 61.4 61.7 -0.01 

    Long-acting bronchodilators 22.8 45.3 -0.49 46.2 43.3 0.06 

ICS 20.7 42.9 -0.49 42.2 40.4 0.04 

Oral corticosteroids 37.1 61.8 -0.51 61.7 59.6 0.04 

Oral bronchodilators 1.9 11.2 -0.38 5.8 7.6 -0.07 

Antibiotics 74.3 81.1 -0.16 77.3 80.1 -0.07 

Histamine 2 antagonists / PPIs 37.3 43.9 -0.13 38.6 42.6 -0.08 

COX-2 selective NSAIDs 8.1 9.1 -0.04 7.6 9.0 -0.05 

COX-2 nonselective NSAIDs 32.1 30.4 0.04 29.6 30.7 -0.02 

Anti-epileptics 14.8 14.9 <0.01 17.3 15.2 0.06 

Anti-psychiatric drugs 45.7 51.0 -0.11 52.4 50.5 0.04 

Estrogen 2.5 d 
-0.03 

d d 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, 

Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5b. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PACE Database 

 Before Matching After Matching 

 Total Study Cohort (n=4,281) 1: 1 Random-Sample Matched Cohortc  

(n=1,408) 

 Cardio-selective 

BBs 

 (n=3,372) 

Non-DHP 

CCBs 

 (n=909) 

STD Cardio-selective 

BBs 

 (n=704) 

Non-DHP 

CCBs 

 (n=704) 

STD 

Age, mean (SD) 79.5 (7.1) 78.4 (6.8) 0.16 78.9 (6.9) 78.66 (6.9) 0.03 

Male, % 34.0 34.1 <0.01 31.0 33.5 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (6.2) 9.9 (7.4) -0.12 9.6 (6.8) 9.6 (7.3) 0.01 

COPD duration, day , mean (SD) 922.5 (952.7) 797.5(782.0) 0.14 825.8 (856.4) 822.9(821.2) <0.01 

Year of the index date, %       

1994 2.4 9.7 -0.31 7.1 6.7 0.02 

1995 8.8 20.7 -0.34 19.9 18.9 0.03 

1996 9.9 15.8 -0.18 15.3 16.2 -0.02 

1997 9.0 13.1 -0.13 10.9 11.7 -0.02 

1998 9.4 10.9 -0.05 10.8 11.8 -0.03 

1999 10.0 8.6 0.05 9.0 9.2 -0.01 

2000 9.6 5.7 0.15 7.2 6.4 0.03 

2001 8.7 4.0 0.20 5.3 4.8 0.02 

2002 8.1 4.8 0.13 6.0 5.7 0.01 

2003 8.4 2.6 0.25 3.7 3.4 0.02 

2004 7.2 2.2 0.24 2.3 2.8 -0.04 

2005 8.5 1.9 0.30 2.6 2.4 0.01 

       

Enrollment duration, day , mean (SD) 1312.6 (974.1) 921.8(702.8) 0.46 996.7 (758.0) 976.1(736.7) 0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 1.6 (1.0) -0.13 1.6 (0.9) 1.5 (0.9) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

4.5 (3.9) 4.7 (3.9) -0.05 4.8 (4.0) 4.6 (3.8) 0.04 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.7 (3.9) 3.3 (3.6) 0.09 3.7 (3.8) 3.5 (3.6) 0.05 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.0 (1.9) 2.3 (3.0) -0.52 1.9 (2.6) 1.8 (2.5) 0.02 

No. of drugs, mean (SD) 10.7 (4.8) 11.6 (5.3) -0.17 11.4 (5.2) 11.1 (5.0) 0.07 

       

Comorbidities, %       

Before the ACS admission date       

MI 26.4 23.1 0.08 24.3 22.6 0.04 

PTCA  3.1 2.2 0.05 1.7 2.4 -0.05 

Stent  1.9 d d d d -0.03 

CABG  2.0 d d d d 0.01 

Hemorrhagic stroke  2.6 2.4 0.01 2.8 3.0 -0.01 

Ischemic  stroke  19.9 14.5 0.14 17.2 16.1 0.03 

TIA 17.3 14.2 0.09 14.6 15.5 -0.02 

       

Between the ACS admission date and the index date 

MI 75.7 63.2 0.27 65.5 65.8 -0.01 

PTCA  19.3 11.1 0.23 11.4 12.5 -0.04 
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Stent  15.7 6.3 0.31 7.1 7.5 -0.02 

CABG  13.9 9.2 0.15 9.7 10.5 -0.03 

Hemorrhagic stroke  1.0 d d d d -0.04 

Ischemic  stroke  8.1 6.2 0.07 7.8 7.0 0.03 

TIA  4.1 3.0 0.06 2.8 3.4 -0.03 

       

Before the index date       

Hypertension 88.4 79.5 0.24 83.7 82.1 0.04 

Angina  61.4 63.7 -0.05 65.1 62.8 0.05 

IHD  92.9 87.8 0.17 91.1 88.9 0.07 

Cardiac dysrhythmia  63.0 66.1 -0.07 68.5 65.9 0.05 

Atrial fibrillation  33.2 41.0 -0.16 41.6 40.8 0.02 

CHF  65.4 68.1 -0.06 67.9 67.8 <0.01 

Cerebrovascular disease  51.6 41.3 0.21 45.6 44.9 0.01 

PVD 42.7 36.0 0.14 38.4 36.4 0.04 

Disorders of lipid metabolism 61.1 44.8 0.33 49.0 49.3 -0.01 

Diabetes mellitus 48.4 40.3 0.17 41.2 41.9 -0.01 

Thyroid disease 27.8 19.6 0.19 21.6 22.4 -0.02 

Asthma 21.9 36.4 -0.32 34.0 31.3 0.06 

Pneumonia, influenza, and acute 

bronchitis 

59.6 

 
65.0 

 
-0.11 

 

63.6 

 

62.8 

 
0.02 

 

Chronic liver disease 3.1 3.0 0.01 3.0 2.7 0.02 

Gastritis or peptic ulcer disease 6.5 5.8 0.03 6.1 6.4 -0.01 

Chronic kidney disease 15.0 11.9 0.09 12.5 12.6 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.5 52.8 0.22 57.4 55.7 0.03 

Osteoporosis 23.8 19.8 0.10 20.9 18.6 0.06 

Any cancer (except lung cancer) 31.2 27.2 0.09 28.6 27.6 0.02 

Lung cancer 3.7 3.4 0.01 4.0 3.3 0.04 

Dementia 9.4 7.4 0.07 9.5 8.8 0.02 

Seizure 6.8 6.1 0.03 6.4 6.4 0.00 

Psychiatric disorder 36.3 33.8 0.05 36.2 34.9 0.03 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 44.1 35.6 0.17 39.8 37.5 0.05 

Non-cardioselective BBs 13.8 9.1 0.15 12.5 10.4 0.07 

DHP CCBs 32.7 29.2 0.08 31.4 30.8 0.01 

Diuretics 43.9 38.3 0.11 41.6 39.6 0.04 

Other anti-hypertensive agents 10.3 6.3 0.15 6.7 7.2 -0.02 

Nitrates 38.6 40.3 -0.03 41.8 40.3 0.03 

Anti-arrhythmic agents 5.6 6.7 -0.05 8.4 6.7 0.06 

Digoxin 13.3 12.0 0.04 11.8 12.5 -0.02 

Antiplatelet agents 12.0 8.7 0.11 8.8 9.1 -0.01 

Anticoagulants 13.5 11.9 0.05 14.2 12.9 0.04 

Fibrates / statins 24.1 15.0 0.23 16.8 17.1 -0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 35.0 22.8 0.27 26.6 25.9 0.02 

Non-cardioselective BBs 1.3 1.9 -0.05 3.0 2.0 0.06 

DHP CCBs 13.0 3.7 0.34 6.0 4.7 0.06 

Diuretics 21.3 17.5 0.10 16.5 17.3 -0.02 

Other anti-hypertensive agents 2.4 2.3 0.01 2.4 2.3 0.01 

Nitrates 56.4 59.5 -0.06 59.4 58.7 0.01 

Anti-arrhythmic agents 5.1 6.7 -0.07 7.1 6.4 0.03 

Digoxin 12.2 14.2 -0.06 12.2 14.5 -0.07 

Antiplatelet agents 24.8 9.8 0.40 11.9 11.9 0.00 
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Anticoagulants 11.2 13.1 -0.06 14.1 13.4 0.02 

Fibrates / statins 21.8 9.4 0.35 11.5 11.4 <0.01 

       

Before the index date       

Anti-diabetic agents  22.9 18.2 0.12 18.8 19.6 -0.02 

Thyroid-therapy drugs 16.3 11.1 0.15 14.5 12.8 0.05 

Short-acting bronchodilators  35.7 60.3 -0.51 54.7 53.1 0.03 

Long-acting bronchodilators 9.4 14.5 -0.16 14.5 12.8 0.05 

ICS 15.9 28.1 -0.30 23.9 22.6 0.03 

Oral corticosteroids 23.1 30.9 -0.18 27.8 27.6 0.01 

Oral bronchodilators 11.2 35.4 -0.60 27.3 26.1 0.03 

Antibiotics 83.8 82.3 0.04 83.2 82.5 0.02 

Histamine 2 antagonists / PPIs 62.5 61.6 0.02 65.3 61.4 0.08 

COX-2 selective NSAIDs 17.8 7.8 0.30 10.1 9.0 0.04 

COX-2 nonselective NSAIDs 42.4 40.5 0.04 42.1 41.2 0.02 

Anti-epileptics 12.2 8.6 0.12 9.7 9.4 0.01 

Anti-psychiatric drugs 55.6 53.9 0.03 55.7 53.7 0.04 

Estrogen 1.9 d 0.06 d d -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5c. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PAAD Database 

 Before Matching After Matching 

 Total Study Cohort (n=2,668) 1: 1 Random-Sample Matched Cohortc  

(n=850) 

 Cardio-selective 

BBs 

(n=2,108) 

Non-DHP 

CCBs 

 (n=560) 

STD Cardio-selective 

BBs 

 (n=425) 

Non-DHP 

CCBs 

 (n=425) 

STD 

Age, mean (SD) 79.5 (7.2) 78.4 (7.1) 0.15 78.8 (6.7) 78.8 (7.0) <0.01 

Male, % 36.12 31.3 0.10 32.7 32.7 0.00 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.9 (7.3) 

 

10.3 (8.2) -0.05 10.1 (7.2) 9.9 (8.2) 0.02 

COPD duration, day , mean (SD) 1075.5 (101.0) 

 

917.0(919.3) 0.24 967.0 (913.6) 974.8(960.4) -0.01 

Year of the index date, %       

1995 2.0 8.2 -0.28 6.1 5.9 0.01 

1996 7.5 21.4 -0.40 16.2 17.4 -0.03 

1997 6.1 12.0 -0.20 10.4 10.8 -0.02 

1998 6.00 7.7 -0.07 6.6 8.2 -0.06 

1999 8.0 9.5 -0.05 11.8 9.9 0.06 

2000 8.8 9.5 -0.02 9.9 9.4 0.02 

2001 11.2 7.1 0.14 9.2 8.9 0.01 

2002 13.7 7.3 0.21 8.7 7.3 0.05 

2003 13.1 8.0 0.17 9.4 10.1 -0.02 

2004 12.0 4.8 0.26 7.1 6.4 0.03 

2005 11.6 4.5 0.26 4.7 5.7 -0.04 

       

Enrollment duration, day , mean (SD) 1495.8 (980.7) 1057.6 (829.0 )  0.48 1198.6 (842.5) 1149.7(869.1 )  0.06 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.4 (0.8) 1.7 (1.1) -0.25 1.6 (1.0) 1.6 (1.0) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

5.2 (4.4) 5.4 (4.4) -0.06 5.3 (4.5) 5.1 (4.0) 0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.8 (3.9) 3.8 (4.2) <0.01 4.0 (4.1) 3.7 (4.0) 0.07 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.1 (2.0) 2.3 (2.7) -0.54 1.9 (2.9) 1.9 (2.3) 0.02 

No. of drugs, mean (SD) 11.8 (5.4) 13.2 (5.7) -0.26 12.8 (5.8) 12.4 (5.3) 0.08 

       

Comorbidities, %       

Before the ACS admission date       

MI 28.8 22.9 0.14 25.9 23.8 0.05 

PTCA  4.7 3.2 0.08 3.8 3.8 0.00 

Stent  3.8 2.5 0.07 2.8 3.1 -0.01 

CABG  1.8 1.3 0.04 
d d -0.02 

Hemorrhagic stroke  2.1 2.9 -0.05 
d d -0.02 

Ischemic  stroke  20.8 17.5 0.08 18.8 18.6 0.01 

TIA 21.0 15.5 0.14 17.4 16.7 0.02 

       

Between the ACS admission date and the index date 

MI 76.0 56.4 0.42 63.1 61.2 0.04 

PTCA  24.6 14.5 0.26 16.2 17.4 -0.03 

Stent  21.5 12.1 0.25 13.2 14.6 -0.04 
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CABG  11.6 7.7 0.13 8.2 9.2 -0.03 

Hemorrhagic stroke  0.8 0.7 0.01 
d d -0.03 

Ischemic  stroke  8.2 7.1 0.04 8.7 7.5 0.04 

TIA  5.7 3.4 0.11 2.8 3.5 -0.04 

       

Before the index date       

Hypertension 92.9 89.5 0.12 91.3 90.6 0.02 

Angina  68.4 76.3 -0.18 75.1 73.7 0.03 

IHD  95.6 91.6 0.16 92.9 92.5 0.02 

Cardiac dysrhythmia  69.3 73.6 -0.09 74.8 72.9 0.04 

Atrial fibrillation  36.1 43.9 -0.16 46.4 40.9 0.11 

CHF  69.7 71.3 -0.03 72.5 72.2 0.01 

Cerebrovascular disease  54.9 42.9 0.24 46.1 46.1 0.00 

PVD 42.4 32.1 0.21 34.4 34.6 -0.01 

Disorders of lipid metabolism 77.3 59.8 0.38 66.6 65.7 0.02 

Diabetes mellitus 54.1 43.9 0.20 48.7 45.2 0.07 

Thyroid disease 32.1 22.1 0.23 24.7 24.0 0.02 

Asthma 27.3 44.3 -0.36 40.0 39.5 0.01 

Pneumonia, influenza, and acute 

bronchitis 

66.0 

 

67.7 

 
-0.04 

 

72.0 

 

67.3 

 
0.10 

 

Chronic liver disease 4.0 2.9 0.06 3.5 3.5 0.00 

Gastritis or peptic ulcer disease 8.8 6.4 0.09 7.1 6.8 0.01 

Chronic kidney disease 18.7 12.0 0.19 13.7 12.5 0.04 

Rheumatoid arthritis /Osteoarthritis 63.4 53.2 0.21 53.9 55.1 -0.02 

Osteoporosis 25.7 20.0 0.14 20.2 20.5 -0.01 

Any cancer (except lung cancer) 35.3 28.9 0.14 30.4 29.7 0.02 

Lung cancer 4.0 4.6 -0.03 5.7 4.7 0.04 

Dementia 12.8 9.1 0.12 10.8 10.8 0.00 

Seizure 6.9 6.3 0.03 7.3 6.6 0.03 

Psychiatric disorder 33.8 31.6 0.05 29.7 32.0 -0.05 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 49.5 46.3 0.07 48.7 45.7 0.06 

Non-cardioselective BBs 15.8 10.9 0.14 13.7 12.5 0.04 

DHP CCBs 34.4 25.9 0.19 29.4 26.8 0.06 

Diuretics 52.9 54.5 -0.03 56.7 53.7 0.06 

Other anti-hypertensive agents 12.0 8.8 0.11 10.1 10.1 0.00 

Nitrates 37.0 40.9 -0.08 41.7 39.3 0.05 

Anti-arrhythmic agents 8.4 8.6 -0.01 7.8 8.2 -0.02 

Digoxin 17.5 22.5 -0.13 22.1 21.4 0.02 

Antiplatelet agents 18.0 15.2 0.08 15.8 15.1 0.02 

Anticoagulants 10.5 10.5 <0.01 14.8 10.1 0.14 

Fibrates / statins 34.8 21.6 0.30 29.2 24.7 0.10 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 41.2 28.2 0.28 34.6 28.9 0.12 

Non-cardioselective BBs 1.8 2.5 -0.05 2.4 2.8 -0.03 

DHP CCBs 12.8 5.0 0.28 4.7 5.9 -0.05 

Diuretics 30.8 29.8 0.02 32.2 30.4 0.04 

Other anti-hypertensive agents 3.7 2.3 0.08 
d 2.6 -0.03 

Nitrates 50.5 56.3 -0.12 52.0 52.2 <0.01 

Anti-arrhythmic agents 5.5 7.5 -0.08 6.8 6.8 0.00 

Digoxin 13.5 20.0 -0.18 19.5 18.8 0.02 

Antiplatelet agents 35.0 18.8 0.37 20.7 21.7 -0.02 

Anticoagulants 8.3 12.3 -0.13 14.1 10.8 0.10 
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Fibrates / statins 32.1 14.6 0.42 17.7 17.7 0.00 

       

Before the index date       

Anti-diabetic agents  26.2 20.9 0.13 22.4 22.6 -0.01 

Thyroid-therapy drugs 15.6 12.1 0.10 12.5 12.2 0.01 

Short-acting bronchodilators  35.5 64.6 -0.61 60.0 57.2 0.06 

Long-acting bronchodilators 13.3 20.5 -0.19 21.7 20.0 0.04 

ICS 20.1 36.6 -0.37 33.7 33.2 0.01 

Oral corticosteroids 30.2 45.7 -0.32 42.4 41.9 0.01 

Oral bronchodilators 10.2 29.3 -0.50 22.4 22.8 -0.01 

Antibiotics 86.4 84.3 0.06 84.7 84.2 0.01 

Histamine 2 antagonists / PPIs 66.1 66.4 -0.01 65.2 63.8 0.03 

COX-2 selective NSAIDs 27.5 15.7 0.29 20.0 17.2 0.07 

COX-2 nonselective NSAIDs 46.8 42.0 0.10 43.8 41.9 0.04 

Anti-epileptics 12.1 9.1 0.10 11.3 10.6 0.02 

Anti-psychiatric drugs 58.0 58.9 -0.02 57.4 58.6 -0.02 

Estrogen 2.4 2.0 0.03 2.4 d 
0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5d. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Italy RER Database 

 Before Matching After Matching 

 Total Study Cohort (n=3,054) 1: 1 Random-Sample Matched Cohortc  

(n=896) 

 Cardio-selective  

BBs  

(n=2,489) 

Non-DHP 

CCBs 

(n=565) 

STD Cardio-selective  

BBs 

 (n=448) 

Non-DHP 

CCBs 

 (n=448) 

STD 

Age, mean (SD) 76.6 (10.1) 76.8 (8.7) -0.01 76.7 (10.0) 77.0 (9.0) -0.04 

Male, % 68.6 60.4 0.17 63.2 61.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

11.4 (10.7) 

 

11.5 (7.6) 

 

< 0.01 

 

11.5 (10.0) 

 

11.6 (8.0) 

 

-0.02 

 

COPD duration, day , mean (SD) 714.9 (906.4) 507.4 (731.3) 0.25 534.7 (756.8) 547.0 (786.0) -0.02 

Year of the index date, %       

2003 1.8 7.3 -0.26 4.9 5.4 -0.02 

2004 5.9 14.9 -0.30 14.1 11.8 0.07 

2005 7.6 15.8 -0.25 14.3 14.5 -0.01 

2006 8.0 15.6 -0.24 13.0 14.5 -0.05 

2007 8.8 11.7 -0.09 10.7 11.6 -0.03 

2008 10.3 7.6 0.09 8.5 8.7 -0.01 

2009 11.9 8.3 0.12 10.9 10.0 0.03 

2010 12.1 7.1 0.17 8.5 8.5 0.00 

2011 11.5 4.6 0.26 5.8 5.8 0.00 

2012 10.3 4.4 0.23 5.8 5.6 0.01 

2013 11.7 2.8 0.35 3.6 3.6 0.00 

       

Enrollment duration, day , mean (SD) 2288.2 (1039.2) 1546.5 (963.0) 0.74 1714.4 (1011.6) 1700.4 (986.4) 0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.9 (1.2) 

 

1.8 (1.1) 

 

0.03 

 

1.8 (1.1) 

 

1.8 (1.1) 

 

-0.03 

 

No of outpatient visits due to any 

episodes, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to CV 

episodesa, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

NA NA NA NA NA NA 

No. of drugs, mean (SD) 11.8 (4.7) 12.3 (4.7) 
-0.13 

 
12.2 (5.2) 12.1 (4.7) 

<0.01 

 

       

Comorbidities, %       

Before the ACS admission date       

MI 8.8 6.9 0.07 6.3 7.6 -0.05 

PTCA  3.5 3.0 0.03 3.4 3.4 0.00 

Stent  3.3 3.0 0.02 3.6 3.4 0.01 

CABG  0.8 d 0.03 d d 0.00 

Hemorrhagic stroke  1.1 d 0.09 d d 0.00 

Ischemic  stroke  6.5 3.4 0.14 4.2 3.8 0.02 

TIA 3.7 3.2 0.03 2.7 3.4 -0.04 

       

Between the ACS admission date and the index date 

MI 82.9 70.8 0.29 74.1 74.8 -0.02 

PTCA  48.5 33.5 0.31 37.1 37.3 <0.01 

Stent  45.8 31.9 0.29 35.9 35.0 0.02 
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CABG  7.2 1.8 0.26 2.5 d 0.02 

Hemorrhagic stroke  
d d 0.02 d d 0.00 

Ischemic  stroke  1.1 d 0.04 d d -0.03 

TIA  
d d -0.01 d d -0.04 

       

Before the index date       

Hypertension 66.5 62.0 0.10 64.3 62.7 0.03 

Angina  25.2 36.6 -0.25 32.6 33.5 -0.02 

IHD  40.5 40.7 <0.01 39.7 40.4 -0.01 

Cardiac dysrhythmia  22.7 24.6 -0.04 23.9 24.8 -0.02 

Atrial fibrillation  16.8 18.6 -0.05 18.3 19 -0.02 

CHF  30.5 28.5 0.04 27.7 30.4 -0.06 

Cerebrovascular disease  24.6 18.1 0.16 20.1 19.6 0.01 

PVD 2.1 d 0.12 d d 0.00 

Disorders of lipid metabolism 27.9 18.8 0.22 22.5 19.2 0.08 

Diabetes mellitus 24.1 20.7 0.08 19.6 20.1 -0.01 

Thyroid disease 3.3 2.5 0.05 2.7 2.9 -0.01 

Asthma 3.0 4.6 -0.08 4.9 4.5 0.02 

Pneumonia, influenza, and acute 

bronchitis 

19.1 

 

22.7 

 

-0.09 

 

21.2 

 

21.4 

 

-0.01 

 

Chronic liver disease 3.7 4.8 -0.05 5.1 4.5 0.03 

Gastritis or peptic ulcer disease 2.3 d 0.05 d d -0.04 

Chronic kidney disease 17.0 12.0 0.14 13.4 12.7 0.02 

Rheumatoid arthritis /Osteoarthritis 8.2 7.1 0.04 6.7 7.6 -0.03 

Osteoporosis 3.5 3.9 -0.02 3.1 4.0 -0.05 

Any cancer (except lung cancer) 15.6 8.7 0.21 7.8 9.2 -0.05 

Lung cancer 2.6 2.7 -0.01 2.9 2.5 0.03 

Dementia 6.5 3.4 0.14 3.6 4.0 -0.02 

Seizure 1.6 d 0.15 d d 0.04 

Psychiatric disorder 7.2 5.5 0.07 5.8 5.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 71.2 67.4 0.08 68.1 69.0 -0.02 

Non-cardioselective BBs 12.7 8.0 0.16 11.4 9.2 0.07 

DHP CCBs 39.9 34.5 0.11 37.7 35.5 0.05 

Diuretics 54.4 59.5 -0.10 57.4 59.4 -0.04 

Other anti-hypertensive agents 14.1 11.3 0.08 12.7 11.6 0.03 

Nitrates 29.2 35.6 -0.14 33.5 34.4 -0.02 

Anti-arrhythmic agents 7.7 8.3 -0.02 8.0 8.9 -0.03 

Digoxin 11.3 15.6 -0.12 14.1 16.1 -0.06 

Antiplatelet agents 64.8 59.3 0.11 61.4 61.6 <0.01 

Anticoagulants 8.3 9.4 -0.04 9.4 8.9 0.02 

Fibrates / statins 35.6 26.9 0.19 31.3 29.9 0.03 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 60.1 47.3 0.26 51.3 50.9 0.01 

Non-cardioselective BBs 1.6 d 0.05 d d 0.00 

DHP CCBs 10.5 3.0 0.30 4.0 3.6 0.02 

Diuretics 44.2 38.8 0.11 40.6 40.4 <0.01 

Other anti-hypertensive agents 3.0 3.9 -0.05 2.9 3.6 -0.04 

Nitrates 37.0 45.3 -0.17 43.5 43.8 <0.01 

Anti-arrhythmic agents 5.3 2.3 0.16 d 2.9 -0.04 

Digoxin 2.1 2.7 -0.04 3.4 3.1 0.01 

Antiplatelet agents 79.2 61.8 0.39 66.5 66.7 <0.01 

Anticoagulants 6.0 4.1 0.09 5.4 4.7 0.03 
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Fibrates / statins 55.4 37.9 0.36 40.6 40.9 <0.01 

       

Before the index date       

Anti-diabetic agents  24.8 21.1 0.09 21.0 21.0 0.00 

Thyroid-therapy drugs 9.4 10.6 -0.04 10.5 10.0 0.01 

Short-acting bronchodilators  38.6 53.5 -0.30 52.7 50.5 0.04 

Long-acting bronchodilators 47.9 73.5 -0.54 69.2 67.6 0.03 

ICS 64.5 77.5 -0.29 75.9 74.6 0.03 

Oral corticosteroids 52.6 67.6 -0.31 63.6 64.1 -0.01 

Oral bronchodilators 16.4 37.7 -0.50 31.5 31.7 <0.01 

Antibiotics 93.2 92.6 0.02 92.0 91.7 0.01 

Histamine 2 antagonists / PPIs 86.8 78.9 0.21 80.6 79.2 0.03 

COX-2 selective NSAIDs 27.8 24.1 0.09 23.7 25.9 -0.05 

COX-2 nonselective NSAIDs 71.2 68.1 0.07 67.2 67.6 -0.01 

Anti-epileptics 17.2 15.0 0.06 13.0 14.7 -0.05 

Anti-psychiatric drugs 34.9 31.3 0.08 31.0 32.1 -0.02 

Estrogen 3.3 3.0 0.02 3.4 3.6 -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; RER, Emilia-Romagna Region; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5e. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Taiwan NHI Database  

 Before Matching After Matching 

 Total Study Cohort (n=6,303) 1: 1 Random-Sample Matched Cohortc  

(n=3,468) 

 Cardio-select ive 

BBs  

(n=4,054) 

Non-DHP 

CCBs 

 (n=2,249) 

STD Cardio-select ive 

BBs 

(n=1,734) 

Non-DHP 

CCBs 

 (n=1,734) 

STD 

Age, mean (SD) 69.4 (12.6) 71.5 (12.7) -0.17 71.3 (12.2) 70.9 (12.8) 0.03 

Male, % 72.4 68.7 0.08 70.2 68.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (11.0) 

 

10.8 (17.8) 

 

-0.11 

 

9.9 (14.4) 

 

10.5 (17.5) 

 

-0.03 

 

COPD duration, day , mean (SD) 2093.3 (1176.6) 2055.7(1164.7) 0.03 2083.2 (1144.9) 2040.7(1181.4) 0.04 

Year of the index date, %       

2007 17.5 26.6 -0.22 23.2 24.2 -0.02 

2008 18.6 22.1 -0.09 22.3 21.7 0.01 

2009 19.9 18.8 0.03 19.9 19.4 0.01 

2010 21.4 16.9 0.11 17.7 17.5 <0.01 

2011 22.8 15.6 0.19 17.0 17.2 -0.01 

       

Enrollment duration, day , mean (SD) 1148.9 (528.2) 992.4 (528.4) 0.30 1,031.0 (524.6) 1,028.6 (531.7) <0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 

 

1.7 (1.1) 

 

-0.18 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

<0.01 

 

No of outpatient visits due to any 

episodes, mean (SD) 

19.6 (12.5) 

 

21.9 (13.9) 

 

-0.18 

 

21.3 (13.2) 

 

21.2 (13.7) 

 

0.01 

 

No of outpatient visits due to CV 

episodesa, mean (SD) 

6.5 (5.0) 

 

6.5 (5.6) 

 

<0.01 

 

6.7 (5.1) 

 

6.7 (5.7) 

 

<0.01 

 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (3.0) 

 

 

2.7 (4.2) 

 

 

-0.38 

 

 

1.9 (3.9) 

 

 

2.0 (3.5) 

 

 

-0.02 

 

 

No. of drugs, mean (SD) 27.5 (12.5) 30.0 (13.5) -0.19 29.3 (13.4) 29.0 (13.0) 0.02 

       

Comorbidities, %       

Before the ACS admission date       

MI 15.6 15.9 -0.01 17.7 16.6 0.03 

Coronary revascularization 10.2 10.4 -0.01 11.3 11.0 0.01 

Hemorrhagic stroke  3.8 3.8 <0.01 4.0 3.9 0.01 

Ischemic  stroke  17.7 17.6 <0.01 17.4 17.8 -0.01 

TIA 12.4 14.0 -0.05 13.9 13.7 <0.01 

       

Between the ACS admission date and the index date 

MI 71.1 51.9 0.40 56.3 57.8 -0.03 

Coronary revascularization  60.4 33.3 0.56 38.2 40.0 -0.04 

Hemorrhagic stroke  0.4 0.6 -0.03 
d 0.6 -0.01 

Ischemic  stroke  4.2 4.3 -0.01 4.3 4.0 0.01 

TIA  1.4 1.2 0.01 1.3 1.4 -0.01 

       

Before the index date       

Hypertension 87.4 84.6 0.08 86.3 86.1 0.01 

Angina  50.2 66.1 -0.33 62.9 62.1 0.02 

IHD  92.6 92.1 0.02 92.2 92.7 -0.02 

Cardiac dysrhythmia  37.5 44.8 -0.15 41.8 41.7 <0.01 

Atrial fibrillation  10.5 15.4 -0.15 14.2 13.7 0.01 
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CHF  48.1 51.5 -0.07 52.5 51.4 0.02 

Cerebrovascular disease  40.8 44.2 -0.07 43.0 43.5 -0.01 

PVD 0.7 0.8 -0.01 0.9 0.8 0.01 

Disorders of lipid metabolism 71.7 61.3 0.22 65.3 64.4 0.02 

Diabetes mellitus 53.9 49.2 0.09 53.0 51.3 0.03 

Thyroid disease 4.1 4.5 -0.02 4.7 4.8 -0.01 

Asthma 37.5 50.5 -0.26 44.9 44.8 <0.01 

Pneumonia, influenza, and acute 

bronchitis 

89.4 

 

91.8 

 

-0.08 

 

90.3 

 

90.4 

 

<0.01 

 

Chronic liver disease 39.7 40.0 -0.01 41.1 40.1 0.02 

Gastritis or peptic ulcer disease 20.1 23.8 -0.09 23.4 23.1 0.01 

Chronic kidney disease 20.3 20.9 -0.02 21.0 21.0 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.9 67.5 -0.08 67.1 66.0 0.02 

Osteoporosis 22.6 25.1 -0.06 24.4 24.7 -0.01 

Any cancer (except lung cancer) 13.8 13.7 <0.01 13.9 13.7 0.01 

Lung cancer 3.1 4.2 -0.06 3.5 3.9 -0.02 

Dementia 8.3 12.2 -0.13 11.7 10.8 0.03 

Seizure 4.8 6.9 -0.09 6.4 6.5 <0.01 

Psychiatric disorder 44.9 49.4 -0.09 48.6 48.7 <0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 68.2 66.5 0.04 68.3 68.4 <0.01 

Non-cardioselective BBs 53.2 56.5 -0.07 57.6 57.2 0.01 

DHP CCBs 68.1 64.5 0.08 66.3 66.7 -0.01 

Diuretics 60.6 64.7 -0.09 64.3 63.5 0.02 

Other anti-hypertensive agents 41.4 42.1 -0.01 43.1 42.2 0.02 

Nitrates 51.5 57.6 -0.12 56.9 57.1 <0.01 

Anti-arrhythmic agents 11.3 15.2 -0.12 13.4 13.4 <0.01 

Digoxin 12.2 18.7 -0.18 16.1 15.9 <0.01 

Antiplatelet agents 75.4 80.0 -0.11 79.6 79.2 0.01 

Anticoagulants 3.7 4.7 -0.05 4.6 4.5 <0.01 

Fibrates / statins 47.7 43.4 0.09 45.8 45.9 <0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 64.2 41.6 0.46 49.4 47.8 0.03 

Non-cardioselective BBs 14.8 15.9 -0.03 16.7 16.0 0.02 

DHP CCBs 20.9 13.8 0.19 16.8 16.4 0.01 

Diuretics 33.5 32.4 0.02 35.2 33.0 0.05 

Other anti-hypertensive agents 6.2 5.6 0.03 5.8 6.1 -0.01 

Nitrates 69.3 68.3 0.02 69.8 69.4 0.01 

Anti-arrhythmic agents 7.5 8.2 -0.03 7.9 8.1 -0.01 

Digoxin 4.6 8.6 -0.16 6.9 6.8 0.01 

Antiplatelet agents 94.7 86.8 0.27 90.2 90.1 <0.01 

Anticoagulants 2.5 2.3 0.02 2.7 2.4 0.02 

Fibrates / statins 49.9 30.2 0.41 35.1 35.0 <0.01 

       

Before the index date       

Anti-diabetic agents  42.0 34.5 0.15 38.8 38.0 0.02 

Thyroid-therapy drugs 4.1 4.5 -0.02 4.7 4.8 -0.01 

Short-acting bronchodilators  24.5 39.3 -0.32 34.3 33.0 0.03 

Long-acting bronchodilators 9.1 21.1 -0.34 15.1 14.4 0.02 

ICS 12.2 24.3 -0.32 19.4 18.2 0.03 

Oral corticosteroids 76.9 82.1 -0.13 79.1 79.5 -0.01 

Oral bronchodilators 89.7 93.2 -0.12 92.4 91.7 0.03 

Antibiotics 99.0 99.2 -0.03 99.4 99.0 0.04 
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Histamine 2 antagonists / PPIs 77.1 80.8 -0.09 80.1 79.5 0.01 

COX-2 selective NSAIDs 32.9 37.0 -0.09 36.5 35.9 0.01 

COX-2 nonselective NSAIDs 99.1 99.1 <0.01 99.2 99.2 <0.01 

Anti-epileptics 31.9 37.0 -0.11 35.5 35.4 <0.01 

Anti-psychiatric drugs 94.2 96.6 -0.11 95.0 96.1 -0.05 

Estrogen 8.1 10.1 -0.07 9.1 9.9 -0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NHI, national health insurance; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; 

PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; 

TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset.  
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Table S6. Distribution of Propensity Scores for Individual Databases 

 Cardioselective BBs Non-DHP CCBs 

Database Min 25 percentile Median 75 Percentile Max Min 25 percentile Median 75 Percentile Max 

US Optum   0.261 0.961 0.984 0.992 1.000 0.059 0.767 0.894 0.953 0.997 
US PACE   0.027 0.790 0.911 0.963 0.999 0.011 0.366 0.580 0.763 0.989 
US PAAD   0.067 0.794 0.913 0.969 1.000 0.020 0.341 0.582 0.782 0.991 
Italy RER  0.093 0.811 0.918 0.970 0.999 0.061 0.400 0.619 0.804 0.993 
Taiwan NHI  0.005 0.611 0.763 0.857 0.978 0.006 0.343 0.515 0.683 0.955 

Abbreviations: BBs, β-blockers; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 
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Table S7. Follow-up and Individual Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

Acute MI
a
 

US Optum   6,383 268 11,850 22.6 (20.1-25.5) 296 
b b 

23.2 (12.5-43.1) 

US PACE   3,372 445 10,783 41.3 (37.6-45.3) 909 105 3,061 34.3 (28.3-41.5) 

US PAAD   2,108 230 5,844 39.4 (34.6-44.8) 560 49 2,037 24.1 (18.2-31.8) 

Italy RER  2,489 279 7,409 37.7 (33.5-42.4) 565 79 1,967 40.2 (32.2-50.1) 

Taiwan NHI  4,054 324 10,917 29.7 (26.5-32.9) 2,249 136 6,281 21.7 (18.0-25.3) 

Summary estimate    33.3 (26.8-41.4)    28.4 (21.6-37.3) 

         

Unstable angina
a
 

US Optum   6,383 21 12,253 1.7 (1.1-2.6) 296 
b b 

0.00 

US PACE   3,372 84 11,296 7.4 (6.0-9.2) 909 42 3,128 13.4 (9.9-18.2) 

US PAAD   2,108 65 6,021 10.8 (8.5-13.8) 560 30 2,012 14.9 (10.4-21.3) 

Italy RER  2,489 168 7,480 22.5 (19.3-26.1) 565 51 2,004 25.5 (19.3-33.5) 

Taiwan NHI  4,054 188 11,034 17.0 (14.6-19.5) 2,249 110 6,237 17.6 (14.3-20.9) 

Summary estimate    9.0 (5.0-16.5)    17.5 (13.5-22.7) 

         

CHF
a
 

US Optum   6,383 227 11,976 19.9 (16.6-21.6) 296 18 415 43.4 (27.4-68.9) 

US PACE   3,372 834 9,954 83.8 (78.3-89.7) 909 232 2,870 80.8 (71.1-91.9) 

US PAAD   2,108 475 5,421 87.6 (80.1-95.9) 560 128 1,851 69.2 (58.2-82.3) 

Italy RER  2,489 494 7,100 69.6 (63.7-76.0) 565 155 1,860 83.4 (71.2-97.6) 

Taiwan NHI  4,054 423 10,775 39.3 (35.5-43.0) 2,249 220 6,170 35.7 (30.9-40.4) 

Summary estimate    52.1 (32.5-83.5)    59.9 (41.1-87.3) 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; MI, myocardial infarction; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

a
based on the analysis that considered first exposure carried forward. 

b
No of events<11 
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Table S8. Risk of CV Hospitalizations Due To Individual Outcomes Comparing 

Cardioselective BB versus Non-DHP CCB Initiators 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI)  

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 Acute MI 

US Optum   1.06 (0.56-1.98) 1.12 (0.53-2.38)  0.69 (0.30-1.58) 0.58 (0.22-1.55) 

US PACE   1.18 (0.95-1.45) 1.16 (0.88-1.54)  1.05 (0.78-1.42) 0.99 (0.62-1.60) 

US PAAD   1.50 (1.10-2.05) 1.31 (0.86-2.00)  1.90 (1.06-3.41) 1.98 (0.79-4.96) 

Italy RER  0.87 (0.68-1.12) 0.83 (0.63-1.10)  0.78 (0.48-1.24) 0.68 (0.37-1.25) 

Taiwan NHI  1.34 (1.09-1.63) 1.17 (0.91-1.50)  1.06 (0.77-1.47) 1.01 (0.65-1.57) 

Summary estimate 1.18 (0.98-1.43) 1.19 (1.00-1.40)  1.05 (0.81-1.35) 1.02 (0.75-1.40) 

I
2
 , % 58.6 0.0  38.0 9.2 

P for heterogeneity 0.047 0.965  0.168 0.347 

     

 Unstable angina 

US Optum   -
a
 -

a
  -

a
 -

a
 

US PACE   0.54 (0.37-0.78) 0.89 (0.55-1.44)  0.46 (0.29-0.74) 0.87 (0.46-1.66) 

US PAAD   0.63 (0.41-0.96) 1.07 (0.56-2.01)  0.58 (0.29-1.15) 2.14 (0.59-7.74) 

Italy RER  0.78 (0.57-1.06) 0.87 (0.62-1.23)  0.51 (0.30-0.87) 0.65 (0.35-1.20) 

Taiwan NHI  0.94 (0.75-1.19) 1.01 (0.75-1.35)  0.94 (0.62-1.43) 1.68 (0.90-3.13) 

Summary estimate 0.73 (0.57-0.94) 0.99 (0.78-1.25)  0.61 (0.43-0.88) 1.32 (0.79-2.21) 

I
2
 , % 58.4 0.0  49.3 26.8 

P for heterogeneity 0.066 0.877  0.116 0.255 

     

 CHF 

US Optum   0.50 (0.31-0.81) 1.10 (0.55-1.84)  0.83 (0.34-2.03) 1.18 (0.44-3.22) 

US PACE   1.00 (0.86-1.15) 0.94 (0.77-1.15)  0.97 (0.79-1.20) 1.10 (0.81-1.48) 

US PAAD   1.14 (0.94-1.39) 1.19 (0.91-1.56)  1.24 (0.89-1.72) 1.13 (0.72-1.77) 

Italy RER  0.78 (0.65-0.93) 0.83 (0.68-1.01)  0.84 (0.59-1.19) 0.83 (0.54-1.26) 

Taiwan NHI  1.07 (0.91-1.26) 1.15 (0.94-1.42)  1.06 (0.80-1.41) 1.34 (0.91-1.96) 

Summary estimate 0.93 (0.77-1.11) 1.07 (0.95-1.21)  1.01 (0.88-1.15) 1.17 (0.96-1.44) 

I
2
 , % 76.7 0.0 0.0 0.0 

P for heterogeneity 0.002 0.444 0.560 0.882 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; MI, myocardial infarction; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, 

Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-Romagna Region. 

aAll the cases were in the cardioselective BB unmatched group (n=21 for the analysis that considered first exposure carried forward and 

n=10 for as the treated analysis). 
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Table S9a. Comparison of Characteristic Balance in Different Sensitivity Analyses in US Optum 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=269) 

Non-

DHP 

CCBs 

 (n=269) 

STD Cardio-

selective 

BBs 

 (n=209) 

Non-

DHP 

CCBs 

(n=209) 

STD Cardio-

selective 

BBs  

 (n=258) 

Non-

DHP 

CCBs 

(n=258) 

STD 

Age, mean (SD) 63.1  

(11.3) 

63.0 

(11.1) 

0.01 

 

63.1 (11.9) 62.7 

(19.9) 

0.03 63.0 

(12.0) 

62.9 

(11.2) 

0.01 

Male, % 59.5 57.6 0.04 54.1 58.4 -0.09 56.6 57.4 -0.02 

Length of stay of ACS hospitalization, 

day, mean (SD) 

8.0  

(9.7) 

8.1  

(7.0) 

-0.02 7.0  

(7.5) 

8.1 

(7.4) 

-0.15 7.5  

(6.8) 

8.4  

(7.1) 

-0.07 

COPD duration, day , mean (SD) 484.6 

(571.2) 

451.2 

(588.6) 

0.06 431.0 

(572.9) 

430.1 

(556.5) 

<0.01 465.9 

(582.4) 

477.6 

(593.9) 

-0.02 

Year of the index date, %          

2004 6.0 7.0 -0.05 10.1 7.7 0.08 8.5 7.8 0.03 

2005 23.4 26.8 -0.08 25.8 25.4 0.01 26.7 25.6 0.03 

2006 9.7 12.3 -0.08 12.9 12.9 0.00 8.9 12.0 -0.10 

2007 10.0 8.9 0.04 6.7 10.1 -0.12 5.4 8.5 -0.12 

2008 13.0 10.8 0.07 6.7 11.5 -0.17 8.5 10.5 -0.07 

2009 10.8 7.4 0.12 6.7 6.7 0.00 7.8 7.8 0.00 

2010 6.3 7.4 -0.04 10.5 8.1 0.08 9.7 8.1 0.05 

2011 9.7 9.3 0.01 8.1 9.1 -0.03 14.0 10.1 0.12 

2012 6.3 6.0 0.02 7.7 4.8 0.12 5.0 5.4 -0.02 

    2013 4.8 4.1 0.04 4.8 3.8 0.05 5.4 4.3 0.05 

          

Enrollment duration, day , mean (SD) 913.9 

(680.2) 

878.3 

(613.2) 

0.06 851.1 

(659.2) 

859.3 

(585.3) 

-0.01 883.1 

(673.4) 

890.8 

(629.1) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.4  

(0.7) 

1.3  

(0.7) 

0.04 1.3  

(0.7) 

1.3 

 (0.6) 

0.00 1.3 

 (0.7) 

1.3 

 (0.7) 

0.02 

No of outpatient visits due to any 

episodes, mean (SD) 

5.4  

(4.4) 

5.0  

(4.5) 

0.11 4.8  

(4.2) 

4.8 

 (4.5) 

<0.01 5.0 

 (4.4) 

5.1 

 (4.7) 

-0.01 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.9  

(6.3) 

3.4  

(4.9) 

0.09 2.6  

(3.7) 

3.1 

 (4.2) 

-0.12 3.0 

 (4.3) 

3.5 

 (5.0) 

-0.12 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

3.4  

(5.3) 

3.0  

(4.6) 

0.08 2.6  

(4.7) 

2.2 

 (3.2) 

0.12 3.3 

 (5.7) 

3.1 

 (4.8) 

0.04 

No. of drugs, mean (SD) 12.2 

(6.2) 

12.4 

(6.7) 

-0.03 12.0 

(6.3) 

11.9 

 (6.8) 

0.02 12.9 

 (6.7) 

12.4 

 (6.8) 

0.06 

          

Comorbidities, %          

Before the ACS admission date          

MI 18.2 15.2 0.08 12.4 14.4 -0.06 12.8 15.5 -0.08 

PTCA  6.0 4.8 0.05 2.9 3.8 -0.05 3.1 3.5 -0.02 

Stent  6.7 6.0 0.03 3.4 4.3 -0.05 5.4 4.7 0.04 

CABG  0.7 0.4 0.05 0.0 0.5 -0.10 0.4 0.8 -0.05 

Hemorrhagic stroke  0.7 0.4 0.05 0.5 0.5 0.00 0.4 0.4 0.00 

Ischemic  stroke  3.4 3.7 -0.02 3.4 3.8 -0.03 4.3 3.9 0.02 

TIA 0.7 2.2 -0.12 2.9 1.9 0.06 2.3 2.3 0.00 
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Between the ACS admission date and 

the index date 

  
 

      

MI 68.0 69.9 -0.04 66.5 70.3 -0.08 65.5 69.8 -0.09 

PTCA  21.2 25.7 -0.11 26.8 27.8 -0.02 22.9 24.8 -0.05 

Stent  20.8 24.9 -0.10 26.3 27.3 -0.02 22.5 24.0 -0.04 

CABG  19.7 16.7 0.08 15.8 18.2 -0.06 15.5 17.1 -0.04 

Hemorrhagic stroke  0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 

Ischemic  stroke  1.9 3.4 -0.09 1.9 3.4 -0.09 4.7 3.1 0.08 

TIA  1.5 1.5 0.00 1.4 1.9 -0.04 0.8 1.2 -0.04 

          

Before the index date          

Hypertension 80.7 78.8 0.05 76.1 78.0 -0.05 80.6 79.5 0.03 

Angina  61.00 58.4 0.05 63.6 56.9 0.14 63.2 59.3 0.08 

IHD  83.3 81.4 0.05 86.1 83.7 0.07 78.7 82.2 -0.09 

Cardiac dysrhythmia  53.5 53.5 0.00 45.9 49.8 -0.08 52.7 52.3 0.01 

Atrial fibrillation  33.5 33.1 0.01 22.0 28.2 -0.14 29.8 32.2 -0.05 

CHF  42.4 41.3 0.02 36.4 40.7 -0.09 41.5 41.9 -0.01 

Cerebrovascular disease  19.7 23.1 -0.08 23.4 23.0 0.01 24.4 23.3 0.03 

PVD 15.6 18.2 -0.07 12.9 16.8 -0.11 17.8 17.1 0.02 

Disorders of lipid metabolism 69.1 66.9 0.05 69.4 66.5 0.06 65.1 67.8 -0.06 

Diabetes mellitus 37.2 35.7 0.03 39.2 35.4 0.08 37.2 35.7 0.03 

Thyroid disease 20.1 15.2 0.13 16.3 12.9 0.09 15.5 16.8 -0.03 

Asthma 34.6 36.1 -0.03 34.9 31.6 0.07 39.2 36.4 0.06 

Pneumonia, influenza, and acute 

bronchitis 

53.2 

 

59.1 

 

-0.12 

 

57.4 

 

55.0 

 

0.05 

 

62.0 

 

58.1 

 

0.08 

 

Chronic liver disease 3.7 4.5 -0.04 6.2 4.8 0.06 2.3 4.3 -0.11 

Gastritis or peptic ulcer disease 3.7 3.7 0.00 2.4 3.8 -0.08 4.7 3.9 0.04 

Chronic kidney disease 13.8 13.8 0.00 11.5 13.9 -0.07 10.1 14.0 -0.12 

Rheumatoid arthritis /Osteoarthritis 33.8 32.7 0.02 32.5 28.7 0.08 33.0 32.2 0.02 

Osteoporosis 10.0 9.3 0.03 7.7 8.6 -0.03 6.2 10.5 -0.15 

Any cancer (except lung cancer) 17.8 14.5 0.09 12.9 13.9 -0.03 16.3 14.3 0.05 

Lung cancer 5.2 4.5 0.03 4.3 5.3 -0.04 5.0 5.0 0.00 

Dementia 2.2 2.2 0.00 3.4 1.9 0.09 3.1 2.3 0.05 

Seizure 6.7 6.0 0.03 6.7 5.3 0.06 5.4 5.8 -0.02 

Psychiatric disorder 29.7 29.0 0.02 32.1 28.7 0.07 31.0 28.7 0.05 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 45.0 41.3 0.08 40.7 40.7 0.00 42.3 42.6 -0.01 

Non-cardioselective BBs 5.6 4.8 0.03 6.2 4.3 0.09 6.2 4.7 0.07 

DHP CCBs 15.6 16.4 -0.02 15.3 16.8 -0.04 15.1 16.7 -0.04 

Diuretics 36.8 40.5 -0.08 36.4 37.3 -0.02 39.5 39.5 0.00 

Other anti-hypertensive agents 3.4 6.3 -0.14 8.1 5.3 0.12 4.3 6.6 -0.10 

Nitrates 15.2 16.7 -0.04 14.4 12.9 0.04 18.2 16.7 0.04 

Anti-arrhythmic agents 5.6 6.3 -0.03 4.8 5.3 -0.02 3.5 6.2 -0.13 

Digoxin 2.2 4.1 -0.11 4.3 4.3 0.00 3.9 4.3 -0.02 

Antiplatelet agents 14.1 14.9 -0.02 8.6 12.9 -0.14 13.2 14.3 -0.03 

Anticoagulants 6.7 6.3 0.02 5.7 5.3 0.02 8.1 7.0 0.04 

Fibrates / statins 40.5 38.7 0.04 42.6 39.2 0.07 43.0 40.7 0.05 

          

Between the ACS admission date and 

the index date 

 
 

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.4 31.2 -0.11 33.5 32.1 0.03 30.2 29.1 0.03 

Non-cardioselective BBs 0.7 1.1 -0.04 1.4 0.5 0.10 0.8 1.2 -0.04 

DHP CCBs 1.9 4.1 -0.13 6.2 3.8 0.11 3.1 3.9 -0.04 
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Diuretics 28.3 25.7 0.06 24.4 24.4 0.00 22.1 24.8 -0.06 

Other anti-hypertensive agents 3.4 3.7 -0.02 4.3 2.4 0.11 2.7 3.5 -0.05 

Nitrates 24.5 29.0 -0.10 32.1 26.8 0.12 34.5 29.1 0.12 

Anti-arrhythmic agents 11.2 8.6 0.09 4.3 8.6 -0.18 6.2 9.3 -0.12 

Digoxin 7.8 8.9 -0.04 6.2 7.7 -0.06 7.4 8.9 -0.06 

Antiplatelet agents 30.9 39.0 -0.17 45.5 42.1 0.07 35.7 37.6 -0.04 

Anticoagulants 16.4 12.6 0.11 11 12.4 -0.04 14.3 12 0.07 

Fibrates / statins 34.6 40.2 -0.12 45.9 42.6 0.07 41.9 41.9 0.00 

          

Before the index date          

Anti-diabetic agents  25.3 23.8 0.03 25.4 23.9 0.03 21.7 24 -0.06 

    Thyroid-therapy drugs 11.5 11.5 0.00 11.0 9.6 0.05 11.6 11.2 0.01 

    Short-acting bronchodilators  59.5 61.0 -0.03 55.5 56.5 -0.02 59.3 60.5 -0.02 

    Long-acting bronchodilators 43.9 43.1 0.02 40.2 39.7 0.01 44.6 41.9 0.05 

ICS 40.5 40.9 -0.01 37.3 37.8 -0.01 43 38.4 0.09 

Oral corticosteroids 55.4 58.7 -0.07 58.4 53.1 0.11 64 58.5 0.11 

Oral bronchodilators 3.7 6.3 -0.12 4.8 2.4 0.13 6.6 8.5 -0.07 

Antibiotics 78.1 79.9 -0.05 77.0 77.0 0.00 82.2 80.2 0.05 

Histamine 2 antagonists / PPIs 42 42.8 -0.01 41.2 41.6 -0.01 45 43 0.04 

COX-2 selective NSAIDs 8.9 8.9 0.00 9.6 8.1 0.05 10.5 9.3 0.04 

COX-2 nonselective NSAIDs 33.1 30.5 0.06 35.4 30.1 0.11 28.3 29.8 -0.03 

Anti-epileptics 15.6 15.2 0.01 17.7 16.3 0.04 16.3 15.9 0.01 

Anti-psychiatric drugs 46.5 50.2 -0.07 50.7 49.3 0.03 53.9 50.8 0.06 

Estrogen 2.6 2.6 0.00 4.3 2.9 0.08 3.1 2.7 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; ICS, inhaled corticosteroids; 

IHD, Ischemia heart disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump 

inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized 

differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 
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Table S9b. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PACE Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=693) 

Non-

DHP 

CCBs 

 (n=693) 

STD Cardio-

selective 

BBs 

 (n=599) 

Non-

DHP 

CCBs 

(n=599) 

STD Cardio-

selective 

BBs  

 (n=663) 

Non-

DHP 

CCBs 

(n=663) 

STD 

Age, mean (SD) 79.1  

(7.1) 

78.6 

 (6.9) 

0.07 

 

79.2 

 (6.8) 

78.8 

(6.8) 

0.06 78.8  

(6.8) 

78.7 

 (7.0) 

0.02 

Male, % 33.6 33.3 0.01 33.4 33.6 <0.01 32.3 35.6 -0.07 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.6 

 (6.6) 

9.5 

 (7.3) 

0.01 9.2  

(6.3) 

9.4 

 (6.6) 

-0.02 9.2  

(6.0) 

9.5  

(7.4) 

-0.05 

COPD duration, day , mean (SD) 815.8 

 (864.7) 

824.2 

(824.8) 

-0.01 833.2 

(870.4) 

817.2 

(839.3) 

0.02 822.4 

(877.6) 

801.1 

(831.7) 

0.02 

Year of the index date, %          

1994 6.4 6.4 0.00 5.2 6.0 -0.04 7.1 6.8 0.01 

1995 20.6 19.1 0.04 17.9 19.9 -0.05 20.5 19.5 0.03 

1996 15.7 16.2 -0.01 14.7 16.0 -0.04 15.2 15.5 -0.01 

1997 12.4 11.7 0.02 13.2 11.4 0.06 10.6 12.2 -0.05 

1998 10.1 11.7 -0.05 10.9 11.2 -0.01 9.7 10.9 -0.04 

1999 7.7 9.1 -0.05 9.0 8.9 0.01 8.3 8.6 -0.01 

2000 7.7 6.5 0.05 7.0 6.5 0.02 7.7 6.9 0.03 

2001 4.2 4.9 -0.04 5.2 4.5 0.03 4.8 5.0 -0.01 

2002 6.4 5.8 0.02 7.5 6.7 0.03 6.5 6.0 0.02 

2003 3.9 3.5 0.02 3.7 3.3 0.02 3.8 3.0 0.04 

2004 2.3 2.9 -0.04 3.3 3.3 0.00 3.3 3.0 0.02 

2005 2.7 2.5 0.02 2.5 2.3 0.01 2.6 2.6 0.00 

          

Enrollment duration, day , mean (SD) 1009.3 

(771.7) 

976.5 

(739.1) 

0.04 1042.9 

(785.7) 

985.6 

(756.6) 

0.07 977.7 

(768.4) 

989.0 

(756.5) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6  

(1.0) 

1.5 

 (0.9) 

0.05 1.5  

(0.9) 

1.5 

 (0.9) 

-0.01 1.5 

 (0.9) 

1.5 

 (0.6) 

<0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

4.3 

 (3.5) 

4.6 

 (3.8) 

-0.08 4.4 

 (3.8) 

4.6 

 (3.8) 

-0.05 4.6 

 (3.9) 

4.5 

 (3.7) 

0.03 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.5 

 (3.6) 

3.4 

 (3.6) 

0.02 3.6 

 (3.8) 

3.6 

(3.7) 

0.01 3.3 

 (3.7) 

3.4 

 (3.6) 

-0.03 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.7 

 (2.6) 

1.8 

 (2.5) 

-0.04 1.5 

 (2.2) 

1.6 

 (2.2) 

-0.04 1.7 

 (2.5) 

1.7 

 (2.4) 

0.00 

No. of drugs, mean (SD) 11.1 

 (5.0) 

11.1 

(5.0) 

<0.01 11.1 

 (5.2) 

10.8 

 (5.0) 

0.04 11.1 

 (5.2) 

10.1 

(5.0) 

0.02 

          

Comorbidities, %          

Before the ACS admission date          

MI 24.7 22.8 0.04 22.7 22.7 0.00 25.0 23.8 0.03 

PTCA  1.7 2.3 -0.04 2.0 2.5 -0.03 2.0 2.3 -0.02 

Stent  
d d 

-0.1 
d d 

0.00 
d d 

0.01 

CABG  1.6 d 
0.02 

d d 
-0.02 

d 1.7 -0.01 

Hemorrhagic stroke  2.3 3.0 -0.04 2.5 3.0 -0.03 3.0 2.7 0.02 

Ischemic  stroke  16.2 16.2 0.00 15.9 16.0 <0.01 15.5 14.5 0.03 

TIA 17.8 15.2 0.07 16.0 15.0 0.03 15.8 14.2 0.05 
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Between the ACS admission date and 

the index date 
     

 
  

 

MI 65.5 66.0 -0.01 64.1 67.3 -0.07 66.2 65.2 0.02 

PTCA  10.5 12.6 -0.06 9.9 12.2 -0.07 11.9 12.2 -0.01 

Stent  6.5 7.7 -0.05 5.8 7.2 -0.05 6.8 7.1 -0.01 

CABG  9.0 10.3 -0.04 8.4 10.5 -0.07 9.1 10.6 -0.05 

Hemorrhagic stroke  
d d 

-0.03 
d d 

-0.02 
d d 

-0.05 

Ischemic  stroke  7.7 6.9 0.03 8.9 7.0 0.07 6.5 6.5 0.00 

TIA  3.2 3.5 -0.02 3.2 3.5 -0.02 3.0 3.3 -0.02 

          

Before the index date          

Hypertension 84.7 81.8 0.08 82.6 83.8 -0.03 83.1 82.2 0.02 

Angina  62.2 62.5 -0.01 63.1 62.3 0.02 61.7 63.1 -0.03 

IHD  89.6 89.0 0.02 89.3 90.2 -0.03 88.1 88.5 -0.01 

Cardiac dysrhythmia  67.1 65.5 0.03 65.4 65.9 -0.01 62.9 64.0 -0.02 

Atrial fibrillation  42.0 40.3 0.04 40.4 40.1 0.01 36.8 39.8 -0.06 

CHF  68.7 67.4 0.03 66.1 67.8 -0.04 65.8 67.3 -0.03 

Cerebrovascular disease  46.5 44.4 0.04 45.1 45.9 -0.02 44.0 44.0 0.00 

PVD 37.4 35.8 0.03 35.9 36.6 -0.01 37.3 37.0 0.01 

Disorders of lipid metabolism 47.6 49.4 -0.03 48.3 50.3 -0.04 48.9 48.9 0.00 

Diabetes mellitus 43.7 42.3 0.03 39.1 43.1 -0.08 43.9 41.3 0.05 

Thyroid disease 22.7 22.5 <0.01 21.9 23.5 -0.04 23.4 21.3 0.05 

Asthma 30.0 31.0 -0.02 28.9 29.7 -0.02 30.6 29.9 0.02 

Pneumonia, influenza, and acute 

bronchitis 

62.9 

 

62.8 

 
<0.01 

 

64.4 

 

60.6 

 
0.08 

 

63.2 

 

61.2 

 
0.04 

 

Chronic liver disease 3.0 2.7 0.02 2.8 2.8 0.00 2.4 2.7 -0.02 

Gastritis or peptic ulcer disease 6.6 6.5 0.01 7.0 6.7 0.01 6.8 5.7 0.04 

Chronic kidney disease 12.7 12.6 <0.01 13.2 13.4 -0.01 11.3 13.4 -0.06 

Rheumatoid arthritis /Osteoarthritis 57.0 55.4 0.03 56.8 55.3 0.03 55.4 54.3 0.02 

Osteoporosis 18.5 18.6 <0.01 19.9 18.0 0.05 19.6 18.7 0.02 

Any cancer (except lung cancer) 26.4 27.6 -0.03 28.9 28.1 0.02 28.5 27.0 0.03 

Lung cancer 3.3 3.3 0.00 3.0 3.2 -0.01 4.8 3.6 0.06 

Dementia 9.4 8.7 0.03 9.2 8.7 0.02 8.1 8.3 -0.01 

Seizure 7.4 6.4 0.04 6.3 6.2 0.01 6.9 6.5 0.02 

Psychiatric disorder 35.1 35.1 0.00 35.9 33.7 0.05 35.0 34.5 0.01 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 39.4 36.9 0.05 37.4 37.6 <0.01 38.3 38.5 <0.01 

Non-cardioselective BBs 11.3 10.3 0.03 11.4 9.5 0.06 10.4 11.0 -0.02 

DHP CCBs 31.3 30.9 0.01 31.7 30.1 0.04 30.2 29.9 0.01 

Diuretics 42.1 39.4 0.06 41.4 40.7 0.01 40.1 40.1 0.00 

Other anti-hypertensive agents 5.9 7.2 -0.05 6.8 7.9 -0.04 7.1 7.2 -0.01 

Nitrates 41.3 39.8 0.03 41.9 40.4 0.03 39.1 40.1 -0.02 

Anti-arrhythmic agents 6.9 6.5 0.02 6.3 7.0 -0.03 6.2 7.1 -0.04 

Digoxin 12.7 12.4 0.01 12.9 12.2 0.02 11.6 11.6 0.00 

Antiplatelet agents 9.8 9.1 0.02 11.0 9.0 0.07 10.7 9.4 0.05 

Anticoagulants 13.6 12.8 0.02 13.7 13.2 0.01 12.8 12.8 0.00 

Fibrates / statins 17.3 17.0 0.01 17.2 18.0 -0.02 16.6 17.0 -0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.8 26.0 0.02 26.5 26.0 0.01 25.9 25.5 0.01 

Non-cardioselective BBs 1.9 1.9 0.00 2.2 2.2 0.00 1.7 2.1 -0.03 

DHP CCBs 4.6 4.8 -0.01 5.7 4.2 0.07 4.5 4.5 0.00 
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Diuretics 19.2 17.2 0.05 20.0 16.9 0.08 18.4 16.9 0.04 

Other anti-hypertensive agents 1.9 2.2 -0.02 
d 1.8 -0.07 2.3 2.4 -0.01 

Nitrates 59.0 58.9 <0.01 59.6 58.1 0.03 60.5 57.5 0.06 

Anti-arrhythmic agents 7.4 6.1 0.05 6.0 6.8 -0.03 6.2 6.5 -0.01 

Digoxin 13.9 14.1 -0.01 14.2 13.7 0.01 14.0 14.3 -0.01 

Antiplatelet agents 11.4 12.1 -0.02 13.2 12.2 0.03 11.6 12.2 -0.02 

Anticoagulants 13.7 13.1 0.02 12.7 13.4 -0.02 12.4 13.4 -0.03 

Fibrates / statins 9.8 11.5 -0.06 11.9 11.7 <0.01 11.6 11.0 0.02 

          

Before the index date          

Anti-diabetic agents  20.6 19.8 0.02 19.0 20.2 -0.03 20.4 19.6 0.02 

    Thyroid-therapy drugs 13.7 12.8 0.03 14.2 13.4 0.02 13.3 12.1 0.04 

    Short-acting bronchodilators  50.9 53.1 -0.04 52.8 50.6 0.04 52.0 51.0 0.02 

    Long-acting bronchodilators 12.0 12.7 -0.02 13.5 11.9 0.05 12.5 12.2 0.01 

ICS 22.1 22.7 -0.01 24.4 22.4 0.05 23.5 22.2 0.03 

Oral corticosteroids 26.8 27.9 -0.02 30.1 25.9 0.09 27.5 26.6 0.02 

Oral bronchodilators 24.8 25.5 -0.02 22.7 20.7 0.05 23.5 25.8 -0.05 

Antibiotics 82.1 82.5 -0.01 82.1 81.3 0.02 81.2 80.7 0.01 

Histamine 2 antagonists / PPIs 60.2 61.0 -0.02 58.8 61.6 -0.06 62.8 61.8 0.02 

COX-2 selective NSAIDs 10.0 9.1 0.03 10.5 9.9 0.02 10.1 9.4 0.03 

COX-2 nonselective NSAIDs 40.8 41.1 -0.01 39.4 40.6 -0.02 40.1 40.7 -0.01 

Anti-epileptics 10.0 9.5 0.01 9.7 8.5 0.04 9.1 9.2 -0.01 

Anti-psychiatric drugs 53.1 53.7 -0.01 54.8 53.6 0.02 55.5 55.2 0.01 

Estrogen 
d d 

-0.07 
d d 

-0.02 
d d 

0.00 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S9c. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PAAD 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=416) 

Non-

DHP 

CCBs 

 (n=416) 

STD Cardio-

selective 

BBs 

 (n=361) 

Non-

DHP 

CCBs 

(n=361) 

STD Cardio-

selective 

BBs  

 (n=405) 

Non-

DHP 

CCBs 

(n=405) 

STD 

Age, mean (SD) 78.7 

 (7.1) 

78.8 

 (7.0) 

-0.02 

 

78.3 

 (6.8) 

79.02 

(6.87) 

-0.11 78.6 

 (7.2) 

78.7  

(7.2) 

-0.02 

Male, % 32.0 33.2 -0.03 31.9 32.13 -0.01 30.1 32.6 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

10.1 

(8.7) 

10.0 

 (8.2) 

0.01 10.4  

(9.4) 

9.75 

(8.27) 

0.07 9.5  

(6.9) 

9.8  

(8.5) 

-0.04 

COPD duration, day , mean (SD) 987.6 

(939.3) 

976.1 

(964.9) 

0.01 1004.4 

(930.9) 

1013.95 

(974.64)  

-0.01 950.9 

(934.3) 

969.6 

(949.1) 

-0.02 

Year of the index date, %          

1995 5.1 5.8 -0.03 3.6 5.00 -0.07 5.9 5.4 0.02 

1996 16.8 17.3 -0.01 18.3 14.7 0.10 18.3 19.0 -0.02 

1997 11.8 10.6 0.04 9.7 11.1 -0.05 10.4 11.4 -0.03 

1998 8.4 8.2 0.01 8.0 8.6 -0.02 8.9 8.6 0.01 

1999 9.6 9.9 -0.01 9.7 10.5 -0.03 9.4 9.6 -0.01 

2000 10.1 9.4 0.02 10.5 10.5 0.00 10.6 9.6 0.03 

2001 9.6 9.1 0.02 8.9 8.9 0.00 8.9 8.6 0.01 

2002 6.5 7.5 -0.04 11.1 7.8 0.11 8.6 6.9 0.06 

2003 10.1 10.1 0.00 11.6 10.5 0.04 7.4 9.4 -0.07 

2004 6.0 6.5 -0.02 4.4 6.1 -0.07 5.7 5.7 0.00 

2005 6.0 5.8 0.01 4.2 6.4 -0.10 5.9 5.7 0.01 

          

Enrollment duration, day , mean (SD) 1144.3 

(813.7) 

1158.1 

(873.7) 

-0.02 1147.5 

(801.8) 

1198.8 

(874.0) 

-0.06 1142.4 

(804.6) 

1149.4 

(867.3) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6 

 (1.0) 

1.6  

(1.0) 

0.04 1.6 

 (1.0) 

1.5 

 (1.00) 

0.04 1.5  

(1.0) 

1.6  

(1.0) 

-0.03 

No of outpatient visits due to any 

episodes, mean (SD) 

5.3  

(4.6) 

5.1 

 (4.0) 

0.06 5.1 

 (4.1) 

4.9 

(3.9) 

0.05 5.2  

(4.4) 

5.5 

 (4.4) 

-0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

4.1 

 (4.3) 

3.7 

 (4.0) 

0.09 4.0  

(4.1) 

3.7 

 (4.11) 

0.09 3.6 

 (4.0) 

3.9 

 (4.3) 

-0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.8  

(2.9) 

1.8 

 (2.3) 

-0.01 1.6 

 (2.3) 

1.7 

 (2.11) 

-0.04 1.8 

(2.5) 

1.8 

 (2.3) 

-0.01 

No. of drugs, mean (SD) 12.7 

(5.8) 

12.31 

(5.26) 

0.07 12.0 

 (5.6) 

12.0 

 (5.1) 

<0.01 12.4 

(5.8) 

12.6 

(5.5) 

-0.03 

          

Comorbidities, %          

Before the ACS admission date          

MI 25.7 23.8 0.04 24.1 23.8 0.01 22.7 24.4 -0.04 

PTCA  4.8 3.9 0.05 5.0 3.6 0.07 4.0 4.0 0.00 

Stent  3.4 3.1 0.01 3.9 3.1 0.05 3.7 3.2 0.03 

CABG  
d d 

-0.04 
d d 

0.00 
d d 

-0.02 

Hemorrhagic stroke  2.6 d 
0.03 2.8 d 

0.05 
d d 

0.04 

Ischemic  stroke  19.7 19.0 0.02 16.9 19.4 -0.06 17.8 18.3 -0.01 
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TIA 19.7 16.8 0.07 15.5 17.2 -0.04 16.3 17.3 -0.03 

          

Between the ACS admission date and 

the index date 
     

 
  

 

MI 61.5 61.3 0.00 64.5 62.6 0.04 58.8 59.3 -0.01 

PTCA  16.1 17.3 -0.03 16.1 18.6 -0.07 20.0 17.0 0.08 

Stent  13.7 14.4 -0.02 13.3 15.8 -0.07 17.3 14.3 0.08 

CABG  9.6 9.1 0.02 10.3 8.3 0.07 6.9 9.1 -0.08 

Hemorrhagic stroke  
d d 

0.06 
d d 

0.03 
d d 

0.03 

Ischemic  stroke  6.7 7.5 -0.03 6.7 8.0 -0.05 7.9 6.9 0.04 

TIA  3.4 3.4 0.00 3.6 3.3 0.02 4.2 3.7 0.03 

          

Before the index date          

Hypertension 91.4 90.6 0.03 91.1 90.0 0.04 90.4 89.4 0.03 

Angina  74.0 73.6 0.01 75.1 71.2 0.09 75.6 74.8 0.02 

IHD  91.4 92.3 -0.04 93.4 92.5 0.03 91.6 93.3 -0.07 

Cardiac dysrhythmia  73.8 73.1 0.02 74.5 72.9 0.04 72.4 73.6 -0.03 

Atrial fibrillation  43.8 41.1 0.05 44.0 40.2 0.08 41.7 42.7 -0.02 

CHF  74.8 72.4 0.05 70.4 72.0 -0.04 69.4 72.1 -0.06 

Cerebrovascular disease  49.8 46.6 0.06 45.7 47.4 -0.03 46.2 46.7 -0.01 

PVD 36.1 34.9 0.03 37.7 34.6 0.06 32.6 35.6 -0.06 

Disorders of lipid metabolism 64.2 65.6 -0.03 64.8 66.8 -0.04 67.4 64.4 0.06 

Diabetes mellitus 48.1 45.4 0.05 48.8 47.4 0.03 46.2 45.9 <0.01 

Thyroid disease 26.0 23.8 0.05 25.5 25.2 0.01 23.5 24.0 -0.01 

Asthma 39.2 38.9 <0.01 34.9 37.4 -0.05 38.0 40.5 -0.05 

Pneumonia, influenza, and acute 

bronchitis 

70.0 

 

66.8 

 
0.07 

 

70.6 

 

66.5 

 
0.09 

 

22.7 

 

24.4 

 
0.06 

 

Chronic liver disease 4.3 3.1 0.06 3.6 3.6 0.00 2.7 3.2 -0.03 

Gastritis or peptic ulcer disease 7.5 7.0 0.02 7.8 6.1 0.07 5.9 6.7 -0.03 

Chronic kidney disease 10.6 12.5 -0.06 12.5 12.7 -0.01 12.4 12.6 -0.01 

Rheumatoid arthritis /Osteoarthritis 56.7 55.5 0.02 57.1 57.9 -0.02 55.6 56.5 -0.02 

Osteoporosis 19.7 20.7 -0.02 17.5 20.2 -0.07 19.3 21 -0.04 

Any cancer (except lung cancer) 31.7 29.8 0.04 28.3 30.2 -0.04 30.6 31.1 -0.01 

Lung cancer 5.3 4.6 0.03 5.8 5.3 0.02 4.7 5.7 -0.04 

Dementia 10.3 11.1 -0.02 9.7 10.5 -0.03 10.1 9.9 0.01 

Seizure 7.9 6.5 0.06 6.9 6.7 0.01 4.7 6.4 -0.08 

Psychiatric disorder 33.2 32.2 0.02 31.9 31.9 0.00 28.9 30.9 -0.04 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 49.8 45.7 0.08 49.3 45.4 0.08 45.7 45.9 -0.01 

Non-cardioselective BBs 12.7 12.7 0.00 11.9 13.0 -0.03 13.3 13.3 0.00 

DHP CCBs 28.1 26.9 0.03 32.4 26.0 0.14 28.2 26.9 0.03 

Diuretics 53.6 53.6 0.00 52.4 52.6 -0.01 50.1 54.6 -0.09 

Other anti-hypertensive agents 10.1 9.6 0.02 7.2 8.9 -0.06 10.1 9.9 0.01 

Nitrates 40.9 39.4 0.03 40.7 39.1 0.03 42.2 42.5 -0.01 

Anti-arrhythmic agents 9.4 8.4 0.03 8.0 8.6 -0.02 9.9 8.4 0.05 

Digoxin 23.3 21.6 0.04 21.6 21.1 0.01 19.8 22.0 -0.05 

Antiplatelet agents 15.6 15.1 0.01 14.4 15.0 -0.02 14.8 15.6 -0.02 

Anticoagulants 10.6 10.1 0.02 12.7 9.7 0.10 10.4 11.9 -0.05 

Fibrates / statins 28.6 25.0 0.08 27.4 24.1 0.08 24.4 24.2 0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 32.0 29.1 0.06 29.9 29.1 0.02 30.6 31.1 -0.01 

Non-cardioselective BBs 3.1 2.9 0.01 
d d 

-0.04 
d d 

0.00 
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DHP CCBs 5.3 6.0 -0.03 5.8 5.3 0.02 5.9 6.7 -0.03 

Diuretics 30.5 29.6 0.02 31.9 30.5 0.03 28.9 31.4 -0.05 

Other anti-hypertensive agents 3.4 2.6 0.04 2.8 d 
0.02 

d 2.5 -0.02 

Nitrates 54.1 52.2 0.04 56.2 53.5 0.06 56.1 53.3 0.05 

Anti-arrhythmic agents 6.0 7.0 -0.04 6.7 6.4 0.01 6.9 7.9 -0.04 

Digoxin 20.0 18.8 0.03 17.7 17.5 0.01 19.5 19.5 0.00 

Antiplatelet agents 20.4 21.4 -0.02 19.9 22.2 -0.05 24.4 22.0 0.06 

Anticoagulants 11.8 11.1 0.02 12.5 11.4 0.03 11.9 12.4 -0.02 

Fibrates / statins 16.8 17.6 -0.02 16.1 18.6 -0.07 20.0 17.0 0.08 

          

Before the index date          

Anti-diabetic agents  23.3 22.6 0.02 24.4 24.4 0.00 23.5 22.7 0.02 

    Thyroid-therapy drugs 11.5 12.0 -0.01 14.7 13.0 0.05 11.6 12.4 -0.02 

    Short-acting bronchodilators  54.1 56.3 -0.04 54.9 55.1 -0.01 54.1 57.0 -0.06 

    Long-acting bronchodilators 18.3 19.7 -0.04 20.5 19.7 0.02 18.3 18.5 -0.01 

ICS 31.7 32.7 -0.02 33.5 31.3 0.05 32.6 32.4 0.01 

Oral corticosteroids 41.1 41.4 <0.01 37.1 39.9 -0.06 40.5 42.2 -0.04 

Oral bronchodilators 23.3 22.6 0.02 19.1 18.3 0.02 20.5 22.0 -0.04 

Antibiotics 84.6 84.4 0.01 81.7 85.6 -0.11 84.2 84.9 -0.02 

Histamine 2 antagonists / PPIs 66.8 63.7 0.07 64.3 64 0.01 63.0 65.2 -0.05 

COX-2 selective NSAIDs 19.7 17.3 0.06 16.3 18 -0.04 17.0 17.3 -0.01 

COX-2 nonselective NSAIDs 42.6 41.8 0.01 39.9 42.9 -0.06 44.7 45.4 -0.01 

Anti-epileptics 10.6 10.6 0.00 9.7 10.5 -0.03 9.4 9.4 0.00 

Anti-psychiatric drugs 57.9 58.9 -0.02 55.7 57.9 -0.04 59.8 58.5 0.03 

Estrogen 
d d 

0.02 
d d 

0.04 
d d 

-0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11  
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Table S10. Results of Subgroup Analyses Comparing Cardioselective BB versus 

Non-DHP CCB Initiators in three US Databases* 

  Year of the index date 

Outcomes  Before 2000 Between 200 and 2005 After 2005 

  HR after PS matching (95% CI) 

All-cause mortality  0.94 (0.72-1.24) 1.07 (0.84-1.36) 1.23 (0.65-2.31) 

CV hospitalizations  1.10 (0.93-1.30) 1.00 (0.75-1.35) 0.84 (0.45-1.57) 

CV hospitalizations  0.50 (0.39-0.65) 0.42 (0.35-0.50) 0.38 (0.20-0.73) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, 

dihydropyridine calcium channel blockers. 

*based on the analysis that considered first exposure carried forward. 
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ABSTRACT 

Objectives:  A number of observational studies have reported that, in patients with 

chronic obstructive pulmonary disease (COPD), β-blockers (BBs) decrease risk of 

mortality and COPD exacerbations.  To address important methodological concerns of 

these studies, we compared the effectiveness and safety of cardioselective BBs versus 

non-dihydropyridine calcium channel blockers (non-DHP CCBs) in patients with COPD 

and acute coronary syndromes (ACS) using a propensity score- (PS-) matched, active 

comparator, new user design.  We also assessed for potential unmeasured confounding by 

examining a short-term COPD hospitalization outcome. 

Setting and participants:  We identified 22,985 patients with COPD and ACS starting 

cardioselective BBs or non-DHP CCBs across five claims databases from the US, Italy, 

and Taiwan.  

Primary and secondary outcome measures:  Stratified Cox regression models were 

used to estimate HRs for mortality, cardiovascular hospitalizations, and COPD 

hospitalizations in each database after variable-ratio PS matching.  Results were 

combined with random-effects meta-analyses. 

Results:  Cardioselective BBs were not associated with reduced risk of mortality (HR, 

0.90; 95% CI, 0.78-1.02) or cardiovascular hospitalizations (HR, 1.06; 95% CI, 0.91-
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1.23), although statistical heterogeneity was observed across databases.  In contrast, a 

consistent, inverse association for COPD hospitalizations was identified across databases 

(HR, 0.54; 95% CI, 0.47-0.61), which persisted even within the first 30 days of follow-up 

(HR, 0.55; 95% CI, 0.37-0.82).  Results were similar across a variety of sensitivity 

analyses, including PS trimming, high dimensional-PS matching, and restricting to high-

risk patients 

Conclusions:  This multi-national study found a large inverse association between 

cardioselective BBs and short-term COPD hospitalizations.  The persistence of this bias 

despite state-of-the-art pharmacoepidemiologic methods calls into question the ability of 

claims data to address confounding in studies of BBs in patients with COPD. 
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Strengths and limitations of this study 

� A growing body of observational studies suggest that BBs may decrease risk of 

mortality and COPD exacerbations in patients with COPD; most studies compared 

prevalent BB users to non-users. 

� This study used an active comparator, new user cohort design to examine the 

association between BBs and clinical outcomes and to assess potential remaining 

unmeasured confounding using data from five claims databases in the US, Italy, and 

Taiwan.  

� The study applied a variety of sensitivity analyses, including PS trimming, an hd-PS 

matching technique, and restricting to high-risk patients, to evaluate the consistency 

of results. 

� Although this multi-national study was conducted with a common protocol, the 

inherent variations in healthcare systems and data structures across countries 

necessitated certain database-specific modifications to the protocol.  

� Owing to analytic flexibility, we conducted sensitivity analyses in the three US 

databases only. 
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INTRODUCTION 1 

Chronic obstructive pulmonary disease (COPD) has profound health impacts 2 

worldwide
1,2 

 and usually coexists with cardiovascular (CV) morbidity.
3-6

  CV risk 3 

reduction is therefore a major focus in COPD management.  β-blockers (BBs) are a 4 

cornerstone treatment for improving survival and reducing CV morbidity in patients with 5 

coronary artery disease.
7-10

  The cardio-protective benefits of BBs are expected to extend 6 

to patients with COPD.  However, those with COPD have generally been excluded from 7 

randomized controlled trials evaluating the efficacy of BBs in patients experiencing 8 

myocardial infarction (MI).
7,9

  In addition, while the targets of BBs in treating CV disease 9 

are β-1 receptors predominantly found in cardiac tissues, BBs can also block β-2 10 

receptors in the respiratory system, causing bronchospasm and increasing the risk of 11 

COPD exacerbations.
11

  Therefore, in clinical practice, physicians may be reluctant to 12 

prescribe BBs to patients with COPD.
6,12

  One study found that, among patients 13 

hospitalized for acute MI, those with COPD had 56% lower odds of being treated with 14 

BBs as compared to those without COPD.
12

  15 

 16 

Despite these safety concerns, a growing body of observational studies suggest that BBs 17 

may have cardioprotective effects in COPD patients.
13-22

  One meta-analysis of 18 
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observational studies reported a 36% reduction in all-cause mortality associated with BB 1 

use in patients with coronary heart disease and COPD.
23

  However, these studies have 2 

important methodological limitations.  In particular, most of these studies focused on 3 

prevalent users of BBs
13-22

 and used non-users of BBs as the comparator group.
13-21

  4 

Patients who remain on BB treatment for a long time may be less susceptible to an 5 

outcome of interest as compared to those just starting the drug.  The prevalent user design 6 

is therefore vulnerable to biases due to depletion of susceptible patients.
24,25

  Treated 7 

patients may also differ from untreated patients in important ways, which can create 8 

strong confounding, especially when the indication for treatment is a risk factor for the 9 

outcome(s) of interest.
24

  The non-user comparator approach is also vulnerable to 10 

immortal time bias.
26 

 These methodological issues may explain the paradoxical COPD 11 

hospitalization findings and perhaps even the reported survival advantage.  12 

 13 

Drug safety and comparative effectiveness studies are increasingly using multiple 14 

databases across various countries.
27-29

  The larger sample size afforded by multi-15 

databases studies facilitates the application of robust study designs and, by using a 16 

common protocol, such studies enable investigators to leverage differences in the 17 

healthcare systems in the assessment of unmeasured confounding, treatment effect 18 
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heterogeneity, and generalizability across diverse populations, while holding constant the 1 

design and analytic approach.  In the present study, we used multiple databases from 2 

three countries to: (1) address important shortcomings of prior studies by comparing the 3 

effectiveness and safety of BBs in patients with acute coronary syndromes (ACS) and 4 

COPD using a propensity score- (PS-) matched, active comparator, new user cohort 5 

design; and (2) assess for potential remaining unmeasured confounding by examining a 6 

short-term COPD hospitalization outcome. 7 

 8 

 9 

METHODS 10 

Data source 11 

We identified eligible cohorts from five databases in the US, Italy, and Taiwan: (1) the 12 

Optum Research Database (Optum); (2) pharmacy claims data from the Pharmaceutical 13 

Assistance Contract for the Elderly program (PACE) in Pennsylvania linked to Medicare 14 

claims data; (3) pharmacy claims data from the Pharmaceutical Assistance for the Aged 15 

and Disabled program in New Jersey (PAAD) linked to Medicare claims data; (4) the 16 

population-based Regione Emilia-Romagna, Italy, database (RER); and (5) the 17 

population-based Taiwan National Health Insurance database (NHI).  These databases 18 
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contain demographic and enrollment records, hospital admissions, outpatient visits 1 

(except in RER), outpatient pharmacy dispensing claims, and death information.  These 2 

five databases cover the period from 1994 through the end of 2013 and represent diverse 3 

source populations across countries with different health insurance programs (see the 4 

supplementary materials for details).  5 

 6 

Study population and study drugs 7 

From each database, we identified patients who were hospitalized for ACS, had a COPD 8 

diagnosis before the ACS hospitalization discharge date, and initiated a cardioselective 9 

BB or non-dihydropyridine calcium channel blocker (non-DHP CCB) within 90 days 10 

following hospital discharge (see the supplementary materials for details).  Codes used to 11 

identify study drugs are provided in Table S1.  The index date was defined as the date of 12 

the first post-discharge prescription of a study drug.  To focus on initiators, patients with 13 

any use of these drugs before the first post-discharge prescription were excluded.  14 

Cardioselective BBs were chosen as the exposure of interest in alignment with prior 15 

studies.
13-22 

 Initiators of non-DHP CCBs were selected as the referent group since 16 

guidelines recommend non-DHP CCB treatment in patients with ACS who have a 17 

contraindication to BBs and have no other contraindications (e.g., severe left ventricular 18 
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dysfunction).
30,31

  1 

 2 

We excluded patients without continuous enrollment for at least 180 days before the ACS 3 

hospitalization admission date (see the supplementary materials for details), those with 4 

age less than 20 years (Optum, RER, NHI) or 65 years (PACE, PAAD) or more than 120 5 

years, and those who simultaneously initiated study drugs from both exposure groups on 6 

the index date. 7 

 8 

Outcomes and follow-up 9 

We selected all-cause mortality and CV hospitalizations as outcomes of interest.  CV 10 

hospitalizations were defined as first hospitalization for a composite CV event, including 11 

acute MI, unstable angina, and congestive heart failure (CHF) following the index date.  12 

We conducted analyses for the composite CV event and individual components of the 13 

outcomes separately.  We also examined hospitalization for COPD as an outcome.  CV 14 

and COPD hospitalized events were defined using validated claims-based algorithms 15 

with positive predictive values of 80% for acute MI,
32

 88-94% for CHF,
33

 and 86% for 16 

COPD
34

 (see the supplementary materials for outcome ascertainment; all outcomes were 17 

based on primary inpatient diagnoses).  While animal models have suggested that chronic 18 
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BB use may up-regulate β-2 adrenoceptors and attenuate pulmonary inflammation,
35,36 

1 

meta-analyses of randomized trials have found that there is no significant effect of 2 

cardioselective BB on pulmonary function in the short-term (single dose to 4 3 

months).
37,38

  We therefore assessed for the presence of bias by using a short-term COPD 4 

hospitalization outcome as a negative control, defined as a COPD hospitalization within 5 

30 days following the index date.  We assumed that, even if BBs improve COPD in the 6 

long-term, a large apparent protective association in the short-term would not be causal 7 

and would reflect bias, such as confounding due to unmeasured baseline differences 8 

between treatment groups.  9 

 10 

In the primary “first exposure carried forward” analysis, we followed patients from the 11 

index date to the earliest of outcome occurrence, death, disenrollment from the health 12 

insurance program, or the end of study.  In the secondary “as-treated” analysis, follow-up 13 

ended on the first of treatment discontinuation or change, outcome occurrence, death, 14 

disenrollment from the health insurance program, or the end of study.  Treatment 15 

discontinuation was defined using a grace period of up to 14 days between the end of one 16 

prescription and the date of the next prescription, if any.  Treatment change was defined 17 

as a dispensation of a drug in the other exposure group.  Given the absence of 18 
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information on days supply in the RER database, we assigned a proxy based on the World 1 

Health Organization’s Defined Daily Dose methodology (Table S1).  This approach has 2 

shown good concordance with days supply for chronically used medications.
39 

 3 

 4 

Covariates 5 

Information on potential confounders included demographic data, year of index date, 6 

enrollment duration, resource utilization, comorbidities, and other medication use.  7 

Resource utilization was evaluated during the180-day baseline period preceding the index 8 

date.  CV-related comorbidities and medication use were assessed in two separate periods: 9 

a chronic phase before the ACS hospitalization admission date (data were traced back as 10 

far as possible within each database); and an acute phase between the ACS 11 

hospitalization date and the index date.  Non-CV comorbidities and medication use were 12 

evaluated using all available data prior to the index date.
 
 Using all available claims 13 

information has been found to better reduce bias under most conditions as compared to a 14 

fixed look-back period.
40,41

  Details on covariate ascertainment are provided in Table S2-15 

S3.   16 

 17 

Statistical analysis  18 
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Using the predefined covariates described above, we estimated baseline PSs using 1 

logistic regression models to predict the probability of receiving cardioselective BBs 2 

versus non-DHP CCBs.  Non-categorical covariates (e.g., age) were included in the PS 3 

model as linear terms.  Because we had many more cardioselective BB initiators than 4 

non-DHP CCB initiators, we conducted variable ratio matching (up to 10 cardioselective 5 

BB users to each non-DHP CCB user) using a nearest-neighbor algorithm with a 6 

maximum matching caliper of 0.01 on the PS scale.
42

 7 

 8 

Variable ratio matching produces covariate balance within matched sets but not 9 

marginally in the overall matched population.
42

  We therefore randomly sampled one 10 

cardioselective BB user from each set of patients matched to each non-DHP CCB user  11 

and examined whether adequate balance in covariates was achieved between treatment 12 

groups using standard differences
43

 among this sample (1:1 random-sample matched 13 

cohort).  We used Cox proportional hazard models to estimate hazard ratios (HRs) and 14 

95% confidence intervals (CIs).  To account for the variable ratio matching, the Cox 15 

model was stratified on PS-matched sets. 16 

 17 

We identified study cohorts, extracted information on variables, fit PS models, and 18 
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performed PS matching separately within each database.  We computed standardized 1 

differences across the databases for each variable using pooled means and standard 2 

deviations.  The random-effects meta-analysis was used to generate summary estimates 3 

across all databases.  Statistical heterogeneity across databases was quantified using the I
2
 4 

statistic. 5 

 6 

Sensitivity and subgroup analyses 7 

To mitigate potential unmeasured confounding, four sensitivity analyses were performed 8 

in the US databases.  First, the maximum matching caliper was reduced to 0.005.  Second, 9 

before PS matching, asymmetric PS trimming
44

 was applied to exclude those with PS 10 

values less than the 2.5
th

 percentile or greater than the 97.5
th

 percentile of the PS 11 

distribution in cardioselective BB users and non-DHP CCB users, respectively.  Third, 12 

high-dimensional PSs (hd-PSs) were used to identify and include an additional 100 13 

empirically-identified variables in the PS model.
42,45  

Finally, we restricted to high-risk 14 

patients, defined as those with COPD hospitalizations and use of bronchodilators or 15 

inhaled corticosteroids in the window between 180 days before the index hospital 16 

admission date and the index date.  To examine the influence of prescribing patterns and 17 

treatment strategies over time, we also conducted subgroup analyses by year of the index 18 
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date.  1 

 2 

 3 

RESULTS 4 

Patients 5 

Among 22,985 eligible patients, 18,406 initiated cardioselective BBs (80.1%) and 4,579 6 

initiated non-DHP CCBs (18.9%) (Figure 1 and Table S4).  Most patients (>80%) started 7 

treatment within 30 days after the ACS hospitalization discharge.  The mean age of the 8 

cohort was 71 years and 59% were male.  In general, non-DHP CCB initiators were older 9 

and had a longer length of stay for the index ACS hospitalization, a longer history of 10 

COPD, and higher resource utilization.  Cardioselective BB initiators were more likely to 11 

have received coronary revascularization procedures, have had a diagnosis of MI, 12 

peripheral vascular disease, and hyperlipidemia, and have used angiotensin converting 13 

enzyme inhibitors, fibrates, and statins.  Non-DHP CCB initiators were more likely to 14 

have had a diagnosis of angina, arrhythmia, and congestive heart failure and taken anti-15 

hypertensive agents, nitrates, anti-arrhythmic agents, and anti-platelet agents.  Non-DHP 16 

CCB initiators were also more likely to have had asthma and used bronchodilators or 17 

corticosteroids (Table 1 and Table S5a-S5e).  18 
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 1 

The PS-matched cohort included 11,479 cardioselective BB initiators and 3,588 non-2 

DHP CCB initiators (66% of the total study cohort).  Most, but not all, covariates had 3 

standardized differences of less than 0.1 in the matched cohort with random sampling of 4 

comparator patients (Table 1 and Table S5a-S5e).  Summaries of the PS distributions 5 

across study drugs and databases are provided in Table S6. 6 

 7 

Follow-up and incidence rates 8 

Mean follow-up duration ranged from 1.9 to 3.5 years across databases, with 7,489 death, 9 

4,970 CV hospitalization, and 1,829 COPD hospitalization events.  Incidence rates of 10 

individual outcomes for each treatment group are presented in Table 2 and 11 

Table S7.  12 

 13 

All-cause mortality and CV hospitalizations 14 

In the primary analysis considering first exposure carried forward, the crude HRs 15 

comparing cardioselective BBs to non-DHP CCBs on all-cause mortality and 16 

CV hospitalizations were 0.73 (95% CI, 0.65-0.83) and 0.98 (95% CI, 0.84-17 

1.14), respectively.  After PS matching, the adjusted HRs were 0.90 (95% CI, 0.78-18 

Page 17 of 91

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

18 

 

1.02) for mortality and 1.06 (95% CI, 0.91-1.23) for CV hospitalizations.  We observed 1 

substantial statistical heterogeneity across databases, with HRs and 95% CIs for mortality 2 

below one in the PACE and RER databases.  In the as-treated analysis, the adjusted HRs 3 

for mortality and CV hospitalizations were 0.80 (95% CI, 0.67-0.96) and 1.07 (95% 4 

CI, 0.85-1.36), respectively.  We did not observe statistical heterogeneity for 5 

mortality, although the HR in the Taiwan NHI database was statistically 6 

significantly less than one (0.70; 95% CI, 0.67-0.96) (Table 3).  HRs for CV 7 

hospitalizations due to acute MI, unstable angina, and CHF were similar to those for the 8 

composite outcomes (Table S8).  9 

 10 

COPD hospitalization outcome  11 

In the first exposure carried forward and as-treated analyses, the crude HRs 12 

comparing cardioselective BBs to non-DHP CCBs for COPD hospitalizations 13 

were 0.30 (95% CI, 0.26-0.36) and 0.23 (95% CI, 0.19-0.27), respectively.  After PS 14 

matching, HRs were still substantially less than one: 0.54 (95% CI, 0.47-0.61) for the 15 

first exposure carried forward analysis and 0.54 (95% CI, 0.41-0.70) for the as-treated 16 

analysis (Table 3).  The adjusted HR for COPD hospitalizations restricted to the first 30 17 

days of follow-up was 0.55 (95% CI, 0.37-0.82) (Table 4). 18 
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 1 

Sensitivity and subgroup analyses 2 

Sensitivity analyses applying a narrower PS caliper, asymmetric PS trimming, hd-PS 3 

matching, and restricting to high-risk patients did not materially change the primary 4 

analysis results.  The hd-PS sensitivity analysis yielded an estimate for COPD 5 

hospitalizations that was closest to the null at 0.62 (95% CI, 0.51-0.76) (Table 5).  See 6 

Table S9a-S9c for baseline characteristics of patients in sensitivity analyses.  The 7 

association of cardioselective BBs and each outcome was similar across periods before 8 

2000, between 2001-2005, and after 2006 (Table S10). 9 

 10 

 11 

DISCUSSION 12 

This large-scale, multi-national study employed state-of-the-art pharmacoepidemiologic 13 

methods, including an active comparator, new user cohort design, PS trimming, and hd-14 

PS matching, and found potential evidence of bias when comparing cardioselective BBs 15 

and non-DHP CCBs in patients with ACS and COPD as reflected by an apparent large 16 

protective effect of cardioselective BBs on a short-term COPD hospitalization outcome.  17 

The observed association was highly consistent across different methods used to address 18 
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confounding and across the five databases encompassing diverse populations from 1 

different health systems.  Cardioselective BBs were not associated with reduced risk of 2 

mortality or CV hospitalizations, although statistical heterogeneity was observed across 3 

data sources. 4 

 5 

While there may be several reasons for the apparent large protective effect of 6 

cardioselective BBs on a short-term COPD hospitalization outcome, we believe bias due 7 

to unmeasured confounding is a major contributor.   We cannot exclude the possibility 8 

that CCBs may worsen oxygenation and lead to an increased risk of COPD 9 

hospitalizations.
46,47 

 However, this likely would not fully explain the observed 10 

association.  In addition, this large finding is not likely to be due to chance given that we 11 

observed consistent point estimates across databases and statistical approaches and the 12 

CIs around the estimates were narrow.  In expectation, if there is non-differential 13 

exposure or outcome misclassification, it would lead to bias towards the null and 14 

therefore it is unlikely to explain the observed findings.  Moreover, our finding is 15 

unlikely to be explained by surveillance bias because healthcare professionals or patients 16 

themselves may be more attuned to respiratory-related effects when cardioselective BBs 17 

are given.  Any resulting bias would be in the opposite direction of the observed 18 
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association.  It is possible that, since clinicians are more likely to prescribe CCBs than 1 

BBs to patients with more severe COPD, an anchoring bias
48

 could occur where CCB-2 

treated patients may be more closely monitored for respiratory function and COPD 3 

exacerbations.  However, our study outcomes were all defined by requiring 4 

hospitalization, reducing the likelihood that such differential surveillance could fully 5 

explain the results.  We did observe important differences between cardioselective BB 6 

and non-DHP CCB initiators at baseline.  As compared to non-DHP CCB initiators, 7 

cardioselective BB initiators were younger, had less health resource utilization, and had 8 

less prior COPD medication use.  While we were able to account for these differences in 9 

measured factors, we suspect that other important unmeasured risk factors for COPD 10 

hospitalization remained imbalanced, such as differences in COPD severity and smoking 11 

status, which therefore led to a bias due to unmeasured confounding.  However, since 12 

these variables are not captured in claims data, we cannot verify this. 13 

 14 

In terms of pharmacological effects of BB treatment, animal models and meta-analyses of 15 

published randomized trials do not support the notion that BB treatment can have such a 16 

large and immediate effect on respiratory function.
35-38

  A prior study did not observe 17 

significant differences in pulmonary function or symptoms of wheezing or dyspnea after 18 
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acute administration of BB treatment in patients with cardiac disease and COPD.
49

  Our 1 

study, however, showed an apparent 45% reduction in COPD exacerbations comparing 2 

cardioselective BB to non-DHP CCB, which is similar to the 40% reduction observed in 3 

other observational studies in which BB use was compared to non-BB use.
12,15,17,18,20,21,23

  4 

This apparent benefit associated with BB treatment is even considerably larger than that 5 

conferred by the most effective known treatment – long-acting bronchodilators – which 6 

reduce COPD hospitalizations by only 14-17%.
50,51

  An ongoing randomized, double-7 

blind, placebo-controlled trial is examining whether BB treatment can prevent COPD 8 

exacerbations.
52

  The results will help determine the extent to which the observed 9 

association between BB treatment and reduced COPD hospitalization is due to actual 10 

clinical benefits of BBs versus bias in observational studies.  Our study suggests the latter 11 

to be a major contributor.  12 

 13 

A prior meta-analysis of observational studies suggested that BB use was associated with 14 

a 36% reduction in mortality in patients with coronary diseases and COPD.
23

  However, 15 

our PS-matched as-treated analysis of mortality yielded an HR of 0.80 (95% CI, 0.67-16 

0.96) and our PS-matched first exposure carried forward analysis yielded an HR of 0.90 17 

(95% CI, 0.78-1.02).  Our results also suggested no benefit of cardioselective BBs on CV 18 
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hospitalizations.  These findings were similar to a recent population-based observational 1 

study that included 107,902 patients with COPD (only 3% of whom having concomitant 2 

MI diagnosis) and found no difference in CV hospitalizations (HR, 0.98 [95% CI, 0.94-3 

1.03]) and CV mortality (HR, 1.05 [95% CI, 0.97-1.13]) between cardioselective BBs 4 

and non-DHP CCBs.
53

  An important difference between our study and the most prior 5 

studies is that we used an active comparator group of non-DHP CCB initiators whereas 6 

most other studies compared BB users to non-users.  To our knowledge, only one 7 

published randomized trial has compared the efficacy of cardioselective BBs and non-8 

DHP CCBs in patients with MI, who also had hypertension, and found similar results for 9 

mortality (HR, 1.01 [95% CI, 0.87-1.16]) and MI (HR, 0.97 [95% CI, 0.80-1.18]).
54

  Our 10 

mortality and CV hospitalization results are in line with comparable bradycardic effects 11 

between cardioselctive BBs and non-DHP CCBs and are similar to those of the trial; 12 

however, given the potential unmeasured confounding observed for the short-term COPD 13 

hospitalization outcome, our results are likely biased downward to the extent that COPD 14 

severity and smoking status, if imbalanced between treatment groups, are also risk factors 15 

for mortality and CV hospitalizations.
5,55

  16 

 17 

A strength of our multi-national study is that it permits examination of heterogeneity in 18 
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results across databases and across countries.  While the overall summary estimate did 1 

not indicate a survival benefit comparing cardioselective BBs to non-DHP CCBs, 2 

the database-specific HRs for mortality in the US PACE and Italy RER 3 

databases were 0.86 (95% CI, 0.76-0.98) and 0.74 (95% CI, 0.64-0.85), respectively.  4 

These findings are similar to those of some prior observational studies.
14,16

  While it is 5 

possible that this variation in results may be due to true heterogeneity in treatment effects 6 

across databases and populations, publication of these results in isolation could have led 7 

to very different and potentially misleading conclusions.  The multi-database approach 8 

protects against this potential problem.  As prescribing patterns and patient characteristics 9 

vary across different health systems and geographical areas, true treatment effects and 10 

confounding can also vary across databases.  Results can also vary across studies due to 11 

differences in design and analytic choices.  In contrast to meta-analyses, which usually 12 

combine results from various study designs, our approach using a common protocol 13 

eliminates differences in design and analytic choices as an explanation for differences in 14 

results across databases. 15 

 16 

Our study had several additional limitations.  First, while we used a common protocol to 17 

implement our study across databases, the inherent variations in healthcare systems and 18 
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data structures across countries necessitated certain database-specific modifications to the 1 

protocol.  For example, some databases required different definitions for continuous 2 

enrollment and different coding methods for ascertainment of drug use.  Also, we could 3 

only access information on inpatient diagnoses in the RER database, which likely 4 

resulted in the identification of a more severe COPD population than in the other 5 

databases.  Moreover, information on drug days supply was not available in the RER 6 

database, which we inferred based on the defined daily dose.  Second, as drug data 7 

during hospitalization are usually not available in healthcare claims databases, we could 8 

not accurately capture inpatient drug information in all five databases.  Also, 9 

patients may not fully adhere to their index drugs and may add or switch 10 

medications during follow-up.  However, our first exposure carried forward and as-11 

treated analyses yielded similar results, which partially mitigates concerns about 12 

exposure misclassification.  Third, owing to analytic flexibility, we conducted sensitivity 13 

analyses in the three US databases only.  However, results restricted to these three 14 

databases were similar to the main analyses, which also included the RER and Taiwan 15 

NHI databases.  In addition COPD severity and smoking status, we could not rule out the 16 

influence of unmeasured confounding from other clinical parameters, such as cardiac 17 

function.  Finally, previous research suggests that non-DHP CCBs may increase the risk 18 
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of CHF in patients experiencing acute MI,
56

 which may limit non-DHP CCBs as a 1 

comparison group. 2 

 3 

In conclusion, this multi-national study found a strong inverse association between 4 

cardioselective BB use and COPD hospitalizations, even in the first 30 days of follow-up, 5 

suggestive of bias likely due to unmeasured confounding.  This apparent bias persisted 6 

across diverse populations and health systems and could not be fully removed by state-of-7 

the-art design and analysis methods.  This finding calls into question the validity of prior 8 

observational studies of the effectiveness of BBs and also the ability of claims data, in 9 

general, to address questions related to outcomes of BBs in COPD patients.  Data from 10 

randomized trials are needed to elucidate the benefits and risks of BBs in patients with 11 

COPD.12 
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Figure 1. Flowchart of the study cohort assembly 

 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine 

calcium channel blockers. N and n represented number of patient episodes and number of patients remained and excluded in each step.

Page 42 of 91

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

 

43 

 

Table 1. Selected Baseline Demographics, Resource Utilization, Comorbidities, and 

Medication Use between Cardioselective BB or Non-DHP CCB Initiators
* 

 Before Matching After Matching 

 Total Study Cohort (n=22,985) 1: 1 Random-Sample§ Matched Cohort 

(n=7,176) 

 Cardio-selective 

BBs 

(n=18,406) 

Non-DHP 

CCBs 

(n=4,579) 

STD Cardio-selective 

BBs 

(n=3,588) 

Non-DHP 

CCBs 

(n=3,588) 

STD 

Age, mean (SD) 70.4 (9.9) 

 

73.8 (10.2) 

 

-0.34 

 

73.7 (10.2) 

 

73.5 (10.4) 

 

0.02 

 

Male, % 59.6 55.4 0.09 56.1 55.7 0.01 

Length of stay of ACS 

hospitalization, day, mean 

(SD) 

8.6 (7.9) 

 

 

10.5 (12.6) 

 

 

-0.18 

 

 

10.0 (11.4) 

 

 

10.2 (12.4) 

 

 

-0.02 

 

 

COPD duration, day , mean 

(SD) 

998.1 (773.7) 

 

1374.0 (967.6) 

 

-0.43 

 

1384.4 (962.9) 

 

1367.2 (988.1) 

 

0.02 

 

       

Resource utilization       

No of hospitalization due to 

any episodes, mean (SD) 

1.4 (0.8) 

 

1.6 (1.0) 

 

-0.25 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

0.01 

 

No of outpatient visits due to 

any episodes, mean (SD) 

8.2 (6.2) 

 

14.5 (9.6) 

 

-0.78 

 

14.0 (9.2) 

 

13.9 (9.4) 

 

0.02 

 

No of outpatient visits due to 

CV episodes†, mean (SD) 

3.9 (4.3) 

 

5.2 (4.9) 

 

-0.29 

 

5.4 (4.8) 

 

5.3 (4.9) 

 

0.02 

 

No of outpatient visits due to 

pulmonary-related 

episodes‡, mean (SD) 

1.2 (2.6) 

 

 

2.7 (3.9) 

 

 

-0.44 

 

 

2.0 (3.6) 

 

 

2.1 (3.2) 

 

 

-0.01 

 

 

No. of drugs, mean (SD) 14.4 (6.7) 21.0 (9.4) -0.81 20.4 (9.3) 20.1 (9.0) 0.03 

       

Comorbidities, %       

Before the ACS admission date 

MI 17.3 17.1 0.01 18.3 17.5 0.02 

PTCA 4.7 6.6 -0.09 7.0 7.0 <0.01 

Stent 3.0 2.4 0.04 2.6 2.8 -0.01 

CABG 1.1 1.0 0.01 1.2 1.1 0.01 

Hemorrhagic stroke 1.8 2.8 -0.07 2.8 2.8 <0.01 

Ischemic  stroke 12.5 14.3 -0.06 14.8 14.7 <0.01 

TIA 10.3 12.1 -0.06 12.2 12.2 <0.01 

Between the ACS admission date and the index date 

MI  76.3 58.2 0.40 62.2 62.8 -0.01 

PTCA  44.0 25.9 0.41 29.1 30.4 -0.03 

Stent  37.0 16.0 0.52 17.9 18.3 -0.01 

CABG  17.3 7.8 0.30 8.7 9.1 -0.01 

Hemorrhagic stroke  0.5 0.6 -0.01 0.5 0.6 -0.02 

Ischemic  stroke  4.7 4.5 0.01 5.0 4.5 0.02 

TIA 2.3 1.7 0.04 1.6 2.0 -0.02 

Before the index date       

Hypertension 82.0 81.0 0.03 83.0 82.3 0.02 

Angina  52.1 62.8 -0.22 60.7 59.8 0.02 

Ischemic heart disease  86.1 84.2 0.06 84.9 84.5 0.01 

Cardiac dysrhythmia  44.1 50.8 -0.14 49.7 48.9 0.02 

Atrial fibrillation  19.1 25.7 -0.17 25.4 24.4 0.02 

CHF 45.3 53.7 -0.18 53.8 53.7 <0.01 
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Cerebrovascular disease  36.9 38.8 -0.04 39.4 39.5 <0.01 

PVD 18.4 12.7 0.21 13.3 13.1 0.01 

Disorders of lipid 

metabolism 

65.5 

 

52.9 

 

0.27 

 

56.9 

 

56.1 

 

0.02 

 

Diabetes mellitus 41.1 42.4 -0.03 44.3 43.6 0.01 

Asthma 23.3 40.5 -0.40 37.0 35.9 0.02 

       

Medication use, %       

Before the ACS admission date 

ACEIs / ARBs / renin 

inhibitors 

51.6 

 

56.5 

 

-0.10 

 

58.2 

 

57.6 

 

0.01 

 

Non-cardioselective BBs 19.0 32.2 -0.37 33.9 32.7 0.03 

DHP CCBs 35.4 46.0 -0.24 47.5 47.1 0.01 

Diuretics 44.8 56.0 -0.23 56.2 55.3 0.02 

Other anti-hypertensive 

agents 

15.9 

 

24.9 

 

-0.26 

 

25.3 

 

25.0 

 

0.01 

 

Nitrates 30.2 46.8 -0.36 45.9 45.8 <0.01 

Anti-arrhythmic agents 7.2 11.3 -0.14 10.5 10.3 <0.01 

Digoxin 9.3 16.6 -0.23 14.7 15.0 -0.01 

Antiplatelet agents 33.1 51.1 -0.48 50.9 50.7 0.01 

Anticoagulants 7.0 7.6 -0.02 8.5 7.5 0.04 

Fibrates / statins 37.2 32.8 0.10 35.7 35.1 0.01 

Between the ACS admission date and the index date 

ACEIs / ARBs / renin 

inhibitors 

48.5 

 

36.2 

 

0.26 

 

41.9 

 

40.3 

 

0.03 

 

Non-cardioselective BBs 4.2 8.7 -0.23 9.2 8.7 0.02 

DHP CCBs 11.6 8.8 0.10 10.7 10.3 0.01 

Diuretics 27.1 29.4 -0.05 30.9 30.0 0.02 

Other anti-hypertensive 

agents 

3.3 

 

4.2 

 

-0.06 

 

4.1 

 

4.4 

 

-0.01 

 

Nitrates 47.5 59.7 -0.25 59.2 59.0 <0.01 

Anti-arrhythmic agents 6.2 7.1 -0.04 6.9 7.0 <0.01 

Digoxin 6.1 10.5 -0.17 9.0 9.4 -0.02 

Antiplatelet agents 60.6 56.9 0.10 59.5 59.8 -0.01 

Anticoagulants 6.1 6.6 -0.02 7.2 6.6 0.03 

Fibrates / statins 48.2 25.6 0.51 29.4 29.4 <0.01 

Before the index date       

   Anti-diabetic agents  27.1 27.2 <0.01 29.4 29.3 <0.01 

  Short-acting bronchodilators  34.3 49.8 -0.32 45.7 44.2 0.03 

  Long-acting bronchodilators 19.6 27.7 -0.21 24.9 23.6 0.03 

  ICS 23.8 34.3 -0.25 30.8 29.6 0.03 

  Oral corticosteroids 44.6 64.4 -0.45 61.4 61.4 <0.01 

  Oral bronchodilators 25.8 61.7 -1.16 57.0 56.7 0.01 

ACEIs indicate angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, β-

blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, Transient 

ischemic attack.  

*presenting as summary estimates for mean, SD, and STD across databases. 

†CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  
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‡Pulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

§1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 
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Table 2. Follow-up and Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

All-cause mortality* 

US Optum   6,383 384 12,298 31.2 (28.3-34.5) 296 35 445 78.7 (56.5-109.5) 

US PACE   3,372 1,909 11,616 164.3 (157.1-171.9) 909 717 3,301 217.2 (201.9-233.7) 

US PAAD   2,108 957 6,264 152.8 (143.4-162.8) 560 353 2,128 165.9 (149.4-184.1) 

Italy RER  2,489 989 8,042 123.0 (115.6-130.9) 565 352 2,181 161.4 (145.4-179.2) 

Taiwan NHI  4,054 1,003 11,403 88.0 (82.5-93.4) 2,249 790 6,491 121.7 (113.2-130.2) 

Summary estimate    96.9 (61.9-151.8)    145.0 (111.1-189.3) 

         

CV hospitalizations* 

US Optum   6,383 476 11,534 41.3 (37.7-45.2) 296 27 402 67.2 (46.1-97.9) 

US PACE   3,372 1,144 9,155 125.0 (117.9-132.4) 909 312 2,582 120.9 (108.2-135.0) 

US PAAD   2,108 633 4,986 127.0 (117.4-137.2) 560 169 1,724 98.0 (84.3-114.0) 

Italy RER  2,489 761 6,267 121.4 (113.1-130.4) 565 225 1,608 139.9 (122.8-159.4) 

Taiwan NHI  4,054 816 10,055 81.2 (75.6-86.7) 2,249 407 5,763 70.3 (63.4-77.1) 

Summary estimate    91.7 (63.4-132.5)    96.8 (72.1-129.9) 

         

COPD hospitalizations* 

US Optum   6,383 192 12,035 15.95 (13.9-18.4) 296 35 395 88.5 (63.6-123.3) 

US PACE   3,372 274 11,023 24.9 (22.1-28.0) 909 214 2,808 76.2 (66.7-87.1) 

US PAAD   2,108 155 5,938 26.1 (22.3-30.6) 560 146 1,823 80.1 (68.1-94.2) 

Italy RER  2,489 240 7,529 31.9 (28.1-36.2) 565 145 1,804 80.4 (68.3-94.6) 

Taiwan NHI  4,054 154 11,145 13.8 (11.6-16.0) 2,249 274 6,022 45.5 (40.1-50.9) 

Summary estimate    21.5 (15.9-29.1)    71.5 (54.6-93.6) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National Health Insurance; PAAD, 

Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward.
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Table 3. Risk of All-Cause Mortality, CV Hospitalizations, and COPD Hospitalizations 

Comparing Cardioselective BB versus Non-DHP CCB Initiators  

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching  

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 All-cause mortality 

US Optum 0.42 (0.30-0.60) 1.05 (0.65-1.68)  0.71 (0.31-1.61) 1.23 (0.47-3.20) 

US PACE  0.76 (0.69-0.82) 0.86 (0.76-0.98)  0.70 (0.57-0.87) 0.90 (0.64-1.27) 

US PAAD  0.91 (0.81-1.03) 1.12 (0.93-1.36)  0.94 (0.69-1.30) 0.93 (0.58-1.52) 

Italy RER 0.74 (0.66-0.84) 0.74 (0.64-0.85)  0.86 (0.68-1.11) 0.74 (0.52-1.05) 

Taiwan NHI    0.71 (0.65-0.78) 0.90 (0.80-1.02)  0.63 (0.51-0.78) 0.70 (0.51-0.96) 

Summary estimate 0.73 (0.65-0.83) 0.90 (0.78-1.02)  0.75 (0.64-0.87) 0.80 (0.67-0.96) 

I
2
 , % 81.9 68.5  35.1 0.0 

P for heterogeneity <0.001 0.013  0.187 0.649 

     

 CV hospitalizations 

US Optum 0.70 (0.47-1.02) 0.96 (0.59-1.56)  0.76 (0.41-1.39) 0.84 (0.41-1.71) 

US PACE  1.01 (0.89-1.14) 1.03 (0.87-1.22)  0.96 (0.81-1.13) 1.09 (0.85-1.39) 

US PAAD  1.16 (0.97-1.37) 1.30 (1.03-1.65)  1.27 (0.97-1.67) 1.41 (0.95-2.11) 

Italy RER 0.80 (0.69-0.93) 0.86 (0.73-1.01)  0.77 (0.59-0.99) 0.75 (0.56-1.02) 

Taiwan NHI 1.12 (1.00-1.26) 1.17 (1.00-1.36)  1.06 (0.87-1.29) 1.31 (1.00-1.71) 

Summary estimate 0.98 (0.84-1.14) 1.06 (0.91-1.23)  0.98 (0.83-1.15) 1.07 (0.85-1.36) 

I
2
 , % 78.2 63.8  51.0 59.5 

P for heterogeneity 0.001 0.026  0.086 0.043 

     

 COPD hospitalizations 

US Optum 0.19 (0.13-0.27) 0.54 (0.37-0.87)  0.16 (0.09-0.31) 0.53 (0.19-1.47) 

US PACE  0.32 (0.27-0.39) 0.51 (0.39-0.67)  0.22 (0.17-0.29) 0.54 (0.34-0.86) 

US PAAD  0.30 (0.24-0.38) 0.45 (0.32-0.62)  0.23 (0.15-0.34) 0.54 (0.30-0.98) 

Italy RER 0.38 (0.31-0.48) 0.56 (0.44-0.73)  0.29 (0.19-0.46) 0.40 (0.20-0.77) 

Taiwan NHI 0.30 (0.25-0.37) 0.60 (0.47-0.78)  0.24 (0.16-0.34) 0.65 (0.38-1.13) 

Summary estimate 0.30 (0.26-0.36) 0.54 (0.47-0.61)  0.23 (0.19-0.27) 0.54 (0.41-0.70) 
I
2
 , % 62.0 0.0 0.0 0.0 

P for heterogeneity 0.030 0.721 0.639 0.877 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the 

Elderly; PS, propensity score; RER, Emilia-Romagna Region. 
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Table 4. Results for 30-day COPD Hospitalizations Comparing Cardioselective BB versus Non-

DHP CCB Initiators*  

Database Crude HR (95% CI) HR after PS matching (95% CI) 

US Optum 0.28 (0.06-1.23) 1.33 (0.17-10.70) 

US PACE 0.27 (0.15-0.47) 0.70 (0.31-1.54) 

US PAAD 0.19 (0.09-0.37) 0.43 (0.18-0.99) 

Italy RER 0.22 (0.10-0.48) 0.37 (0.16-0.84) 

Taiwan NHI  0.28 (0.15-0.51) 0.67 (0.32-1.38) 

Summary estimate 0.25 (0.18-0.34) 0.55 (0.37-0.82) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity 

score; RER, Emilia-Romagna Region. 

*based on the analysis that considered first exposure carried forward. 
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Table 5. Results of Sensitivity Analyses Comparing Cardioselective BB versus Non-DHP CCB Initiators in three US 

Databases* 

Type of analysis Main analysis†  Sensitivity analysis 

   

 

PS matching caliper of 

0.005 

Asymmetric PS 

trimming 

 

hd-PS  

with additional 100 

empirical covariates 

Restricting to high-

risk patients 

Database HR after PS matching (95% CI) 

 All-cause mortality 

US Optum 1.05 (0.65-1.68)  1.06 (0.65-1.73)  0.92 (0.54-1.56) 1.02 (0.61-1.72) 1.11 (0.53-2.33) 

US PACE 0.86 (0.76-0.98)  0.85 (0.75-0.97)  0.85 (0.74-0.97) 0.86 (0.76-0.99) 0.91 (0.73-1.14) 

US PAAD 1.12 (0.93-1.36)  1.13 (0.93-1.36)  1.00 (0.82-1.23) 1.16 (0.95-1.40) 1.02 (0.73-1.42) 

Summary estimate 0.98 (0.80-1.21)   0.98 (0.78-1.23)  0.90 (0.80-1.00)  0.99 (0.78-1.26) 0.95 (0.80-1.14) 

 CV hospitalizations 

US Optum 0.96 (0.59-1.56)  0.92 (0.56-1.49)  0.81 (0.48-1.38) 0.99 (0.60-1.65) 0.70 (0.31-1.62) 

US PACE 1.03 (0.87-1.22)  1.03 (0.86-1.22)  1.02 (0.85-1.23) 1.01 (0.84-1.21) 1.03 (0.76-1.39) 

US PAAD 1.30 (1.03-1.65)  1.33 (1.04-1.69)  1.31 (1.01-1.69) 1.10 (0.86-1.43) 1.31 (0.82-2.10) 

Summary estimate 1.11 (0.94-1.32)   1.11 (0.91-1.36)  1.08 (0.87-1.35)  1.04 (0.90-1.19) 1.06 (0.83-1.35) 

 COPD hospitalizations 

US Optum 0.54 (0.37-0.87)  0.59 (0.35-0.97)  0.67 (0.37-1.23) 0.77 (0.44-1.34) 0.61 (0.30-1.22) 

US PACE 0.51 (0.39-0.67)  0.52 (0.40-0.67)  0.50 (0.37-0.66) 0.61 (0.46-0.80) 0.56 (0.39-0.81) 

US PAAD 0.45 (0.32-0.62)  0.46 (0.33-0.64)  0.36 (0.25-0.51) 0.59 (0.41-0.84) 0.52 (0.31-0.88) 

Summary estimate 0.50 (0.41-0.69)   0.51 (0.42-0.61)  0.47 (0.35-0.64)  0.62 (0.51-0.76) 0.56 (0.42-0.73) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; NHI, 

National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-

Romagna Region. 

*based on the analysis that considered first exposure carried forward. 

†Main analysis used maximum PS matching caliper of 0.01, no PS trimming, and a pre-defined PS model
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Figure 1. Flowchart of the study cohort assembly  
 

ACS indicates acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; 

DHP CCBs, dihydropyridine calcium channel blockers. N and n represented number of patient episodes and 
number of patients remained and excluded in each step.  

Figure 1  
192x216mm (300 x 300 DPI)  
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METHODS 

Data source 

The US Optum Research Database (Optum) comprises data for health insurance beneficiaries 

enrolled in commercial UnitedHealth Group-affiliated health plans. The database includes data 

for approximately 14 million patients on a yearly basis and 60 million patients in total, 

representing a large geographically diverse population across the US.  

 

The Pennsylvania Pharmaceutical Assistance Contract for the Elderly (PACE) and the New 

Jersey Pharmaceutical Assistance to the Aged and Disabled (PAAD) programs assist low-income 

residents of  Pennsylvania and New Jersey aged 65 years or older with prescription drug 

coverage. These programs cover virtually all prescription medications for their beneficiaries, 

requiring individuals to pay only a small copayment. The pharmacy claims records for each 

beneficiary were linked to Medicare Part A and Part B data through the Centers for Medicare and 

Medicaid Services.  

 

The Italian National Health Service provides universal health insurance coverage for all Italian 

citizens. The Regione Emilia-Romagna (RER) database, a population-based longitudinal health 

care database, captures claims for care provided to individuals in Emilia-Romagna, a 

northeastern Italian region with approximately 4 million residents.  

 

The Taiwan National Health Insurance (NHI) Administration has executed a single-payer and 

compulsory NHI program in Taiwan since 1995, with an enrollment rate of 99% by 2014. The 

Taiwan NHI database comprises approximately 99% of the total Taiwanese population of 
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approximately 23 millions of individuals.  

 

All these databases include comprehensive information on demographic and enrollment records, 

hospital admissions, pharmacy dispensing claims data from outpatient clinics, and vital status. 

The RER database does not contain information on outpatient resource utilization and days 

supply of medications for each pharmacy dispensing. Data from each dataset could be linked via 

anonymized unique patient identifiers within individual databases. In general, these five 

databases cover widely geographically, socioeconomically, and clinically diverse individuals, 

which facilitates the generalizability of this study. 

 

Definition of continuous enrollment 

For Optum, PACE, and PAAD databases, continuous enrollment was operationally defined as 

having no insurance coverage gap of greater than 30 days during the 180 days before the index 

hospitalization admission. For the RER database, continuous enrollment was defined as having 

an at least 180-day residency in Emilia-Romagna. For the Taiwan NHI database, continuous 

enrollment was defined as having >=1 hospital admission or outpatient visit during this period. 

 

Study population and study drugs 

ACS hospitalization was defined as an inpatient stay for acute myocardial (MI) or unstable 

angina using International Classification of Diseases, 9th Revision, Clinical modification (ICD-

9-CM) codes 410.x0, 410.x1, 411.xx in any position on an inpatient claim. The COPD diagnosis 

was defined as any inpatient or outpatient ICD-9-CM codes 491.xx, 492.xx, or 496.xx in any 

position (except for the RER database, in which information was available only from inpatient 

diagnosis files). 
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Outcomes and follow-up 

CV hospitalizations were defined as first hospitalization for a composite CV event, including 

acute MI, unstable angina, and congestive heart failure (CHF) (ICD-9-CM codes 410.x0, 410.x1, 

411.xx, 428.xx based on the primary diagnosis) following the index date. COPD hospitalization 

was the first hospitalized event (ICD-9-CM codes 491.xx, 492.xx, 496.xx, based on the primary 

diagnosis) following the index date. 

 

Page 56 of 91

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
rasm

u
sh

o
g

esch
o

o
l

at D
ep

artm
en

t G
E

Z
-L

T
A

 
o

n
 M

ay 16, 2025
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

31 M
arch

 2017. 
10.1136/b

m
jo

p
en

-2016-012997 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


For peer review
 only

7 

 

Table S1. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Cardioselective BB or Non-DHP CCB Initiators 

Medication ATC Classification System Codes Defined Daily Dose
a
 

Cardioselective BBs 

Practolol  C07AB01 0.3 g 

Metoprolol  C07AB02 0.15 g 

Atenolol  C07AB03 75 mg 

Acebutolol  C07AB04 0.4 g 

Betaxolol  C07AB05 20 mg 

Bevantolol  C07AB06 0.3 g 

Bisoprolol  C07AB07 10 mg 

Celiprolol  C07AB08 0.2 g 

Epanolol  C07AB10 0.2 g 

s-Atenolol  C07AB11 50 mg 

Nebivolol  C07AB12 5 mg 

Talinolol  C07AB13 0.1 g 

Metoprolol, combinations  C07AB52 0.15 g
b
 

Bisoprolol, combinations  C07AB57 10 mg
b
 

Metoprolol and thiazides  C07BB02 0.15 g
b
 

Atenolol and thiazides  C07BB03 75 mg
b
 

Acebutolol and thiazides  C07BB04 0.4 g
b
 

Bevantolol and thiazides  C07BB06 0.3 g
b
 

Bisoprolol and thiazides  C07BB07 10 mg
b
 

Nebivolol and thiazides  C07BB12 5 mg
b
 

Metoprolol and thiazides, 

combinations  
C07BB52 

0.15 g
b
 

Metoprolol and other 

diuretics  
C07CB02 

0.15 g
b
 

Atenolol and other diuretics  C07CB03 75 mg
b
 

Atenolol and other diuretics, 

combinations  
C07CB53 

75 mg
b
 

Atenolol, thiazides and other 

diuretics  
C07DB01 

75 mg
b
 

Metoprolol and other 

antihypertensives  
C07FB02 

0.15 g
b
 

Atenolol and other 

antihypertensives  
C07FB03 

75 mg
b
 

Bisoprolol and other 

antihypertensives  
C07FB07 

10 mg
b
 

 

Non-DHP CCBs 

Verapamil  C08DA01 0.24 g 

Verapamil, combinations  C08DA51 0.24 g
b
 

Diltiazem  C08DB01 0.24 g 

Abbreviations: BBs, β-blockers; DHP CCBs, dihydropyridine calcium channel blockers. 

a
The defined daily dose was established by the expert committee of World Health Organization as the average maintenance 

dose per day for a drug used for its main indication in adults  (http://www.whocc.no/atcddd/  accessed Feb, 2015). 

b 
The defined daily dose of combination is based on the ingredients of cardioselective BB or non-DHP CCB.  
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Table S2. International Classification of Diseases, 9
th

 Revision, Clinical Modification (ICD-9-CM) 

Diagnostic or Procedure Codes or Current Procedure Terminology, 4
th

  Revision (CPT) Codes Used To 

Identify Baseline Comorbidities
a
 for Cardioselective BB or Non-DHP CCB Initiators 

Comorbidities ICD-9-CM Diagnostic Codes Other Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

MI
b
 410.xx, 412.xx  

PTCA
b
 

 

ICD-9-CM Procedure Code: 

00.66, 36.01, 36.02, 36.05, 36.09 

CPT Codes: 92973, 92982, 92984, 

92995, 92996 

Stent
b
 

 

ICD-9-CM Procedure Code: 

36.06, 36.07  

CPT Codes: 92980, 92981 

CABG
b
 

 

ICD-9-CM Procedure Code: 

36.1x, 36.2x 

CPT Codes: 33510-19, 33521-23, 

33530, 33533-36, 33545, 33572 

Coronary revascularization
b,d  

   Specific for Taiwan NHI 

database 

68023A,68023B, 

68024A,68024B,68025A, 

68025B,83064A1, 97901K, 97902A, 

97903B, 97906K, 97907A, 97908B, 

97911K, 97912A, 97913B,97916K, 

97917A, 97918B, 33076A, 33076B, 

33077A, 33077B, 33078A, 33078B, 

97511K, 97512A, 97513B, 97516K, 

97517A, 97518B, 97521K, 97522A, 

97523B 

Hemorrhagic stroke
b
 430.xx, 431.xx, 432.xx  

Ischemic heart disease
b
 433.x1, 434.x1, 436.xx  

TIA
b
 435.xx  

   

Assessment Period: Before The Index Date 

Hypertension
b
 401.xx-405.xx 

(diagnosis-related group: 134) 

 

Angina
b
 411.xx  

IHD
b
 413.xx, 414.xx  

Cardiac dysrhythmia
b
 427.xx  

Atrial fibrillation
b
 427.31  

CHF
b
 428.xx, 398.91, 402.01, 402.11, 402.91, 

404.01, 404.11, 404.91, 404.03, 404.13, 

404.93 

 

Cereborvascular disease
b
 430.xx-438.xx  

PVD
b
 443.xx, 445.xx, 442.0x, 442.2x, 442.3x 

 

CPT Codes: 35256, 35286, 35351, 

35355, 35361, 35363, 35371, 35372, 

35381, 35454, 35456, 35459, 35470, 

35473, 35474, 35482, 35483, 35485, 

35492, 35493, 35495, 35521, 35533, 

35541, 35546, 35548, 35549, 35551, 

35556, 35558, 35563, 35565, 35566, 

35571, 35621, 35623, 35641, 35646, 

35647, 35650, 35651, 35654, 35656, 

35661, 35663, 35666, 35671, 27590, 

27591, 27592, 27594, 27596, 27880, 

27881, 27882, 27884, 27886, 27888 
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Disorders of lipid metabolism 272.xx  

Diabetes mellitus 250.xx  

Thyroid disease 244.9  

COPD
c
 491.xx, 492.xx, 494.xx, 496.xx  

Asthma
c
 493.xx  

Pneumonia, influenza, and acute 

bronchitis
c
 

480.xx-487.xx, 466.xx  

Chronic liver disease 571.xx  

Gastric bleeding 531.0x, 531.2x, 531.4x, 531.6x, 532.0x, 

532.2x, 532.4x, 532.6x, 533.0x, 533.2x, 

533.4x, 533.6x, 534.0x, 534.2x, 534.4x, 

534.6x, 578.0 

 

4 

ICD-9-CM Procedure Codes: 

44.43 

CPT Codes: 43255 

Chronic kidney disease or end-

stage renal disease 

403.xx, 404.xx, 585.xx 

 

ICD-9-CM Procedure Codes: 

39.95, 54.98 

CPT Codes: 90935-90993, 90999, 

99512, 99559 

Rheumatoid arthritis / 

Osteoarthritis 

710.x,714.xx, 715.xx, 720.xx  

Osteoporosis 733.0x  

Any cancer other than lung 

cancer 

140.xx-161.xx, 163.xx-208.xx  

Lung cancer 162.x  

Dementia 290.0x-290.4x, 291.2, 294.1x, 331.0x-331.2x, 

331.82 

 

Seizure 345.xx, 780.3x  

Psychiatric disorder 293.83, 296.2x, 296.3x, 296.82, 296.90, 298.0, 

300.4, 309.0, 309.1, 309.28, 311, 300.0x-

300.3x, 300.5x-300.9x, 295.xx, 297.xx-

299.xx, 290.8, 290.9, 780.1, 296.0x, 296.1x, 

296.4x-296.9x 

 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, 

Congestive heart failure; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel 

blockers; IHD, Ischemia heart disease; MI, myocardial infarction; NHI, national health insurance; PTCA, percutaneous 

transluminal coronary angioplasty; Peripheral vascular disease, PVD; TIA, Transient ischemic attack. 
a Comorbidities were measured based on any diagnosis positions in inpatient and outpatient diagnosis files.

 

b
Cardiovascular episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic 

stroke, TIA, hypertension, angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  
c
Respiratory -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

d
Based on Taiwan NHI service claims codes 

(http://www.nhi.gov.tw/query/query2.aspx?menu=20&menu_id=710&webdata_id=3633&WD_ID=900 accessed October, 

2013). 
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Table S3. Anatomical Therapeutic Chemical (ATC) Classification System Codes Used To Identify 

Baseline Medication Use for Cardioselective BB or Non-DHP CCB Initiators 
Medication ATC Classification System Codes 

Assessment Period 1: Before the ACS Hospitalization Admission Date 

Assessment Period 2: Between the ACS Hospitalization Admission Date and the Index Date 

ACEIs / ARBs / Reinin inhibitors C09 

Non-cardioselective BB C07AA, C07AG, C07BA, C07BG, C07CA, C07CG, 

C07DA, C07EA, C07FA 

DHP CCB C08C, C08E, C08G 

Diuretics C03, C07B, C07C, C07D, C08G 

Other anti-hypertensive agents C02 

Nitrates C01DA 

Anti-arrhythmic agents C01B 

Digoxin C01AA 

Anti-platelet agents B01AC 

Anti-coagulants B01AA 

Fibrates / statins   C10AA, C10AB 

  

Assessment Period: Before the Index Date 

Anti-diabetic agents A10A, A10B 

Thyroid-therapy drugs H03 

Inhaled short-acting bronchodilators   R03AC02, R03AC03, R03AC04, R03AC06, R03BB01 

Inhaled long-acting bronchodilators R03AC12, R03AC13, R03AC16, R03AC18, R03AK06, 

R03AK07, R03BB04 

ICS R03BA, R03AK06, R03AK07 

Oral corticosteroids H02AB, H02BX 

Oral bronchodilators 

 

R03CC02, R03CC03, R03CC04, R03CC05, R03CC08, 

R03CC09, R03CC12, R03CC13, R03CC91 

R03DA04, R03DA05 

Antibiotics J01 

Histamine 2 antagonists / PPIs A02BA, A02BC 

COX-2 selective NSAIDs M01AH 

COX-2 nonselective NSAIDs M01AA, M01AB, M01AC, M01AE, M01AG, 

M01AX 

Anti-epileptics N03 

Anti-psychiatric drugs N06A, N05B, N05C, N05A 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ 

receptor blockers; BBs, β-blockers; Cox, cyclooxygenase; DHP CCBs, dihydropyridine calcium channel blockers; ICS, 

inhaled corticosteroids; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors. 
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Table S4. Summary of the Study Cohort Assembly, By Database 
 Database (Study Period) 

Inclusion / Exclusion Criteria US Optum 

(2004/07-2013/12) 

US PACE 

(1994/07-2005/12) 

US PAAD 

(1995/07-2005/12) 

Italy RER 

(2003/7-2013/12) 

Taiwan NHI 

(2007/01-2011/12) 

Patient episodes with an ACS hospitalization 

in the individual databases during the study 

period 

No of patient episodes = 

175,939 

No of patient episodes = 

195,954 

No of patient episodes = 

116,121 

No of patient episodes = 

179,864 

No of patient episodes = 

187,487 

Excluded due to 

* Lack of continuous enrollment for 180 

days before the ACS hospitalization 

admission date  

* No COPD diagnosis before the ACS   

hospitalization discharge date 

 

* No of patient episodes = 

25,149 

 

* No of patient episodes = 

117,511 

 

* No of patient episodes = 

74,488 

 

* No of patient episodes = 

61,136 

 

* No of patient episodes = 

51,230 

 

* No of patient episodes = 

31,467 

 

* No of patient episodes = 

3,892 

 

* No of patient episodes = 

152,210 

 

* No of patient episodes = 

5,716 

 

* No of patient episodes = 

97,300 

Patient episodes with ACS and COPD during 

the study period   

No of patient episodes = 

33,279 

No of patient episodes = 

60,330 

No of patient episodes = 

33,424 

No of patient episodes = 

23,762 

No of patient episodes = 

84,471 

Excluded due to 

* No prescription of cardioselective BBs or 

non-DHP CCBs within 90 days after ACS 

hospitalization discharge 

 

* No of patient episodes = 

16,112 

 

* No of patient episodes = 

32,737 

 

* No of patient episodes = 

17,419 

 

* No of patient episodes = 

12,512 

 

* No of patient episodes = 

54,487 

Patient episodes with use of cardioselective 

BBs or non-DHP CCBs 

No of patient episodes = 

17,167 

No of patient episodes = 

27,593 

No of patient episodes = 

16,005 

No of patient episodes = 

11,250 

No of patient episodes = 

29,984 

Excluded due to 

* Age less than 20 (or 65) years, more than 

120 years, or undetermined 

* Undetermined sex 

 

* Use of cardioselective BBs or non-DHP 

CCBs before the index date  

* Receipt of both cardioselective BBs and 

non-DHP CCBs on the index date  

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

10,322 

* No of patients = 166 

 

* No of patient episodes = 

41 

* No of patient episodes = 

0 

* No of patient episodes = 

23,271 

* No of patients = 0 

 

* No of patient episodes = 

1,309 

* No of patient episodes = 

0 

* No of patient episodes = 

11,870 

* No of patients = 158 

 

* No of patient episodes = 

0 

* No of patient episodes = 

0 

* No of patient episodes = 

8,168 

* No of patients = 28 

 

* No of patient episodes = 

0 

* No of patient episodes = 

18 

* No of patient episodes = 

23,579 

* No of patients = 84 

Patients included  No of patients = 6,679 No of patients = 4,281 No of patients = 2,668 No of patients = 3,054 No of patients = 6,303 

 * Cardioselective BBs = 

6,383 

* Non-DHP CCBs =296 

* Cardioselective BBs = 

3,372 

* Non-DHP CCBs =909 

* Cardioselective BBs = 

2,108 

* Non-DHP CCBs =560 

* Cardioselective BBs = 

2,489 

* Non-DHP CCBs = 565 

* Cardioselective BBs = 

4,054 

* Non-DHP CCBs = 2,249 

Abbreviations: ACS, acute coronary syndromes; BBs, β-blockers; COPD, chronic obstructive pulmonary disease; DHP CCBs, dihydropyridine calcium channel blockers; NHI, national health 

insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 
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Table S5a. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US Optum Database 

 Before Matching After Matching 

 Total Study Cohort (n=6,679) 1: 1 Random-Sample Matched Cohortc  

(n=554) 

 Cardio-

selective 

BBs 

 (n=6,383) 

Non-DHP 

CCBs 

 (n=296) 

STD Cardio-

selective 

BBs  

 (n=277) 

Non-DHP 

CCBs 

(n=277) 

STD 

Age, mean (SD) 60.9 (10.6) 63.2 (11.1) -0.21 

 

62.5 (11.5) 62.9 (11.1) -0.03 

Male, % 69.2 56.4 0.27 56.7 56.3 0.01 

Length of stay of ACS hospitalization, 

day, mean (SD) 

6.5 (6.0) 8.22 (7.0) -0.26 8.4 (12.8) 8.1 (6.9) 0.03 

COPD duration, day , mean (SD) 427.3(593.6) 483.7(582.4) -0.10 444.7(503.3) 463.1(571.9) 0.03 

Year of the index date, %       

2004 6.7 7.4 -0.03 10.5 7.2 0.11 

2005 15.9 27.4 -0.28 23.1 26.7 -0.08 

2006 12.0 12.2 -0.01 13.0 12.3 0.02 

2007 11.9 8.1 0.13 8.7 8.7 0.00 

2008 11.7 10.1 0.05 9.0 10.5 -0.05 

2009 9.3 7.8 0.06 6.9 7.9 -0.04 

2010 8.6 7.1 0.06 7.9 7.6 0.01 

2011 8.3 10.1 -0.06 13.0 9.0 0.13 

2012 8.5 5.7 0.11 5.4 5.8 -0.02 

    2013 7.1 4.1 0.13 d 4.3 -0.10 

       

Enrollment duration, day , mean (SD) 985.6(717.6) 881.8(618.0) 0.15 856.1(625.0) 873.8(606.5) -0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.2 (0.5) 1.4 (0.8) -0.27 1.3 (0.7) 1.3 (0.7) -0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

3.9 (3.9) 5.3 (4.8) -0.31 5.3 (4.5) 5.0 (4.6) 0.08 

No of outpatient visits due to CV 

episodesa, mean (SD) 

2.3 (4.2) 3.5 (4.8) -0.26 3.7 (6.3) 3.4 (4.8) 0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (2.9) 3.8 (5.8) -0.55 3.1 (5.1) 3.2 (4.9) -0.03 

No. of drugs, mean (SD) 10.0 (5.3) 12.9 (6.9) -0.47 12.7 (6.4) 12.5 (6.7) 0.04 

       

Comorbidities, %       

Before the ACS admission date       

MI 13.1 15.9 -0.08 14.8 15.9 -0.03 

PTCA  2.6 4.4 -0.10 4.7 4.7 0.00 

Stent  3.2 5.4 -0.11 5.4 5.8 -0.02 

CABG  0.4 d 
-0.04 

d d 
0.09 

Hemorrhagic stroke  0.4 d 
0.01 

d d 
0.00 

Ischemic  stroke  5.0 3.7 0.06 
d d 

-0.02 

TIA 4.4 d 
0.13 

d d 
0.02 

       

Between the ACS admission date and the index date 

MI 77.4 69.9 0.17 69.7 69.7 0.00 

PTCA  51.5 23.3 0.61 24.2 24.9 -0.02 

Stent  49.9 22.6 0.59 23.1 24.2 -0.03 
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CABG  24.9 15.2 0.24 17.0 16.3 0.02 

Hemorrhagic stroke  0.4 d 
0.09 

d d 
NA 

Ischemic  stroke  3.5 d 
0.02 

d d 
0.02 

TIA  1.5 d 
0.02 

d d 
-0.03 

       

Before the index date       

Hypertension 77.4 78.7 -0.03 78.3 78.0 0.01 

Angina  53.4 58.5 -0.10 58.8 58.5 0.01 

IHD  92.9 81.4 0.35 84.5 81.2 0.09 

Cardiac dysrhythmia  38.3 56.1 -0.36 55.2 53.4 0.04 

Atrial fibrillation  12.6 36.5 -0.58 32.9 33.6 -0.02 

CHF  30.5 41.6 -0.23 39.7 40.8 -0.02 

Cerebrovascular disease  25.4 22.3 0.07 22.4 22.7 -0.01 

PVD 15.3 17.2 -0.05 15.2 17.7 -0.07 

Disorders of lipid metabolism 74.6 66.9 0.17 65.3 66.1 -0.02 

Diabetes mellitus 31.4 35.8 -0.09 30.7 35.0 -0.09 

Thyroid disease 13.4 17.2 -0.11 15.5 15.2 0.01 

Asthma 21.8 38.5 -0.37 41.9 37.6 0.09 

Pneumonia, influenza, and acute 

bronchitis 
43.4 61.8 

-0.37 

 
58.1 59.2 

-0.02 

 

Chronic liver disease 5.3 4.1 0.06 4.7 4.3 0.02 

Gastritis or peptic ulcer disease 1.9 4.4 -0.15 
d 4.0 -0.06 

Chronic kidney disease 8.3 12.8 -0.15 15.5 13.4 0.06 

Rheumatoid arthritis /Osteoarthritis 27.2 32.4 -0.11 31.1 32.5 -0.03 

Osteoporosis 7.0 10.1 -0.11 7.9 9.4 -0.05 

Any cancer (except lung cancer) 15.0 14.9 0.01 17.0 14.1 0.08 

Lung cancer 2.5 5.4 -0.15 4.7 4.3 0.02 

Dementia 2.1 d 
< 0.01 

d d 
0.02 

Seizure 3.3 5.7 -0.12 7.2 5.8 0.06 

Psychiatric disorder 26.2 30.1 -0.09 30.0 29.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 37.9 43.2 -0.11 40.1 41.2 -0.02 

Non-cardioselective BBs 3.5 5.1 -0.08 7.9 5.1 0.12 

DHP CCBs 14.7 16.2 -0.04 14.4 15.9 -0.04 

Diuretics 29.0 40.5 -0.25 40.4 40.1 0.01 

Other anti-hypertensive agents 4.6 7.1 -0.11 5.1 6.5 -0.06 

Nitrates 10.4 16.6 -0.18 14.4 17.0 -0.07 

Anti-arrhythmic agents 4.8 6.1 -0.05 5.4 6.1 -0.03 

Digoxin 2.0 4.7 -0.15 
d 4.0 -0.04 

Antiplatelet agents 9.9 14.9 -0.15 14.8 14.4 0.01 

Anticoagulants 4.1 6.8 -0.12 7.2 6.1 0.04 

Fibrates / statins 38.9 38.9 < 0.01 38.3 38.3 0.00 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 43.5 30.4 0.27 30.3 30.7 -0.01 

Non-cardioselective BBs 0.4 d -0.11 
d d 0.06 

DHP CCBs 5.0 3.7 0.06 4.7 4.0 0.04 

Diuretics 18.2 24.7 -0.16 23.5 25.3 -0.04 

Other anti-hypertensive agents 1.6 3.7 -0.13 
d d -0.04 

Nitrates 32.2 28.0 0.09 26.7 29.2 -0.06 

Anti-arrhythmic agents 6.5 8.1 -0.06 8.3 8.3 0.00 

Digoxin 3.1 10.8 -0.31 6.9 9.0 -0.08 

Antiplatelet agents 59.1 36.5 0.46 36.8 38.6 -0.04 

Anticoagulants 5.1 13.2 -0.28 10.1 12.3 -0.07 
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Fibrates / statins 63.6 38.5 0.52 39.0 40.1 -0.02 

       

Before the index date       

Anti-diabetic agents  21.0 23.7 -0.06 22.0 23.5 -0.03 

    Thyroid-therapy drugs 9.0 11.2 -0.07 9.4 11.6 -0.07 

    Short-acting bronchodilators  37.7 63.2 -0.53 61.4 61.7 -0.01 

    Long-acting bronchodilators 22.8 45.3 -0.49 46.2 43.3 0.06 

ICS 20.7 42.9 -0.49 42.2 40.4 0.04 

Oral corticosteroids 37.1 61.8 -0.51 61.7 59.6 0.04 

Oral bronchodilators 1.9 11.2 -0.38 5.8 7.6 -0.07 

Antibiotics 74.3 81.1 -0.16 77.3 80.1 -0.07 

Histamine 2 antagonists / PPIs 37.3 43.9 -0.13 38.6 42.6 -0.08 

COX-2 selective NSAIDs 8.1 9.1 -0.04 7.6 9.0 -0.05 

COX-2 nonselective NSAIDs 32.1 30.4 0.04 29.6 30.7 -0.02 

Anti-epileptics 14.8 14.9 <0.01 17.3 15.2 0.06 

Anti-psychiatric drugs 45.7 51.0 -0.11 52.4 50.5 0.04 

Estrogen 2.5 d 
-0.03 

d d 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; TIA, 

Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5b. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PACE Database 

 Before Matching After Matching 

 Total Study Cohort (n=4,281) 1: 1 Random-Sample Matched Cohortc  

(n=1,408) 

 Cardio-selective 

BBs 

 (n=3,372) 

Non-DHP 

CCBs 

 (n=909) 

STD Cardio-selective 

BBs 

 (n=704) 

Non-DHP 

CCBs 

 (n=704) 

STD 

Age, mean (SD) 79.5 (7.1) 78.4 (6.8) 0.16 78.9 (6.9) 78.66 (6.9) 0.03 

Male, % 34.0 34.1 <0.01 31.0 33.5 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (6.2) 9.9 (7.4) -0.12 9.6 (6.8) 9.6 (7.3) 0.01 

COPD duration, day , mean (SD) 922.5 (952.7) 797.5(782.0) 0.14 825.8 (856.4) 822.9(821.2) <0.01 

Year of the index date, %       

1994 2.4 9.7 -0.31 7.1 6.7 0.02 

1995 8.8 20.7 -0.34 19.9 18.9 0.03 

1996 9.9 15.8 -0.18 15.3 16.2 -0.02 

1997 9.0 13.1 -0.13 10.9 11.7 -0.02 

1998 9.4 10.9 -0.05 10.8 11.8 -0.03 

1999 10.0 8.6 0.05 9.0 9.2 -0.01 

2000 9.6 5.7 0.15 7.2 6.4 0.03 

2001 8.7 4.0 0.20 5.3 4.8 0.02 

2002 8.1 4.8 0.13 6.0 5.7 0.01 

2003 8.4 2.6 0.25 3.7 3.4 0.02 

2004 7.2 2.2 0.24 2.3 2.8 -0.04 

2005 8.5 1.9 0.30 2.6 2.4 0.01 

       

Enrollment duration, day , mean (SD) 1312.6 (974.1) 921.8(702.8) 0.46 996.7 (758.0) 976.1(736.7) 0.03 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 1.6 (1.0) -0.13 1.6 (0.9) 1.5 (0.9) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

4.5 (3.9) 4.7 (3.9) -0.05 4.8 (4.0) 4.6 (3.8) 0.04 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.7 (3.9) 3.3 (3.6) 0.09 3.7 (3.8) 3.5 (3.6) 0.05 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.0 (1.9) 2.3 (3.0) -0.52 1.9 (2.6) 1.8 (2.5) 0.02 

No. of drugs, mean (SD) 10.7 (4.8) 11.6 (5.3) -0.17 11.4 (5.2) 11.1 (5.0) 0.07 

       

Comorbidities, %       

Before the ACS admission date       

MI 26.4 23.1 0.08 24.3 22.6 0.04 

PTCA  3.1 2.2 0.05 1.7 2.4 -0.05 

Stent  1.9 d d d d -0.03 

CABG  2.0 d d d d 0.01 

Hemorrhagic stroke  2.6 2.4 0.01 2.8 3.0 -0.01 

Ischemic  stroke  19.9 14.5 0.14 17.2 16.1 0.03 

TIA 17.3 14.2 0.09 14.6 15.5 -0.02 

       

Between the ACS admission date and the index date 

MI 75.7 63.2 0.27 65.5 65.8 -0.01 

PTCA  19.3 11.1 0.23 11.4 12.5 -0.04 
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Stent  15.7 6.3 0.31 7.1 7.5 -0.02 

CABG  13.9 9.2 0.15 9.7 10.5 -0.03 

Hemorrhagic stroke  1.0 d d d d -0.04 

Ischemic  stroke  8.1 6.2 0.07 7.8 7.0 0.03 

TIA  4.1 3.0 0.06 2.8 3.4 -0.03 

       

Before the index date       

Hypertension 88.4 79.5 0.24 83.7 82.1 0.04 

Angina  61.4 63.7 -0.05 65.1 62.8 0.05 

IHD  92.9 87.8 0.17 91.1 88.9 0.07 

Cardiac dysrhythmia  63.0 66.1 -0.07 68.5 65.9 0.05 

Atrial fibrillation  33.2 41.0 -0.16 41.6 40.8 0.02 

CHF  65.4 68.1 -0.06 67.9 67.8 <0.01 

Cerebrovascular disease  51.6 41.3 0.21 45.6 44.9 0.01 

PVD 42.7 36.0 0.14 38.4 36.4 0.04 

Disorders of lipid metabolism 61.1 44.8 0.33 49.0 49.3 -0.01 

Diabetes mellitus 48.4 40.3 0.17 41.2 41.9 -0.01 

Thyroid disease 27.8 19.6 0.19 21.6 22.4 -0.02 

Asthma 21.9 36.4 -0.32 34.0 31.3 0.06 

Pneumonia, influenza, and acute 

bronchitis 

59.6 

 
65.0 

 
-0.11 

 

63.6 

 

62.8 

 
0.02 

 

Chronic liver disease 3.1 3.0 0.01 3.0 2.7 0.02 

Gastritis or peptic ulcer disease 6.5 5.8 0.03 6.1 6.4 -0.01 

Chronic kidney disease 15.0 11.9 0.09 12.5 12.6 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.5 52.8 0.22 57.4 55.7 0.03 

Osteoporosis 23.8 19.8 0.10 20.9 18.6 0.06 

Any cancer (except lung cancer) 31.2 27.2 0.09 28.6 27.6 0.02 

Lung cancer 3.7 3.4 0.01 4.0 3.3 0.04 

Dementia 9.4 7.4 0.07 9.5 8.8 0.02 

Seizure 6.8 6.1 0.03 6.4 6.4 0.00 

Psychiatric disorder 36.3 33.8 0.05 36.2 34.9 0.03 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 44.1 35.6 0.17 39.8 37.5 0.05 

Non-cardioselective BBs 13.8 9.1 0.15 12.5 10.4 0.07 

DHP CCBs 32.7 29.2 0.08 31.4 30.8 0.01 

Diuretics 43.9 38.3 0.11 41.6 39.6 0.04 

Other anti-hypertensive agents 10.3 6.3 0.15 6.7 7.2 -0.02 

Nitrates 38.6 40.3 -0.03 41.8 40.3 0.03 

Anti-arrhythmic agents 5.6 6.7 -0.05 8.4 6.7 0.06 

Digoxin 13.3 12.0 0.04 11.8 12.5 -0.02 

Antiplatelet agents 12.0 8.7 0.11 8.8 9.1 -0.01 

Anticoagulants 13.5 11.9 0.05 14.2 12.9 0.04 

Fibrates / statins 24.1 15.0 0.23 16.8 17.1 -0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 35.0 22.8 0.27 26.6 25.9 0.02 

Non-cardioselective BBs 1.3 1.9 -0.05 3.0 2.0 0.06 

DHP CCBs 13.0 3.7 0.34 6.0 4.7 0.06 

Diuretics 21.3 17.5 0.10 16.5 17.3 -0.02 

Other anti-hypertensive agents 2.4 2.3 0.01 2.4 2.3 0.01 

Nitrates 56.4 59.5 -0.06 59.4 58.7 0.01 

Anti-arrhythmic agents 5.1 6.7 -0.07 7.1 6.4 0.03 

Digoxin 12.2 14.2 -0.06 12.2 14.5 -0.07 

Antiplatelet agents 24.8 9.8 0.40 11.9 11.9 0.00 
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Anticoagulants 11.2 13.1 -0.06 14.1 13.4 0.02 

Fibrates / statins 21.8 9.4 0.35 11.5 11.4 <0.01 

       

Before the index date       

Anti-diabetic agents  22.9 18.2 0.12 18.8 19.6 -0.02 

Thyroid-therapy drugs 16.3 11.1 0.15 14.5 12.8 0.05 

Short-acting bronchodilators  35.7 60.3 -0.51 54.7 53.1 0.03 

Long-acting bronchodilators 9.4 14.5 -0.16 14.5 12.8 0.05 

ICS 15.9 28.1 -0.30 23.9 22.6 0.03 

Oral corticosteroids 23.1 30.9 -0.18 27.8 27.6 0.01 

Oral bronchodilators 11.2 35.4 -0.60 27.3 26.1 0.03 

Antibiotics 83.8 82.3 0.04 83.2 82.5 0.02 

Histamine 2 antagonists / PPIs 62.5 61.6 0.02 65.3 61.4 0.08 

COX-2 selective NSAIDs 17.8 7.8 0.30 10.1 9.0 0.04 

COX-2 nonselective NSAIDs 42.4 40.5 0.04 42.1 41.2 0.02 

Anti-epileptics 12.2 8.6 0.12 9.7 9.4 0.01 

Anti-psychiatric drugs 55.6 53.9 0.03 55.7 53.7 0.04 

Estrogen 1.9 d 0.06 d d -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5c. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in US PAAD Database 

 Before Matching After Matching 

 Total Study Cohort (n=2,668) 1: 1 Random-Sample Matched Cohortc  

(n=850) 

 Cardio-selective 

BBs 

(n=2,108) 

Non-DHP 

CCBs 

 (n=560) 

STD Cardio-selective 

BBs 

 (n=425) 

Non-DHP 

CCBs 

 (n=425) 

STD 

Age, mean (SD) 79.5 (7.2) 78.4 (7.1) 0.15 78.8 (6.7) 78.8 (7.0) <0.01 

Male, % 36.12 31.3 0.10 32.7 32.7 0.00 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.9 (7.3) 

 

10.3 (8.2) -0.05 10.1 (7.2) 9.9 (8.2) 0.02 

COPD duration, day , mean (SD) 1075.5 (101.0) 

 

917.0(919.3) 0.24 967.0 (913.6) 974.8(960.4) -0.01 

Year of the index date, %       

1995 2.0 8.2 -0.28 6.1 5.9 0.01 

1996 7.5 21.4 -0.40 16.2 17.4 -0.03 

1997 6.1 12.0 -0.20 10.4 10.8 -0.02 

1998 6.00 7.7 -0.07 6.6 8.2 -0.06 

1999 8.0 9.5 -0.05 11.8 9.9 0.06 

2000 8.8 9.5 -0.02 9.9 9.4 0.02 

2001 11.2 7.1 0.14 9.2 8.9 0.01 

2002 13.7 7.3 0.21 8.7 7.3 0.05 

2003 13.1 8.0 0.17 9.4 10.1 -0.02 

2004 12.0 4.8 0.26 7.1 6.4 0.03 

2005 11.6 4.5 0.26 4.7 5.7 -0.04 

       

Enrollment duration, day , mean (SD) 1495.8 (980.7) 1057.6 (829.0 )  0.48 1198.6 (842.5) 1149.7(869.1 )  0.06 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.4 (0.8) 1.7 (1.1) -0.25 1.6 (1.0) 1.6 (1.0) 0.04 

No of outpatient visits due to any 

episodes, mean (SD) 

5.2 (4.4) 5.4 (4.4) -0.06 5.3 (4.5) 5.1 (4.0) 0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.8 (3.9) 3.8 (4.2) <0.01 4.0 (4.1) 3.7 (4.0) 0.07 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.1 (2.0) 2.3 (2.7) -0.54 1.9 (2.9) 1.9 (2.3) 0.02 

No. of drugs, mean (SD) 11.8 (5.4) 13.2 (5.7) -0.26 12.8 (5.8) 12.4 (5.3) 0.08 

       

Comorbidities, %       

Before the ACS admission date       

MI 28.8 22.9 0.14 25.9 23.8 0.05 

PTCA  4.7 3.2 0.08 3.8 3.8 0.00 

Stent  3.8 2.5 0.07 2.8 3.1 -0.01 

CABG  1.8 1.3 0.04 
d d -0.02 

Hemorrhagic stroke  2.1 2.9 -0.05 
d d -0.02 

Ischemic  stroke  20.8 17.5 0.08 18.8 18.6 0.01 

TIA 21.0 15.5 0.14 17.4 16.7 0.02 

       

Between the ACS admission date and the index date 

MI 76.0 56.4 0.42 63.1 61.2 0.04 

PTCA  24.6 14.5 0.26 16.2 17.4 -0.03 

Stent  21.5 12.1 0.25 13.2 14.6 -0.04 
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CABG  11.6 7.7 0.13 8.2 9.2 -0.03 

Hemorrhagic stroke  0.8 0.7 0.01 
d d -0.03 

Ischemic  stroke  8.2 7.1 0.04 8.7 7.5 0.04 

TIA  5.7 3.4 0.11 2.8 3.5 -0.04 

       

Before the index date       

Hypertension 92.9 89.5 0.12 91.3 90.6 0.02 

Angina  68.4 76.3 -0.18 75.1 73.7 0.03 

IHD  95.6 91.6 0.16 92.9 92.5 0.02 

Cardiac dysrhythmia  69.3 73.6 -0.09 74.8 72.9 0.04 

Atrial fibrillation  36.1 43.9 -0.16 46.4 40.9 0.11 

CHF  69.7 71.3 -0.03 72.5 72.2 0.01 

Cerebrovascular disease  54.9 42.9 0.24 46.1 46.1 0.00 

PVD 42.4 32.1 0.21 34.4 34.6 -0.01 

Disorders of lipid metabolism 77.3 59.8 0.38 66.6 65.7 0.02 

Diabetes mellitus 54.1 43.9 0.20 48.7 45.2 0.07 

Thyroid disease 32.1 22.1 0.23 24.7 24.0 0.02 

Asthma 27.3 44.3 -0.36 40.0 39.5 0.01 

Pneumonia, influenza, and acute 

bronchitis 

66.0 

 

67.7 

 
-0.04 

 

72.0 

 

67.3 

 
0.10 

 

Chronic liver disease 4.0 2.9 0.06 3.5 3.5 0.00 

Gastritis or peptic ulcer disease 8.8 6.4 0.09 7.1 6.8 0.01 

Chronic kidney disease 18.7 12.0 0.19 13.7 12.5 0.04 

Rheumatoid arthritis /Osteoarthritis 63.4 53.2 0.21 53.9 55.1 -0.02 

Osteoporosis 25.7 20.0 0.14 20.2 20.5 -0.01 

Any cancer (except lung cancer) 35.3 28.9 0.14 30.4 29.7 0.02 

Lung cancer 4.0 4.6 -0.03 5.7 4.7 0.04 

Dementia 12.8 9.1 0.12 10.8 10.8 0.00 

Seizure 6.9 6.3 0.03 7.3 6.6 0.03 

Psychiatric disorder 33.8 31.6 0.05 29.7 32.0 -0.05 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 49.5 46.3 0.07 48.7 45.7 0.06 

Non-cardioselective BBs 15.8 10.9 0.14 13.7 12.5 0.04 

DHP CCBs 34.4 25.9 0.19 29.4 26.8 0.06 

Diuretics 52.9 54.5 -0.03 56.7 53.7 0.06 

Other anti-hypertensive agents 12.0 8.8 0.11 10.1 10.1 0.00 

Nitrates 37.0 40.9 -0.08 41.7 39.3 0.05 

Anti-arrhythmic agents 8.4 8.6 -0.01 7.8 8.2 -0.02 

Digoxin 17.5 22.5 -0.13 22.1 21.4 0.02 

Antiplatelet agents 18.0 15.2 0.08 15.8 15.1 0.02 

Anticoagulants 10.5 10.5 <0.01 14.8 10.1 0.14 

Fibrates / statins 34.8 21.6 0.30 29.2 24.7 0.10 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 41.2 28.2 0.28 34.6 28.9 0.12 

Non-cardioselective BBs 1.8 2.5 -0.05 2.4 2.8 -0.03 

DHP CCBs 12.8 5.0 0.28 4.7 5.9 -0.05 

Diuretics 30.8 29.8 0.02 32.2 30.4 0.04 

Other anti-hypertensive agents 3.7 2.3 0.08 
d 2.6 -0.03 

Nitrates 50.5 56.3 -0.12 52.0 52.2 <0.01 

Anti-arrhythmic agents 5.5 7.5 -0.08 6.8 6.8 0.00 

Digoxin 13.5 20.0 -0.18 19.5 18.8 0.02 

Antiplatelet agents 35.0 18.8 0.37 20.7 21.7 -0.02 

Anticoagulants 8.3 12.3 -0.13 14.1 10.8 0.10 
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Fibrates / statins 32.1 14.6 0.42 17.7 17.7 0.00 

       

Before the index date       

Anti-diabetic agents  26.2 20.9 0.13 22.4 22.6 -0.01 

Thyroid-therapy drugs 15.6 12.1 0.10 12.5 12.2 0.01 

Short-acting bronchodilators  35.5 64.6 -0.61 60.0 57.2 0.06 

Long-acting bronchodilators 13.3 20.5 -0.19 21.7 20.0 0.04 

ICS 20.1 36.6 -0.37 33.7 33.2 0.01 

Oral corticosteroids 30.2 45.7 -0.32 42.4 41.9 0.01 

Oral bronchodilators 10.2 29.3 -0.50 22.4 22.8 -0.01 

Antibiotics 86.4 84.3 0.06 84.7 84.2 0.01 

Histamine 2 antagonists / PPIs 66.1 66.4 -0.01 65.2 63.8 0.03 

COX-2 selective NSAIDs 27.5 15.7 0.29 20.0 17.2 0.07 

COX-2 nonselective NSAIDs 46.8 42.0 0.10 43.8 41.9 0.04 

Anti-epileptics 12.1 9.1 0.10 11.3 10.6 0.02 

Anti-psychiatric drugs 58.0 58.9 -0.02 57.4 58.6 -0.02 

Estrogen 2.4 2.0 0.03 2.4 d 
0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5d. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Italy RER Database 

 Before Matching After Matching 

 Total Study Cohort (n=3,054) 1: 1 Random-Sample Matched Cohortc  

(n=896) 

 Cardio-selective  

BBs  

(n=2,489) 

Non-DHP 

CCBs 

(n=565) 

STD Cardio-selective  

BBs 

 (n=448) 

Non-DHP 

CCBs 

 (n=448) 

STD 

Age, mean (SD) 76.6 (10.1) 76.8 (8.7) -0.01 76.7 (10.0) 77.0 (9.0) -0.04 

Male, % 68.6 60.4 0.17 63.2 61.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

11.4 (10.7) 

 

11.5 (7.6) 

 

< 0.01 

 

11.5 (10.0) 

 

11.6 (8.0) 

 

-0.02 

 

COPD duration, day , mean (SD) 714.9 (906.4) 507.4 (731.3) 0.25 534.7 (756.8) 547.0 (786.0) -0.02 

Year of the index date, %       

2003 1.8 7.3 -0.26 4.9 5.4 -0.02 

2004 5.9 14.9 -0.30 14.1 11.8 0.07 

2005 7.6 15.8 -0.25 14.3 14.5 -0.01 

2006 8.0 15.6 -0.24 13.0 14.5 -0.05 

2007 8.8 11.7 -0.09 10.7 11.6 -0.03 

2008 10.3 7.6 0.09 8.5 8.7 -0.01 

2009 11.9 8.3 0.12 10.9 10.0 0.03 

2010 12.1 7.1 0.17 8.5 8.5 0.00 

2011 11.5 4.6 0.26 5.8 5.8 0.00 

2012 10.3 4.4 0.23 5.8 5.6 0.01 

2013 11.7 2.8 0.35 3.6 3.6 0.00 

       

Enrollment duration, day , mean (SD) 2288.2 (1039.2) 1546.5 (963.0) 0.74 1714.4 (1011.6) 1700.4 (986.4) 0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.9 (1.2) 

 

1.8 (1.1) 

 

0.03 

 

1.8 (1.1) 

 

1.8 (1.1) 

 

-0.03 

 

No of outpatient visits due to any 

episodes, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to CV 

episodesa, mean (SD) 
NA NA NA NA NA NA 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

NA NA NA NA NA NA 

No. of drugs, mean (SD) 11.8 (4.7) 12.3 (4.7) 
-0.13 

 
12.2 (5.2) 12.1 (4.7) 

<0.01 

 

       

Comorbidities, %       

Before the ACS admission date       

MI 8.8 6.9 0.07 6.3 7.6 -0.05 

PTCA  3.5 3.0 0.03 3.4 3.4 0.00 

Stent  3.3 3.0 0.02 3.6 3.4 0.01 

CABG  0.8 d 0.03 d d 0.00 

Hemorrhagic stroke  1.1 d 0.09 d d 0.00 

Ischemic  stroke  6.5 3.4 0.14 4.2 3.8 0.02 

TIA 3.7 3.2 0.03 2.7 3.4 -0.04 

       

Between the ACS admission date and the index date 

MI 82.9 70.8 0.29 74.1 74.8 -0.02 

PTCA  48.5 33.5 0.31 37.1 37.3 <0.01 

Stent  45.8 31.9 0.29 35.9 35.0 0.02 
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CABG  7.2 1.8 0.26 2.5 d 0.02 

Hemorrhagic stroke  
d d 0.02 d d 0.00 

Ischemic  stroke  1.1 d 0.04 d d -0.03 

TIA  
d d -0.01 d d -0.04 

       

Before the index date       

Hypertension 66.5 62.0 0.10 64.3 62.7 0.03 

Angina  25.2 36.6 -0.25 32.6 33.5 -0.02 

IHD  40.5 40.7 <0.01 39.7 40.4 -0.01 

Cardiac dysrhythmia  22.7 24.6 -0.04 23.9 24.8 -0.02 

Atrial fibrillation  16.8 18.6 -0.05 18.3 19 -0.02 

CHF  30.5 28.5 0.04 27.7 30.4 -0.06 

Cerebrovascular disease  24.6 18.1 0.16 20.1 19.6 0.01 

PVD 2.1 d 0.12 d d 0.00 

Disorders of lipid metabolism 27.9 18.8 0.22 22.5 19.2 0.08 

Diabetes mellitus 24.1 20.7 0.08 19.6 20.1 -0.01 

Thyroid disease 3.3 2.5 0.05 2.7 2.9 -0.01 

Asthma 3.0 4.6 -0.08 4.9 4.5 0.02 

Pneumonia, influenza, and acute 

bronchitis 

19.1 

 

22.7 

 

-0.09 

 

21.2 

 

21.4 

 

-0.01 

 

Chronic liver disease 3.7 4.8 -0.05 5.1 4.5 0.03 

Gastritis or peptic ulcer disease 2.3 d 0.05 d d -0.04 

Chronic kidney disease 17.0 12.0 0.14 13.4 12.7 0.02 

Rheumatoid arthritis /Osteoarthritis 8.2 7.1 0.04 6.7 7.6 -0.03 

Osteoporosis 3.5 3.9 -0.02 3.1 4.0 -0.05 

Any cancer (except lung cancer) 15.6 8.7 0.21 7.8 9.2 -0.05 

Lung cancer 2.6 2.7 -0.01 2.9 2.5 0.03 

Dementia 6.5 3.4 0.14 3.6 4.0 -0.02 

Seizure 1.6 d 0.15 d d 0.04 

Psychiatric disorder 7.2 5.5 0.07 5.8 5.6 0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 71.2 67.4 0.08 68.1 69.0 -0.02 

Non-cardioselective BBs 12.7 8.0 0.16 11.4 9.2 0.07 

DHP CCBs 39.9 34.5 0.11 37.7 35.5 0.05 

Diuretics 54.4 59.5 -0.10 57.4 59.4 -0.04 

Other anti-hypertensive agents 14.1 11.3 0.08 12.7 11.6 0.03 

Nitrates 29.2 35.6 -0.14 33.5 34.4 -0.02 

Anti-arrhythmic agents 7.7 8.3 -0.02 8.0 8.9 -0.03 

Digoxin 11.3 15.6 -0.12 14.1 16.1 -0.06 

Antiplatelet agents 64.8 59.3 0.11 61.4 61.6 <0.01 

Anticoagulants 8.3 9.4 -0.04 9.4 8.9 0.02 

Fibrates / statins 35.6 26.9 0.19 31.3 29.9 0.03 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 60.1 47.3 0.26 51.3 50.9 0.01 

Non-cardioselective BBs 1.6 d 0.05 d d 0.00 

DHP CCBs 10.5 3.0 0.30 4.0 3.6 0.02 

Diuretics 44.2 38.8 0.11 40.6 40.4 <0.01 

Other anti-hypertensive agents 3.0 3.9 -0.05 2.9 3.6 -0.04 

Nitrates 37.0 45.3 -0.17 43.5 43.8 <0.01 

Anti-arrhythmic agents 5.3 2.3 0.16 d 2.9 -0.04 

Digoxin 2.1 2.7 -0.04 3.4 3.1 0.01 

Antiplatelet agents 79.2 61.8 0.39 66.5 66.7 <0.01 

Anticoagulants 6.0 4.1 0.09 5.4 4.7 0.03 
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Fibrates / statins 55.4 37.9 0.36 40.6 40.9 <0.01 

       

Before the index date       

Anti-diabetic agents  24.8 21.1 0.09 21.0 21.0 0.00 

Thyroid-therapy drugs 9.4 10.6 -0.04 10.5 10.0 0.01 

Short-acting bronchodilators  38.6 53.5 -0.30 52.7 50.5 0.04 

Long-acting bronchodilators 47.9 73.5 -0.54 69.2 67.6 0.03 

ICS 64.5 77.5 -0.29 75.9 74.6 0.03 

Oral corticosteroids 52.6 67.6 -0.31 63.6 64.1 -0.01 

Oral bronchodilators 16.4 37.7 -0.50 31.5 31.7 <0.01 

Antibiotics 93.2 92.6 0.02 92.0 91.7 0.01 

Histamine 2 antagonists / PPIs 86.8 78.9 0.21 80.6 79.2 0.03 

COX-2 selective NSAIDs 27.8 24.1 0.09 23.7 25.9 -0.05 

COX-2 nonselective NSAIDs 71.2 68.1 0.07 67.2 67.6 -0.01 

Anti-epileptics 17.2 15.0 0.06 13.0 14.7 -0.05 

Anti-psychiatric drugs 34.9 31.3 0.08 31.0 32.1 -0.02 

Estrogen 3.3 3.0 0.02 3.4 3.6 -0.01 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; PTCA, 

percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; RER, Emilia-Romagna Region; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S5e. Baseline Demographics, Resource Utilization, Comorbidities, and Medication Use 

Between Cardioselective BB or Non-DHP CCB Initiators in Taiwan NHI Database  

 Before Matching After Matching 

 Total Study Cohort (n=6,303) 1: 1 Random-Sample Matched Cohortc  

(n=3,468) 

 Cardio-select ive 

BBs  

(n=4,054) 

Non-DHP 

CCBs 

 (n=2,249) 

STD Cardio-select ive 

BBs 

(n=1,734) 

Non-DHP 

CCBs 

 (n=1,734) 

STD 

Age, mean (SD) 69.4 (12.6) 71.5 (12.7) -0.17 71.3 (12.2) 70.9 (12.8) 0.03 

Male, % 72.4 68.7 0.08 70.2 68.6 0.03 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.1 (11.0) 

 

10.8 (17.8) 

 

-0.11 

 

9.9 (14.4) 

 

10.5 (17.5) 

 

-0.03 

 

COPD duration, day , mean (SD) 2093.3 (1176.6) 2055.7(1164.7) 0.03 2083.2 (1144.9) 2040.7(1181.4) 0.04 

Year of the index date, %       

2007 17.5 26.6 -0.22 23.2 24.2 -0.02 

2008 18.6 22.1 -0.09 22.3 21.7 0.01 

2009 19.9 18.8 0.03 19.9 19.4 0.01 

2010 21.4 16.9 0.11 17.7 17.5 <0.01 

2011 22.8 15.6 0.19 17.0 17.2 -0.01 

       

Enrollment duration, day , mean (SD) 1148.9 (528.2) 992.4 (528.4) 0.30 1,031.0 (524.6) 1,028.6 (531.7) <0.01 

       

Resource utilization       

No of hospitalization due to any 

episodes, mean (SD) 

1.5 (0.9) 

 

1.7 (1.1) 

 

-0.18 

 

1.6 (1.0) 

 

1.6 (1.0) 

 

<0.01 

 

No of outpatient visits due to any 

episodes, mean (SD) 

19.6 (12.5) 

 

21.9 (13.9) 

 

-0.18 

 

21.3 (13.2) 

 

21.2 (13.7) 

 

0.01 

 

No of outpatient visits due to CV 

episodesa, mean (SD) 

6.5 (5.0) 

 

6.5 (5.6) 

 

<0.01 

 

6.7 (5.1) 

 

6.7 (5.7) 

 

<0.01 

 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.3 (3.0) 

 

 

2.7 (4.2) 

 

 

-0.38 

 

 

1.9 (3.9) 

 

 

2.0 (3.5) 

 

 

-0.02 

 

 

No. of drugs, mean (SD) 27.5 (12.5) 30.0 (13.5) -0.19 29.3 (13.4) 29.0 (13.0) 0.02 

       

Comorbidities, %       

Before the ACS admission date       

MI 15.6 15.9 -0.01 17.7 16.6 0.03 

Coronary revascularization 10.2 10.4 -0.01 11.3 11.0 0.01 

Hemorrhagic stroke  3.8 3.8 <0.01 4.0 3.9 0.01 

Ischemic  stroke  17.7 17.6 <0.01 17.4 17.8 -0.01 

TIA 12.4 14.0 -0.05 13.9 13.7 <0.01 

       

Between the ACS admission date and the index date 

MI 71.1 51.9 0.40 56.3 57.8 -0.03 

Coronary revascularization  60.4 33.3 0.56 38.2 40.0 -0.04 

Hemorrhagic stroke  0.4 0.6 -0.03 
d 0.6 -0.01 

Ischemic  stroke  4.2 4.3 -0.01 4.3 4.0 0.01 

TIA  1.4 1.2 0.01 1.3 1.4 -0.01 

       

Before the index date       

Hypertension 87.4 84.6 0.08 86.3 86.1 0.01 

Angina  50.2 66.1 -0.33 62.9 62.1 0.02 

IHD  92.6 92.1 0.02 92.2 92.7 -0.02 

Cardiac dysrhythmia  37.5 44.8 -0.15 41.8 41.7 <0.01 

Atrial fibrillation  10.5 15.4 -0.15 14.2 13.7 0.01 
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CHF  48.1 51.5 -0.07 52.5 51.4 0.02 

Cerebrovascular disease  40.8 44.2 -0.07 43.0 43.5 -0.01 

PVD 0.7 0.8 -0.01 0.9 0.8 0.01 

Disorders of lipid metabolism 71.7 61.3 0.22 65.3 64.4 0.02 

Diabetes mellitus 53.9 49.2 0.09 53.0 51.3 0.03 

Thyroid disease 4.1 4.5 -0.02 4.7 4.8 -0.01 

Asthma 37.5 50.5 -0.26 44.9 44.8 <0.01 

Pneumonia, influenza, and acute 

bronchitis 

89.4 

 

91.8 

 

-0.08 

 

90.3 

 

90.4 

 

<0.01 

 

Chronic liver disease 39.7 40.0 -0.01 41.1 40.1 0.02 

Gastritis or peptic ulcer disease 20.1 23.8 -0.09 23.4 23.1 0.01 

Chronic kidney disease 20.3 20.9 -0.02 21.0 21.0 <0.01 

Rheumatoid arthritis /Osteoarthritis 63.9 67.5 -0.08 67.1 66.0 0.02 

Osteoporosis 22.6 25.1 -0.06 24.4 24.7 -0.01 

Any cancer (except lung cancer) 13.8 13.7 <0.01 13.9 13.7 0.01 

Lung cancer 3.1 4.2 -0.06 3.5 3.9 -0.02 

Dementia 8.3 12.2 -0.13 11.7 10.8 0.03 

Seizure 4.8 6.9 -0.09 6.4 6.5 <0.01 

Psychiatric disorder 44.9 49.4 -0.09 48.6 48.7 <0.01 

       

Medication use, %       

Before the ACS admission date       

ACEIs / ARBs / renin inhibitors 68.2 66.5 0.04 68.3 68.4 <0.01 

Non-cardioselective BBs 53.2 56.5 -0.07 57.6 57.2 0.01 

DHP CCBs 68.1 64.5 0.08 66.3 66.7 -0.01 

Diuretics 60.6 64.7 -0.09 64.3 63.5 0.02 

Other anti-hypertensive agents 41.4 42.1 -0.01 43.1 42.2 0.02 

Nitrates 51.5 57.6 -0.12 56.9 57.1 <0.01 

Anti-arrhythmic agents 11.3 15.2 -0.12 13.4 13.4 <0.01 

Digoxin 12.2 18.7 -0.18 16.1 15.9 <0.01 

Antiplatelet agents 75.4 80.0 -0.11 79.6 79.2 0.01 

Anticoagulants 3.7 4.7 -0.05 4.6 4.5 <0.01 

Fibrates / statins 47.7 43.4 0.09 45.8 45.9 <0.01 

       

Between the ACS admission date and the index date 

ACEIs / ARBs / renin inhibitors 64.2 41.6 0.46 49.4 47.8 0.03 

Non-cardioselective BBs 14.8 15.9 -0.03 16.7 16.0 0.02 

DHP CCBs 20.9 13.8 0.19 16.8 16.4 0.01 

Diuretics 33.5 32.4 0.02 35.2 33.0 0.05 

Other anti-hypertensive agents 6.2 5.6 0.03 5.8 6.1 -0.01 

Nitrates 69.3 68.3 0.02 69.8 69.4 0.01 

Anti-arrhythmic agents 7.5 8.2 -0.03 7.9 8.1 -0.01 

Digoxin 4.6 8.6 -0.16 6.9 6.8 0.01 

Antiplatelet agents 94.7 86.8 0.27 90.2 90.1 <0.01 

Anticoagulants 2.5 2.3 0.02 2.7 2.4 0.02 

Fibrates / statins 49.9 30.2 0.41 35.1 35.0 <0.01 

       

Before the index date       

Anti-diabetic agents  42.0 34.5 0.15 38.8 38.0 0.02 

Thyroid-therapy drugs 4.1 4.5 -0.02 4.7 4.8 -0.01 

Short-acting bronchodilators  24.5 39.3 -0.32 34.3 33.0 0.03 

Long-acting bronchodilators 9.1 21.1 -0.34 15.1 14.4 0.02 

ICS 12.2 24.3 -0.32 19.4 18.2 0.03 

Oral corticosteroids 76.9 82.1 -0.13 79.1 79.5 -0.01 

Oral bronchodilators 89.7 93.2 -0.12 92.4 91.7 0.03 

Antibiotics 99.0 99.2 -0.03 99.4 99.0 0.04 
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Histamine 2 antagonists / PPIs 77.1 80.8 -0.09 80.1 79.5 0.01 

COX-2 selective NSAIDs 32.9 37.0 -0.09 36.5 35.9 0.01 

COX-2 nonselective NSAIDs 99.1 99.1 <0.01 99.2 99.2 <0.01 

Anti-epileptics 31.9 37.0 -0.11 35.5 35.4 <0.01 

Anti-psychiatric drugs 94.2 96.6 -0.11 95.0 96.1 -0.05 

Estrogen 8.1 10.1 -0.07 9.1 9.9 -0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NHI, national health insurance; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump inhibitors; 

PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized differences; 

TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset.  
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Table S6. Distribution of Propensity Scores for Individual Databases 

 Cardioselective BBs Non-DHP CCBs 

Database Min 25 percentile Median 75 Percentile Max Min 25 percentile Median 75 Percentile Max 

US Optum   0.261 0.961 0.984 0.992 1.000 0.059 0.767 0.894 0.953 0.997 
US PACE   0.027 0.790 0.911 0.963 0.999 0.011 0.366 0.580 0.763 0.989 
US PAAD   0.067 0.794 0.913 0.969 1.000 0.020 0.341 0.582 0.782 0.991 
Italy RER  0.093 0.811 0.918 0.970 0.999 0.061 0.400 0.619 0.804 0.993 
Taiwan NHI  0.005 0.611 0.763 0.857 0.978 0.006 0.343 0.515 0.683 0.955 

Abbreviations: BBs, β-blockers; DHP CCBs, dihydropyridine calcium channel blockers; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 
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Table S7. Follow-up and Individual Outcome Event Rates for Cardioselective BB or Non-DHP CCB Initiators 

 Cardioselective BBs (n=18,406) Non-DHP CCBs (n=4,579) 

 

 

Database 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

No of patients No of events Follow-up 

person years 

Crude incidence 

(per 1000 person-

years) 

Acute MI
a
 

US Optum   6,383 268 11,850 22.6 (20.1-25.5) 296 
b b 

23.2 (12.5-43.1) 

US PACE   3,372 445 10,783 41.3 (37.6-45.3) 909 105 3,061 34.3 (28.3-41.5) 

US PAAD   2,108 230 5,844 39.4 (34.6-44.8) 560 49 2,037 24.1 (18.2-31.8) 

Italy RER  2,489 279 7,409 37.7 (33.5-42.4) 565 79 1,967 40.2 (32.2-50.1) 

Taiwan NHI  4,054 324 10,917 29.7 (26.5-32.9) 2,249 136 6,281 21.7 (18.0-25.3) 

Summary estimate    33.3 (26.8-41.4)    28.4 (21.6-37.3) 

         

Unstable angina
a
 

US Optum   6,383 21 12,253 1.7 (1.1-2.6) 296 
b b 

0.00 

US PACE   3,372 84 11,296 7.4 (6.0-9.2) 909 42 3,128 13.4 (9.9-18.2) 

US PAAD   2,108 65 6,021 10.8 (8.5-13.8) 560 30 2,012 14.9 (10.4-21.3) 

Italy RER  2,489 168 7,480 22.5 (19.3-26.1) 565 51 2,004 25.5 (19.3-33.5) 

Taiwan NHI  4,054 188 11,034 17.0 (14.6-19.5) 2,249 110 6,237 17.6 (14.3-20.9) 

Summary estimate    9.0 (5.0-16.5)    17.5 (13.5-22.7) 

         

CHF
a
 

US Optum   6,383 227 11,976 19.9 (16.6-21.6) 296 18 415 43.4 (27.4-68.9) 

US PACE   3,372 834 9,954 83.8 (78.3-89.7) 909 232 2,870 80.8 (71.1-91.9) 

US PAAD   2,108 475 5,421 87.6 (80.1-95.9) 560 128 1,851 69.2 (58.2-82.3) 

Italy RER  2,489 494 7,100 69.6 (63.7-76.0) 565 155 1,860 83.4 (71.2-97.6) 

Taiwan NHI  4,054 423 10,775 39.3 (35.5-43.0) 2,249 220 6,170 35.7 (30.9-40.4) 

Summary estimate    52.1 (32.5-83.5)    59.9 (41.1-87.3) 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; MI, myocardial infarction; NHI, National 

Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, Pharmacy Assistance Contract for the Elderly; RER, Emilia-Romagna Region. 

a
based on the analysis that considered first exposure carried forward. 

b
No of events<11 
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Table S8. Risk of CV Hospitalizations Due To Individual Outcomes Comparing 

Cardioselective BB versus Non-DHP CCB Initiators 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI)  

 

 

 

 

Crude HR  

(95% CI) 

HR after PS 

matching 

(95% CI) 

Database First exposure carried forward  As-treated analysis 

 Acute MI 

US Optum   1.06 (0.56-1.98) 1.12 (0.53-2.38)  0.69 (0.30-1.58) 0.58 (0.22-1.55) 

US PACE   1.18 (0.95-1.45) 1.16 (0.88-1.54)  1.05 (0.78-1.42) 0.99 (0.62-1.60) 

US PAAD   1.50 (1.10-2.05) 1.31 (0.86-2.00)  1.90 (1.06-3.41) 1.98 (0.79-4.96) 

Italy RER  0.87 (0.68-1.12) 0.83 (0.63-1.10)  0.78 (0.48-1.24) 0.68 (0.37-1.25) 

Taiwan NHI  1.34 (1.09-1.63) 1.17 (0.91-1.50)  1.06 (0.77-1.47) 1.01 (0.65-1.57) 

Summary estimate 1.18 (0.98-1.43) 1.19 (1.00-1.40)  1.05 (0.81-1.35) 1.02 (0.75-1.40) 

I
2
 , % 58.6 0.0  38.0 9.2 

P for heterogeneity 0.047 0.965  0.168 0.347 

     

 Unstable angina 

US Optum   -
a
 -

a
  -

a
 -

a
 

US PACE   0.54 (0.37-0.78) 0.89 (0.55-1.44)  0.46 (0.29-0.74) 0.87 (0.46-1.66) 

US PAAD   0.63 (0.41-0.96) 1.07 (0.56-2.01)  0.58 (0.29-1.15) 2.14 (0.59-7.74) 

Italy RER  0.78 (0.57-1.06) 0.87 (0.62-1.23)  0.51 (0.30-0.87) 0.65 (0.35-1.20) 

Taiwan NHI  0.94 (0.75-1.19) 1.01 (0.75-1.35)  0.94 (0.62-1.43) 1.68 (0.90-3.13) 

Summary estimate 0.73 (0.57-0.94) 0.99 (0.78-1.25)  0.61 (0.43-0.88) 1.32 (0.79-2.21) 

I
2
 , % 58.4 0.0  49.3 26.8 

P for heterogeneity 0.066 0.877  0.116 0.255 

     

 CHF 

US Optum   0.50 (0.31-0.81) 1.10 (0.55-1.84)  0.83 (0.34-2.03) 1.18 (0.44-3.22) 

US PACE   1.00 (0.86-1.15) 0.94 (0.77-1.15)  0.97 (0.79-1.20) 1.10 (0.81-1.48) 

US PAAD   1.14 (0.94-1.39) 1.19 (0.91-1.56)  1.24 (0.89-1.72) 1.13 (0.72-1.77) 

Italy RER  0.78 (0.65-0.93) 0.83 (0.68-1.01)  0.84 (0.59-1.19) 0.83 (0.54-1.26) 

Taiwan NHI  1.07 (0.91-1.26) 1.15 (0.94-1.42)  1.06 (0.80-1.41) 1.34 (0.91-1.96) 

Summary estimate 0.93 (0.77-1.11) 1.07 (0.95-1.21)  1.01 (0.88-1.15) 1.17 (0.96-1.44) 

I
2
 , % 76.7 0.0 0.0 0.0 

P for heterogeneity 0.002 0.444 0.560 0.882 

Abbreviations: BBs, β-blockers; CHF, congestive heart failure; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel 

blockers; MI, myocardial infarction; NHI, National Health Insurance; PAAD, Pharmacy Assistance for the Aged and Disabled; PACE, 

Pharmacy Assistance Contract for the Elderly; PS, propensity score; RER, Emilia-Romagna Region. 

aAll the cases were in the cardioselective BB unmatched group (n=21 for the analysis that considered first exposure carried forward and 

n=10 for as the treated analysis). 
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Table S9a. Comparison of Characteristic Balance in Different Sensitivity Analyses in US Optum 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=269) 

Non-

DHP 

CCBs 

 (n=269) 

STD Cardio-

selective 

BBs 

 (n=209) 

Non-

DHP 

CCBs 

(n=209) 

STD Cardio-

selective 

BBs  

 (n=258) 

Non-

DHP 

CCBs 

(n=258) 

STD 

Age, mean (SD) 63.1  

(11.3) 

63.0 

(11.1) 

0.01 

 

63.1 (11.9) 62.7 

(19.9) 

0.03 63.0 

(12.0) 

62.9 

(11.2) 

0.01 

Male, % 59.5 57.6 0.04 54.1 58.4 -0.09 56.6 57.4 -0.02 

Length of stay of ACS hospitalization, 

day, mean (SD) 

8.0  

(9.7) 

8.1  

(7.0) 

-0.02 7.0  

(7.5) 

8.1 

(7.4) 

-0.15 7.5  

(6.8) 

8.4  

(7.1) 

-0.07 

COPD duration, day , mean (SD) 484.6 

(571.2) 

451.2 

(588.6) 

0.06 431.0 

(572.9) 

430.1 

(556.5) 

<0.01 465.9 

(582.4) 

477.6 

(593.9) 

-0.02 

Year of the index date, %          

2004 6.0 7.0 -0.05 10.1 7.7 0.08 8.5 7.8 0.03 

2005 23.4 26.8 -0.08 25.8 25.4 0.01 26.7 25.6 0.03 

2006 9.7 12.3 -0.08 12.9 12.9 0.00 8.9 12.0 -0.10 

2007 10.0 8.9 0.04 6.7 10.1 -0.12 5.4 8.5 -0.12 

2008 13.0 10.8 0.07 6.7 11.5 -0.17 8.5 10.5 -0.07 

2009 10.8 7.4 0.12 6.7 6.7 0.00 7.8 7.8 0.00 

2010 6.3 7.4 -0.04 10.5 8.1 0.08 9.7 8.1 0.05 

2011 9.7 9.3 0.01 8.1 9.1 -0.03 14.0 10.1 0.12 

2012 6.3 6.0 0.02 7.7 4.8 0.12 5.0 5.4 -0.02 

    2013 4.8 4.1 0.04 4.8 3.8 0.05 5.4 4.3 0.05 

          

Enrollment duration, day , mean (SD) 913.9 

(680.2) 

878.3 

(613.2) 

0.06 851.1 

(659.2) 

859.3 

(585.3) 

-0.01 883.1 

(673.4) 

890.8 

(629.1) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.4  

(0.7) 

1.3  

(0.7) 

0.04 1.3  

(0.7) 

1.3 

 (0.6) 

0.00 1.3 

 (0.7) 

1.3 

 (0.7) 

0.02 

No of outpatient visits due to any 

episodes, mean (SD) 

5.4  

(4.4) 

5.0  

(4.5) 

0.11 4.8  

(4.2) 

4.8 

 (4.5) 

<0.01 5.0 

 (4.4) 

5.1 

 (4.7) 

-0.01 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.9  

(6.3) 

3.4  

(4.9) 

0.09 2.6  

(3.7) 

3.1 

 (4.2) 

-0.12 3.0 

 (4.3) 

3.5 

 (5.0) 

-0.12 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

3.4  

(5.3) 

3.0  

(4.6) 

0.08 2.6  

(4.7) 

2.2 

 (3.2) 

0.12 3.3 

 (5.7) 

3.1 

 (4.8) 

0.04 

No. of drugs, mean (SD) 12.2 

(6.2) 

12.4 

(6.7) 

-0.03 12.0 

(6.3) 

11.9 

 (6.8) 

0.02 12.9 

 (6.7) 

12.4 

 (6.8) 

0.06 

          

Comorbidities, %          

Before the ACS admission date          

MI 18.2 15.2 0.08 12.4 14.4 -0.06 12.8 15.5 -0.08 

PTCA  6.0 4.8 0.05 2.9 3.8 -0.05 3.1 3.5 -0.02 

Stent  6.7 6.0 0.03 3.4 4.3 -0.05 5.4 4.7 0.04 

CABG  0.7 0.4 0.05 0.0 0.5 -0.10 0.4 0.8 -0.05 

Hemorrhagic stroke  0.7 0.4 0.05 0.5 0.5 0.00 0.4 0.4 0.00 

Ischemic  stroke  3.4 3.7 -0.02 3.4 3.8 -0.03 4.3 3.9 0.02 

TIA 0.7 2.2 -0.12 2.9 1.9 0.06 2.3 2.3 0.00 
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Between the ACS admission date and 

the index date 

  
 

      

MI 68.0 69.9 -0.04 66.5 70.3 -0.08 65.5 69.8 -0.09 

PTCA  21.2 25.7 -0.11 26.8 27.8 -0.02 22.9 24.8 -0.05 

Stent  20.8 24.9 -0.10 26.3 27.3 -0.02 22.5 24.0 -0.04 

CABG  19.7 16.7 0.08 15.8 18.2 -0.06 15.5 17.1 -0.04 

Hemorrhagic stroke  0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 

Ischemic  stroke  1.9 3.4 -0.09 1.9 3.4 -0.09 4.7 3.1 0.08 

TIA  1.5 1.5 0.00 1.4 1.9 -0.04 0.8 1.2 -0.04 

          

Before the index date          

Hypertension 80.7 78.8 0.05 76.1 78.0 -0.05 80.6 79.5 0.03 

Angina  61.00 58.4 0.05 63.6 56.9 0.14 63.2 59.3 0.08 

IHD  83.3 81.4 0.05 86.1 83.7 0.07 78.7 82.2 -0.09 

Cardiac dysrhythmia  53.5 53.5 0.00 45.9 49.8 -0.08 52.7 52.3 0.01 

Atrial fibrillation  33.5 33.1 0.01 22.0 28.2 -0.14 29.8 32.2 -0.05 

CHF  42.4 41.3 0.02 36.4 40.7 -0.09 41.5 41.9 -0.01 

Cerebrovascular disease  19.7 23.1 -0.08 23.4 23.0 0.01 24.4 23.3 0.03 

PVD 15.6 18.2 -0.07 12.9 16.8 -0.11 17.8 17.1 0.02 

Disorders of lipid metabolism 69.1 66.9 0.05 69.4 66.5 0.06 65.1 67.8 -0.06 

Diabetes mellitus 37.2 35.7 0.03 39.2 35.4 0.08 37.2 35.7 0.03 

Thyroid disease 20.1 15.2 0.13 16.3 12.9 0.09 15.5 16.8 -0.03 

Asthma 34.6 36.1 -0.03 34.9 31.6 0.07 39.2 36.4 0.06 

Pneumonia, influenza, and acute 

bronchitis 

53.2 

 

59.1 

 

-0.12 

 

57.4 

 

55.0 

 

0.05 

 

62.0 

 

58.1 

 

0.08 

 

Chronic liver disease 3.7 4.5 -0.04 6.2 4.8 0.06 2.3 4.3 -0.11 

Gastritis or peptic ulcer disease 3.7 3.7 0.00 2.4 3.8 -0.08 4.7 3.9 0.04 

Chronic kidney disease 13.8 13.8 0.00 11.5 13.9 -0.07 10.1 14.0 -0.12 

Rheumatoid arthritis /Osteoarthritis 33.8 32.7 0.02 32.5 28.7 0.08 33.0 32.2 0.02 

Osteoporosis 10.0 9.3 0.03 7.7 8.6 -0.03 6.2 10.5 -0.15 

Any cancer (except lung cancer) 17.8 14.5 0.09 12.9 13.9 -0.03 16.3 14.3 0.05 

Lung cancer 5.2 4.5 0.03 4.3 5.3 -0.04 5.0 5.0 0.00 

Dementia 2.2 2.2 0.00 3.4 1.9 0.09 3.1 2.3 0.05 

Seizure 6.7 6.0 0.03 6.7 5.3 0.06 5.4 5.8 -0.02 

Psychiatric disorder 29.7 29.0 0.02 32.1 28.7 0.07 31.0 28.7 0.05 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 45.0 41.3 0.08 40.7 40.7 0.00 42.3 42.6 -0.01 

Non-cardioselective BBs 5.6 4.8 0.03 6.2 4.3 0.09 6.2 4.7 0.07 

DHP CCBs 15.6 16.4 -0.02 15.3 16.8 -0.04 15.1 16.7 -0.04 

Diuretics 36.8 40.5 -0.08 36.4 37.3 -0.02 39.5 39.5 0.00 

Other anti-hypertensive agents 3.4 6.3 -0.14 8.1 5.3 0.12 4.3 6.6 -0.10 

Nitrates 15.2 16.7 -0.04 14.4 12.9 0.04 18.2 16.7 0.04 

Anti-arrhythmic agents 5.6 6.3 -0.03 4.8 5.3 -0.02 3.5 6.2 -0.13 

Digoxin 2.2 4.1 -0.11 4.3 4.3 0.00 3.9 4.3 -0.02 

Antiplatelet agents 14.1 14.9 -0.02 8.6 12.9 -0.14 13.2 14.3 -0.03 

Anticoagulants 6.7 6.3 0.02 5.7 5.3 0.02 8.1 7.0 0.04 

Fibrates / statins 40.5 38.7 0.04 42.6 39.2 0.07 43.0 40.7 0.05 

          

Between the ACS admission date and 

the index date 

 
 

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.4 31.2 -0.11 33.5 32.1 0.03 30.2 29.1 0.03 

Non-cardioselective BBs 0.7 1.1 -0.04 1.4 0.5 0.10 0.8 1.2 -0.04 

DHP CCBs 1.9 4.1 -0.13 6.2 3.8 0.11 3.1 3.9 -0.04 
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Diuretics 28.3 25.7 0.06 24.4 24.4 0.00 22.1 24.8 -0.06 

Other anti-hypertensive agents 3.4 3.7 -0.02 4.3 2.4 0.11 2.7 3.5 -0.05 

Nitrates 24.5 29.0 -0.10 32.1 26.8 0.12 34.5 29.1 0.12 

Anti-arrhythmic agents 11.2 8.6 0.09 4.3 8.6 -0.18 6.2 9.3 -0.12 

Digoxin 7.8 8.9 -0.04 6.2 7.7 -0.06 7.4 8.9 -0.06 

Antiplatelet agents 30.9 39.0 -0.17 45.5 42.1 0.07 35.7 37.6 -0.04 

Anticoagulants 16.4 12.6 0.11 11 12.4 -0.04 14.3 12 0.07 

Fibrates / statins 34.6 40.2 -0.12 45.9 42.6 0.07 41.9 41.9 0.00 

          

Before the index date          

Anti-diabetic agents  25.3 23.8 0.03 25.4 23.9 0.03 21.7 24 -0.06 

    Thyroid-therapy drugs 11.5 11.5 0.00 11.0 9.6 0.05 11.6 11.2 0.01 

    Short-acting bronchodilators  59.5 61.0 -0.03 55.5 56.5 -0.02 59.3 60.5 -0.02 

    Long-acting bronchodilators 43.9 43.1 0.02 40.2 39.7 0.01 44.6 41.9 0.05 

ICS 40.5 40.9 -0.01 37.3 37.8 -0.01 43 38.4 0.09 

Oral corticosteroids 55.4 58.7 -0.07 58.4 53.1 0.11 64 58.5 0.11 

Oral bronchodilators 3.7 6.3 -0.12 4.8 2.4 0.13 6.6 8.5 -0.07 

Antibiotics 78.1 79.9 -0.05 77.0 77.0 0.00 82.2 80.2 0.05 

Histamine 2 antagonists / PPIs 42 42.8 -0.01 41.2 41.6 -0.01 45 43 0.04 

COX-2 selective NSAIDs 8.9 8.9 0.00 9.6 8.1 0.05 10.5 9.3 0.04 

COX-2 nonselective NSAIDs 33.1 30.5 0.06 35.4 30.1 0.11 28.3 29.8 -0.03 

Anti-epileptics 15.6 15.2 0.01 17.7 16.3 0.04 16.3 15.9 0.01 

Anti-psychiatric drugs 46.5 50.2 -0.07 50.7 49.3 0.03 53.9 50.8 0.06 

Estrogen 2.6 2.6 0.00 4.3 2.9 0.08 3.1 2.7 0.02 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; hd, high dimensional; ICS, inhaled corticosteroids; 

IHD, Ischemia heart disease; MI, myocardial infarction; NA, not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton pump 

inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, standardized 

differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 
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Table S9b. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PACE Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=693) 

Non-

DHP 

CCBs 

 (n=693) 

STD Cardio-

selective 

BBs 

 (n=599) 

Non-

DHP 

CCBs 

(n=599) 

STD Cardio-

selective 

BBs  

 (n=663) 

Non-

DHP 

CCBs 

(n=663) 

STD 

Age, mean (SD) 79.1  

(7.1) 

78.6 

 (6.9) 

0.07 

 

79.2 

 (6.8) 

78.8 

(6.8) 

0.06 78.8  

(6.8) 

78.7 

 (7.0) 

0.02 

Male, % 33.6 33.3 0.01 33.4 33.6 <0.01 32.3 35.6 -0.07 

Length of stay of ACS hospitalization, 

day, mean (SD) 

9.6 

 (6.6) 

9.5 

 (7.3) 

0.01 9.2  

(6.3) 

9.4 

 (6.6) 

-0.02 9.2  

(6.0) 

9.5  

(7.4) 

-0.05 

COPD duration, day , mean (SD) 815.8 

 (864.7) 

824.2 

(824.8) 

-0.01 833.2 

(870.4) 

817.2 

(839.3) 

0.02 822.4 

(877.6) 

801.1 

(831.7) 

0.02 

Year of the index date, %          

1994 6.4 6.4 0.00 5.2 6.0 -0.04 7.1 6.8 0.01 

1995 20.6 19.1 0.04 17.9 19.9 -0.05 20.5 19.5 0.03 

1996 15.7 16.2 -0.01 14.7 16.0 -0.04 15.2 15.5 -0.01 

1997 12.4 11.7 0.02 13.2 11.4 0.06 10.6 12.2 -0.05 

1998 10.1 11.7 -0.05 10.9 11.2 -0.01 9.7 10.9 -0.04 

1999 7.7 9.1 -0.05 9.0 8.9 0.01 8.3 8.6 -0.01 

2000 7.7 6.5 0.05 7.0 6.5 0.02 7.7 6.9 0.03 

2001 4.2 4.9 -0.04 5.2 4.5 0.03 4.8 5.0 -0.01 

2002 6.4 5.8 0.02 7.5 6.7 0.03 6.5 6.0 0.02 

2003 3.9 3.5 0.02 3.7 3.3 0.02 3.8 3.0 0.04 

2004 2.3 2.9 -0.04 3.3 3.3 0.00 3.3 3.0 0.02 

2005 2.7 2.5 0.02 2.5 2.3 0.01 2.6 2.6 0.00 

          

Enrollment duration, day , mean (SD) 1009.3 

(771.7) 

976.5 

(739.1) 

0.04 1042.9 

(785.7) 

985.6 

(756.6) 

0.07 977.7 

(768.4) 

989.0 

(756.5) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6  

(1.0) 

1.5 

 (0.9) 

0.05 1.5  

(0.9) 

1.5 

 (0.9) 

-0.01 1.5 

 (0.9) 

1.5 

 (0.6) 

<0.01 

No of outpatient visits due to any 

episodes, mean (SD) 

4.3 

 (3.5) 

4.6 

 (3.8) 

-0.08 4.4 

 (3.8) 

4.6 

 (3.8) 

-0.05 4.6 

 (3.9) 

4.5 

 (3.7) 

0.03 

No of outpatient visits due to CV 

episodesa, mean (SD) 

3.5 

 (3.6) 

3.4 

 (3.6) 

0.02 3.6 

 (3.8) 

3.6 

(3.7) 

0.01 3.3 

 (3.7) 

3.4 

 (3.6) 

-0.03 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.7 

 (2.6) 

1.8 

 (2.5) 

-0.04 1.5 

 (2.2) 

1.6 

 (2.2) 

-0.04 1.7 

 (2.5) 

1.7 

 (2.4) 

0.00 

No. of drugs, mean (SD) 11.1 

 (5.0) 

11.1 

(5.0) 

<0.01 11.1 

 (5.2) 

10.8 

 (5.0) 

0.04 11.1 

 (5.2) 

10.1 

(5.0) 

0.02 

          

Comorbidities, %          

Before the ACS admission date          

MI 24.7 22.8 0.04 22.7 22.7 0.00 25.0 23.8 0.03 

PTCA  1.7 2.3 -0.04 2.0 2.5 -0.03 2.0 2.3 -0.02 

Stent  
d d 

-0.1 
d d 

0.00 
d d 

0.01 

CABG  1.6 d 
0.02 

d d 
-0.02 

d 1.7 -0.01 

Hemorrhagic stroke  2.3 3.0 -0.04 2.5 3.0 -0.03 3.0 2.7 0.02 

Ischemic  stroke  16.2 16.2 0.00 15.9 16.0 <0.01 15.5 14.5 0.03 

TIA 17.8 15.2 0.07 16.0 15.0 0.03 15.8 14.2 0.05 
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Between the ACS admission date and 

the index date 
     

 
  

 

MI 65.5 66.0 -0.01 64.1 67.3 -0.07 66.2 65.2 0.02 

PTCA  10.5 12.6 -0.06 9.9 12.2 -0.07 11.9 12.2 -0.01 

Stent  6.5 7.7 -0.05 5.8 7.2 -0.05 6.8 7.1 -0.01 

CABG  9.0 10.3 -0.04 8.4 10.5 -0.07 9.1 10.6 -0.05 

Hemorrhagic stroke  
d d 

-0.03 
d d 

-0.02 
d d 

-0.05 

Ischemic  stroke  7.7 6.9 0.03 8.9 7.0 0.07 6.5 6.5 0.00 

TIA  3.2 3.5 -0.02 3.2 3.5 -0.02 3.0 3.3 -0.02 

          

Before the index date          

Hypertension 84.7 81.8 0.08 82.6 83.8 -0.03 83.1 82.2 0.02 

Angina  62.2 62.5 -0.01 63.1 62.3 0.02 61.7 63.1 -0.03 

IHD  89.6 89.0 0.02 89.3 90.2 -0.03 88.1 88.5 -0.01 

Cardiac dysrhythmia  67.1 65.5 0.03 65.4 65.9 -0.01 62.9 64.0 -0.02 

Atrial fibrillation  42.0 40.3 0.04 40.4 40.1 0.01 36.8 39.8 -0.06 

CHF  68.7 67.4 0.03 66.1 67.8 -0.04 65.8 67.3 -0.03 

Cerebrovascular disease  46.5 44.4 0.04 45.1 45.9 -0.02 44.0 44.0 0.00 

PVD 37.4 35.8 0.03 35.9 36.6 -0.01 37.3 37.0 0.01 

Disorders of lipid metabolism 47.6 49.4 -0.03 48.3 50.3 -0.04 48.9 48.9 0.00 

Diabetes mellitus 43.7 42.3 0.03 39.1 43.1 -0.08 43.9 41.3 0.05 

Thyroid disease 22.7 22.5 <0.01 21.9 23.5 -0.04 23.4 21.3 0.05 

Asthma 30.0 31.0 -0.02 28.9 29.7 -0.02 30.6 29.9 0.02 

Pneumonia, influenza, and acute 

bronchitis 

62.9 

 

62.8 

 
<0.01 

 

64.4 

 

60.6 

 
0.08 

 

63.2 

 

61.2 

 
0.04 

 

Chronic liver disease 3.0 2.7 0.02 2.8 2.8 0.00 2.4 2.7 -0.02 

Gastritis or peptic ulcer disease 6.6 6.5 0.01 7.0 6.7 0.01 6.8 5.7 0.04 

Chronic kidney disease 12.7 12.6 <0.01 13.2 13.4 -0.01 11.3 13.4 -0.06 

Rheumatoid arthritis /Osteoarthritis 57.0 55.4 0.03 56.8 55.3 0.03 55.4 54.3 0.02 

Osteoporosis 18.5 18.6 <0.01 19.9 18.0 0.05 19.6 18.7 0.02 

Any cancer (except lung cancer) 26.4 27.6 -0.03 28.9 28.1 0.02 28.5 27.0 0.03 

Lung cancer 3.3 3.3 0.00 3.0 3.2 -0.01 4.8 3.6 0.06 

Dementia 9.4 8.7 0.03 9.2 8.7 0.02 8.1 8.3 -0.01 

Seizure 7.4 6.4 0.04 6.3 6.2 0.01 6.9 6.5 0.02 

Psychiatric disorder 35.1 35.1 0.00 35.9 33.7 0.05 35.0 34.5 0.01 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 39.4 36.9 0.05 37.4 37.6 <0.01 38.3 38.5 <0.01 

Non-cardioselective BBs 11.3 10.3 0.03 11.4 9.5 0.06 10.4 11.0 -0.02 

DHP CCBs 31.3 30.9 0.01 31.7 30.1 0.04 30.2 29.9 0.01 

Diuretics 42.1 39.4 0.06 41.4 40.7 0.01 40.1 40.1 0.00 

Other anti-hypertensive agents 5.9 7.2 -0.05 6.8 7.9 -0.04 7.1 7.2 -0.01 

Nitrates 41.3 39.8 0.03 41.9 40.4 0.03 39.1 40.1 -0.02 

Anti-arrhythmic agents 6.9 6.5 0.02 6.3 7.0 -0.03 6.2 7.1 -0.04 

Digoxin 12.7 12.4 0.01 12.9 12.2 0.02 11.6 11.6 0.00 

Antiplatelet agents 9.8 9.1 0.02 11.0 9.0 0.07 10.7 9.4 0.05 

Anticoagulants 13.6 12.8 0.02 13.7 13.2 0.01 12.8 12.8 0.00 

Fibrates / statins 17.3 17.0 0.01 17.2 18.0 -0.02 16.6 17.0 -0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 26.8 26.0 0.02 26.5 26.0 0.01 25.9 25.5 0.01 

Non-cardioselective BBs 1.9 1.9 0.00 2.2 2.2 0.00 1.7 2.1 -0.03 

DHP CCBs 4.6 4.8 -0.01 5.7 4.2 0.07 4.5 4.5 0.00 
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Diuretics 19.2 17.2 0.05 20.0 16.9 0.08 18.4 16.9 0.04 

Other anti-hypertensive agents 1.9 2.2 -0.02 
d 1.8 -0.07 2.3 2.4 -0.01 

Nitrates 59.0 58.9 <0.01 59.6 58.1 0.03 60.5 57.5 0.06 

Anti-arrhythmic agents 7.4 6.1 0.05 6.0 6.8 -0.03 6.2 6.5 -0.01 

Digoxin 13.9 14.1 -0.01 14.2 13.7 0.01 14.0 14.3 -0.01 

Antiplatelet agents 11.4 12.1 -0.02 13.2 12.2 0.03 11.6 12.2 -0.02 

Anticoagulants 13.7 13.1 0.02 12.7 13.4 -0.02 12.4 13.4 -0.03 

Fibrates / statins 9.8 11.5 -0.06 11.9 11.7 <0.01 11.6 11.0 0.02 

          

Before the index date          

Anti-diabetic agents  20.6 19.8 0.02 19.0 20.2 -0.03 20.4 19.6 0.02 

    Thyroid-therapy drugs 13.7 12.8 0.03 14.2 13.4 0.02 13.3 12.1 0.04 

    Short-acting bronchodilators  50.9 53.1 -0.04 52.8 50.6 0.04 52.0 51.0 0.02 

    Long-acting bronchodilators 12.0 12.7 -0.02 13.5 11.9 0.05 12.5 12.2 0.01 

ICS 22.1 22.7 -0.01 24.4 22.4 0.05 23.5 22.2 0.03 

Oral corticosteroids 26.8 27.9 -0.02 30.1 25.9 0.09 27.5 26.6 0.02 

Oral bronchodilators 24.8 25.5 -0.02 22.7 20.7 0.05 23.5 25.8 -0.05 

Antibiotics 82.1 82.5 -0.01 82.1 81.3 0.02 81.2 80.7 0.01 

Histamine 2 antagonists / PPIs 60.2 61.0 -0.02 58.8 61.6 -0.06 62.8 61.8 0.02 

COX-2 selective NSAIDs 10.0 9.1 0.03 10.5 9.9 0.02 10.1 9.4 0.03 

COX-2 nonselective NSAIDs 40.8 41.1 -0.01 39.4 40.6 -0.02 40.1 40.7 -0.01 

Anti-epileptics 10.0 9.5 0.01 9.7 8.5 0.04 9.1 9.2 -0.01 

Anti-psychiatric drugs 53.1 53.7 -0.01 54.8 53.6 0.02 55.5 55.2 0.01 

Estrogen 
d d 

-0.07 
d d 

-0.02 
d d 

0.00 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PACE, Pharmacy Assistance Contract for the Elderly; PPIs, 

proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; STD, 

standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary -related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11 
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Table S9c. Comparison of Characteristic Balance in Different Sensitivity Analyses in US PAAD 

Database  

 After Matching:  

1: 1 Random-Sample Matched Cohortc   

 PS Matching Caliper of 0.005 Asymmetric PS Trimming 

 

hd-PS  

With Additional 100 Empirical 

Covariates 

 Cardio-

selective 

BBs 

 (n=416) 

Non-

DHP 

CCBs 

 (n=416) 

STD Cardio-

selective 

BBs 

 (n=361) 

Non-

DHP 

CCBs 

(n=361) 

STD Cardio-

selective 

BBs  

 (n=405) 

Non-

DHP 

CCBs 

(n=405) 

STD 

Age, mean (SD) 78.7 

 (7.1) 

78.8 

 (7.0) 

-0.02 

 

78.3 

 (6.8) 

79.02 

(6.87) 

-0.11 78.6 

 (7.2) 

78.7  

(7.2) 

-0.02 

Male, % 32.0 33.2 -0.03 31.9 32.13 -0.01 30.1 32.6 -0.05 

Length of stay of ACS hospitalization, 

day, mean (SD) 

10.1 

(8.7) 

10.0 

 (8.2) 

0.01 10.4  

(9.4) 

9.75 

(8.27) 

0.07 9.5  

(6.9) 

9.8  

(8.5) 

-0.04 

COPD duration, day , mean (SD) 987.6 

(939.3) 

976.1 

(964.9) 

0.01 1004.4 

(930.9) 

1013.95 

(974.64)  

-0.01 950.9 

(934.3) 

969.6 

(949.1) 

-0.02 

Year of the index date, %          

1995 5.1 5.8 -0.03 3.6 5.00 -0.07 5.9 5.4 0.02 

1996 16.8 17.3 -0.01 18.3 14.7 0.10 18.3 19.0 -0.02 

1997 11.8 10.6 0.04 9.7 11.1 -0.05 10.4 11.4 -0.03 

1998 8.4 8.2 0.01 8.0 8.6 -0.02 8.9 8.6 0.01 

1999 9.6 9.9 -0.01 9.7 10.5 -0.03 9.4 9.6 -0.01 

2000 10.1 9.4 0.02 10.5 10.5 0.00 10.6 9.6 0.03 

2001 9.6 9.1 0.02 8.9 8.9 0.00 8.9 8.6 0.01 

2002 6.5 7.5 -0.04 11.1 7.8 0.11 8.6 6.9 0.06 

2003 10.1 10.1 0.00 11.6 10.5 0.04 7.4 9.4 -0.07 

2004 6.0 6.5 -0.02 4.4 6.1 -0.07 5.7 5.7 0.00 

2005 6.0 5.8 0.01 4.2 6.4 -0.10 5.9 5.7 0.01 

          

Enrollment duration, day , mean (SD) 1144.3 

(813.7) 

1158.1 

(873.7) 

-0.02 1147.5 

(801.8) 

1198.8 

(874.0) 

-0.06 1142.4 

(804.6) 

1149.4 

(867.3) 

-0.01 

          

Resource utilization          

No of hospitalization due to any 

episodes, mean (SD) 

1.6 

 (1.0) 

1.6  

(1.0) 

0.04 1.6 

 (1.0) 

1.5 

 (1.00) 

0.04 1.5  

(1.0) 

1.6  

(1.0) 

-0.03 

No of outpatient visits due to any 

episodes, mean (SD) 

5.3  

(4.6) 

5.1 

 (4.0) 

0.06 5.1 

 (4.1) 

4.9 

(3.9) 

0.05 5.2  

(4.4) 

5.5 

 (4.4) 

-0.06 

No of outpatient visits due to CV 

episodesa, mean (SD) 

4.1 

 (4.3) 

3.7 

 (4.0) 

0.09 4.0  

(4.1) 

3.7 

 (4.11) 

0.09 3.6 

 (4.0) 

3.9 

 (4.3) 

-0.06 

No of outpatient visits due to 

pulmonary-related episodesb, mean 

(SD) 

1.8  

(2.9) 

1.8 

 (2.3) 

-0.01 1.6 

 (2.3) 

1.7 

 (2.11) 

-0.04 1.8 

(2.5) 

1.8 

 (2.3) 

-0.01 

No. of drugs, mean (SD) 12.7 

(5.8) 

12.31 

(5.26) 

0.07 12.0 

 (5.6) 

12.0 

 (5.1) 

<0.01 12.4 

(5.8) 

12.6 

(5.5) 

-0.03 

          

Comorbidities, %          

Before the ACS admission date          

MI 25.7 23.8 0.04 24.1 23.8 0.01 22.7 24.4 -0.04 

PTCA  4.8 3.9 0.05 5.0 3.6 0.07 4.0 4.0 0.00 

Stent  3.4 3.1 0.01 3.9 3.1 0.05 3.7 3.2 0.03 

CABG  
d d 

-0.04 
d d 

0.00 
d d 

-0.02 

Hemorrhagic stroke  2.6 d 
0.03 2.8 d 

0.05 
d d 

0.04 

Ischemic  stroke  19.7 19.0 0.02 16.9 19.4 -0.06 17.8 18.3 -0.01 
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TIA 19.7 16.8 0.07 15.5 17.2 -0.04 16.3 17.3 -0.03 

          

Between the ACS admission date and 

the index date 
     

 
  

 

MI 61.5 61.3 0.00 64.5 62.6 0.04 58.8 59.3 -0.01 

PTCA  16.1 17.3 -0.03 16.1 18.6 -0.07 20.0 17.0 0.08 

Stent  13.7 14.4 -0.02 13.3 15.8 -0.07 17.3 14.3 0.08 

CABG  9.6 9.1 0.02 10.3 8.3 0.07 6.9 9.1 -0.08 

Hemorrhagic stroke  
d d 

0.06 
d d 

0.03 
d d 

0.03 

Ischemic  stroke  6.7 7.5 -0.03 6.7 8.0 -0.05 7.9 6.9 0.04 

TIA  3.4 3.4 0.00 3.6 3.3 0.02 4.2 3.7 0.03 

          

Before the index date          

Hypertension 91.4 90.6 0.03 91.1 90.0 0.04 90.4 89.4 0.03 

Angina  74.0 73.6 0.01 75.1 71.2 0.09 75.6 74.8 0.02 

IHD  91.4 92.3 -0.04 93.4 92.5 0.03 91.6 93.3 -0.07 

Cardiac dysrhythmia  73.8 73.1 0.02 74.5 72.9 0.04 72.4 73.6 -0.03 

Atrial fibrillation  43.8 41.1 0.05 44.0 40.2 0.08 41.7 42.7 -0.02 

CHF  74.8 72.4 0.05 70.4 72.0 -0.04 69.4 72.1 -0.06 

Cerebrovascular disease  49.8 46.6 0.06 45.7 47.4 -0.03 46.2 46.7 -0.01 

PVD 36.1 34.9 0.03 37.7 34.6 0.06 32.6 35.6 -0.06 

Disorders of lipid metabolism 64.2 65.6 -0.03 64.8 66.8 -0.04 67.4 64.4 0.06 

Diabetes mellitus 48.1 45.4 0.05 48.8 47.4 0.03 46.2 45.9 <0.01 

Thyroid disease 26.0 23.8 0.05 25.5 25.2 0.01 23.5 24.0 -0.01 

Asthma 39.2 38.9 <0.01 34.9 37.4 -0.05 38.0 40.5 -0.05 

Pneumonia, influenza, and acute 

bronchitis 

70.0 

 

66.8 

 
0.07 

 

70.6 

 

66.5 

 
0.09 

 

22.7 

 

24.4 

 
0.06 

 

Chronic liver disease 4.3 3.1 0.06 3.6 3.6 0.00 2.7 3.2 -0.03 

Gastritis or peptic ulcer disease 7.5 7.0 0.02 7.8 6.1 0.07 5.9 6.7 -0.03 

Chronic kidney disease 10.6 12.5 -0.06 12.5 12.7 -0.01 12.4 12.6 -0.01 

Rheumatoid arthritis /Osteoarthritis 56.7 55.5 0.02 57.1 57.9 -0.02 55.6 56.5 -0.02 

Osteoporosis 19.7 20.7 -0.02 17.5 20.2 -0.07 19.3 21 -0.04 

Any cancer (except lung cancer) 31.7 29.8 0.04 28.3 30.2 -0.04 30.6 31.1 -0.01 

Lung cancer 5.3 4.6 0.03 5.8 5.3 0.02 4.7 5.7 -0.04 

Dementia 10.3 11.1 -0.02 9.7 10.5 -0.03 10.1 9.9 0.01 

Seizure 7.9 6.5 0.06 6.9 6.7 0.01 4.7 6.4 -0.08 

Psychiatric disorder 33.2 32.2 0.02 31.9 31.9 0.00 28.9 30.9 -0.04 

          

Medication use, %          

Before the ACS admission date          

ACEIs / ARBs / renin inhibitors 49.8 45.7 0.08 49.3 45.4 0.08 45.7 45.9 -0.01 

Non-cardioselective BBs 12.7 12.7 0.00 11.9 13.0 -0.03 13.3 13.3 0.00 

DHP CCBs 28.1 26.9 0.03 32.4 26.0 0.14 28.2 26.9 0.03 

Diuretics 53.6 53.6 0.00 52.4 52.6 -0.01 50.1 54.6 -0.09 

Other anti-hypertensive agents 10.1 9.6 0.02 7.2 8.9 -0.06 10.1 9.9 0.01 

Nitrates 40.9 39.4 0.03 40.7 39.1 0.03 42.2 42.5 -0.01 

Anti-arrhythmic agents 9.4 8.4 0.03 8.0 8.6 -0.02 9.9 8.4 0.05 

Digoxin 23.3 21.6 0.04 21.6 21.1 0.01 19.8 22.0 -0.05 

Antiplatelet agents 15.6 15.1 0.01 14.4 15.0 -0.02 14.8 15.6 -0.02 

Anticoagulants 10.6 10.1 0.02 12.7 9.7 0.10 10.4 11.9 -0.05 

Fibrates / statins 28.6 25.0 0.08 27.4 24.1 0.08 24.4 24.2 0.01 

          

Between the ACS admission date and 

the index date 
  

 
  

 
  

 

ACEIs / ARBs / renin inhibitors 32.0 29.1 0.06 29.9 29.1 0.02 30.6 31.1 -0.01 

Non-cardioselective BBs 3.1 2.9 0.01 
d d 

-0.04 
d d 

0.00 
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DHP CCBs 5.3 6.0 -0.03 5.8 5.3 0.02 5.9 6.7 -0.03 

Diuretics 30.5 29.6 0.02 31.9 30.5 0.03 28.9 31.4 -0.05 

Other anti-hypertensive agents 3.4 2.6 0.04 2.8 d 
0.02 

d 2.5 -0.02 

Nitrates 54.1 52.2 0.04 56.2 53.5 0.06 56.1 53.3 0.05 

Anti-arrhythmic agents 6.0 7.0 -0.04 6.7 6.4 0.01 6.9 7.9 -0.04 

Digoxin 20.0 18.8 0.03 17.7 17.5 0.01 19.5 19.5 0.00 

Antiplatelet agents 20.4 21.4 -0.02 19.9 22.2 -0.05 24.4 22.0 0.06 

Anticoagulants 11.8 11.1 0.02 12.5 11.4 0.03 11.9 12.4 -0.02 

Fibrates / statins 16.8 17.6 -0.02 16.1 18.6 -0.07 20.0 17.0 0.08 

          

Before the index date          

Anti-diabetic agents  23.3 22.6 0.02 24.4 24.4 0.00 23.5 22.7 0.02 

    Thyroid-therapy drugs 11.5 12.0 -0.01 14.7 13.0 0.05 11.6 12.4 -0.02 

    Short-acting bronchodilators  54.1 56.3 -0.04 54.9 55.1 -0.01 54.1 57.0 -0.06 

    Long-acting bronchodilators 18.3 19.7 -0.04 20.5 19.7 0.02 18.3 18.5 -0.01 

ICS 31.7 32.7 -0.02 33.5 31.3 0.05 32.6 32.4 0.01 

Oral corticosteroids 41.1 41.4 <0.01 37.1 39.9 -0.06 40.5 42.2 -0.04 

Oral bronchodilators 23.3 22.6 0.02 19.1 18.3 0.02 20.5 22.0 -0.04 

Antibiotics 84.6 84.4 0.01 81.7 85.6 -0.11 84.2 84.9 -0.02 

Histamine 2 antagonists / PPIs 66.8 63.7 0.07 64.3 64 0.01 63.0 65.2 -0.05 

COX-2 selective NSAIDs 19.7 17.3 0.06 16.3 18 -0.04 17.0 17.3 -0.01 

COX-2 nonselective NSAIDs 42.6 41.8 0.01 39.9 42.9 -0.06 44.7 45.4 -0.01 

Anti-epileptics 10.6 10.6 0.00 9.7 10.5 -0.03 9.4 9.4 0.00 

Anti-psychiatric drugs 57.9 58.9 -0.02 55.7 57.9 -0.04 59.8 58.5 0.03 

Estrogen 
d d 

0.02 
d d 

0.04 
d d 

-0.03 

Abbreviations: ACEIs, angiotensin converting enzyme inhibitors; ACS, acute coronary syndromes; ARBs, angiotensin Ⅱ receptor blockers; BBs, 

β-blockers; CABG, Coronary Artery Bypass Graft Surgery; CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; Cox, 

cyclooxygenase; CV, cardiovascular; DHP CCBs, dihydropyridine calcium channel blockers; ICS, inhaled corticosteroids; IHD, Ischemia heart 

disease; MI, myocardial infarction; NSAIDs, non-steroidal anti-inflammatory drugs; PAAD, Pharmacy Assistance for the Aged and Disabled; 

PPIs, proton pump inhibitors; PTCA, percutaneous transluminal coronary angioplasty; Peripheral vascular disease, PVD; SD, standard deviation; 

STD, standardized differences; TIA, Transient ischemic attack.  

a CV episodes included: MI, coronary revascularization (PTCA, stent, CABG), hemorrhagic stroke, ischemic stroke, TIA, hypertension, 

angina, IHD, cardiac dysrhythmia, atrial fibrillation, CHF, cerebrovascular disease, and PVD.  

bPulmonary-related episodes included COPD, asthma, pneumonia, influenza, and acute bronchitis.    

c1 randomly sampled cardioselective BBs user : 1 non-DHP CCBs user in each matched subset. 

dNo of events<11  
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Table S10. Results of Subgroup Analyses Comparing Cardioselective BB versus 

Non-DHP CCB Initiators in three US Databases* 

  Year of the index date 

Outcomes  Before 2000 Between 200 and 2005 After 2005 

  HR after PS matching (95% CI) 

All-cause mortality  0.94 (0.72-1.24) 1.07 (0.84-1.36) 1.23 (0.65-2.31) 

CV hospitalizations  1.10 (0.93-1.30) 1.00 (0.75-1.35) 0.84 (0.45-1.57) 

CV hospitalizations  0.50 (0.39-0.65) 0.42 (0.35-0.50) 0.38 (0.20-0.73) 

BBs indicate β-blockers; COPD, chronic obstructive pulmonary disease; CV, cardiovascular; DHP CCBs, 

dihydropyridine calcium channel blockers. 

*based on the analysis that considered first exposure carried forward. 
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 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract P1 

(b) Provide in the abstract an informative and balanced summary of what was done and what was found P3-5 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported P6-9 

Objectives 3 State specific objectives, including any prespecified hypotheses P9 

Methods  

Study design 4 Present key elements of study design early in the paper P9-16 

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection 

P9-13 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up P10-13 

(b) For matched studies, give matching criteria and number of exposed and unexposed P13-14 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

P9-13 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one group 

P9-13 

Bias 9 Describe any efforts to address potential sources of bias P15-16 

Study size 10 Explain how the study size was arrived at P10-11 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why 

P13 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding P13-16 

(b) Describe any methods used to examine subgroups and interactions P15-16 

(c) Explain how missing data were addressed Figure 1 

(d) If applicable, explain how loss to follow-up was addressed P11-12 

(e) Describe any sensitivity analyses P15-16 

Results  
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and analysed 

Figure 1 

  (b) Give reasons for non-participation at each stage Figure 1 

  (c) Consider use of a flow diagram Figure 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 

confounders 

Table 1, P16-17 

  (b) Indicate number of participants with missing data for each variable of interest Figure 1 

  (c) Summarise follow-up time (eg, average and total amount) Table 2, P17 

Outcome data 15* Report numbers of outcome events or summary measures over time Table 2, P17 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included 

Table 3-4, P17-18 

  (b) Report category boundaries when continuous variables were categorized Table 1 

  (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period Table 2 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses Table 5, P19 

Discussion    

Key results 18 Summarise key results with reference to study objectives P19-20 

Limitations    

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

P19-26 

Generalisability 21 Discuss the generalisability (external validity) of the study results P20-26 

Other information    

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based 

P27 

 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org. 
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