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Abstract 

Primary Prevention of Atrial Fibrillation Using Renin-Angiotensin-Aldosterone System 

Inhibitors among Medicare Beneficiaries with Hypertension 

Xianghua Yin, Doctor of Philosophy, 2016 

Dissertation Directed by: Min Zhan, Associate Professor, Epidemiology and Public 

Health 

Statement of the Problem: 

Renin-angiotensin-aldosterone-system inhibitors (RAASIs) have long been associated 

with reduced risk of new-onset AF in patients with hypertension. However, previous 

studies have not properly accounted for the presence of competing risks in the usual care 

setting. 

Hypothesis:  

The study was designed to determine the effects of RAASIs on the hazard and cumulative 

incidence (sub-distribution hazard) of newly documented AF and to test whether the 

effects were significantly different from those of beta-blockers (BBs) or calcium-channel 

blockers (CCBs). 

Methods: 

A propensity score (PS)ïmatched retrospective cohort study was conducted in a random 

5% sample of the Medicare beneficiary population from 2007 to 2011 with hypertension 

treated with antihypertensive drug monotherapy, consisting of 50,307 beneficiaries. 

Beneficiaries on RAASI-based monotherapies were matched 1:1 with beneficiaries on 

BB-based monotherapies (n=13,242) and CCB-based monotherapies (n=10,843) based 



 
 

on PS. All beneficiaries were free of baseline AF and compelling indications for 

RAASIs. Competing risk analyses were performed. Cox proportional cause-specific 

hazard regression was used to estimate the effects of RAASIs on newly documented AF 

and all-cause mortality without AF (i.e., competing risks). Fine-Gray Models were used 

to examine whether there was a significant difference in the cumulative incidence of 

newly documented AF between beneficiaries treated with RAASIs and BBs/CCBs, 

accounting for all-cause mortality without AF as competing risks.  

Results: 

The adjusted cause-specific hazard ratio (95% confidence interval [CI]) in the RAASI vs. 

BB groups was 0.69 (95% CI: 0.58 to 0.81) for newly documented AF. The adjusted sub-

distribution hazard ratio (95% CI) in the RAASI vs. BB groups was 0.69 for newly 

documented AF (95% CI: 0.59 to 0.81). The adjusted cause-specific hazard ratio (95% 

CI) in the RAASI vs. CCB groups was 0.55 (95% CI: 0.46 to 0.66) for newly 

documented AF. The adjusted sub-distribution hazard ratio (95% CI) in the RAASI vs. 

CCB groups was 0.54 for newly documented AF (95% CI: 0.45 to 0.65). 

Conclusions: 

RAASI-based monotherapies were associated with not only a reduced hazard of newly 

documented AF but also with a reduced sub-distribution hazard of newly documented AF 

for Medicare beneficiaries with hypertension enrolled in the Part D program. 
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Chapter 1 Introduction 

 

1.1 Background 

Atrial fibrillation (AF) is responsible for, significantly increased morbidity and mortality,  

and impaired quality of life in the general population, and usually resulting in a worsened 

New York Heart Association (NYHA) functional class for affected patients [1]. For 

instance, data from the longitudinal population-based Framingham Heart Study suggest 

that AF is solely associated with a threefold to fivefold increased risk of stroke [2] and 

with an approximately twofold increased risk for mortality [3]. Ischemic strokes due to 

AF-related thromboembolic events are generally more severe than strokes due to other 

reasons and prone to a worse prognosis [4]. Observational studies also suggest that 

incident AF is linked to acute heart failure and chronic heart failure decompensations [5, 

6]. In a case-control study, Savelieva et al. assessed the quality of life in 154 patients with 

AF and 49 healthy subjects using the 36-item short form health survey (SF-36); they 

found that, compared with healthy subjects, AF patients reported significantly lower 

scores on all SF-36 items [7].    

 

Although the understanding of AF has been greatly advanced by pathophysiological 

studies in the last two decades, therapeutic interventions for AF are not satisfactory in 

many aspects. Current anti-arrhythmic regimes are mainly pharmacological or ablation or 

other surgical therapies. Data from several large randomized clinical trials showed that 

both the success rate of pharmacological cardioversion and the rate of maintenance of 

sinus rhythm were poor [8ï10]. The results of the most recent systematic review of 59 
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studies, involving a total of 21,305 patients, further suggest that the current first-line anti-

arrhythmic drugs are able to prevent recurrence of AF after restoring sinus rhythm with 

an odds ratio about 0.19~0.70 [11]. It is also notable that the treatment benefit is often 

offset by the increased rate of adverse events (e.g., pro-arrhythmia, aggravation of 

existing arrhythmias, and sudden death) for all analyzed drugs. Radiofrequency ablation 

and surgical therapies can significantly improve clinical outcomes of patients with AF, 

but their use is constrained by their strict indications for a small proportion of patient 

populations (i.e., consideration for type of AF, the patientôs response to anti-arrhythmic 

agents, age, left atrium diameter, and duration of AF), and by a number of potentially 

serious complications including death, cardiac tamponade, stroke, and transient ischemic 

attack [12]. Apart from anti-arrhythmic therapy by heart rhythm or rate control to reduce 

symptoms, the primary goal in the management of AF is the prevention of 

thromboembolic events with long-term anticoagulation therapy to reduce the occurrence 

of ischemic strokes and systemic embolism [13]. However, chronic anticoagulation is 

associated with an increased risk of bleeding, which becomes an outstanding concern in 

the treatment of the elderly patients with AF [14]. 

 

Taken together, the current suboptimal management options of AF provide a strong 

incentive to develop effective primary prevention strategies to reduce the occurrence of 

AF and its accompanying significant clinical sequelae due to progressively altered 

hemodynamics, thromboembolism, and serious complications resulting from therapeutic 

interventions.  
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The enhanced understanding of AF mechanisms allowed a variety of preventive 

strategies for patients with AF to be proposed in the past two decades, targeting the 

development of structural, electrical, and pathophysiologic substrates (e.g., atrial fibrosis 

and hypertrophy), and/or modifying clinical risk factors (e.g., hypertension and diabetes) 

and predisposing conditions (e.g., heart failure and myocardial infarction) [15]. Among 

these preventive strategies, the use of renin-angiotensin-aldosterone system inhibitors 

(RAASIs) in the prevention of hypertension-related AF gained more and more attention 

as supportive evidence from clinical data and animal experiments accumulated. Although 

there are insufficient data to permit a strong recommendation for their use in the general 

population at risk of AF, RAASIs appear to play an important role in the primary 

prevention of AF among patients with hypertension [16].  

 

1.2 Statement of the Problem 

Supportive evidence in the literature about the protective effect of RAASIs on new-onset 

AF is mainly from secondary analyses of clinical trial data. These findings suggest 

RAASIs, including angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin 

receptor blockers (ARBs), reduce the incidence of new-onset AF in patients with 

hypertension [17ï22]. Due to the lack of direct evidence, the generalizability of these 

findings may be limited outside the clinical trial setting. Thus, it is unclear whether the 

favorable effect of RAASIs in AF prevention can be generalized to the general 

hypertensive patient population or to older adult patient populations such as Medicare 

beneficiaries with hypertension (HTN). 
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Very few previous population-based observational studies, using standard survival 

analysis, have tested the effectiveness of RAASIs to prevent the development of AF  in 

the usual care setting [23ï25]. The results suggest, as compared with other first-line 

antihypertensive medications (e.g., beta-blockers [BB] , calcium-channel blockers [CCB], 

and diuretics), that the use of RAASIs is associated with a significantly lower incidence 

of new-onset AF. However, none of these studies answered the question whether the 

antiarrhythmic benefit of RAAS  inhibitors could be preserved in older adult hypertensive 

populations (i.e., age > 65 years) in which competing risks (e.g., all-cause death 

precludes the occurrence of AF) exist and may affect the perceived antiarrhythmic effect 

of  RAASIs. 

 

1.3 Purpose and Specific Aims 

The goal of the present study was to improve the understanding of the effectiveness of 

RAASIs for the primary prevention of AF among older adult hypertensive populations 

outside the clinical trial setting, especially when competing risks interfere with the 

standard survival analysis of longitudinal follow-up data. In the present study, the 

endpoint of primary interest was the occurrence of newly documented AF. The 

competing risk endpoint was all-cause death with no AF at any time during the follow-

up. This hindered the observation of newly documented AF and distorted the association 

of cumulative incidence of newly documented AF and the use of RAASIs in the standard 

survival analysis (i.e., Kaplan-Meier method and standard Cox proportional hazards 

regression).  
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To achieve the above goal, two retrospective cohorts were drawn from a random 5% 

sample of Medicare beneficiaries with HTN who filled prescriptions for RAASIs, BBs, or 

CCBs between 2007 and 2011. The specific aims of this study were as follows:  

 

Specific Aim 1. To characterize the study samples and their utilization of RAASIs (i.e., 

the exposure/treatment of interest), BBs and CCBs (i.e., the two other active control 

drugs) among Medicare beneficiaries with HTN (i.e., the target population) who filled 

prescriptions of one of the above study medications between January 1, 2007 and 

September 30, 2011.  

 

Specific Aim 2. To assess the preventive effect of RAASIs against the occurrence of 

newly documented AF as compared with BBs or CCBs. 

Aim 2a. To compare the effects of RAASI and BB monotherapies on the cause-

specific hazard of developing newly documented AF in Medicare beneficiaries with 

HTN. 

Aim 2b. To compare the effects of RAASI and BB monotherapies on the cause-

specific hazard of all-cause death with no AF at any time during follow-up in Medicare 

beneficiaries with HTN. 

Aim 2c. To compare the effects of RAASI and CCB monotherapies on the cause-

specific hazard of developing newly documented AF in Medicare beneficiaries with 

HTN. 
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Aim 2d. To compare the effects of RAASI and CCB monotherapies on the cause-

specific hazard of all-cause death with no AF at any time during follow-up in Medicare 

beneficiaries with HTN. 

 

Specific Aim 3. To evaluate the impact of competing risk events on the effect of RAASIs 

on the cumulative incidence of the newly documented AF, as compared with BB or CCB 

monotherapies. 

Aim 3a. To compare the effect of RAASI and BB monotherapies on the 

cumulative incidence of newly documented AF in Medicare beneficiaries with HTN over 

the follow-up period. 

Aim 3b. To compare the effect of RAASI and CCB monotherapies on the 

cumulative incidence of newly documented AF in Medicare beneficiaries with HTN over 

the follow-up period. 

 

1.4 Research Questions and Hypotheses 

For the present study, the research questions of interest were as follows: 

 

Research question 1. What is the difference in utilization of antihypertensive drugs 

between Medicare beneficiaries with HTN who were treated with RAASIs and those who 

were treated with the comparison drugs (i.e., monotherapy with RAASIs vs. monotherapy 

with BBs and monotherapy with RAASIs vs. monotherapy with CCBs) in terms of 

duration of therapy (DOT) and proportion of days covered (PDC)?  
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Research question 2. Is monotherapy with RAASIs associated with newly documented 

AF among Medicare beneficiaries with HTN in the absence of the competing events (i.e., 

treating competing risk events as right-censored observations in the survival analysis), as 

compared with the comparison treatments (i.e., monotherapies with BBs or CCBs)? 

Hypothesis 2a. Among Medicare beneficiaries with HTN, the cause-specific 

hazard of newly documented AF will be lower among beneficiaries receiving RAASI 

monotherapy compared with BB monotherapy, controlling for other factors, such as age, 

race, gender, region of residence, prior utilization of health care services, baseline 

comorbidities, prior use of the index drug, length of HTN history, and time-dependent 

covariates, using a standard Cox proportional hazard model.  

 Hypothesis 2b. Among Medicare beneficiaries with HTN, the cause-specific 

hazard of newly documented AF will be lower among beneficiaries receiving RAASI 

monotherapy compared with CCB monotherapy, controlling for other factors, such as 

age, race, gender, region of residence, prior utilization of health care services, baseline 

comorbidities, prior use of the index drug, length of HTN history, and time-dependent 

covariates, using a standard Cox proportional hazard model.  

 

Research question 3. Is the monotherapy of RAASIs associated with newly documented 

AF among Medicare beneficiaries with HTN when accounting for the competing risk 

events in the survival analysis, as compared with the comparison treatments (i.e., the 

monotherapies of BBs or CCBs)? 

Hypothesis 3a. Among Medicare beneficiaries with HTN, the cumulative 

incidence (or sub-distribution hazard) of newly documented AF will be different between 
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beneficiaries receiving RAASI monotherapy and those receiving BB monotherapy, 

controlling for other factors, such as age, race, gender, region of residence, prior 

utilization of health care services, baseline comorbidities, prior use of the index drug, and 

length of HTN history. 

Hypothesis 3b. Among Medicare beneficiaries with HTN, the cumulative 

incidence (or the sub-distribution hazard) of newly documented AF will be different 

between beneficiaries receiving RAASI monotherapy and those receiving CCB 

monotherapy, controlling for other factors, such as age, race, gender, region of residence, 

prior utilization of health care services, baseline comorbidities, prior use of the index 

drug, and length of HTN history. 

 

1.5 Significance of the Study 

The concept of drug therapy for primary prevention of AF has been appealing since the 

first large study (Trandolapril Cardiac Evaluation, TRACE study [26]) reported the 

beneficial effect of RAAS inhibition on the occurrence of new-onset AF in patients with 

recent myocardial infarction and ejection fraction Ò 35% more than a decade ago. 

However, a paucity of information exists on the effectiveness of primary prevention of 

AF among hypertensive patients outside the clinical trial setting. There is only one study 

that examined the association of ACE inhibition and the occurrence of AF in a United 

States cohort using standard survival analysis (i.e., ignoring the competing risk events in 

the survival analysis) [23]. It remains unclear to what extent its findings are distorted by 

the censored competing risk events. The effectiveness of RAASIs in primary prevention 

of AF among older adults with HTN has never been examined using appropriate 
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statistical approaches to account for competing risks. Applying appropriate competing 

risk methods in a population-based study might provide new insights into the effect of 

RAAS inhibition on the relative and absolute risks of occurrence of AF among older 

adult patients with HTN in usual clinical practice. Additionally, evidence from 

randomized clinical trials is still scarce to promulgate any evidence-based guidelines for 

antihypertensive treatment in older adult patient populations [27]. This leaves decisions 

on antihypertensive treatments to physicians who need to take into consideration all 

important factors that ñinfluence a patientôs benefit from an antihypertensive medicationò 

[28]. The enhanced understanding of the pharmacological profile of RAASIs is important 

to help physicians develop more efficient and effective strategies for lowering blood 

pressure and improving patient outcomes in older adult hypertensive populations.  

 

1.6 Definitions

Competing risks: In the analysis of competing risks data, ña competing risk is defined as 

an event whose occurrence either precludes the occurrence of another event under 

examination or fundamentally alters the probability of occurrence of this other eventò 

[29]. In the present study, the event of interest is newly documented AF. The competing 

risk is all-cause death with no AF any time during follow-up. 

 

Cause-specific hazard function: ñThe cause-specific hazard function is defined for each 

event type separately and is a function of time: at time t, it is determined as the rate (i.e., 

probability per unit time) of experiencing a specific event type during a short time period 

after time t among all subjects who have not experienced any prior eventò [30]. 
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Cause-specific relative hazard (csRh): In the present study, the term ñcause-specific 

relative hazardò is used to estimate ñhow strongly the rate of experiencing a specific 

event type is affected by a covariateò in a Cox proportional cause-specific hazards 

regression model [30, 31]. 

 

Sub-distribution hazard: ñThe cumulative incidence function is also known as the sub-

distribution,ò which is the probability of experiencing a specific event type by a given 

time [32]. Fine and Gray modified the Cox proportional hazard model to account for 

competing risks [33]. The Fine-Gray method models a hazard function (i.e., a sub-

distribution hazard) derived from a cumulative incidence function, for a cause-specific 

event at time t to estimate the effects of predictors between the treatment groups [34].  

 

Sub-distribution relative hazard (sdRH): In the present study, the sub-distribution relative 

hazard is referred to as the sub-distribution hazard ratio, the analogue to the hazard ratio 

in the Cox proportional hazard model, showing the effects of predictors in the situation 

when competing risks exist [34]. 
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Chapter 2 Literature Review 

 

In order to accurately evaluate the effectiveness of RAASIs for primary prevention of AF 

in patients with HTN, a critical literature review was conducted. This review covers four 

key components, which together provide the context and motivation for the present study. 

First, it provides an overview of risk factors for AF. Second, it briefly summarizes the 

pathophysiology and clinical evidence for use of RAASIs in the course of preventing AF 

among patients with HTN. Third, it discusses the comparative effectiveness of other 

antihypertensive medications for primary prevention of AF. Fourth, it provides the 

context for using competing risk analysis approaches for the present study. 

 

2.1 Risk Factors for AF 

Fully recognizing risk factors for AF comprises the central part of effective preventive 

strategies. Although it is likely that not all AF risk factors have been recognized, 

numerous studies have reported modifiable and non-modifiable risk factors for the 

development of AF. Ball et al. reviewed 182 studies published between 1982 and 2012 

regarding predictors of AF and summarized AF risk factors into four categories: ñsocio-

demographic factors, adverse lifestyle choices, cardiovascular conditions and other 

comorbid conditionsò [35]. Specifically, these AF risk factors included old age, male 

gender, European ancestry, lower socio-economic background, smoking, alcohol 

poisoning, obesity, HTN, left atrial dilatation, left ventricular hypertrophy, type 2 

diabetes, coronary artery disease, myocardial infarction, pericarditis, cor pulmonale, 

conduction disorders (e.g., autonomic dysfunction, sick sinus syndrome, and 
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supraventricular tachyarrhythmia), valvular heart disease, congenital heart disease, 

cerebrovascular disease, chronic heart failure, pulmonary diseases, hyperthyroidism, 

obstructive sleep apnea, cardiothoracic surgery, chronic kidney disease, rheumatoid 

arthritis, coeliac disease, and diuretic use [35, 36]. In addition, family history and some 

genetic mutations are also thought to contribute to the development of a small proportion 

of AF cases [37]. All of these risk factors were considered in the present study by 1) 

being excluded from the baseline at enrollment, 2) being matched between comparison 

groups at enrollment, 3) being adjusted for in the analyses, or 4) being discussed as a 

limitation of the data source. 

 

The results of the Framingham Heart Study reveal that of all potentially modifiable risk 

factors, HTN is the most influential population-attributable risk factor for incident AF in 

the U.S. The results of the population-attributable risk factor analysis showed that HTN 

alone accounted for 14% of all cases of AF in both men and women [38]. About one-

fourth of adult Americans have HTN [39]. Its high prevalence causes HTN to be the 

primary risk factor for the development of AF in the U.S. adult population and a 

potentially valuable target of preventive interventions against AF [40].                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

2.2 RAAS Inhibitor Antihypertensive Therapy and Prevention of AF  

2.2.1 Pathophysiology of AF in Hypertension 

Although clinical data suggest that RAASIs are associated with a lower rate of new-onset 

AF, there has been no consensus on pathophysiological mechanisms of the development 

of AF and the protective effect of RAASIs against the development of the substrate for 
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AF in HTN. The currently available animal models and human studies support the 

hypothesis that both structural and electrophysiological atrial remodeling play important 

roles in the development and persistence of AF [15]. Realizing the importance of 

antihypertensive therapy in AF prevention, both Lau et al. and Tadic et al. specifically 

discuss the pathophysiology of AF and the impact of the renin-angiotensin-aldosterone 

system on the development of AF in patients with HTN in their systematic reviews [41, 

42].  

 

In the setting of HTN, on the one hand, left ventricular hypertrophy (LVH) caused by 

long-standing excessive afterload is often seen in patients with uncontrolled high blood 

pressure, which increases left ventricular stiffness and further leads to increased left atrial 

pressure and size. The resulting chronic atrial stretch together with left ventricular 

systolic and diastolic dysfunction contributes to atrial structural and electrical remodeling 

and induces the development of substrates for AF. On the other hand, HTN increases the 

activation of the renin-angiotensin-aldosterone system. The increased concentration of 

angiotensin II, first,  promotes ñatrial fibrosis and hypertrophyò, second, alters ñthe 

expression of ion channels, gap junction and calcium handlingò, and third, increases 

ñoxidative stress and inflammationò [42]. Moreover, angiotensin II may also have direct 

effects on the atrial electrical remodeling that contributes to the development of AF [42]. 

In summary, advanced understanding of the pathophysiology of AF in the setting of HTN 

highlights the opportunities for developing mechanism-based interventions to prevent AF 

in patients with HTN.   
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2.2.2 Clinical Evidence  

Several studies have examined the association of RAASIs and primary prevention of AF 

in the setting of HTN and reported either positive or neutral findings [17ï25, 43, 44]. 

Table 1 summarizes the results of clinical studies that favor RAASIs over BBs, CCBs, or 

diuretics and those that reported insignificant differences between the treatments.
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Table 1  

RAASIs for primary prevention of AF among patients with HTN 

Study Treatment 

Number of 

Patients 

Estimated Treatment Effect on 

Reducing AF 

LIFE [17] Losartan vs. atenolol 8,851 HR 0.67, 95% CI 0.55ï0.83, P< 0.001 

VALUE [18] 

Valsartan vs. 

amlodipine 13,760 

HR 0.843, 95% CI 0.713ï0.997, 

P=0.0455 

L'Allier et al. [23] ACEI vs. CCB 10,926 HR 0.85, 95% CI 0.74ï0.97, P=0.0183 

Schaer et al. [24] ACEI vs. CCB 23,303 OR 0.75, 95% CI 0.65ï0.87, P=0.001 

  ARB vs. CCB  OR 0.71, 95% CI 0.57ï0.89, P=0.002 

  BB vs. CCB  OR 0.79, 95% CI 0.68ï0.92, P=0.002 

Marott et al. [25] ACEI vs. BB 725,680 HR 0.12, 95% CI 0.10ï0.15, P<0.001 

  ARB vs. BB  HR 0.10, 95% CI 0.07ï0.14, P<0.001 

  ACEI vs. CCB  HR 0.97, 95% CI 0.81ï1.16, P=0.73 

  ARB vs. CCB  HR 0.78 ,95% CI 0.56ï1.08, P=0.13 

  ACEI vs. diuretics  HR 0.51,  95% CI, 0.44ï0.59, P<0.001 

  ARB vs. diuretics  HR 0.43,  95% CI 0.32ï0.58, P<0.001 

CAPPP [19] 

Captopril vs. (BB ± 

diuretics) 10,985 

No significant difference between 

groups 

STOPH-2 [22]  

Enalapril and lisinopril 

vs. BB ± diuretics 6,614 RR 1.15, 95% CI 0.94ï1.41, P=0.10 

  

Enalapril and lisinopril 

vs. CCB  RR 1.10, 95% CI 0.90ï1.34, P=0.37 

HOPE [20] Ramipril vs. placebo  8,335 HR, 0.92, 95% CI 0.68ï1.24, P=0.57 

TRANSCEND [21]  

Telmisartan vs. 

placebo  5,926 HR 1.02, 95% CI 0.83ï1.26, P=0.829 

HR: hazard ratio; CI: confidence interval; OR; odds ratio; RR: relative risk;  

LIFE: Losartan Intervention For Endpoint reduction in hypertension; VALUE: Valsartan 

Antihypertensive Long-term Use Evaluation; CAPPP: CAPtopril Prevention Project; 

STOPH-2: Swedish Trial in Old Patients with Hypertension-2; HOPE: Heart Outcomes 

Prevention Evaluation; TRANSCEND: Telmisartan Randomized AssessmeNt Study in 

ACE iNtolerant subjects with cardiovascular Disease 

 

In both summarized clinical trials, the LIFE (Losartan Intervention For Endpoint 

reduction in hypertension) study and the VALUE (Valsartan Antihypertensive Long-term 

Use Evaluation) study, the results suggest that RAASIs had significant efficacy in 

preventing new-onset AF in patients with HTN (15%ï33% risk reduction) as compared 

with beta-blockers and calcium-channel blockers. The results also suggest that the 

observed efficacy of RAASIs in the prevention of AF seem to be independent of blood 

pressure reduction. In the LIFE study, the examined RAAS inhibitor (losartan) had a 
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similar efficacy of blood pressure control as the compared beta-blocker (atenolol) [17]. In 

the VALUE study, the examined RAAS inhibitor (valsartan) had an even lower efficacy 

of blood pressure control than the compared calcium-channel blocker (amlodipine) [18]. 

In addition to the supporting evidence for the efficacy of RAASIs for primary prevention 

of AF, a few large-scale population-based observational studies further show the 

effectiveness of RAASIs for AF prevention in U.S. [23], U.K. [24], and Danish [25] 

hypertensive populations.   

 

However, although the efficacy of RAASIs for the primary prevention of AF has been 

recognized and their use has been recommended in both the European Society of 

Cardiology (ESC) guidelines and the American Heart Association/American College of 

Cardiology/Heart Rhythm Society practice guidelines for the management of AF in 

patients with hypertension [45, 46], the efficacy of RAASIs has not been consistently 

seen in the literature. For example, in the CAPPP (CAPtopril Prevention Project) trial in 

hypertensive patients, the results showed that there was no significant difference in the 

incidence of AF between ACEI (captopril) and conventional treatment (BBs ± diuretics) 

(2.1% vs. 2.5%) during a 6.1-year follow-up [19]. Similarly, there was no difference in 

AF development found between ACEIs and CCBs  (diuretics ± beta-blockers) in the 

STOPH-2 (Swedish Trial in Old Patients with Hypertension-2) study [22]. Additionally, 

no difference in the risk of developing AF was found between RAASIs and a placebo in 

the HOPE (Heart Outcomes Prevention Evaluation; 45.7% subjects with hypertension) 

study [20] and the TRANSCEND (Telmisartan Randomized AssessmeNt Study in ACE 
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iNtolerant subjects with cardiovascular Disease; 76.4% subjects with hypertension) study 

[21].  

 

In summary, the inconsistency of clinical findings highlights the need for future studies to 

characterize the hypertensive patient population that would benefit the most from primary 

prevention of AF using RAASIs.  

 

2.3 Other Antihypertensive Medications and Primary Prevention of AF 

Besides RAASIs, BBs also possibly contribute to reducing the risk of AF in patients with 

hypertension via reversing structural atrial remodeling [40]. Schaer et al. reported that 

BBs were superior to CCBs in the primary prevention of AF in patients with HTN (Odds 

Ratio 0.79, 95% Confidence Interval, 0.68ï0.92, P = 0.002) [24]. Except for RAASIs and 

BBs, there has been a lack of evidence that other antihypertensive medications (e.g., 

CCBs, aldosterone antagonists, and diuretics) have the effect of blood pressure control on 

new-onset AF [41, 47]. 

 

Due to the lack of consensus on the efficacy of antihypertensive medications in the 

primary prevention of AF, key knowledge is still missing in ñwhich antihypertensive 

treatment is best for preventing AFò [48]. Consequently, given that the use of diuretics is 

a risk factor for AF, two of the frequently prescribed antihypertensive medications in the 

Medicare population, BBs and CCBs [49], were chosen as comparison medications in the 

present study in order to answer this question.  
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2.4 Context for Longitudinal Study Using Competing Risk Approaches 

Despite the fact that the effectiveness of RAASIs in the primary prevention of AF has 

been evaluated by several population-based observational studies [23ï25], it is unclear 

whether RAASIs remain effective in the reduction of new-onset AF in the older adult 

hypertensive population when competing risks (e.g. all-cause death) exist. All of these 

studies either ignored the existence of the competing risks or did not appropriately 

account for the competing risks in their analyses. However, in the presence of competing 

risks, it is incorrect to examine the effect of antihypertensive medications on reducing the 

risk of AF using the traditional survival analysis approaches such as the Kaplan-Meier 

method and the Cox proportional hazard regression models [31, 50]. The present study 

was conducted using appropriate competing risk approaches (i.e., cause-specific hazard 

regression and sub-distribution hazard regression models) in the evaluation of 

effectiveness of RAASIs for the primary prevention of AF in the older adult hypertensive 

Medicare population in the U.S.  
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Chapter 3 Methods 

3.1 Data Source 

The Chronic Conditions Data Warehouse (CCW) currently contains data from fee-for-

service institutional and non-institutional claims, enrollment/eligibility, and assessment 

(all payers) data (Minimum Data Set, Outcome and Assessment Information Set, Swing 

Bed Assessments, and Inpatient Rehabilitation Facility Patient Assessment Instrument) 

from January 1, 1999 forward for a random 5% of the Medicare beneficiary population, 

and from January 1, 2005 forward for 100% of the Medicare population. The Medicare 

population is comprised of individuals aged 65 years or older, or persons with an eligible 

disability, or who have end-stage renal disease (ESRD). The requested cohort for the 

present study was a random 5% sample of Medicare beneficiaries with a diagnosis of 

HTN, extracted using the CCWôs predefined HTN indicator variable.  

 

Researchers may request CCW data for any or all of the 27 common chronic conditions 

predefined by the Centers for Medicare and Medicaid Services (CMS). The chronic 

disease algorithms include specific criteria for reference time periods (searching one to 

up to three years), diagnosis and procedure codes, number and type of qualifying claims 

(i.e., must have two Carrier claims during the reference time period) and coverage (must 

have Part A [in-patient] and Part B [out-patient] coverage).  These predefined chronic 

conditions include atrial fibrillation and hypertension, which allows the present study to 

identify study cohorts and determine the outcome events. The Part D prescription drug 

event (PDE) database includes pharmacy claims submitted by pharmacies to Part D 

health plans for beneficiaries enrolled in Medicare Part D and records prescription drugs 
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identified by the National Drug Code, the date of dispensing, and the length of supply 

(also known as ñdaysô supplyò). The use of the PDE data allows the present study to 

ascertain the starting time and duration of drug exposure. 

  

The data source of the present study was the full 5% CCW files for 2006ï2011. Different 

types of data sources (e.g. claim data originating from hospitals, physician offices, 

pharmacies, etc.) were linked by a unique CCW-encrypted identifier for each beneficiary. 

Specifically, the following files were used for identification of hypertension, atrial 

fibrillation, and comorbidities to determine inclusion in the study sample, outcome 

events, baseline characteristics (i.e., demographics, comorbidities, and severity of HTN), 

and drug exposure: 

1) 2006ï2011 CCW 5% Inpatient, outpatient, skilled nursing facility (SNF), hospice, 

home health, carrier and durable medical equipment (DME) 

2) 2006ï2007 CCW 5% Chronic Condition Summary File 

3) 2006ï2007 Part D Denominator File 

4) 2008ï2009 5% Beneficiary Summary File (BSF) 

5) 2008ï2009 5% Beneficiary Annual Summary File (BASF) 

6) 2006ï2011 5% Part D Event (PDE) File 

7) 2006ï2011 Master Beneficiary Summary File (MBSF)ðA/B/C/D and Chronic 

Conditions segments 
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Table 2 summarizes how the present study used the relevant CCW data files for all three 

study aims. 

Table 2 

Summary of data sources used by the study aims 
Study objective/measure Data variable(s) CMS data file(s) needed 

Aims 1ï3/enrollment Monthly indicators for 

enrollment in Part A, Part B, 

Part C, and Part D  

Part D denominator File 

(2006ï2007), BSF (2008ï

2009), and MBSF (2006ï

2011) 

Aims 2ï3/death Month of death for decedents Part D denominator File 

(2006ï2007), BSF (2008ï

2009), and MBSF (2006ï

2011) 

Aims 1ï3/demographics Age, sex, race, region of 

residence, LIS status, dual 

eligibility  

Part D denominator File 

(2006ï2007), BSF (2008ï

2009), and MBSF (2006ï

2011) 

Aims 1ï3/diagnoses  ICD-9 codes for hypertension 

and atrial fibrillation 

CCW Summary File (2006ï

2007), Part A and Part B 

Claims Files (2006ï2011) 

Aims 2ï3/severity of HTN  ICD-9 codes for 

decompensation of 

hypertension, baseline 

comorbidities  

Part A and Part B Claims 

Files (2006ï2011), BASF 

(2008ï2009), and MBSF 

(2006ï2011) 

Aims 1ï3/medications NDC codes for angiotensin-

converting-enzyme inhibitors, 

angiotensin II receptor 

antagonists, beta blockers, 

calcium channel blockers 

PDE Files (2006ï2011) 

Aims 1ï3/duration of therapy 

and proportion of days 

covered 

Part D drug dispensing dates 

and length of supply 

PDE Files (2006ï2011) 

Aims 1ï3/comorbidities  CCW chronic conditions Chronic Condition Summary 

File (2006ï2007), BASF 

(2008ï2009), and MBSF 

(2006ï2011) 

Aims 1ï3/hospitalization and 

ER visit 

Admission date of a 

hospitalization or emergency 

room visit for HF, AMI, 

stroke/TIA 

Part A and Part B Claims 

Files, and MBSF (2006ï

2011) 

ER: emergency room; PDP: prescription drug plan; LIS: low-income subsidy; NDC: national 

drug code; CCW: Chronic Conditions Data Warehouse; HF: heart failure; AMI : acute myocardial 

infarction; TIA: transient ischemic attack; ICD: International Classification of Diseases; BSF: 

Beneficiary Summary File; MBSF: Master Beneficiary Summary File; BASF: Beneficiary 

Annual Summary File; PDE: Part D prescription events 
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3.2 Study Design 

3.2.1 Study Design for Aim 1 

Aim 1: To characterize the study samples and their utilization of antihypertensive drugs 

among Medicare beneficiaries with HTN who filled prescriptions of RAASIs, BBs or 

CCBs between 2007 and 2011. 

 

For Aim 1, a retrospective cohort design was applied to the random 5% Medicare sample 

between 2007 and 2011. The study included Medicare beneficiaries with evidence of 

HTN who filled prescriptions with one of three study medications (i.e., RAASIs, BBs, 

and CCBs) between January 1, 2007, and September 30, 2011 (the ñindex prescriptionò). 

The resulting dataset of eligible beneficiaries was used for Aim 1 of the study. In order to 

maintain the study power, the inclusion of prevalent drug users was allowed (i.e., 

hypertensive beneficiaries who received their respective index prescription drugs during 

the twelve-month baseline period). For prevalent drug users in 2006 whose index drug 

therapies were ended after January 1, 2007, index dates were mandatorily adjusted to be 

January 1, 2007. Otherwise, the present study did not include those whose prevalent drug 

use ended before January 1, 2007. For this aim, two measures were used to assess 

utilization of the study drugs including the duration of therapy (in days) and the 

proportion of days covered as defined in Section 3.4. In addition, all available research 

questions relevant to time-invariant baseline covariates were examined to characterize the 

study participants in each comparison group before and after the propensity-score (PS) 

matching. 
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The propensity score is defined as the conditional probability of receiving treatment 

given the observed covariates. The present study used a non-parsimonious multivariable 

logistic regression model to estimate propensity scores of receiving a RAASI for each 

individual in the comparison groups and to match cohorts between the comparison 

groups. In the model, the index drug treatment indicator (i.e., receiving a RAASI) was 

used as the dependent variable and all pretreatment characteristics were the explanatory 

variables, including age, sex, race, region of residence, status of low-income subsidy, 

dual eligibility of Medicare/Medicaid, prior utilization of health care services (e.g., 

cardiovascular screening test, colorectal cancer screening, diabetes screening tests, 

influenza vaccination, prior hospitalizations, prior stay at nursing homes, and number of 

physician visits), comorbidities, baseline severity of HTN, length of HTN history at the 

index date, and prior use of the index drug. For more details about PS-matching, see 

Section 3.5.  

 

3.2.2 Study Design for Aims 2 and 3 

Aim 2: To compare RAASIs with comparison drugs (i.e., BBs and CCBs) on the cause-

specific hazard of the primary outcome event (i.e., newly documented AF) and the 

competing outcome event (i.e., all-cause death with no AF anytime during follow-up) 

among Medicare beneficiaries with HTN. 

 

Aim 3: To compare RAASIs with comparison drugs (i.e., BBs and CCBs) on the 

cumulative incidence (or sub-distribution hazard) of the primary outcome event (i.e., 

newly documented AF) among Medicare beneficiaries with HTN. 
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For Aim 2 and Aim 3, since the treatment allocation was not randomized in an 

observational study setting, propensity-score (PS) matching was used in the design phase 

to assemble a cohort of individuals whereby beneficiaries who were in comparison 

groups would be well balanced on all measured baseline characteristics.  A propensity 

scoreïmatched retrospective cohort design was used to examine the association of 

RAASI monotherapy and the risk of newly documented AF in the presence of competing 

risks, using both cause-specific hazard regression models and sub-distribution hazard 

regression models. Based on propensity scores of individuals receiving RAASIs 

calculated for the Aim 1 study cohort, the beneficiaries treated with RAASIs alone were 

matched 1:1 with the beneficiaries treated with BBs alone to assemble the sub-cohort of 

beneficiaries treated with either RAASIs or BBs, for Aims 2a, 2b, and 3a. Likewise, the 

beneficiaries treated with RAASIs alone were matched 1:1 with the beneficiaries treated 

with CCBs alone for Aims 2c, 2d, and 3b. All beneficiaries were free of AF at baseline 

and within three months following the index prescription date and stayed on the index 

antihypertensive drug monotherapy in 2006ï2011. Both beneficiaries in each matched set 

were followed from January 1, 2007 (for the eligible prevalent drug users in 2006) or the 

date of their individual first dispense of antihypertensive medication between January 1, 

2007 and September 30, 2011 (the index fill date) until a diagnosis of newly documented 

AF (the endpoint of primary interest), all-cause death (the competing risk event), the last 

day of drug exposure, or December 31, 2011, whichever came first (Figure 1). The last 

day of drug exposure was defined as the last fill date plus days supply minus one. The 

detailed selection criteria are presented in Section 3.3.  
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Figure 1  

Schematic Study Design for Aim 2 and Aim 3 
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3.3 Study Cohort 

The eligible subjects for the present study met the following selection criteria. 

 

Inclusion criteria:  

The present study included Medicare beneficiaries with an evidence of HTN who filled a 

prescription of RAASIs, BBs or CCBs between January 1, 2007, and September 30, 2011 

(the ñindex prescriptionò).  As stated before, the present study allowed including 

prevalent drug users who filled a prescription of one of the study drugs in 2006 if their 

index drug treatments were ended after January 1, 2007. For these patients, the index 

dates were mandatorily adjusted to be January 1, 2007. The present study used a one-year 

look-back window to check beneficiariesô history of HTN. Evidence of HTN was defined 

by the CCW as the presence of at least one inpatient, skilled nursing facility (SNF), home 

health agency (HHA) or two outpatient (HOP) or carrier claims with the relevant 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-

CM) diagnosis codes for HTN (362.11, 401.x-405.x, 437.2, 997.91) during the one-year 

baseline period [51]. The present study used the CCW-predefined chronic condition 

indicator variable for HTN (i.e., the date of the first occurrence of the condition) to 

identify beneficiaries with HTN. The one-year look-back window was also set for 

ascertaining patient baseline comorbidities, prior utilization of health care services, and 

severity of HTN. 

 

To ensure complete clinical data capture, each subject was required to have continuous 

Medicare Part A and Part B coverage for twelve months before the index prescription 
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date and continuous Medicare Part A and Part B coverage after the index prescription 

date through the last day of observation. The last day of observation was defined as 

December 31, 2011, the date of death, the date of occurrence of newly documented AF, 

or the last day of drug exposure, whichever came sooner. To ensure complete drug use 

data capture, all beneficiaries were initially  required to have continuous Medicare Part D 

coverage from twelve months prior to the index prescription date until the last day of 

observation (as previously defined). After the preliminary analysis of beneficiary baseline 

characteristics, the present study relaxed this requirement for the Medicare Part D 

coverage to increase sample size and enhance study power. This modified criterion 

allowed inclusion of beneficiaries with a gapped Medicare Part D coverage in the same 

time period as previously defined. Since drug use information was not available during 

the Medicare Part D coverage gap period, misclassification of drug exposure for the 

gapped period could happen (e.g., unknown use of the comparison drug).   

 

Eligible subjects were also required to have at least three months of index drug exposure 

(RAASIs, BBs, or CCBs) to mimic a ñrun-in phaseò in randomized clinical trials (RCTs). 

Using a ñrun-inò phase was aimed to identify and exclude patients who may discontinue 

medications within three months due to ñlack of perceived treatment effect or 

intoleranceò [52]. For the prevalent drug users, there was also a requirement for the 

minimum three-month drug exposure.  This was because their index dates were 

mandatorily adjusted to be January 1, 2007, which may lead to the situation where some 

subjects would have extremely short measures of time-to-endpoint. In addition, the 
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present study intentionally focused on assessing the long-term (Ó 3 months following the 

index date) antiarrhythmic effectiveness of RAASIs. 

 

Exclusion criteria: 

Beneficiaries were excluded if they had an AF diagnosis on a Medicare claim before the 

index prescription date or after the end of the index drug exposure or within three months 

following the index prescription date. This was because the present study focuses on 

primary prevention of AF (i.e., incident AF). It was also because treatment strategies are 

different between with and without prevalent AF in hypertensive patients.  

Beneficiaries with certain conditions that made them prone to be prescribed certain index 

study drugs were excluded from the analysis. When comparing RAASIs with BBs, 

beneficiaries were excluded if they had a history of angina pectoris, aortic aneurysm, AF, 

metabolic syndrome, end-stage renal disease (ESRD)/proteinuria, peripheral artery 

disease, or diabetes. When comparing RAASIs with CCBs, beneficiaries were excluded if 

they had a history of angina pectoris, heart failure, AF, ESRD/proteinuria, or diabetes. 

The abovementioned baseline comorbidities, except AF, heart failure and diabetes 

ascertained by the CCW-predefined indicator variables, were identified by the presence 

of any claim in the twelve months prior to the index prescription date with relevant ICD-

9-CM codes, including angina pectoris (ICD-9-CM code 413.9), aortic aneurysm (ICD-9-

CM code 441), ESRD (ICD-9-CM code 585.6), metabolic syndrome (ICD-9-CM code 

277.7), and peripheral artery disease (ICD-9-CM code 443.9).  
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Beneficiaries were also excluded if they enrolled in capitated Medicare Advantage 

Prescription Drug plans (i.e., Medicare Part C), because these plans did not submit claims 

data to the CMS.  

 

Beneficiaries were excluded if they failed to stay on the initial drug treatment (one of 

RAASIs, BBs, and CCBs) and received more than one therapeutic-class antihypertensive 

drugs throughout the entire follow-up period in 2006ï2011 (i.e., from the index date to 

AF/Death/last day of drug exposure/December 31, 2011). This exclusion aimed to 

minimize drug exposure misclassification bias. With this exclusion criterion, no 

beneficiaries were allowed to take more than one therapeutic-class drug in the entire 

follow-up period.  

 

3.4 Measurement of Key Variables 

3.4.1 Drug Exposure 

The primary exposure of the present study was monotherapy with one of the following 

antihypertensive drug classes: RAASIs, BBs and CCBs. BBs and CCBs were selected as 

the active control groups because they were the most frequently prescribed 

antihypertensive drug classes in the Medicare population and there was a large sample 

size for the comparative analysis during 2007 to 2009 [49]. BBs were also selected 

because BBs have the same four compelling indications as RAASIs, besides being 

indicated for HTN (i.e., HF, post-myocardial infarction, high coronary disease risk, and 

diabetes) [53]. Similarly, CCBs share two common compelling indications with RAASIs 

(i.e., high coronary disease and diabetes, which are highly prevalent in older adults). In 
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making therapeutic decisions for patients with the aforementioned conditions, physicians 

should take into account both the coexisting compelling indications and BP control.  As a 

result, ñindication biasò would be potentially reduced when both comparison drugs were 

prescribed to hypertensive patients with same compelling indications. Exposure to 

RAASIs and BBs/CCBs were identified by the National Drug Code in the Prescription 

Drug Event (PDE) file from the Part D administrative data using the First DataBank drug 

dictionary (FDB MedKnowledge [54]). Table 3 below presents all antihypertensive drugs 

that were examined in the present study, including both drugs of primary interest and 

other less frequently used drug classes. 

 

Table 3 

Antihypertensive drugs examined in the present study including all drug classes 

 

Drug Class  Drugs 

Angiotensin-converting-enzyme inhibitors 

(ACEIs)  

benazepril, captopril, enalapril, fosinopril, lisinopril, 

moexipril, perindopril, quinapril, ramipril, and 

trandolapril 

Angiotensin II receptor antagonists (ARBs)  
candesartan, eprosartan, irbesartan, losartan, 

olmesartan, telmisartan, and valsartan 

Antiadrenergics  
clonidine, doxazosin, guanabenz, guanfacine, 

methyldopa, prazosin, reserpine, and terazosin 

Beta blockers (BBs)  
acebutolol, atenolol, betaxolol, bisoprolol, carvedilol, 

esmolol, labetalol, metoprolol, nadolol, nebivolol, 

penbutolol, pindolol, propranolol, sotalol, and timolol 

Calcium channel blockers (CCBs)  
amlodipine, diltiazem, felodipine, isradipine, 

nicardipine, nifedipine, nisoldipine, and verapamil  

Diuretics  

amiloride, bumetanide, chlorothiazide, 

chlorthalidone,  ethacrynic acid, furosemide, 

hydrochlorothiazide, indapamide, methyclothiazide, 

metolazone, spironolactone, torsemide,  mannitol, 

and triamterene 

Other renin-angiotensin system (RAS) 

antagonists  

aliskiren and eplerenone  

Vasodilators  hydralazine and minoxidil  
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Utilization of selected antihypertensive drug classes were assessed with two measures: 

duration of therapy (DOT), measured in days between the dates of the first and last fills 

for any drug within the class plus days supply on the last fill or December 31, 2011, 

whichever came sooner; and proportion of days covered (PDC). For prevalent drug users 

who filled prescriptions of respective index drug in 2006, DOT was measured between 

January 1, 2007 and the date of last fill for any drug within the class plus days supply on 

the last fill or December 31, 2011, whichever came first. PDC was defined, as proposed 

by Hess et al. [55], as ñtotal daysô supply was divided by the total number of days 

evaluatedò (i.e., the duration of follow-up). Duration of follow-up was calculated by the 

last day of observation (i.e., the date of a diagnosis of newly documented AF, all-cause 

death, last day of drug exposure, or December 31, 2011, whichever came first) minus the 

index prescription date. 

PDC was capped at 1.0 and categorized into two groups (PDC Ó 0.8 vs. PDC < 0.8), 

where PDCs of 0.8 or greater indicated excellent patient medication adherence. For 

patients who received both an ACEI and an ARB, DOT and PDC were calculated as one 

therapeutic class, RAASIs. DOT in such a case was measured in days between the dates 

of the first fill for one RAAS inhibitor (i.e., either ACEI or ARB) and the last fill of 

another RAAS inhibitor (i.e., the one had been added later) plus days supply on the last 

fill or December 31, 2011, whichever came sooner. PDC was calculated by the number of 

days with any drug within the class of RAASIs divided by the total number of days 

evaluated for RAASIs as a whole class. PDC was considered as a proxy of the length of 

index drug exposure during the entire follow-up period in the present study. The assessed 
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impact of drug treatment on the primary endpoint and competing risk events reflected the 

average long-term treatment effect of study drugs in the present study.

 

3.4.2 Outcomes 

The primary endpoint was newly documented AF, a proxy of new-onset AF in the claims 

database, which was identified using ICD-9-CM code 427.31 in any claim during the 

entire follow-up period. The time elapsed between the index prescription and the first 

onset of newly documented diagnosis of AF (measured in days) during follow-up was 

assessed for Aims 2 and 3.  

 

All -cause death that precluded the occurrence of all non-fatal endpoints was considered 

as the competing risk endpoint in the present study. Date of death was collected from the 

Social Security Administration as part of beneficiary demographic information in the Part 

D denominator files. The time elapsed between the index prescription and the date of all-

cause death with no newly documented AF anytime during follow-up (measured in days) 

was assessed for Aims 2 and 3. 

 

3.4.3 Covariates 

3.4.3.1 Covariates Screened for Aim 1 

A pool of time-invariant baseline covariates was screened for the present study based on 

the clinical relevance and the availability of variables in the CCW data. These covariates 

included demographic variables (i.e., age, sex, race, and region of residence derived from 

the state code), variables related to beneficiary access to health services (i.e., low-income 



33 
 

subsidy status and dual Medicare/Medicaid eligibility), utilization of healthcare services 

(i.e., number of physician visits, diabetes screening test, cardiovascular disease screening 

tests, screening fecal occult blood test, influenza vaccination, prior hospitalization, and 

prior nursing home residence), comorbidities predefined by the CCW or identified by the 

ICD-9-CM codes in the medical claims using twelve months prior to the index 

prescription date as the baseline reference period, baseline severity of HTN, and prior use 

of index antihypertensive drugs in the baseline period. The distributions of all screened 

covariates are reported in Section 4.1, which depicts the baseline characteristics of all 

eligible beneficiaries before PS-matching.  

 

The demographic variables were available from the Part D denominator files. The 

information on beneficiaryôs age at the index date was extracted and re-categorized into 

four groups (<65 years, 65ï74 years, 75ï84 years, >85 years) for analytic purposes. The 

original race variable had multiple categories with only few eligible beneficiaries, thus a 

new variable was derived that had three categories (White, Black, other racial group) for 

modeling purposes. Region of residence was constructed based on the two-digit state 

codes identified from the beneficiary mailing address in the Part D denominator files. 

Region of residence was classified for analytic purposes using five categories: northeast, 

north central, south, west, and other U.S. territories.  

 

Monthly information on low-income subsidy (LIS) status and dual Medicare and 

Medicaid eligibility were also recorded in the Part D denominator files. A dichotomous 

summary variable was created based on beneficiary monthly LIS status to determine each 
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beneficiary LIS status at baseline, where the value of ñyesò indicated that the beneficiary 

received LIS for at least one month in the twelve-month baseline period. Another 

dichotomous variable was constructed similarly based on beneficiary monthly dual 

eligibility to determine the dual eligibility of each beneficiary at baseline. The value of 

ñyesò was assigned to cases where the beneficiaries were dually eligible for Medicare and 

Medicaid for at least one month in the baseline period. 

 

Utilization of health care services was ascertained using Current Procedural Technology, 

version 4 (CPT-4) and Healthcare Common Procedure Coding System (HCPCS) codes 

for physician visits (99201ï99205, 99211ï99215, 99241ï99245, 99324ï99328, 99334ï

99337, 99341ï99345, 99347ï99350, 99381ï99387, 99391ï99397, 99401ï99404, 99411ï

99412), diabetes screening test (82947, 82950, 82951), screening fecal occult blood test 

for colorectal cancer screening (82270, G0328), influenza vaccination (G0008), and 

cardiovascular disease screening tests (80061, 82465, 83718, 84478) in the carrier claim 

files submitted in the 12 months prior to the index prescription date. The number of 

physician visits was counted as a continuous variable for each eligible beneficiary. To 

improve the quality of PS-matching, a four-level variable (0ï2, 3ï5, 6ï10, 11 and more) 

was formed based on physician visit count. For other four-utilization measures, a two-

level indicator variable (none vs. one or more claims with the CPT codes for the 

preventive services in question) was created for analytic purposes. Prior hospitalization 

was ascertained by the presence of any admission date identified in the twelve months 

prior to the index date using the inpatient claim files. A two-level variable (none vs. one 

hospitalization or more) was created for analytic purposes. Similarly, prior nursing home 
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residence was ascertained by the presence of any admission date identified in the twelve 

months prior to the index date using the skilled nursing facility (SNF) claim files. A two-

level indicator variable (none vs. one SNF residence or more) was created for analytic 

purposes. 

 

Indicator variables for 27 common chronic conditions were predefined in the CCW data 

using claims-based algorithms [51], including acquired hypothyroidism, acute myocardial 

infarction, Alzheimerôs disease, Alzheimerôs disease related disorders or senile dementia, 

anemia, asthma, atrial fibrillation, benign prostatic hyperplasia, colorectal cancer, 

endometrial cancer, female/male breast cancer, lung cancer, prostate cancer, cataract, 

chronic kidney disease, chronic obstructive pulmonary disease and bronchiectasis, 

depression, diabetes, glaucoma, heart failure, hip/pelvic fracture, hyperlipidemia, 

hypertension, ischemic heart disease, osteoporosis, rheumatoid arthritis/osteoarthritis, and 

stroke/transient ischemic attack. Except for AF and HTN, all other predefined chronic 

conditions were examined as baseline comorbidities using twelve months prior to the 

index prescription date as the look-back baseline period. The CCW data included three 

types of indicator variables for the predefined chronic conditions: yearly, mid-year, and 

ever date. The ñever dateò variable recorded the date of the first occurrence of the 

predefined condition that was available from January 1, 1999 forward. The operational 

indicator variables for the predefined chronic conditions were constructed for analytic 

purposes and could take either the value of ñyesò for cases with a non-missing value of 

the ever date or the value of ñnoò for cases with a missing value of the ever date. 

Comparing the ñever dateò of the predefined chronic condition to the index prescription 
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date, if the ñever dateò fell in the baseline period, then that predefined chronic condition 

was determined as a baseline comorbidity.   

 

Besides the above 27 predefined common chronic conditions, five baseline established 

risk factors for AF were identified by the presence of any claim in the twelve months 

prior to the index prescription date with relevant ICD-9-CM codes, including sleep apnea 

(ICD-9-CM code 327.23), pulmonary hypertension (ICD-9-CM code 416.0), 

hypertrophic cardiomyopathy (ICD-9-CM code 425.1), hyperthyroidism (ICD-9-CM 

code 242.90), and valvular heart disease (ICD-9-CM codes: 394-397, 424, 350.0-350.4, 

351.0-351.4, and 352.0-352.8). Binary indicator variables for these established AF risk 

factors were formed, where the value of ñyesò was assigned to the cases with the relevant 

diagnosis.   

 

Proxy variables for the baseline severity of HTN were constructed using the 

administrative claim-based coding algorithm for HTN adapted from the adult 

comorbidity evaluation (ACE-27) index, which was ña comorbidity index initially 

developed specifically for cancer patients and based on 26 comorbid conditions with 3 

grades of decompensation or severityò [56]. The three operational HTN severity variables 

(severe [grade 3], moderate [grade 2], and mild [grade 1]) were respectively created using 

the relevant ICD-9-CM codes (presented in Table 4) for different decompensation 

symptom from any claim (i.e., inpatient, outpatient, SNF, HHA, hospice, DME, and 

carrier) in the baseline period.   

  



37 
 

Table 4 
ICD-9-CM codes for claim-based severity of HTN [56] 

Level of decompensation 

Low(L), moderate(M), high(H) 

ICD-9-CM codes 

 

L Hypertension with no 

secondary effects 

Any of (401, 405, 40200, 40210, 40290, 

40300, 40310, 40390, 40400, 40410, 40490) 

and none of (7847, 7823, 7840, 7865, 

43885, 78605) 

M Hypertension with vertigo, 

epistaxis, edema, headache, 

shortness of breath or chest 

pain 

Any of (401, 402, 403, 404, 405) and any of 

(43885, 7847, 7823, 7840, 78605, 7865) 

H Hypertension and papilledema, 

retinal damage, or 

encephalopathy 

Any of (401, 402, 403, 404, 405) and any of 

(3770, 36281, 36282, 4372, 36211) 

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 

HTN: hypertension 

 

For each beneficiary, the number of months since the first diagnosis of HTN was 

calculated (the index prescription date minus the ñever dateò of the HTN diagnosis then 

divided by 30.4) to indirectly reflect the progression of HTN. 

 

To adjust for the baseline index drug exposure, an indicator variable was formed and 

could take two values (ñyesò for cases where the index drugs were initiated prior to the 

index date, and ñnoò for cases where beneficiaries initiated index drugs between January 

1, 2007 and September 30, 2011). 

 

Covariates included in the logistic regression for calculating propensity scores of 

receiving RAASIs were selected from above baseline characteristics in two situations: 1) 

they were associated with both the outcome and the exposure; 2) they were associated 

with the outcome only. The detailed selecting process is presented in the section 

ñAnalysis Plan for Aim 1ò. All screened baseline covariates are summarized in Table 5. 
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Table 5 
Summary of selected variables screened as baseline characteristics 

Socio-demographic 

Measures 

Age at the index date, Sex, Race, Region of residence, Low- 

income subsidy status, Dual eligibility for Medicare/Medicaid 

Use of Health Care 

Services 

Number of physician visits, Diabetes screening test, 

Cardiovascular disease screening tests, Screening fecal occult 

blood test, Influenza vaccination, Prior hospitalization, Prior 

nursing home residence  

Comorbidities Acquired hypothyroidism, Acute myocardial infarction, 

Alzheimerôs disease, Alzheimerôs disease related disorders or 

senile dementia, Anemia, Asthma, Benign prostatic 

hyperplasia, Colorectal cancer, Endometrial cancer, 

Female/male breast cancer, Lung cancer, Prostate cancer, 

Cataract, Chronic kidney disease, Chronic obstructive 

pulmonary disease (COPD) and bronchiectasis, Depression, 

Diabetes, Glaucoma, Heart failure (HF), Hip/pelvic fracture, 

Hyperlipidemia, Ischemic heart disease, Osteoporosis, 

Rheumatoid arthritis/osteoarthritis, Stroke/transient ischemic 

attack (TIA), Sleep apnea, Pulmonary hypertension, 

Hypertrophic cardiomyopathy, Hyperthyroidism, Valvular 

heart disease 

Severity of HTN HTN baseline severity 

Length of HTN 

history 

Number of months since the first diagnosis of HTN 

Prior index drug use Any use of index drugs in 12 months prior to the index date 

HTN: hypertension 

 

3.4.3.2 Covariates Included for Aim 2 

The covariates used for the analyses of Aim 2 (i.e., Cox proportional cause-specific 

hazard regression models) included the indicator variable for prior index drug use and all 

pretreatment variables used to estimate the PS (Table 6). All time-invariant baseline 

covariates used for Aim 2 were defined previously. In addition, a composite time-varying 

covariate was created to account for the changing hazard of newly documented AF due to 

complications of HTN (i.e., AMI, stroke/TIA, and HF) occurring in the follow-up period.  

The operational binary composite time-varying covariate used the CCW predefined ñever 

dateò indicator variables from Master Beneficiary Summary File (Chronic Conditions) to 
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determine the first occurrence of these events during the follow-up for modeling 

purposes. This covariate started with a value of 0 and its value was changed to 1 

whenever a subject experienced one of the complications of HTN (i.e., AMI, stroke/TIA, 

and HF) during the follow-up period.  

Table 6 
Baseline covariates selected for the initial estimation of the PS* 
 Selected covariates for the sub-

cohort of beneficiaries taking 

either RAASIs or BBs 

Selected covariates for the sub-

cohort of beneficiaries taking 

either RAASIs or CCBs 

Socio-demographic 

Measures 

Age at the index date, Sex, Race, 

Region of residence, Low-

income subsidy status, Dual 

eligibility for Medicare/Medicaid  

Age at the index date, Sex, Race, 

Region of residence, Low-

income subsidy status, Dual 

eligibility for Medicare/Medicaid 

Use of Health Care 

Services 

Physician visits, Influenza 

vaccination, Prior hospitalization, 

Prior nursing home residence 

Physician visits, Cardiovascular 

disease tests, Influenza 

vaccination, Prior hospitalization 

Comorbidities Alzheimerôs disease related 

disorders or senile dementia, 

Anemia, Cataract, Chronic 

kidney disease, Chronic 

obstructive pulmonary disease 

(COPD) and bronchiectasis, 

Heart failure (HF), 

Hyperlipidemia, Benign prostatic 

hyperplasia, Ischemic heart 

disease, Osteoporosis, 

Rheumatoid 

arthritis/osteoarthritis, 

Stroke/transient ischemic attack 

(TIA), Valvular heart disease 

 

Acquired hypothyroidism, 

Alzheimerôs disease related 

disorders or senile dementia, 

Alzheimerôs disease, Anemia, 

Asthma, Female/male breast 

cancer, Cataract, Chronic kidney 

disease, Chronic obstructive 

pulmonary disease (COPD) and 

bronchiectasis, Benign prostatic 

hyperplasia, Ischemic heart 

disease, Osteoporosis, 

Rheumatoid 

arthritis/osteoarthritis, 

Stroke/transient ischemic attack 

(TIA), Valvular heart disease 

Length of HTN 

history 

Length of HTN history in months Length of HTN history in months 

*Covariates for which the marginal prevalence was <5% and those that were weakly associated 

with newly documented AF in the bivariate analyses (Chi-square or Wilcoxon-Mann-Whitney 

test p > 0.10 for continuous and categorical covariates, respectively) are not shown in this table. 

PS: propensity score; RAASI: renin-angiotensin-aldosterone-system inhibitor; BB: beta-blocker; 

CCB: calcium channel blocker; HTN: hypertension 
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3.4.3.3 Covariates Included for Aim 3 

The covariates used for the analyses of Aim 3 (i.e., the proportional sub-distribution 

hazard regression models [a.k.a. the Fine-Gray models]) included the same covariates 

used for Aim 2 except the composite time-varying covariate, which was defined 

previously. 

3.5 Plan of Statistical Analysis  

3.5.1 Plan of Analysis for Aim 1 

Aim 1 of the present study was to characterize utilization of RAASIs (RAASIs), BBs and 

CCBs among eligible Medicare beneficiaries with HTN who filled index prescriptions 

between January 1, 2007 and September 30, 2011. Parallel analyses were conducted for 

the sub-cohort of beneficiaries who received either RAASI or BB monotherapy and for 

the sub-cohort of beneficiaries who received either RAASI or CCB monotherapy.  

 

3.5.1.1 Bivariate Analysis for the Sub-cohort of Beneficiaries Taking 

either RAASIs or BBs 

To determine which covariates were associated with antihypertensive drug exposure, the 

comparisons of all aforementioned time-invariant baseline characteristics were conducted 

between treatment groups (RAASIs vs. BBs), using Wilcoxon-Mann-Whitney and chi-

square tests for continuous and categorical covariates, respectively. 

 

To determine which covariates were associated with the development of newly 

documented AF and complement the covariate selection for subsequent estimations of 

PS, a series of bivariate Cox proportional hazard models, where time-to-newly 
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documented AF was the dependent variable and each aforementioned baseline covariate 

was the explanatory variable, were fitted. Any baseline covariate associated with time-to-

newly documented AF in a bivariate model with p<0.10 was eligible for inclusion in the 

logistic regression model for PS estimations. 

3.5.1.2 Bivariate Analysis for the Sub-cohort of Beneficiaries Taking 

either RAASIs or CCBs 

A parallel set of bivariate analyses was conducted to determine the association of each 

baseline time-invariant covariate and drug exposure for the sub-cohort of beneficiaries 

taking either RAASIs or CCBs, using Wilcoxon-Mann-Whitney and chi-square tests for 

continuous and categorical covariates, respectively.  

 

Likewise, to determine which covariates were associated with the development of newly 

documented AF and complement the covariate selection for subsequent estimations of 

PS, a parallel series of bivariate Cox proportional hazard models for the sub-cohort of 

beneficiaries taking either RAASIs or CCBs was fitted, where time-to-newly documented 

AF was the dependent variable and each aforementioned baseline covariate was the 

explanatory variable. Any baseline covariate associated with time-to-newly documented 

AF in a bivariate model with p<0.10 was eligible for inclusion in the logistic regression 

model for PS estimations. 

 

3.5.1.3 Assembly of Study Sub-cohorts: Propensity Score Matching 

The present study employed a five-step PS-matching approach adapted from Garrido et 

al. to assemble the two PS-matched sub-cohorts [57]. The first step involved selection of 
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pretreatment variables to estimate the PS. As all eligible beneficiaries in both sub-cohorts 

were mild hypertensive patients shown in the univariate analysis of baseline severity of 

HTN, baseline severity of HTN was dropped due to lack of variability from the pool of 

covariates for all the subsequent multivariate analyses. A series of univariate analyses 

was conducted to examine the marginal prevalence of the baseline covariates listed 

above.  

 

Covariates dropped from the estimation of the PS due to low marginal prevalence (i.e., 

<5%) for the sub-cohort of beneficiaries taking either RAASIs or BBs included diabetes 

screening test, endometrial cancer, colorectal cancer, lung cancer, prostate cancer, 

hip/pelvic fracture, sleep apnea, pulmonary hypertension, hypertrophic cardiomyopathy, 

and hyperthyroidism. Similarly, for the sub-cohort of beneficiaries taking either RAASIs 

or CCBs, the covariates dropped from the estimation of the PS included diabetes 

screening test, prior nursing home residence, acute myocardial infarction, endometrial 

cancer, colorectal cancer, lung cancer, prostate cancer, hip/pelvic fracture, sleep apnea, 

pulmonary hypertension, hypertrophic cardiomyopathy, and hyperthyroidism.  

 

The remaining baseline covariates further dropped from the estimation of the PS for the 

sub-cohort of beneficiaries taking either RAASIs or BBs due to weak association with the 

development of newly documented AF included cardiovascular disease screening tests, 

selected colorectal cancer screening test (i.e., annual screening fecal occult blood test), 

Alzheimerôs disease, acute myocardial infarction, asthma, breast cancer, depression, 

glaucoma, and hypothyroidism. Likewise, for the sub-cohort of beneficiaries taking either 
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RAASIs or CCBs, selected colorectal cancer screening test, prior nursing home 

residence, depression, glaucoma, and hyperlipidemia were dropped from the estimation 

of the PS.  

 

Table 6, above, summarizes all pretreatment characteristics included in the initial 

estimation of PS for the sub-cohort of beneficiaries taking either RAASIs or BBs (24 

covariates in the left column) and for the sub-cohort of beneficiaries taking either 

RAASIs or CCBs (26 covariates in the right column). All of the selected baseline 

covariates summarized in the left column of Table 6 were the independent variables and 

treatment with RAASIs was the dependent variable for the sub-cohort of beneficiaries 

taking either RAASIs or BBs. Likewise, all of selected baseline covariates summarized in 

the right column of Table 6 were the independent variables and the treatment with 

RAASIs was the dependent variable for the sub-cohort of beneficiaries taking either 

RAASIs or CCBs. 

 

The second step involved estimation of the propensity scores for both sub-cohorts using 

logistic regression and comparing the distribution of the propensity score among the 

treatment groups. Since precise estimates of treatment effects rely on overlap in the range 

of propensity scores between comparison groups (i.e., common support), the present 

study assessed the balance of the PS across comparison groups by examining the graphs 

of common support (see results presented in Section 4.4.1).  
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The third step involved checking for the balance of the PS within blocks of the PS for 

both sub-cohorts. The number of blocks was initially set to be five based on quintiles of 

the PS by the STATA program -pscore- [57]. Then, the program checked the balance of 

the PS within the initial blocks using T-tests with equal variances. This program 

automatically splits quintiles into smaller groups if the balance of the PS was not 

achieved within the block being examined. There were 11 blocks of the PS formed finally 

by the program for the sub-cohort of beneficiaries treated with RAASIs or BBs to achieve 

the balance of the PS within each block. Similarly, for the sub-cohort of beneficiaries 

treated with RAASIs or CCBs, there also were 11 blocks formed by the program when 

the PS was balanced in each block. 

 

The fourth step involved checking for the balance of baseline covariates across the 

RAASI and BB treatment groups, or RAASI and CCB treatment groups, within blocks of 

the PS. The balance of all selected baseline characteristics between treatment groups was 

compared before and after PS matching using standardized differences for both sub-

cohorts. A standardized difference d is computed by Ὠ
Ӷ Ӷ

 for the 

continuous covariates, and by Ὠ  for the binary covariates [58]. Here, 

 and denote the mean and standard deviation of a covariate in the RAASI 

treatment group, and  and  denote the mean and standard deviation of a 

covariate in the BB/CCB treatment group.  Similarly,   and  denote the 

prevalence of one of the categories of a binary covariate in the RAASI treatment group 

treatmentx treatmentS

controlx controlS

treatmentPĔ controlPĔ
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and BB/CCB treatment group, respectively. Standardized differences contrast the 

treatment group means of covariates in units of the pooled standard deviations of the 

comparison groups, which are not affected by sample size. A standardized difference of 

0.10 was used as the threshold for acceptable imbalance. Any absolute values of the 

standardized difference greater than 0.10 were considered consequential residual 

confounding that required different specifications for the PS [58].  

 

The final step involved matching eligible beneficiaries in the RAASI treatment group to 

the comparison beneficiaries in the BB treatment group and in the CCB treatment group. 

In order to maximize the generalizability of the study results, the present study employed 

a nearest-neighbor matching without replacement strategy that allowed all beneficiaries 

taking RAASIs on ñcommon supportò to be included in the new matched samples. The 

matching strategy was chosen since it led to ñthe fewest number of ólargeô standardized 

difference of means (greater than 0.25)ò [59]. In the RAASI/BB and RAASI/CCB sub-

cohorts, all eligible beneficiaries treated with RAASIs were matched 1:1 with 

beneficiaries treated with BBs or CCBs, respectively. After the two matched samples 

were constructed, the balance of covariates was checked across the comparison groups to 

evaluate the success of matching by assessing standardized differences before and after 

matching [58, 60]. All previous steps were iteratively taken to induce acceptable balance 

on baseline covariates. To improve the matching quality, the present study replaced the 

initial continuous HTN length with the categorical length of HTN history (time from the 

first HTN diagnosis to the index date in months: less than 30 months, 30 to 59 months, 60 



46 
 

to 89 months, and greater than 90 months, using the quantiles of HTN length for all 

eligible beneficiaries as the cutoff points) in the PS estimating logistic regression model.  

 

The plot of standardized differences for individual baseline covariates in the final 

matched samples for the sub-cohort of beneficiaries taking either RAASIs or BBs shows 

that the absolute standardized difference was reduced to less than 0.10 in all baseline 

covariates in the matched sub-cohort (Figure 2 for socio-demographic covariates and 

utilization of health care services; Figure 3 for comorbidities).  

 

Figure 2  

Plot of standardized differences for socio-demographic covariates and utilization of 

health care services before and after PS-matching for the sub-cohort of beneficiaries 

taking either RAASIs or BBs. 
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Figure 3  

Plot of standardized differences for comorbidities before and after PS-matching for the 

sub-cohort of beneficiaries taking either RAASIs or BBs. 

 

 

Likewise, the plot of standardized differences for individual covariates in the final 

matched samples for the sub-cohort of beneficiaries taking either RAASIs or CCBs 

showed that the absolute standardized difference was reduced to <0.10 in all baseline 

covariates in the matched sub-cohort (Figure 4 for socio-demographic covariates and 

utilization of health care services; Figure 5 for comorbidities).  
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Figure 4  

Plot of standardized differences for socio-demographic covariates and utilization of 

health care services before and after PS-matching for the sub-cohort of beneficiaries 

taking either RAASIs or CCBs. 
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Figure 5  

Plot of standardized differences for comorbidities before and after PS-matching for the 

sub-cohort of beneficiaries taking either RAASIs or CCBs. 

 
 

PS estimation and matching were performed using STATA 13 (StataCorp LP, College 

Station, TX). 

 

3.5.1.4 Baseline Characteristics and Characterization of Drug Exposure  

To quantify study drug exposure, duration of therapy (DOT) is presented as a median 

[interquartile range] for beneficiaries treated with RAASIs and for comparison 

beneficiaries treated with BBs or CCBs. In practice, this measurement is not reported 

separately since it has been incorporated in the measure of follow-up length, whose value 

equals the full length of DOT or a segment of the full length of DOT truncated by the 

endpoint event. Proportion of days covered (categorical PDC, less than 0.8 vs. greater 

than or equal to 0.8) for beneficiaries treated with RAASIs and for comparison 
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beneficiaries treated with BBs or CCBs in the respective matched sub-cohorts is 

presented as the percentage and the corresponding confidence intervals. 

 

To summarize the follow-up of the matched sub-cohorts, the days of follow-up, time to 

newly documented AF, and time to all-cause death with no newly documented AF at any 

time during follow-up are presented as a median [interquartile range] for beneficiaries 

treated with RAASIs and for comparison beneficiaries treated with BBs or CCBs in the 

matched sub-cohorts. Since more than 95% of observations in either matched sub-cohort 

were censored with respect to both types of endpoint event, in practice, the median 

[interquartile range] of the follow-up was calculated and reported for the entire relevant 

sub-cohort. The median [interquartile range] of time to newly documented AF was 

calculated and reported for beneficiaries who experienced newly documented AF only. 

The median [interquartile range] of time to all-cause death with no newly documented 

AF at any time during follow-up was calculated and reported for beneficiaries who 

experienced all-cause death with no newly documented AF only. 

 

To summarize the changing hazard of developing newly documented AF during the 

follow-up, the frequency of the time-varying composite covariate is presented as the 

percentage and the corresponding confidence intervals (CIs) for beneficiaries treated with 

RAASIs and comparison beneficiaries treated with BBs or CCBs in the respective 

matched sub-cohorts. 
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3.5.2 Plan of Analysis for Aim 2 

To address Aim 2, Cox proportional cause-specific hazard regression was used to 

estimate the effect of study drugs on the study outcomes, while controlling for potential 

confounders.  

 

For the sub-cohort of beneficiaries taking either RAASIs or BBs, Aims 2a and 2b (impact 

of RAASIs on newly documented AF and all-cause death with no AF at any time during 

the follow-up) were approached as follows: 

 

Recall: 

Aim 2a. To compare monotherapy with RAASIs with monotherapy with BBs on the 

cause-specific hazard of developing newly documented AF among Medicare 

beneficiaries with HTN. 

 

ðFor Aim 2a and associated Hypothesis 2a, the effect of RAASIs on newly documented 

AF was estimated, controlling for the composite time-varying covariate and prevalent 

drug use prior to the index prescription date. The competing risk events (i.e., all-cause 

deaths with no AF at any time during follow-up) were treated as being right-censored in 

the outcome models for Aim 2a. The cause-specific relative hazard (csRh) of developing 

newly documented AF and 95% CIs were estimated for the RAASI group in reference to 

the BB group.  
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The proportional hazards (PH) assumptions for the baseline covariates in the model were 

examined by checking the weighted Schoenfeld residuals.  The test of nonproportional 

hazards based on the scaled Schoenfeld residuals was chosen because it was so superior 

to other methods that it even worked when time-varying covariates were included in the 

outcome model. The present study implemented the PH assumption check using the 

recently released ZPH option in the latest iteration of the SAS PHREG statement (SAS 

9.4, SAS Institute, Cary, NC) [61]. The results of the ZPH diagnostics were evaluated in 

two ways: a Schoenfeld-type residual plot and a correlation test. To implement the ZPH 

diagnostics, the SAS PHREG procedure plots weighted Schoenfeld-type residuals against 

time to newly documented AF with a rescaled and smoothed Schoenfeld-type residual 

curve for each covariate and conducts a correlation test between the weighted Schoenfeld 

residuals and survival times. A violation of PH assumption was evidenced by a non-zero 

slope of the fitted smooth curve in the Schoenfeld-type residual plot or p < 0.05 for the 

result of the correlation test. As required for this method, the composite time-varying 

covariate was defined by the counting process method [62]. In the cases where the 

proportional hazard assumptions were violated, the interaction terms defined by the 

product of the covariate and the follow-up time would be added to the model to 

incorporate the nonproportionality.  

 

If the final model included continuous covariates, then model adequacy was further 

assessed to check the additional model assumption for functional forms of continuous 

covariates (i.e., to check whether the continuous covariate was linearly associated with 

the log cumulative hazard). This check was done by assessing the Martingale residuals 
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from the final model. Furthermore, the overall goodness-of-fit  was checked when 

assessing the plots of Martingale residuals as necessary. Finally, the correlation between 

the two types of endpoint events (i.e., newly documented AF and all-cause death without 

experiencing AF) was explored and the results shown in Appendix I.  

 

It is well known that any valid inferences from Cox proportional hazard models can only 

be made under the assumption of independent censoring. Since the competing event (AF-

free all-cause death) was treated as a censoring event in the Cox model for time to newly 

documented AF, this implies that we need to assess the assumption that the time to newly 

documented AF and time to AF-free all-cause death were independent. However, since 

both the joint distribution and the marginal distributions of the latent time to newly 

documented AF as well as the latent time to AF-free all-cause death were theoretically 

not verifiable without further assumptions [63], the dependence between the two 

competing risk events was explored graphically. (Appendix I).   

 

The individual assessment of the relevant model assumptions is summarized in a table 

following the reported study findings for each specific aim.  

 

Recall: 

Aim 2b. To compare monotherapy with RAASIs with monotherapy of BBs on the cause-

specific hazard of all-cause death with no AF at any time during follow-up among 

Medicare beneficiaries with HTN. 
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ðFor Aim 2b, the effect of RAASIs on all-cause death with no AF at any time during the 

follow-up was estimated, controlling for the composite time-varying covariate and 

prevalent drug use prior to the index prescription date. By contrast, cases of newly 

documented AF were treated as censored observations in the outcome models. The cause-

specific relative hazard of all-cause death without experiencing AF and 95% CIs were 

estimated for the RAASI group in reference to the BB group. The proportional hazards 

assumptions for the baseline covariates were tested in the same way as previously 

described for Aim 2a. Similar consideration was also given to the assessment of other 

model assumptions for Aim 2b (Appendix I, Table A-1). 

 

In practice, the present study employed the method developed by Wolkewitz et al. to 

prepare the data in a required format (i.e., counting process style, cause-specific 

covariates, and double records for competing endpoints) that enabled SAS to calculate 

cause-specific relative hazard in the competing risks analysis with binary time-varying 

covariates [64]. The stratified Cox proportional hazard models were then fitted for Aims 

2a and 2b at one time, where the models were stratified on the type of competing 

endpoint. Since the data in the required format contained multiple records per subject, the 

robust Sandwich variance estimates were calculated for the 95% CI of the cause-specific 

relative hazard to account for this correlation.   

 

Recall: 

Aim 2c. To compare RAASI and CCB monotherapy over the cause-specific hazard of 

developing newly documented AF among Medicare beneficiaries with HTN. 
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Aim 2d. To compare RAASI and CCB monotherapy over the cause-specific hazard of all-

cause death with no AF at any time during follow-up among Medicare beneficiaries with 

HTN. 

 

ðFor the sub-cohort of beneficiaries taking either RAASIs or CCBs, Aims 2c and 2d 

(impact of RAASIs on newly documented AF and all-cause death with no AF anytime 

during the follow-up) were approached in the same way as for the sub-cohort of 

beneficiaries taking either RAASIs or BBs. To address Aim 2c and associated Hypothesis 

2b, the effect of RAASIs on newly documented AF was estimated and the cause-specific 

relative hazard of developing newly documented AF and 95% CIs were calculated for the 

RAASI group in reference to the CCB group. Likewise, for Aim 2d, the cause-specific 

relative hazard of all-cause death without experiencing AF and 95% CIs were estimated 

for the RAASI group versus the CCB group in the same stratified regression model used 

for Aim 2c. The tests for nonproportional hazards were performed in the same way as 

previously described for Aims 2a and 2b. Similar consideration was also given to the 

assessment of other model assumptions for Aim 2c and Aim 2d (Appendix I, Table A-1). 

 

3.5.3 Plan of Analysis for Aim 3 

Specific Aim 3 (impact of RAASI on developing newly documented AF in the presence 

of all-cause death as the competing risk) was addressed using the proportional sub-

distribution hazard regression models (i.e., Fine-Gray Model [33]). The rationale for the 
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Fine-Gray models and relevant data structure required in the analyses of the present study 

are provided below.  

Recall: 

Aim 3a. To compare the monotherapy of RAASIs with the monotherapy with BBs on the 

cumulative incidence of newly documented AF among Medicare beneficiaries with HTN 

over follow-up. 

Aim 3b. To compare RAASI monotherapy with CCB monotherapy for the cumulative 

incidence of newly documented AF among Medicare beneficiaries with HTN over 

follow-up. 

 

In the absence of competing risks, one can derive the cumulative incidence of the event 

of interest directly from the complement of the survival function based on the traditional 

Cox regression model (i.e., one minus the survival function). However, this 1:1 direct 

link between the survival function and the cumulative incidence still holds only if the 

following two assumptions are satisfied: all subjects are free of the event at the beginning 

of the study and all subjects experience the event of interest eventually [65]. The 

presence of the competing risks alters the likelihood of experiencing the event of interest 

fundamentally in the subjects who have already experienced the competing risks. In the 

present study, it was obvious that for any subject who experienced a competing risk event 

(i.e., AF-free death), it would not be possible to experience newly documented AF 

permanently. In this sense, the competing risk event, AF-free all-cause death, broke the 

1:1 correspondence between the cumulative incidence of newly documented AF and its 

hazard function. In other words, the drug effect on the hazard of newly documented AF 
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estimated from the Cox regression models cannot be interchangeably interpreted as the 

drug effect on the cumulative incidence of newly documented AF (i.e., the probability of 

the occurrence of newly documented AF).  Furthermore, ignoring the presence of 

competing risks would lead to an overestimation of the cumulative incidence function, 

which is clearly illustrated by the overlaid plots of the unadjusted cumulative incidence 

function of newly documented AF estimated by the Cox cause-specific hazard model and 

the Fine-Gray model in the present study (Appendix II, Figures A-7 and A-8).  

 

In contrast, Fine-Gray models can estimate the cumulative incidence of occurrence of 

newly documented AF while accounting for all-cause death without experiencing AF as 

competing risks. In the present study, Fine-Gray models were used to modify the risk set 

by including those who have not yet experienced newly documented AF and those who 

have experienced AF-free all-cause death.  

 

The required data structure for running Fine-Gray models can be summarized as below. 

A subject level data set is required. In addition to a time variable and covariates, a 

categorical variable with three possible values is also needed, with a value of 0 for 

censoring due to end of study or end of drug exposure, 1 for newly documented AF, and 

2 for all-cause death without experiencing AF. 

 

For Hypothesis 3a, the effect of RAASI on the sub-distribution hazard of newly 

documented AF was estimated, accounting for all-cause deaths with no AF anytime 

during the follow-up as the competing risk events. Prevalent use of the study drug prior to 
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the index prescription date was included in the model as the only covariate. The statistical 

significance of the difference in the sub-distribution hazard (i.e., the sub-distribution 

relative hazard, sdRH) of developing newly documented AF was tested for the RAASI 

group versus the BB group. The proportional sub-distribution hazard assumption for the 

final model was tested by checking weighted Schoenfeld-type residuals. A plot of the 

weighted Schoenfeld-type residuals was generated so that, as Kohl and Heinze explain in 

the technical documentation of the SAS Macro %PSHREG, ñthe smoothed residuals can 

directly be interpreted as changes in estimated coefficient over timeò [66]. The 

cumulative incidences of newly documented AF were calculated and plotted for the 

RAASI group versus the BB group.  

 

Under similar considerations for the assessment of model assumptions, functional forms 

of continuous covariates and the overall goodness-of-fit would also be checked in the 

present study to evaluate the additional model assumptions for the Fine-Gray models 

(Appendix I, Table A-2). However, because only two binary explanatory covariates were 

included in the final model, the assessment of other model assumptions became not 

applicable to the present study. Furthermore, since no assumption of independence 

between the competing risk events was required for the Fine-Gray models, the present 

study did not perform the assessment of independence assumption either. 

 

Similarly, for Hypothesis 3b, the effect of RAASIs on the sub-distribution hazard of 

newly documented AF was estimated, accounting for all-cause deaths with no AF 

anytime during the follow-up as the competing risk events. Prevalent use of the study 
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drug prior to the index prescription date was included in the model as the only covariate. 

The statistical significance of sdRH of developing newly documented AF was tested for 

the RAASI group versus the CCB group. The proportional sub-distribution hazards 

assumptions and other model assumptions for the final model were tested and accounted 

for in the same way as described for the Hypothesis 3a. The model-based cumulative 

incidences of newly documented AF were calculated and plotted for the RAASI group in 

reference to the CCB group.  

The competing risk analyses were performed using the PHREG procedure (SAS version 

9.4) for the cause-specific hazard models and the SAS macro %PSHREG [64, 66] for the 

sub-distribution hazard models.  
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Chapter 4 Results 

 

4.1 Results for Aim 1 

Recall: 

Aim 1. To characterize the study samples and their utilization of RAASIs (i.e., the 

exposure/treatment of interest), BBs and CCBs (i.e., the two active control drugs) among 

Medicare beneficiaries with HTN (i.e., the target population) who filled prescriptions of 

one of the above study medications between January 1, 2007 and September 30, 2011. 

 

4.1.1 Results of Assessing Propensity Score Matching 

Since precise estimates of treatment effects rely on overlap in the range of propensity 

scores between comparison groups (i.e., common support), the present study assessed the 

balance of the PS across comparison groups by examining the graphs of common 

support. The common support graphs showed that there was adequate overlap in the 

distributions of the estimated PS across the comparison groups for both sub-cohorts 

(Figure 6 and Figure 7 for the two sub-cohorts, respectively).  
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Figure 6  
Distribution of Propensity Score across RAASI (Treated) and BB (Untreated) Treatment 

Groups. 

 

 

The final matched sub-cohort included 13,242 eligible beneficiaries treated with RAASIs 

and 13,242 eligible beneficiaries treated with BBs. Two beneficiaries treated with 

RAASIs were ñoff common supportò and thus were removed from the subsequent 

analyses after matching. 
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Figure 7  

Distribution of Propensity Score across RAASI (Treated) and CCB (Untreated) 

Treatment Groups. 

 

 

The final matched sub-cohort included 10,843 eligible beneficiaries treated with RAASIs 

and 10,843 eligible beneficiaries treated with CCBs. All beneficiaries treated with 

RAASIs were on ñcommon supportò and retained in the matched sub-cohort. 

 

4.1.2 Baseline Characteristics 

Between 2006 and 2011, 13,244 Medicare beneficiaries were treated with RAASI 

monotherapy vs. 22,711 beneficiaries with BB monotherapy in the sub-cohort of 

beneficiaries taking either RAASIs or BBs (Table 4.1). All comparisons that are 

presented in the following descriptive results of Table 4.1 were made between 
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beneficiaries treated with RAASIs and those treated with BBs. Beneficiaries treated with 

RAASIs were younger (age 75ï84 years: 31.1 vs. 33.3%, p < 0.001), and were less 

frequently female (65.7% vs. 70.9%, p < 0.001) and black (6.4% vs. 6.9%, p < 0.05) than 

beneficiaries treated with BBs.  Beneficiaries on RAASI monotherapy more often resided 

in the west of the U.S (18.9% vs. 11.7%, p < 0.001). Beneficiaries treated with RAASIs 

also had lower rates of influenza vaccination (42.0% vs. 43.2%, p < 0.001), physician 

visits (4th quartile: 21.6% vs. 26.1%, p < 0.001), and prior hospitalization (17.4% vs. 

20.9%, p < 0.001).  At baseline, beneficiaries treated with RAASIs had a lower rate of 

comorbidities, such as anemia (42.8% vs. 46.0%, p < 0.001), cataracts (61.4% vs. 62.6%, 

p = 0.02), chronic heart failure (18.1% vs. 21.9%, p < 0.001), hyperlipidemia (70.1% vs. 

74.1%, p < 0.001), ischemic heart disease (36.2% vs. 53.3%, p < 0.001), osteoporosis 

(22.7% vs. 24.0%, p = 0.004), arthritis (48.6% vs. 50.9%, p < 0.001), and stroke/TIA 

(13.6% vs. 14.2%, p = 0.02), relative to beneficiaries treated with BB monotherapy. In 

contrast, only Alzheimerôs or related dementia (15.1% vs. 13.6%, p < 0.001) and benign 

prostatic hyperplasia (10.6% vs. 9.7%, p = 0.006) were more frequently seen in 

beneficiaries treated with RAASIs in comparison to beneficiaries treated with BBs.   

 

Additionally, beneficiaries treated with RAASIs had a shorter HTN history in comparison 

to beneficiaries treated with BBs (1st category: 27.1% vs. 24.5%, p < 0.001).

Propensity-score matching resulted in a sub-cohort of 26,484 beneficiaries treated with 

monotherapy of either RAASIs or BBs (Table 7). The standardized difference in all the 

characteristics of matched beneficiaries was less than 0.10, which indicates no 

consequential residual bias left in the selected observed covariates. 
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Table 7  
Descriptive characteristics of 35,955 beneficiaries treated with monotherapy of renin-

angiotensin-aldosterone-system inhibitors (RAASIs) vs. monotherapy of beta-blockers 

(BBs) for hypertension between 2006 and 2011 within the random 5% sample of 

Medicare beneficiary population, and 26,484 antihypertensive therapeutic class-

propensity score (PS)ïmatched beneficiaries 

 
*  Standardized differences contrast group means of covariates between the comparison 

groups in units of the pooled standard deviations of the comparison groups, with values 

of less than 0.10 denoting negligible imbalance. The standardized difference d is defined 

as Ὠ
Ӷ Ӷ

 for continuous variables, and as Ὠ   for 

dichotomous variables [58]. See Subsection 3.5.1.3 for more details.  
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Table 7 (continued) 

 
COPD: chronic obstructive pulmonary disease; TIA: transient ischemic attack; HTN: 

hypertension 
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Between 2006 and 2011, 25,021 Medicare beneficiaries were treated with monotherapy 

of RAASIs vs. 21,686 beneficiaries with monotherapy of CCBs in the sub-cohort of 

beneficiaries taking either RAASIs or CCBs (Table 4.2). All comparisons that were 

presented in the following descriptive results of Table 4.2 were made between 

beneficiaries treated with RAASIs and those treated with CCBs. Beneficiaries treated 

with RAASIs were younger (age 75ï84 years: 30.7% vs. 33.6%, p < 0.001), and less 

frequently female gender (64.9% vs. 73.1%, p < 0.001) and black (5.6% vs. 13.1%, p < 

0.001) than beneficiaries treated with CCBs.  Beneficiaries on RAASI monotherapy more 

often resided in the west of the U.S (19.6% vs. 14.2%, p < 0.001). Beneficiaries treated 

with RAASIs also had lower rates of receiving low-income subsidy (31.1% vs. 34.2%, p 

< 0.001), being dual eligible for enrollment of Medicare/Medicaid (26.8% vs. 28.7%, p < 

0.001), and physician visits (4th quartile: 20.5% vs. 24.1%, p < 0.001).  Likewise, 

beneficiaries taking RAASIs had lower rates of comorbidities, such as anemia (38.1% vs. 

39.7%, p = 0.012), asthma (9.0% vs. 11.9%, p < 0.001), cataracts (59.9% vs. 61.5%, p = 

0.009), chronic kidney disease (7.6% vs. 9.2%, p < 0.001), female breast cancer (5.2% vs. 

5.9%, p = 0.008), COPD (17.0% vs. 20.7%, p < 0.001), ischemic heart disease (28.4% vs. 

33.4%, p < 0.001), osteoporosis (21.2% vs. 22.6%, p = 0.008), and arthritis (46.2% vs. 

48.9%, p < 0.001), relative to beneficiaries treated with CCBs. Likewise, only 

Alzheimerôs or related dementia (11.6 vs. 9.6%, p < 0.001) and benign prostatic 

hyperplasia (10.5% vs. 8.5%, p < 0.001) were more frequently seen in beneficiaries 

treated with RAASIs in comparison to beneficiaries treated with CCBs.  
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In addition, beneficiaries treated with RAASIs had a shorter HTN history in comparison 

to beneficiaries treated with CCBs (1st category: 29.7% vs. 23.7%, p < 0.001). 

Propensity-score matching resulted in a sub-cohort of 21,686 beneficiaries treated with 

monotherapy of either RAASIs or CCBs (Table 8). The standardized difference in all the 

characteristics of matched beneficiaries was less than 0.10, which indicates the balanced 

distribution in all selected observed covariates across the comparison groups. 
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Table 8 
Descriptive characteristics of 25,021 beneficiaries treated with monotherapy of renin-

angiotensin-aldosterone-system inhibitors (RAASIs) vs. monotherapy of calcium channel 

blockers (CCBs) for hypertension between 2006 and 2011 within the random 5% sample 

of the Medicare beneficiary population, and 21,686 antihypertensive therapeutic class-

propensity score (PS)ïmatched beneficiaries 

CVD: cardiovascular disease 

*  Standardized differences contrast group means of covariates between the comparison 

groups in units of the pooled standard deviations of the comparison groups, with values 

of less than 0.10 denoting negligible imbalance; see Subsection 3.5.1.3 for equations and 

more details. 
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Table 8 (continued) 

 
COPD: chronic obstructive pulmonary disease; TIA: transient ischemic attack; HTN: 

hypertension 

 

4.1.3 Summary of Follow-up Data 

Table 9 presents the incidence proportions of two types of endpoint events and time-

varying covariate during follow-up in the full sub-cohort and PS matched sub-cohort of 
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beneficiaries treated with either RAASIs or BBs. There were 900 cases with newly 

documented AF identified following the monotherapies of antihypertensive agents in the 

full sub-cohort of beneficiaries treated with either RAASIs or BBs. The incidence 

proportion of newly documented AF cases was 1.89% (95% confidence interval [CI]: 

1.66%ï2.12%) in the beneficiaries treated with RAASIs and 2.86% (95% CI: 2.65%ï

3.08%) in those treated with BBs. The incidence proportion of all-cause death without 

AF at any time during follow-up was 2.17% (95% CI: 1.93%ï2.42%) in the beneficiaries 

treated with RAASIs and 2.96% (95% CI: 2.74%ï3.18%) in those treated with BBs. The 

incidence proportion of the composite time-varying covariate (i.e., the occurrence of any 

of AMI/HF/Stroke/TIA during follow-up) was 5.50% (95% CI: 5.11%ï5.88%) in the 

beneficiaries treated with RAASIs and 7.10% (95% CI: 6.76%ï7.43%) in those treated 

with BBs. The median time to newly documented AF (interquartile range) for 

beneficiaries who experienced newly documented AF was 430 (221ï846) days for 

RAASIs and 366 (213ï563) days for BBs. The median time to all-cause death without 

AF at any time during follow-up (interquartile range) for beneficiaries who died without 

AF was 351 (180ï597) days for RAASIs and 337 (205ï599) days for BBs. The median 

follow-up time/duration of therapy (interquartile range) for all beneficiaries in each sub-

cohort was 333 (203ï658) days for RAASIs and 453 (248ï667) days for BBs.  

 

In the PS-matched sub-cohort of beneficiaries treated with either RAASIs or BBs, the 

incidence proportions of newly documented AF and time-varying covariate slightly 

decreased for BBs in comparison to the BB group in the full sub-cohort as follows: newly 

documented AF 2.74% (95% CI: 2.46%ï3.02%) and time-varying covariate 6.68% (95% 
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CI: 6.26% ï7.11%). In contrast, the incidence proportion of all-cause death without AF 

anytime during follow-up (3.03%, 95% CI: 2.74%ï3.32%) increased. The median time to 

newly documented AF for beneficiaries who experienced AF and the median duration of 

follow-up/duration of therapy for all beneficiaries in each sub-cohort also decreased 

slightly for BBs in comparison to the BB group in the full sub-cohort by 360 (208ï570) 

days since the index date to newly documented AF and by 451 (247ï666) days since the 

index date to the end of follow-up. The median time to all-cause death without AF at any 

time during follow-up for beneficiaries who died without AF for BBs increased relative 

to the BB group in the full sub-cohort by 340 (196ï613) days.  

 

Finally, compared with beneficiaries treated with RAASIs, beneficiaries treated with BBs 

were more likely to adhere to their prescribed drug treatment during the follow-up. In the 

full cohort, 72% of the beneficiaries treated with BBs had a PDC over 0.8. After PS-

matching, about 73% of the beneficiaries treated with BBs had a PDC over 0.8 as 

opposed to 71% of the beneficiaries treated with RAASIs having a PDC over 0.8. 
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Table 9 
Descriptive data of full and propensity score-matched cohorts of beneficiaries treated 

with monotherapy of renin-angiotensin-aldosterone-system inhibitors (RAASIs) vs. 

monotherapy of beta-blockers (BBs) for hypertension to assess the risk of newly 

documented AF and competing events (i.e., all-cause death with no AF at any time 

during follow-up)   

 
CI: confidence interval; 

 *A composite time-varying covariate (i.e., the occurrence of any of AMI/HF/Stroke/TIA during 

follow-up) 
a Median (interquartile range) of time to newly documented AF in days was calculated and 

reported for beneficiaries who experienced newly documented AF only. 
b Median (interquartile range) of time to all-cause death without AF in days were calculated and 

reported for beneficiaries who died without AF only. 
cMedian (interquartile range) of time to the end of follow-up in days were calculated and reported 

for all beneficiaries in the relevant sub-cohort. 
dRecall: Duration of follow-up was calculated by the last day of observation (i.e., the date of a 

diagnosis of newly documented AF, all-cause death, last day of drug exposure, or December 31, 

2011, whichever came first) minus the index prescription date. 
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Table 10 presents the incidence proportions of two types of endpoint events and time-

varying covariate during follow-up for the sub-cohort of beneficiaries treated with either 

RAASIs or CCBs. There were 731 cases with newly documented AF identified following 

the monotherapies of antihypertensive agents in the full sub-cohort of beneficiaries. The 

incidence proportion of newly documented AF cases was 1.47% (95% CI: 1.24%ï1.69%) 

in the beneficiaries treated with RAASIs and 4.03% (95% CI: 3.71%ï4.36%) in those 

treated with CCBs. The incidence proportion of all-cause death without AF anytime 

during follow-up was 1.50% (95% CI: 1.27%ï1.73%) in the beneficiaries treated with 

RAASIs and 3.39% (95% CI: 3.09%ï3.68%) in those treated with CCBs. The incidence 

proportion of the composite time-varying covariate (i.e., the occurrence of any of 

AMI/HF/Stroke/TIA during follow-up) was 6.10% (95% CI: 5.65%ï6.55%) in 

beneficiaries treated with RAASIs and 11.05% (95% CI: 10.54%ï11.57%) in those 

treated with CCBs.  

 

The median time to newly documented AF (interquartile range) for beneficiaries who 

experienced newly documented AF was 415 (210ï846) days for RAASIs and 578 (290ï

994) days for CCBs. The median time to all-cause death without AF at any time during 

follow-up (interquartile range) for beneficiaries who died without AF was 383 (185ï653) 

days for RAASIs and 501 (28 ï933) days for CCBs. The median follow-up time/duration 

of therapy (interquartile range) for all beneficiaries in each sub-cohort was 341 (206ï668) 

days for RAASIs and 616 (243ï1,160) days for CCBs.  
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In the PS-matched sub-cohort of beneficiaries treated with either RAASIs or CCBs, the 

incidence proportions of newly documented AF (4.31%, 95% CI: 3.92%ï4.69%) and all-

cause death without AF anytime during follow-up (3.46%, 95% CI: 3.11%ï3.80%) 

slightly increased in the beneficiaries treated with CCBs, whereas the incidence 

proportion of the composite time-varying covariate (i.e., the occurrence of any of 

AMI/HF/Stroke/TIA during follow-up: 10.56%; 95% CI: 9.98%ï11.14%) for CCBs 

slightly decreased in comparison to the CCB group in the full sub-cohort. The median 

time to endpoint events for beneficiaries who experienced corresponding events and the 

median duration of follow-up/duration of therapy for all beneficiaries in each sub-cohort 

appeared to increase slightly in the PS-matched CCB group in comparison to the CCB 

group in the full sub-cohort by 586 (286ï993) days since the index date to newly 

documented AF, by 520 (296ï945) days since the index date to the competing events, 

and by 622 (246ï1,173) days since the index date to the end of follow-up.  

 

In addition, compared with beneficiaries treated with RAASIs, beneficiaries treated with 

CCBs were shown to be more likely to adhere to their prescribed antihypertensive drugs 

during the follow-up.  In the full cohort, about 74% beneficiaries treated with CCBs had a 

PDC over 0.8. After PS-matching, about 75% beneficiaries treated with CCBs had a PDC 

over 0.8 as opposed to 70% beneficiaries treated with RAASIs having a PDC over 0.8.  

 

Note that the summary of follow-up data for the entire cohort and PS-matched cohort was 

intended to provide a simple context to help understand the possible impact of a PS-

matched design on the generalizability of the study results. Thus, there was no formal 
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statistical test performed to test the significance of the difference in the outcomes 

between the entire and PS-matched cohorts.  
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Table 10 
Descriptive data of full and propensity score-matched cohorts of beneficiaries treated 

with renin-angiotensin-aldosterone-system inhibitor (RAASI) monotherapy  vs. of 

calcium channel blocker (CCB) monotherapy for hypertension to assess the risk of newly 

documented AF and competing events (i.e., all-cause death with no AF at any time 

during follow-up) 

 
CI: confidence interval 

*A composite time-varying covariate (i.e., the occurrence of any of AMI/HF/Stroke/TIA during 

follow-up) 
a Median (interquartile range) of time to newly documented AF in days was calculated and 

reported for beneficiaries who experienced newly documented AF only. 
b Median (interquartile range) of time to all-cause death without AF in days were calculated and 

reported for beneficiaries who died without AF only. 
cMedian (interquartile range) of time to the end of follow-up in days were calculated and reported 

for all beneficiaries in the relevant sub-cohort. 
dRecall: Duration of follow-up was calculated by the last day of observation (i.e., the date of a 

diagnosis of newly documented AF, all-cause death, last day of drug exposure, or December 31, 

2011, whichever came first) minus the index prescription date. 
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4.2 Results for Aim 2 

4.2.1 Results for Aims 2a and 2b 

4.2.1.1 Results of Cause-specific Hazard Regression Analysis 

Aim 2a. To compare monotherapy with RAASIs with monotherapy with BBs on the 

cause-specific hazard of developing newly documented AF among Medicare 

beneficiaries with HTN. 

 

Aim 2b. To compare monotherapy with RAASIs with monotherapy with BBs on the 

cause-specific hazard of all-cause death with no AF at any time during follow-up among 

Medicare beneficiaries with HTN. 

 

Stratified multivariate Cox cause-specific proportional hazard regression analyses of the 

time to newly documented AF and the time to all-cause death without AF were 

performed on the PS-matched sub-cohort of beneficiaries taking either RAASI or BBs, to 

further adjust for composite time-varying covariate and prevalent index drug use. Results 

for Aims 2a and 2b are shown in Table 11 for Model 1 and Table 12 for Model 2, which 

are discussed below. 

  

Model 1 for both competing endpoints included prevalent index drug use (Table 11). 

Compared with BBs, RAASI monotherapy was associated with a reduced hazard of 

experiencing newly documented AF, when controlling for prevalent index drug use and 

treating all-cause death without AF as censored observations. The adjusted cause-specific 

relative hazard (csRh) was 0.68 (95% CI, 0.58ï0.80) for RAASI monotherapy. Similarly, 
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RAASI monotherapy was associated with a reduced hazard of all-cause death with no AF 

at any time during follow-up. The adjusted cause-specific relative hazard of all-cause 

death without AF was 0.73 (95% CI, 0.63ï0.85) for the RAASI monotherapy.  Prevalent 

index drug use had a differential impact on the two types of endpoint events. It was 

significantly associated with an increased hazard of all-cause death without AF (csRh for 

the prevalent users: 1.23, 95% CI, 1.05ï1.44). In contrast, there was no significant 

difference in the hazard of experiencing newly documented AF between the prevalent 

drug users and drug initiators (csRh for the prevalent index drug use: 0.91, 95% CI, 0.77ï

1.07). 

 

Model 2 then added the indicator variable for the composite time-varying covariate as an 

additional covariate, because of the significant difference in this covariate between the 

comparison groups (Table 12). Compared with BBs, RAASI monotherapy was associated 

with a reduced hazard of experiencing newly documented AF, when controlling for time-

varying covariate and prevalent drug user and treating all-cause death without AF as 

censored observations. The adjusted cause-specific relative hazard was 0.69 (95% CI, 

0.58ï0.81) for RAASI monotherapy. Similarly, RAASI monotherapy was associated with 

a reduced hazard of all-cause death with no AF at any time during follow-up. The 

adjusted cause-specific relative hazard of all-cause death without AF was 0.74 (95% CI, 

0.63ï0.86) for RAASI monotherapy.  For both types of endpoint event, experiencing a 

composite time-varying covariate (i.e., acute myocardial infarction, heart failure, or 

stroke/TIA diagnosed during follow-up) was associated with an increased hazard of 

experiencing both newly documented AF and all-cause death. In addition, prevalent 
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index drug use had a differential impact on the two types of endpoint events. It was 

significantly associated with an increased hazard of all-cause death without AF (csRh for 

the prevalent users: 1.24, 95% CI, 1.06ï1.45). In contrast, there was no significant 

difference in the hazard of experiencing newly documented AF between the prevalent 

drug users and drug initiators (csRh for the prevalent drug users: 0.92, 95% CI, 0.78ï

1.09). 

 

Table 11 
Model 1: Multivariate Cox cause-specific proportional hazard model stratified over 

competing endpoint events for prediction of occurrence of newly documented AF (after 

accounting for all-cause death with no AF at any time during follow-up as right-censored 

observations) and all-cause death with no AF at any time during follow-up (after 

accounting for newly documented AF as right-censored observations), controlling for 

prevalent index drug use, in a PS-matched sub-cohort of 26,484 Medicare beneficiaries 

with HTN, treated with RAASI vs. BB monotherapy, between 2007 and 2011 À 

Model 1 Newly documented AF  All -cause death with no AF at 

any time during follow-up 

Covariates 

Adjusted csRh       

(95% CI) P value 

 Adjusted csRh           

(95% CI) P value 

Antihypertensive drug      

BB Reference   Reference  

RAASI 0.68 (0.58ï0.80) <.0001  0.73 (0.63ï0.85) <.0001 

Prevalent index drug use      

Initiator Reference   Reference  

Prevalent user 0.91 (0.77ï1.07) 0.2503  1.23 (1.05ï1.44) 0.0091 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; BB = beta-blocker; HTN = hypertension; CCW = Chronic 

Conditions Data Warehouse; csRh = cause-specific relative hazard; 95% CI = 95% confidence 

interval. 
À Sample populations from the CCW random 5% sample database. The covariates that were used 

for estimating propensity scores (PS) included age, gender, race, region of residence, low-income 

subsidy status, dual eligibility for Medicare/Medicaid, number of physician office visits in the 

prior year, influenza vaccination, prior hospitalization, prior nursing home residence, Alzheimerôs 

related disorders or senile dementia, anemia, cataract, chronic kidney disease, chronic obstructive 

pulmonary disease and bronchiectasis, heart failure, hyperlipidemia, benign prostatic hyperplasia, 

ischemic heart disease, osteoporosis, rheumatoid arthritis/osteoarthritis, stroke/transient ischemic 

attack (TIA), valvular heart disease, and length of HTN history in months.    
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Table 12 
Results from Model 2, which is the same multivariate Cox cause-specific proportional 

hazard model as Model 1 (Table 11) but controls for both composite time-varying 

covariate§ and prevalent index drug use.À 

Model 2 Newly documented AF  All -cause death with no AF at 

any time during follow-up 

Covariates 

Adjusted csRh       

(95% CI) P value 

 Adjusted csRh           

(95% CI) P value 

Antihypertensive drug      

BB Reference   Reference  

RAASI 0.69 (0.58ï0.81) <.0001  0.74 (0.63ï0.86) 0.0001 

Occurrence of composite 

time-varying covariate§ 

     

No Reference   Reference  

Yes 5.57 (4.47ï6.95) <.0001  5.03 (4.06ï6.22) <.0001 

Prevalent index drug use      

Initiator Reference   Reference  

Prevalent user 0.92 (0.78ï1.09) 0.3387  1.24 (1.06 ï1.45) 0.0061 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; BB = beta-blocker; HTN = hypertension; CCW = Chronic 

Conditions Data Warehouse; csRh = cause-specific relative hazard; 95% CI = 95% confidence 

interval. 
À The study population and covariates are the same as in Model 1 (Table 11).  

§ Composite time-varying covariate was comprised of acute myocardial infarction, stroke/TIA, 

and heart failure diagnosed during the follow-up. 
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4.2.1.2 Proportional Hazard Assumption Check for Cause-specific Hazard 

Regressions 

The results of the ZPH diagnostics based on weighted Schoenfeld residuals for the PS-

matched sub-cohort of beneficiaries taking either RAASI or BB (Table 13 for Model 1; 

Table 14 for Model 2) showed that the proportional hazards (PH) assumption was not 

violated for all predictors, except the time-varying covariate in Model 2, which was 

expected.  

 

Table 13 
ZPH diagnostic test (computed using SAS ver. 9.4) for Model 1 for proportional hazards 

assumption based on Schoenfeld residuals for the PS-matched sub-cohort of beneficiaries 

taking either RAASI or BB; a p-value < 0.05 for a correlation test between the weighted 

residuals and failure times indicates violation of the proportional hazards assumption 

Model 1 Correlation P value 

For AF endpoint   

Treatment indicator 0.0172 0.5393 

Prevalent index drug use 0.0449 0.1122 

For Death endpoint   

Treatment indicator -0.0389 0.1572 

Prevalent index drug use 0.016 0.5603 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; BB = beta-blocker  
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Table 14 
ZPH diagnostic test (using SAS ver. 9.4) for Model 2 for proportional hazards 

assumption based on Schoenfeld residuals for the PS-matched sub-cohort of beneficiaries 

taking either RAASI or BB; a p-value < 0.05 for a correlation test between the weighted 

residuals and failure times indicates violation of the proportional hazards assumption 

Model 2 Correlation P value 

For AF endpoint   

Treatment indicator 0.0129 0.6445 

Time-varying covariate§ -0.1261 <.0001 

Prevalent index drug use 0.0457 0.1054 

For Death endpoint   

Treatment indicator -0.0409 0.1366 

Time-varying covariate§ -0.0788 0.0033 

Prevalent index drug use 0.0184 0.5038 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; BB = beta-blocker  

§ Time-varying covariate comprised acute myocardial infarction, stroke/TIA, and heart failure 

diagnosed during the follow-up. 

 

4.2.1.3 Summary of Assessment of Model Assumptions  

Besides assessing the key PH assumption for all included covariates, checks of other 

model assumptions that may influence the model fit of Model 1 and Model 2 are usually 

necessary, even though some of these tests were not applicable to the present study. A 

summary table is presented below to clarify the rationale for these tests (Appendix I, 

Table A-1). 

 

4.2.2 Results for Aims 2c and 2d 

4.2.2.1 Results of Cause-specific Hazard Regression Analysis 

Aim 2c. To compare RAASI and CCB monotherapy over the cause-specific hazard of 

developing newly documented AF among Medicare beneficiaries with HTN. 
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Aim 2d. To compare RAASI and CCB monotherapy over the cause-specific hazard of all-

cause death with no AF at any time during follow-up among Medicare beneficiaries with 

HTN. 

 

In parallel with the analyses for Aims 2a and 2b, stratified multivariate Cox cause-

specific proportional hazard regression analyses of the time to newly documented AF and 

the time to all-cause death without AF were performed on the PS-matched sub-cohort of 

beneficiaries taking either RAASI or CCBs, to further adjust for composite time-varying 

covariate and prevalent index drug use. Results for Aims 2c and 2d are shown in Table 

15 for Model 3 and Table 16 for Model 4, which are discussed below. 

  

Model 3 for both competing endpoints included prevalent index drug use (Table 15). 

Compared with CCB, RAASI monotherapy was associated with a reduced hazard of 

experiencing newly documented AF, when controlling for prevalent index drug use and 

treating all-cause death without AF as censored observations. The adjusted cause-specific 

relative hazard (csRh) was 0.54 (95% CI, 0.45ï0.65) for the RAASI monotherapy. 

Similarly, the RAASI monotherapy was associated with a reduced hazard of all-cause 

death with no AF anytime during the follow-up. The adjusted cause-specific relative 

hazard of all-cause death without AF was 0.70 (95% CI, 0.58ï0.84) for RAASI 

monotherapy.  Prevalent index drug use had a differential impact on the two types of 

endpoint events. It was significantly associated with a reduced hazard of experiencing 

newly documented AF (csRh for prevalent users: 0.80, 95% CI, 0.68ï0.94). In contrast, 

there was no significant difference in the hazard of all-cause death without AF between 
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prevalent drug users and drug initiators (csRh for the prevalent drug users: 1.14, 95% CI, 

0.95ï1.36). 

 

Model 4 added a composite time-varying covariate as an additional covariate, because of 

the significant difference in this covariate between the comparison groups (Table 16).  

Compared with CCB, RAASI monotherapy was associated with a reduced hazard of 

experiencing newly documented AF, when controlling for composite time-varying 

covariate and prevalent index drug use and treating all-cause death without AF as 

censored observations. The adjusted cause-specific relative hazard was 0.55 (95% CI, 

0.46ï0.66) for RAASI monotherapy. Likewise, RAASI monotherapy was associated with 

a reduced hazard of experiencing all-cause death with no AF at any time during follow-

up, when controlling for composite time-varying covariate and prevalent index drug use 

and treating newly documented AF as censored observations. The adjusted cause-specific 

relative hazard of all-cause death without AF was 0.70 (95% CI, 0.58ï0.85) for RAASI 

monotherapy.  For both types of endpoint events, experiencing a composite time-varying 

covariate (i.e., acute myocardial infarction, heart failure, or stroke/TIA diagnosed during 

the follow-up) was associated with an increased hazard of experiencing both newly 

documented AF and all-cause death. Prevalent index drug use also had a differential 

impact on the two types of endpoint events in this sub-cohort. It was significantly 

associated with a reduced hazard of experiencing newly documented AF (csRh for the 

prevalent users: 0.80, 95% CI, 0.68ï0.94). In contrast, there was no significant difference 

in the hazard of all-cause death without AF between the prevalent drug users and drug 

initiators (csRh for the prevalent drug users: 1.15, 95% CI, 0.96ï1.37). 
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Table 15 
Model 3: Multivariate Cox cause-specific proportional hazard model, in a PS-matched 

sub-cohort of 21,686 Medicare beneficiaries with HTN, treated with RAASI or CCB 

monotherapy between 2007 and 2011, stratified over the competing endpoint events for 

prediction of the occurrence of newly documented AF (after accounting for all-cause 

death with no AF anytime during follow-up as right-censored observations) and all-cause 

death with no AF anytime during follow-up (after accounting for newly documented AF 

as right-censored observations), controlling for prevalent index drug useÿ 

Model 3 Newly documented AF  All -cause death with no AF 

anytime during follow-up 

Covariates 

Adjusted csRh 

(95% CI) P value 

 Adjusted   csRh 

(95% CI) P value 

Antihypertensive drug      

CCB Reference   Reference  

RAASI 0.54 (0.45ï0.65) <.0001  0.70 (0.58ï0.84) 0.0001 

Prevalent index drug use      

Initiator Reference   Reference  

Prevalent user 0.80 (0.68ï0.94) 0.0063  1.14 (0.95ï1.36) 0.15 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; CCB = calcium channel blocker; HTN = hypertension; CCW = 

Chronic Conditions Data Warehouse; csRh = cause-specific relative hazard; 95% CI = 95% 

confidence interval. 
ÿ From the CCW random 5% sample database. The covariates that were used for estimating 

propensity scores (PS) included age, gender, race, region of residence, low-income subsidy status, 

dual eligibility for Medicare/Medicaid, number of physician office visits in the prior year, 

cardiovascular disease screening test, influenza vaccination, prior hospitalization, acquired 

hypothyroidism, Alzheimerôs related disorders or senile dementia, Alzheimerôs disease, anemia, 

asthma, female/male breast cancer, cataract, chronic kidney disease, chronic obstructive 

pulmonary disease and bronchiectasis, benign prostatic hyperplasia, ischemic heart disease, 

osteoporosis, rheumatoid arthritis/osteoarthritis, stroke/transient ischemic attack, valvular heart 

disease, and length of HTN history in months. 
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Table 16  
Model 4, which is the same multivariate Cox cause-specific proportional hazard model 

comparing CCB and RAASI monotherapies model as Model 3 (Table 15) but controls for 

both composite time-varying covariate§ and prevalent index drug useÿ 

Model 4 Newly documented AF  All -cause death with no AF 

anytime during follow-up 

Covariates 

Adjusted csRh 

(95% CI) P value 

 Adjusted   csRh 

(95% CI) P value 

Antihypertensive drug      

CCB Reference   Reference  

RAASI 0.55 (0.46ï0.66) <.0001  0.70 (0.58ï0.85) 0.0002 

Occurrence of time-

varying covariate§ 

     

No Reference   Reference  

Yes 6.99 (5.76ï8.48) <.0001  5.91 (4.77ï7.31) <.0001 

Prevalent index drug use      

Initiator Reference   Reference  

Prevalent user 0.80 (0.68ï0.94) 0.0076  1.15 (0.96ï1.37) 0.1359 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; CCB = calcium channel blocker; HTN = hypertension; CCW = 

Chronic Conditions Data Warehouse; csRh = cause-specific relative hazard; 95% CI = 95% 

confidence interval. 
ÿ The study population and covariates are the same as in Model 3 (Table 15).  

§ Time-varying covariate comprised acute myocardial infarction, stroke/TIA, and heart failure 

diagnosed during the follow-up. 

 

4.2.2.2 Proportional Hazard Assumption Check for Cause-specific Hazard 

Regressions 

The results of the ZPH diagnostics based on weighted Schoenfeld residuals for the PS-

matched sub-cohort of beneficiaries taking either RAASI or CCB showed that the 

proportional hazards assumption was violated for prevalent index drug use in Model 3 

(Table 17) and for the composite time-varying covariate in Model 4 (Table 18). The 

present study opted not to relax the proportional hazards assumption for prevalent index 

drug use in Model 3 by adding a cause-specific interaction term between this covariate 

and follow-up time, because Model 3 was not a final model. The following proportional 



87 
 

hazards assumption check for the final model (i.e., Model 4) found that there was no 

model assumption violation for this covariate. 

Table 17 
ZPH diagnostic test (using SAS ver. 9.4) for Model 3 for proportional hazards 

assumption based on Schoenfeld residuals for the PS-matched sub-cohort of beneficiaries 

taking either RAASI or CBB; a p-value < 0.05 for a correlation test between the weighted 

residuals and failure times indicates violation of the proportional hazards assumption 

Model 3 Correlation P value 

For AF endpoint   

Treatment indicator 0.038 0.1926 

Prevalent index drug use 0.0619 0.0386 

For Death endpoint   

Treatment indicator -0.0127 0.6644 

Prevalent index drug use -0.0354 0.2212 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; CCB = calcium channel blocker 
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Table 18 
ZPH diagnostic test (using SAS ver. 9.4) for Model 4 for proportional hazards 

assumption based on Schoenfeld residuals for the PS-matched sub-cohort of beneficiaries 

taking either RAASI or CBB; a p-value < 0.05 for a correlation test between the weighted 

residuals and failure times indicates violation of the proportional hazards assumption 

Model 4 Correlation P value 

For AF endpoint   

Treatment indicator 0.0297 0.3099 

Time-varying covariate§ -0.1106 <.0001 

Prevalent index drug use 0.0551 0.0649 

For Death endpoint   

Treatment indicator -0.018 0.5399 

Time-varying covariate§ -0.0664 0.0198 

Prevalent index drug use -0.038 0.1886 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; CCB = calcium channel blocker 

§ Time-varying covariate comprised acute myocardial infarction, stroke/TIA, and heart failure 

diagnosed during the follow-up. 

 

4.2.2.3 Summary of Assessment of Model Assumptions  

As above, besides assessing the key PH assumption for all included covariates, checks of 

other model assumptions that may influence the model fit of Model 3 and Model 4 are 

usually necessary, even though some of these tests were not applicable to the present 

study. A summary table is presented below to clarify the rationale for these tests 

(Appendix I, Table A-1). 
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4.3 Results for Aim 3 

4.3.1 Results for Aim 3a  

4.3.1.1 Results of Fine-Gray Model Analysis 

Aim 3a. To compare the monotherapy of RAASIs with the monotherapy with BBs on the 

cumulative incidence of newly documented AF among Medicare beneficiaries with HTN 

over follow-up. 

 

In the multivariate analysis that accounted for the competing risk of all-cause death with 

no AF at any time during the follow-up, RAASI monotherapy, compared with BB, was 

associated with a reduced hazard of experiencing newly documented AF, controlling for 

prevalent index drug use (Model 5). Results are shown in Table 19. For the sub-cohort of 

beneficiaries taking either RAASI or BB, the adjusted sub-distribution relative hazard 

was 0.69 (95% CI, 0.59ï0.81) for the RAASI monotherapy. In addition, there was no 

significant difference in the sub-distribution hazard of experiencing newly documented 

AF between prevalent drug users and drug initiators in the PS-matched sub-cohort of 

beneficiaries taking either RAASI or BB. The sub-distribution relative hazard was 0.92 

(95% CI, 0.78ï1.08) for the prevalent drug users. 
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Table 19  
Multivariate proportional sub-distribution hazard models for prediction of the occurrence 

of newly documented AF (after accounting for all-cause death with no AF at any time 

during follow-up), controlling for prevalent index drug use, in a PS-matched sub-cohort 

of 26,484 Medicare beneficiaries with HTN, treated with RAASI vs. BB monotherapy 

between 2007 and 2011, within the CCW random 5% sample database 

Model 5 Newly documented AF 

Covariates Adjusted sdRH (95% CI) P value 

Antihypertensive drug   

BB Reference  

RAASI 0.69 (0.59ï0.81) <.0001 

Prevalent index drug use   

Initiator Reference  

Prevalent user 0.92 (0.78ï1.08) 0.3127 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; BB = beta-blocker; sdRH = sub-distribution relative hazard; 95% 

CI = 95% Confidence Interval 

 

In the PS-matched sub-cohort of beneficiaries taking either RAASI or BB, the cumulative 

incidence was lower in the beneficiaries treated with RAASI monotherapy at each 

category of prevalent drug use (see Figure 8 for prevalent drug users and Figure 9 for 

drug initiators).  
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Figure 8  

Competing risk plot depicting cumulative incidence of newly documented AF in the PS-

matched sub-cohort of Medicare beneficiaries with HTN, treated with RAASI or BB, for 

prevalent drug users. 

 
Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-

angiotensin-aldosterone-system inhibitor; BB = beta-blocker 
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Figure 9  

Competing risk plot depicting cumulative incidence of newly documented AF in the PS-

matched sub-cohort of Medicare beneficiaries with HTN, treated with RAASI or BB, for 

index drug initiators. 

 
Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-

angiotensin-aldosterone-system inhibitor; BB = beta-blocker 

 

4.3.1.2 Proportional Hazard Assumption Check for Fine-Gray Model 

Regression 

The plots of weighted Schoenfeld-type residuals for the treatment indicator and prevalent 

index drug use showing the smoothed time-dependent coefficient for treatment indicator 

and the smoothed time-dependent coefficient for prevalent drug use are displayed in 

Figures 10 and Figure 11, respectively, along with their 95% confidence limits. There are 

no obvious time-dependent effects of these two covariates that can be observed from the 

plots. The proportional sub-distribution hazards assumption holds for each covariate 
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included in the Fine-Gray model (Model 5) for the PS-matched sub-cohort of 

beneficiaries taking either RAASI or BB.  
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Figure 10  

Fit plot of the weighted Schoenfeld residuals for the PS-matched sub-cohort of 

beneficiaries taking either RAASI or BB for treatment indicator for assessment of the 

proportional hazards assumption. 

 
Solid line: rescaled and smoothed residuals for the treatment indicator for all event time points; 

rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld residuals 

for the treatment indicator. ñRescaled and smoothed residuals have the interpretation of time-

dependent parameter estimatesò [66].  

Grouped circles: weighted Schoenfeld-type residuals for the covariate being examined for all 

event time points 
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Figure 11  

Fit plot based on weighted Schoenfeld residuals for the PS-matched sub-cohort of 

beneficiaries taking either RAASI or BB for prevalent index drug use for assessing the 

proportional hazards assumption  

 

 

Solid line: rescaled and smoothed residuals for the prevalent index drug use for all event time 

points; rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld 

residuals for prevalent index drug use. ñRescaled and smoothed residuals have the interpretation 

of time-dependent parameter estimatesò [66].  

Grouped circles: weighted Schoenfeld-type residuals for the covariate being examined for all 

event time points 

4.3.1.3 Summary of Assessment of Model Assumptions  

A summary of model assumption assessment is provided in Appendix I, Table A-2. 
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4.3.2 Results for Aim 3b  

4.3.2.1 Results of Fine-Gray Model Analysis 

Aim 3b. To compare RAASI monotherapy with CCB monotherapy for the cumulative 

incidence of newly documented AF among Medicare beneficiaries with HTN over 

follow-up. 

 

In the multivariate analysis that accounted for the competing risk of all-cause death with 

no AF at any time during follow-up,  RAASI monotherapy, compared with CCB, was 

associated with a reduced hazard of experiencing newly documented AF, controlling for 

prevalent index drug use (Model 6). Results are shown in Table 20. For the sub-cohort of 

beneficiaries taking either RAASI or CCB, the adjusted sub-distribution relative hazard 

was 0.54 (95% CI, 0.45ï0.65) for the RAASI monotherapy.  In addition, compared with 

drug initiators, prevalent use of the index drug was associated with a reduced hazard of 

experiencing newly documented AF in the PS-matched sub-cohort of beneficiaries taking 

either RAASI or CCB. The sub-distribution relative hazard was 0.81 (95% CI, 0.69ï0.95) 

for prevalent drug users. 
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Table 20 
Model 6: Multivariate proportional sub-distribution hazard model for prediction of the 

occurrence of newly documented AF (after accounting for all-cause death with no AF 

anytime during follow-up), controlling for prevalent index drug use, in a PS-matched 

sub-cohort of 21,686 Medicare beneficiaries with HTN, treated with RAASI or CCB 

monotherapy between 2007 and 2011, within the CCW random 5% sample database 

Model 6 Newly documented AF 

Covariates Adjusted sdRH (95% CI) P value 

Antihypertensive drug   

CCB Reference  

RAASI 0.54 (0.45ï0.65) <.0001 

Prevalent index drug use   

Initiator Reference  

Prevalent user 0.81 (0.69ï0.95) 0.0095 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-angiotensin-

aldosterone-system inhibitor; CCB = calcium channel blocker; sdRH = sub-distribution relative 

hazard; 95% CI = 95% confidence interval 

 

In the PS-matched sub-cohort of beneficiaries taking either RAASI or CCB, the 

cumulative incidence was lower in the beneficiaries treated with RAASI monotherapy at 

each category of prevalent drug use (see Figure 12 for the prevalent drug users, and 

Figure 13 for the drug initiators).  
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Figure 12  

Competing risk plots depicting cumulative incidence of newly documented AF in the PS-

matched sub-cohort of Medicare beneficiaries with HTN, treated with RAASI or CCB. 

(Sub-sample of prevalent drug users) 

 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-

angiotensin-aldosterone-system inhibitor; CCB = calcium channel blocker 
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Figure 13  

Competing risk plots depicting cumulative incidence of newly documented AF in the PS-

matched sub-cohort of Medicare beneficiaries with HTN, treated with RAASI or CCB. 

(Sub-sample of index drug initiators) 

 

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin-

angiotensin-aldosterone-system inhibitor; CCB = calcium channel blocker 

4.3.2.2 Proportional Hazard Assumption Check for Fine-Gray Model 

Regression 

The plots of weighted Schoenfeld-type residuals for the treatment indicator and prevalent 

index drug use display the smoothed time-dependent coefficient for treatment indicator 

and the smoothed time-dependent coefficient for prevalent drug use in Figures 14 and 15, 

respectively, along with their 95% confidence limits. There are no obvious time-

dependent effects of these two covariates that can be observed from the plots. The 

proportional sub-distribution hazards assumption holds for each covariate included in the 

Fine-Gray model (Model 6) for the PS-matched sub-cohort of beneficiaries taking either 

RAASI or CCB. 
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Figure 14  

Fit plot based on weighted Schoenfeld residuals for the PS-matched sub-cohort of 

beneficiaries taking either RAASI or CCB for assessing proportional hazards assumption 

for treatment indicator 

 

Solid line: rescaled and smoothed residuals for the treatment indicator for all event time points; 

rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld residuals 

for the treatment indicator. ñRescaled and smoothed residuals have the interpretation of time-

dependent parameter estimatesò [66].  

Grouped circles: weighted Schoenfeld-type residuals for the covariate being examined for all 

event time points 
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Figure 15  

Fit plot based on weighted Schoenfeld residuals for the PS-matched sub-cohort of 

beneficiaries taking either RAASI or CCB for assessing proportional hazards assumption 

for prevalent index drug use 

  

Solid line: rescaled and smoothed residuals for prevalent index drug use for all event time points; 

rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld residuals 

for prevalent index drug use. ñRescaled and smoothed residuals have the interpretation of time-

dependent parameter estimatesò [66].  

Grouped circles: weighted Schoenfeld-type residuals for the covariate being examined for all 

event time points 

 

4.3.2.3 Summary of Assessment of Model Assumptions  

A summary of model assumption assessment is provided in Appendix I Table A-2. 
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Chapter 5 Discussion 

 

5.1 Major findings 

In the present study,  RAAS inhibitor monotherapy (i.e., either an Angiotensin-

Converting-Enzyme [ACE] inhibitor or Angiotensin II Receptor Blocker [ARB]) was 

shown to be associated with a modestly to moderately reduced hazard for newly 

documented AF among hypertensive Medicare beneficiaries with no evidence of 

decompensation symptoms, when compared with beta-blocker (BB) or calcium-channel 

blocker (CCB) monotherapy. The second main finding of this study was that RAAS 

inhibitor monotherapy was shown to be associated with a reduced cumulative incidence 

of newly documented AF in some selected subgroups of the hypertensive Medicare 

population. Finally, RAAS inhibitor monotherapy was also shown to be associated with a 

modestly reduced hazard for all-cause death in hypertensive Medicare beneficiaries who 

never experienced any documented AF. The results of the present study suggest that, if 

there are no contraindications and the drug can be tolerated, the use of RAASIs is 

possibly a preferred initial pharmaceutical treatment, compared with beta-blockers and 

calcium-channel blockers, in some selected subgroups of Medicare beneficiaries whose 

high blood pressure can be optimally controlled with monotherapy when their 

hypertension has not advanced to exhibit decompensated symptoms, such as vertigo, 

epistaxis, edema, headache, shortness of breath, or chest pain.
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5.2 Effect of RAASIs on the Instantaneous Rate of Occurrence of Newly Documented 

AF  

5.2.1 Introduction 

Although antiarrhythmic medications and invasive electrophysiological therapies 

contribute to AF burden reduction and improve symptoms, the currently approved AF 

therapies are only partially effective and are associated with serious side effects [48]. 

Resorting to ñupstream therapiesò (i.e., interventions targeting prevention of myocardial 

remodeling and/or modification of underlying cardiac disease) to delay the occurrence 

and progression of AF inevitably becomes an important component of AF management in 

the up-to-date working clinical practice guidelines, which were initially incorporated into 

the European Society of Cardiology (ESC) guidelines on management of AF in 2010 and 

later adopted in the American Heart Association (AHA)/American College of Cardiology 

(ACC)/Heart Rhythm Society (HRS) guideline for the management of patients with AF 

in 2014 [45, 46].   

 

Although optimal blood pressure control has been associated with a reduction in 

incidence of new-onset AF [67], a knowledge gap remains in that there is no consensus 

on which antihypertensive drug class is best for preventing AF.  

 

5.2.2 Previous Studies 

Per current recommendations made by both the 2010 ESC and 2014 AHA/ACC/HRS AF 

management guidelines [45, 46], RAASIs appear more promising compared with BBs or 

CCBs ñin primary prevention of new-onset AF in the patients with HTN, particularly 
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with left ventricular hypertrophyò [45]. Only two retrospective nationwide cohort studies 

have examined the association of RAASI-based treatment and risk for new-onset AF in 

the usual care setting using administrative databases [23, 25].  

 

5.2.2.1 Danish Longitudinal Study 

In a longitudinal study, Marott et al. studied cumulative incidence of new-onset AF and 

the hazard of developing new-onset AF in all individuals identified from the entire 

Danish population who were free of AF risk factors at baseline and treated with 

monotherapies of Angiotensin-Converting-Enzyme inhibitors (ACEIs), ARBs, BBs, 

CCBs, or diuretics from 1995 to 2010 [25]. They employed a 1:1 propensity-score 

matching approach to address differences in medical history between users of five 

treatment groups and formed seven pairs of matched subgroups (i.e., ACEIs vs. BBs, 

ACEIs vs. CCBs, ACEIs vs. diuretics, ACEIs vs. ARBs, ARBs vs. BBs, ARBs vs. CCBs, 

and ARBs vs. diuretics).  

 

The study design was similar in general to the present study (i.e., following up matched 

sub-cohorts from the index prescription date until the occurrence of endpoint events or 

administratively censored by the end of study), but there were several notable differences. 

First, the Danish study excluded subjects with baseline predisposing diseases to AF. 

Second, the Danish investigators calculated propensity scores of receiving the study drug 

based on participant medical history (e.g., medication and hospitalizations) only, then 

matched the participants treated with different study drugs based on age at the date that 

antihypertensive medication was first dispensed, gender, calendar-year, absence of 
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diseases predisposing to AF, and propensity score. Third, they chose stroke as a parallel 

endpoint in their study. In contrast, the present study included age at index prescription 

date, gender, and medical history along with hypertension history as covariates in a 

logistic regression model for propensity score estimation.  

 

Given these differences in the study design, the investigators of the Danish study reported 

strong protective effects on new-onset AF for ACEIs and ARBs compared with BBs. 

Compared with BBs, the hazard ratios (HR) of new-onset AF were 0.12 (95% CI, 0.10ï

0.15) and 0.10 (95% CI, 0.07ï0.14) for ACEIs and ARBs, respectively. The magnitude of 

the protective effect of RAASI monotherapy is comparatively weaker in the present 

study. This discrepancy in the magnitude of drug effect size is possibly attributable to the 

differences in the baseline characteristics of the subjects between the two studies. 

Compared with the sub-cohort of PS-matched beneficiaries treated with RAASI or BB in 

the present study, the subjects in the Danish cohort were on average younger (mean age 

at first medication: <60 years vs. 73 years), fewer females (46% vs. 67%), more subjects 

in the White ethnic group (97% vs. 89%) [68], and fewer chronic kidney disease cases at 

baseline (< 1% vs. > 7%). In addition, the subjects in the Danish cohort were free of four 

AF-predisposing diseases at baseline (i.e., heart failure, ischemic heart disease, diabetes, 

and hyperthyroidism).  

 

Nonetheless, the results of the present study are in line with the findings of the Danish 

study in that they both suggest that RAASI-based monotherapies had a more protective 

effect on new-onset AF in hypertensive patients who were in the early stage of 
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hypertension (i.e., blood pressure control relying on a single therapeutic class of 

antihypertensive drug) compared with BBs. Furthermore, the results of the sensitivity 

analyses in the present study also echo the Danish studyôs conclusion that the protective 

effect of RAASIs on new-onset AF is associated with controlling both activation of the 

renin-angiotensin system and blood pressure. Their conclusion was supported by their 

finding that RAASI-based monotherapies were associated with reduced AF risk when 

these therapies had similar drug effect of lowering blood pressure compared to other 

commonly prescribed antihypertensive medications.  

 

In the present study, two sensitivity analyses were performed but the results were not 

presented due to the insignificant findings.  

 

In the first sensitivity analysis, the present study examined the possible difference in 

hypertension severity before and after the index drug treatment. Applying the same 

claim-based coding algorithm, the hypertension severity for each beneficiary was 

reevaluated but using the entire follow-up period as the reference period. The present 

study found that all beneficiaries in the matched sub-cohorts continued to have mild 

symptoms, similar to what was reported at baseline.  

 

In the second sensitivity analysis, the present study repeated the same multivariate 

analyses for Aims 2 and 3 but excluding beneficiaries who experienced a composite time-

varying covariate (i.e., acute myocardial infarction, heart failure, or stroke/TIA diagnosed 

during follow-up) from the analyses. The occurrence of the composite time-varying 
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covariate can be considered as evidence that suboptimal blood pressure control resulted 

in the occurrence of HTN complications. Thus, after excluding the beneficiaries with 

time-varying covariate, the beneficiaries remaining in the PS-matched sub-cohorts can be 

considered as those whose high blood pressure was relatively well controlled during 

follow-up. The results of the second sensitivity analysis were similar to those shown in 

Table 11 and Table 15 for both sub-cohorts.  

 

The findings of the two sensitivity analyses together suggest that the protective effect of 

the RAASI-based monotherapy on newly documented AF may be independent of 

controlling blood pressure.    

 

In contrast, Marott et al. reported that neither ACEIs nor ARBs were associated with a 

reduced risk of AF compared with CCBs (HR of AF 0.97 [95% CI, 0.81ï1.16] for ACEIs 

and 0.78 [95% CI, 0.56ï1.08] for ARBs), whereas in the present study, the cause-specific 

hazard ratio of newly documented AF was 0.55 (95% CI, 0.46ï0.66) for RAASI 

compared with CCB monotherapy. This discrepancy is possibly explained by the fact that 

30% of the beneficiaries treated with the CCB monotherapy had baseline ischemic heart 

disease in the present study, whereas subjects with baseline ischemic heart disease were 

excluded in the Danish study. The current evidence in the literature suggests that RAASI-

based drug treatment seems more effective in preventing AF in patients with significant 

underlying heart disease [45]. 
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Marrot et al. also reported plots of cumulative incidence curves of new-onset AF 

stratified by the treatment group allowing for the competing risk of death. However, they 

stated that the significance of the difference in cumulative incidence of AF between 

comparison groups was tested by the log-rank test. It is notable that the log-rank test is 

only appropriate to test whether the probabilities of an event are statistically different 

between groups when censoring is independent of occurrence of endpoint events [69]. It 

cannot be used in the setting of populations susceptible to competing risks where the 

assumption of independent censoring does not hold anymore. To this end, Marott et al. 

adequately addressed the etiological research question whether RAAS inhibitor-based 

treatments were causally related to a reduced risk of new-onset AF in the Danish cohort, 

using a cause-specific proportional hazards model to estimate the effect of the treatment 

under study on the hazard of new-onset AF.  However, the prognostic research question, 

whether RAAS inhibitor-based treatments were associated with a lower cumulative 

incidence of new-onset AF in the presence of competing risks, was not appropriately 

addressed in their study because of improperly accounting for competing risks in their 

analysis.  

 

5.2.2.2 U.S. Longitudinal Study 

In a longitudinal cohort study [23], LôAllier et al. identified 10,926 hypertensive patients 

treated with ACEIs or CCBs from an integrated medical and pharmacy claims database 

of more than 8 million beneficiaries in the U.S between 1995 and 1999. After a mean 

follow-up of more than 4 years, the results highlighted that the use of ACEIs was 
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associated with a reduction in risk of new-onset AF compared with CCBs (adjusted HR 

of new-onset AF 0.85 [95% CI, 0.74ï0.97]).  

 

The U.S. study also employed a PS-matched retrospective cohort study design but it 

required that all participants were drug initiators with at least 6 months of follow-up. In 

addition, this study allowed the participants to use additional antihypertensive drugs so 

long as the additional drug was not within the comparison drug therapeutic class (i.e., no 

treatment group switch-over was allowed). As compared with the sub-cohort of PS-

matched beneficiaries treated with RAASI or CCB in the present study, the participants 

of this U.S. cohort were younger (mean age, 65 years vs. 73 years), fewer were female 

(54% vs. 67%), more had baseline heart failure (3.6% vs. 0%), fewer had ischemic heart 

disease (16% vs. 30%), and more had diabetes (10% vs. 0%). The difference in the 

baseline characteristics of the participants may explain in part the difference in the 

protective effect size between the two studies. Furthermore, the present study compared 

RAASIs as a whole drug class with CCBs. Thus, the results of the present study reflected 

the protective effect of ACEIs and ARBs as a whole therapeutic drug class on newly 

documented AF. The possible different effectiveness in preventing AF between ACEI 

and ARB may also explain in part the discrepancy of the protective effect size between 

the studies. Nonetheless, both studies demonstrated that RAASI-based treatment 

strategies were associated with a reduction in the risk for developing newly documented 

AF.   
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However, the authors employed Kaplan-Meier survival curves and proportional hazards 

regression models for their survival analyses, which ignored any possible effect of 

competing risk events (e.g., all-cause deaths) on the cumulative incidence function under 

study.    

 

5.2.3 Effect of RAASIs on Cause-specific Hazards of Newly Documented 

AF and Competing Risk Endpoints 

Overall, the results of the present study are consistent with these previous nationwide 

retrospective claim-based cohort studies and confirm that RAASI-based monotherapy is 

superior to BB- or CCB-based monotherapy in the selected subgroups of hypertensive 

Medicare beneficiaries in the usual care setting. This was first established by proving that 

beneficiaries treated with RAASI-base monotherapy had a modest to moderate lower 

hazard of experiencing newly documented AF (csRh 0.55 when compared with CCB and 

csRh 0.69 when compared with BB) in the scenario where patients can be expected to 

live long enough to develop new-onset AF before death.  

 

In such a scenario, the all-cause death as competing risk can be reasonably ignored in the 

analysis. In the real world, to meet this need, a suitable antihypertensive treatment would 

be required to provide ñenoughò survival benefit to enable patients to live until they can 

benefit from its antiarrhythmic profile. Or vice versa, patients would need to live long 

ñenoughò to survive through all-cause life-threatening conditions until they can benefit 

from the antiarrhythmic profile of a drug. The present study addressed this question by 

conducting stratified Cox proportional cause-specific hazard regression analyses on both 
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competing endpoints and presenting the results side-by-side. The results suggested that 

RAASI-based monotherapy was associated with a significantly lower hazard of all-cause 

death without AF compared with both comparison groups (csRh 0.70 when compared 

with CCB and csRh 0.74 when compared with BB). The results of a recently conducted 

meta-analysis of 18 prospective randomized controlled mortality clinical trials suggest 

that ñACE inhibitors but not ARBs, substantially reduce all-cause and 

cardiovascular mortality and myocardial infarctionò [70]. Taken in sum, RAASI-based 

monotherapy has protective effects on both newly documented AF and all-cause 

mortality compared with BB or CCB.  

 

Furthermore, the present study found that the protective effects of RAASI-based 

monotherapy on both competing endpoints were independent from the effects of other 

covariates on the endpoints. Adding a composite time-varying covariate to the basic 

model (e.g., from Model 1 to Model 2 and from Model 3 to Model 4) improved the model 

fit statistics but only had a small impact on the main effects of the treatment indicator on 

both endpoints.  

 

In summary, the protective effects of RAASI-based monotherapy on both newly 

documented AF and all-cause mortality make it a good candidate for the primary 

prevention of new-onset AF in the hypertensive patients. However, whether these effects 

can be observed in the usual care setting still needs to be confirmed by analyzing these 

effects in Fine-Gray models, which can directly compare cumulative incidences of newly 

documented AF between comparison groups. 
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5.3 Effect of RAASIs on the Cumulative Incidence of Newly Documented AF    

5.3.1 Introduction and Previous Studies 

Although there are many approaches proposed to address competing risks, the Fine-Gray 

model is considered as the most appropriate method for prognostic studies [71].  Both of 

the aforementioned nationwide longitudinal cohort studies did not employ appropriate 

competing risk analysis approaches to assess the effect of treatment on the cumulative 

incidence of new-onset AF. 

 

5.3.2 Effect of RAASIs on the Cumulative Incidence of Newly Documented AF 

First, the results of the present study confirmed that RAASI monotherapy had a better 

protective effect on the cumulative incidence of newly documented AF compared with 

BBs or CCBs. The protective effect of the RAASI monotherapy was especially more 

obvious when compared with CCB.  

 

Second, the plots of cumulative incidence of newly documented AF between treatment 

groups for both prevalent drug users and drug initiators further highlighted that the 

protective effect of RAASI monotherapy on the cumulative incidence of newly 

documented AF existed from the beginning of drug exposure (i.e., in the phase of drug 

initiation) and extended along with the treatment course (i.e., in the phase of long-term 

treatment).  

 

Third, the results also showed that the protective effect of RAASI monotherapy for 

cause-specific relative hazards was close to its effect in magnitude on the sub-distribution 
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relative hazard. The main difference between the Cox cause-specific proportional hazard 

regression models and the Fine-Gray models lies in the way they account for competing 

risk events in each model. In addition, the Fine-Gray models cannot include time-varying 

covariates. Thus, the main effect of RAASI monotherapy on newly documented AF can 

be interpreted as a time-averaged summary estimate of the effect over the entire follow-

up [66]. The similarity in the magnitude of the effect of RAASI monotherapy in newly 

documented AF (e.g., Model 2 vs. Model 5 and Model 4 vs. Model 6) suggests that the 

influence of all-cause death is trivial on the hazard of newly documented AF in the 

present study. The incidence proportions of all-cause death without AF were below 5% in 

each treatment group. However, despite the fact that influence of competing risks on the 

cumulative incidence function of the primary endpoint was not substantial in the present 

study, the plot of the additional analysis showed that the naïve Kaplan-Meierïbased 

approach overestimated the cumulative incidence function of newly documented AF 

compared to the Fine-Gray model based approach (Appendix II , Figure A-7 and Figure 

A-8). The result of this additional analysis, as expected, was in line with the 

methodological literature and supportive of the rationale for the competing risk analysis 

plan in the present study. 

 

In summary, the protective effect on the cumulative incidence of newly documented AF 

was better for RAASI-based monotherapies compared with BB or CCB in the present 

study, accounting for competing risk events.    
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5.4 Strengths and Limitations  

5.4.1 Strengths 

First, as with the aforementioned two nationwide cohort studies, one strength of the 

present study is the size of the initial screening study population of 2.1 million 

hypertensive beneficiaries enrolled in Medicare between 2006 and 2011, which provided 

the opportunity to include beneficiaries on monotherapies of three different 

antihypertensive drugs and to exclude beneficiaries with compelling indications for the 

study drugs. By doing so, the present study reduced the bias brought by misclassification 

of drug exposure.  In addition, exclusion of beneficiaries with compelling indications 

ensured that there was a sufficient overlap of propensity scores between the comparison 

groups.   

 

Second, the present study employed a method to fit a stratified Cox cause-specific 

proportional hazards regression model, which provided an opportunity to evaluate the 

effect of a covariate on both competing endpoints simultaneously [64]. This approach can 

readily accommodate binary time-dependent covariates in the cause-specific hazard 

analysis.  

 

5.4.2 Limitations 

The interpretation of the findings from the present study should be made taking into 

account several methodological and data source limitations. 
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5.4.2.1 Limitation of Propensity Score Matching 

As with other retrospective observational studies, the treatment allocation was not 

randomized. The results of the present study should be interpreted cautiously because 

possible selection bias cannot be eliminated even after implementation of a propensity-

score matched cohort study design. The PS-matched design also cannot balance 

unobserved or unmeasured potential confounders between the treatment groups. The 

internal validity of the present study can be compromised by the hidden bias brought by 

unobserved or unmeasured potential confounders and by aforementioned possible 

selection bias. The possible bias may mask the true effects of the study drugs or cause 

inaccurate estimation of treatment effect size. The limitations related to propensity score 

matching are discussed in detail as follows. 

 

First, confounding in the PS-matched sub-cohorts can come from the baseline 

characteristics that were not included in the PS prediction model. For example, one 

unmeasured covariate in the present study was the drug treatment of statins prior to the 

index date. Stains may play a role in primary prevention of AF as a type of ñupstream 

therapyò [16]. In the present study, statins can be comprehensively used in beneficiaries 

with baseline comorbidities such as chronic heart failure, hyperlipidemia, ischemic heart 

disease, and stroke. Even though the standardized differences were reduced to below 0.10 

in both PS-matched sub-cohorts for these comorbidities, the use of statins was unknown 

for the affected beneficiaries. Any imbalanced distribution of statin use between the 

comparison groups may cause selection bias and confound the study findings. Similarly, 
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any statin use during the follow-up period may also confound the association between the 

study drugs and newly documented AF in the present study.  

 

Second, residual confounding may be formed due to inexact matching. As with other 

observational studies implementing PS-matching to remove selection bias, the present 

study encountered the same methodological challenge of how to choose an appropriate 

matching strategy between a ñperfectò but incomplete match and a ñmaximumò but 

inexact match [72]. According to the literature, the incidence of newly documented AF 

was expected to be low in the study design phase. Thus, the present study chose the 

ñmaximumò but inexact matching strategy to increase the sample size and enhance the 

study power. The employed strategy (i.e., nearest neighbor without replacement and 

restricted to the region of common support) ensured that almost each beneficiary in the 

RAASI group found a matched beneficiary in the control group. Thus, the baseline 

characteristics of a beneficiary in the RAASI group can be somewhat different from those 

of the matched beneficiary in the control group in some cases (i.e., inexactly matched 

observations).  

 

Third, unobserved confounders for the present study included tobacco, alcohol, and other 

AF-predisposing behaviors. Although the present study incompletely adjusted for such 

behaviors by including utilization of preventive healthcare services (i.e., influenza 

vaccination and cardiovascular disease screening tests) in the PS prediction model, the 

healthy user bias may still exist in the present study. The present study further assessed 

the possible healthy user bias (or called adherer bias) by analyzing proportion of days 
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covered (PDC) for all study drugs (Appendix III , Table A-3, A-4). On the one hand, PDC 

reflects drug exposure during the follow-up period. On the other, it provides information 

about drug-taking behaviors. The latter provides indirect information about possible 

involvement of beneficiaries in unhealthy activities related to AF. In both sub-cohorts of 

the present study, beneficiaries treated with RAASI-based monotherapies were less likely 

to exhibit PDCs Ó 0.80 than beneficiaries treated with the comparison drugs (70.9% vs. 

72.6% in the RAASI vs. BB groups, and 70.4% vs. 75.5% in the RAASI vs. CCB 

groups). This finding gave a hint into the possibility that imbalanced distribution of 

unobserved behavioral factors existed in the present study.   

 

5.4.2.2 Limitation of Competing Risk Modeling 

The present study employed the Cox models and Fine-Gray models to present and 

interpret the results in a unified way. However, the findings obtained from the current 

analyses were based on some important assumptions that are worthwhile to further 

discuss. 

 

An unavoidable methodological limitation of competing risk analyses is that one cannot 

make reliable inference for the cause-specific hazards based on a Cox proportional hazard 

model without making the independence assumption. However, either the joint 

distribution of the latent time to the main event and the latent time to the competing risk 

or their marginal distributions are not identifiable [63]. As a result, when the 

independence assumption of latent failure times was violated in the present study, the 
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accuracy of estimates of cause specific relative hazard depended on the correlation 

between newly documented AF and all-cause death without experiencing AF.   

More details of the exploration about the correlation between newly documented AF and 

all-cause death without experiencing AF are presented in Appendix I.   

5.4.2.3 Limitation of Data Source 

First, the findings from the present study cannot be generalized to the general 

hypertensive population. All eligible beneficiaries were required to have Medicare Part D 

coverage in the 12-month baseline period and throughout the follow-up period. An 

additional analysis of Medicare Part D coverage for all study participants showed that 

about 99% of beneficiaries had continuous Medicare Part D coverage during the entire 

follow-up period in both sub-cohorts (See Appendix IV). This requirement distinguished 

the participants in the present study from those in the general older adult hypertensive 

population without drug insurance coverage or from those with other channels to obtain 

needed medications. The Seventh Report of the Joint National Committee on Prevention, 

Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) pointed out that 

economic barriers are one of the causes for non-adherence and non-adherence is related 

to failure of optimal blood pressure control [73].  In this sense, compared to those without 

drug insurance coverage, individuals enrolled in the Medicare Part D program may have 

better adherence to the required antihypertensive drug treatment, which most often 

predicts a better prognosis with a lower likelihood of experiencing disease complications 

and mortality. Thus, the findings of the present study should be generalized only to the 

Medicare Part D enrollee population to ensure its external validity. 
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Second, potential misclassification of drug exposure exists in some beneficiaries due to 

allowed Medicare Part D coverage gaps, which may bias the study results. The present 

study restricted the study participants to be beneficiaries receiving monotherapies to 

reduce misclassification of drug exposure. However, no drug use information was 

available for the affected beneficiaries during a Medicare Part D coverage gap period. 

During such a gapped period, the affected beneficiaries may or may not stay on the index 

drug treatment. In the worst cases, they may even take the comparison drugs. Thus, the 

present study assessed the possible influence of this type of misclassification of drug 

exposure on the study findings.  The results of the additional analysis showed that less 

than 2% of the study participants did not have a continuous Medicare Part D coverage 

throughout the entire follow-up period (Appendix IV, Table A-5 and Table A-6). It 

highlights that the fact that the study results may be slightly influenced by this type of 

misclassification due to its low prevalence in the study samples. 

 

Third, as no information on actual blood pressure control and other clinical 

measurements was collected in the administrative claims database, the study results need 

to be confirmed with future randomized clinical trials. The lack of blood pressure 

measurements led to the inaccurate estimation of hypertension severity at baseline and 

during the follow-up period. More importantly, the present study had to use newly 

documented AF as a proxy of new-onset AF due to the lack of clinical data. Potential bias 

can be severe if a large number of beneficiaries with misclassification of outcome status 

were unevenly distributed between the comparison groups due to a lack of documentation 

in the claims data.    
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5.4.2.4 Limitation of Other Study Design Issues  

Due to the study design, all  selected beneficiaries were treated with monotherapy and had 

no decompensation symptoms, which implies that the conclusions of the present study 

may hold only for hypertensive patients with mild disease severity. 

 

In addition, the present study excluded beneficiaries with the certain compelling 

indications such as diabetes in both sub-cohorts to avoid a lack of overlap between the 

comparison groups. The individuals with the excluded baseline comorbidities (i.e., the 

selected compelling indications for the study drugs) may have different characteristics 

either predisposing to or against newly documented AF compared with the present study 

participants.  

 

The present study summarizes the impact of application of selection criteria on the 

generalizability of the present study as follows (Flowchart of sample selection, Table A-

7, Appendix V). The sample selection flowchart shows that the most important factor that 

reduced the sample size of the entire cohort was antihypertensive drug treatment. More 

than 70% (1,238,961 out of 2,031,010) of hypertensive beneficiaries in 2007-2011 did 

not have any record of filling any prescription of antihypertensive drug (Flowchart of 

sample selection, Appendix V). The second important factor that reduced the sample size 

of the entire cohort was the requirement of antihypertensive monotherapies, which 

resulted in only 45% (255,089 out of 561,315) of beneficiaries treated with 

antihypertensive drugs remained in the present study (Flowchart of sample selection, 
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Appendix V). In addition, the group of important selection criteria that reduced the 

sample sizes of the sub-cohorts were to include beneficiaries who had continuous 

enrollment in Medicare Parts A, B, and D, and without enrollment in Medicare Part C, 

and without compelling indications of the study drugs (Table A-7, Appendix V). After 

applying this group of selection criteria, only 27% (35,955 out of 133,806) of 

beneficiaries who were treated with monotherapies of RAASIs or BBs in the specified 

recruitment window (i.e., January 1, 2007 ï September 30, 2011) and without prevalent 

AF remained in the sub-cohort of beneficiaries treated with RAASIs or BBs. Similarly, 

only 21% (25,021 out of 117,634) of beneficiaries who were treated with monotherapies 

of RAASIs or CCBs in the specified recruitment window and without prevalent AF 

remained in the sub-cohort of beneficiaries treated with RAASIs or CCBs (Table A-7, 

Appendix V). It is obvious that all requirements for Medicare insurance coverage, a 

minimum amount of index drug exposure, and no compelling indications of the study 

drugs have non-trivial impacts on the sample sizes of the sub-cohorts as presented in 

Table A-7. Taken together, all these limitations restrict the generalizability of the present 

study.  

 

The only published study that allowed the use of adjunctive hypertensive drugs during 

follow-up was the previously discussed US cohort study. However, the authors of this 

study did not formally assess the possible impact of the use of multiple antihypertensive 

drugs on the risk of developing AF. 
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Due to a lack of relevant information available in the literature, in order to further 

understand the impact of the requirement for monotherapy on the study results, future 

additional analyses are warranted. For example, the additional study can be conducted 

based on the modified requirement to allow inclusion of beneficiaries who switched the 

index treatment or added other antihypertensive drugs during follow-up. The observation 

would be censored at the day when a beneficiary switched the treatment group or added 

other antihypertensive drugs in such a study. Then all analyses of the present study can be 

repeated in the additional study including descriptive analysis of both unmatched and PS-

matched modified data, cause-specific hazard regression, and sub-distribution hazard 

regression.  

 

Last but not least, in order to increase the sample size and enhance the study power, the 

present study allowed to include beneficiaries of all ages. Consequently, in the present 

study, about 14% of all eligible beneficiaries were disabled and younger than 65 years 

(Table 7 and Table 8 in Section 4.1.2). These disabled younger beneficiaries were 

assumed to be comprehensively different from those beneficiaries who were 

automatically enrolled in Medicare Programs due to age reaching 65 years old. However, 

disability per se is not directly associated with risk of developing AF. In the preliminary 

analysis, when controlling for age, it was not associated with newly documented AF in 

both unmatched sub-cohorts (Table A-8, Appendix VI). Thus, disability was not included 

in the PS prediction models and all outcome models. Disability was not a potential 

confounder in the present study.   
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Chapter 6 Summary 

 

In summary, RAASI-based antihypertensive drug monotherapies were shown to be 

superior to BB- or CCB-based monotherapies in preventing newly documented AF and 

reducing all-cause mortality in Medicare beneficiaries with mild hypertension who did 

not yet suffer from any decompensation symptoms. However, the findings can only be 

explained as statistically significant associations between RAASI-based monotherapies 

and both types of endpoint events (i.e., newly documented AF and all-cause death 

without experiencing AF). A causal effect of RAASI-based monotherapies on the 

outcomes cannot be established since the present study cannot adequately control for 

some potential confounders that may affect the study outcomes.  
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Appendix I  
 

Table A-1 Rationale and assessment of model assumptions for Cox cause-specific 

proportional hazard models (Model 1ïModel 4) 

Item to be 

checked 

Method Implemented Rationale for 

implementation or 

not 

Assumption 

violation 

Proportional 

hazard 

Schoenfeld 

residuals-

based tests 

Yes This assumption was 

needed for valid 

inference from the 

Cox regression 

models. 

The final model 

included a time-

dependent covariate. 

Not detected 

in all time-

independent 

covariates. 

Overall 

goodness-of-fit  

Score 

process 

plots 

No The required 

counting style data 

format does not 

support this model 

adequacy check in 

SAS. 

NA 

Functional forms 

of covariates  

Plots of 

Martingale 

residuals 

No No continuous 

covariates were 

included in the final 

model. 

NA 

Independence 

between 

outcome events 

Joint 

displays of 

the 

distributions 

of the two 

competing 

endpoints 

Yes Additional 

explorations are 

described following 

Appendix I Table A-

2. 

Detected 

 Abbreviation: PS= propensity score; NA= not applicable 
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Table A-2 Rationale and assessment of model assumptions for proportional sub-

distribution hazard models (Model 5 and Model 6) 

Item to be 

checked 

Method Implemented Rationale for 

implementation or 

not 

Assumption 

violation 

Proportional 

hazard 

Schoenfeld 

residuals-

based tests 

Yes This assumption was 

needed for valid 

inference from the 

Cox regression 

models. 

The final model 

included a time-

dependent covariate. 

Not detected 

in all time-

independent 

covariates. 

Overall 

goodness-of-fit  

Score process 

plots 

No The %PSHREG 

macro does not 

support this model 

adequacy check. 

NA 

Functional forms 

of covariates  

Plots of 

Martingale 

residuals 

No No continuous 

covariates included 

in the final model. 

NA 

Independence 

between 

outcome events 

NA No Not required for the 

FG-models 

NA 

 Abbreviation: PS= propensity score; NA= not applicable; FG= Fine-Gray 
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Additional Exploration of Plotting Cumulative Incidences of AF and AF-free Death for 

both Sub-cohorts  

 

For simplicity, newly-documented AF is denoted as AF and all-cause death without 

experiencing AF anytime during the follow-up period is denoted as AF-free death. In 

order to plot CIF accounting for the presence of competing risks, I used the SAS 

macro %CUMINC to estimate the probability of event of interest. In the computation 

of %CUMINC, when the CIF of AF is estimated, AF-free death is accounted for as a 

competing risk event and vice versa. Based on the estimated cumulative incidences of 

both endpoint events, Figure A-1, A-2 and A-3 are created for the sub-cohort of 

beneficiaries taking either RAASI or BB (sub-cohort RAASIBB), and Figure A-4, A-5, 

and A-6 are created for the sub-cohort of beneficiaries taking either RAASI or CCB (sub-

cohort RAASICCB). Of which, Figure A-1 and A-4 are 2D plots created by the Microsoft 

Excel Insert Chart Function. Figure A-2, A-3, A-5, and A-6 are produced by the SAS 

procedure G3D scatter statement.  

 

Figure A-1 illustrates the cumulative incidences corresponding to AF and AF-free death 

in a 2D space for the sub-cohort of RAASIBB. The blue solid line and red solid line are 

the cumulative incidences of AF in the BB group and RAASI group, respectively.  The 

blue dash line and red dash line are the cumulative incidences of AF-free death in the BB 

group. Both the cumulative incidences of AF and AF-free death are higher in the BB 

group than in the RAASI group. Figure A-2 jointly displays the cumulative incidences of 

AF and AF-free death stratified by the treatment drug group in a 3D space. Figure A-3 is 

created by rotating Figure A-2 65 degrees. In both figures, the dark red club line 
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represents the jointly displayed cumulative incidences of AF and AF-free death in the 

RAASI group. The blue diamond line represents the jointly displayed cumulative 

incidences of AF and AF-free death in the BB group. The jointly displayed cumulative 

incidences are higher in the BB group than in the RAASI group, which is in line with 

Figure A-2. 

 

Figure A-4 illustrates the cumulative incidences corresponding to AF and AF-free death 

in a 2D space for the sub-cohort of RAASICCB. The blue solid line and red solid line are 

the cumulative incidences of AF in the CCB group and RAASI group, respectively. The 

blue dash line and red dash line are the cumulative incidences of AF-free death in the 

CCB group and RAASI group, respectively. Both the cumulative incidences of AF and 

AF-free death are higher in the CCB group than in the RAASI group. Figure A-5 jointly 

displays the cumulative incidences of AF and AF-free death stratified by the treatment 

drug group in a 3D space. Figure A-6 is created by rotating Figure A-5 65 degrees. In 

both figures, the dark red club line displays the jointly displayed cumulative incidences of 

AF and AF-free death in the RAASI group. The blue star line displays the jointly 

displayed cumulative incidences of AF and AF-free death in the BB group. The jointly 

displayed cumulative incidences are higher in the BB group than in the RAASI group, 

which is in line with Figure A-4. 
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Figure A-1 CIFs of AF and AF-free death for the sub-cohort of RAASIBB (2-D Plot) 
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Figure A-2 CIFs of AF and AF-free death for the sub-cohort of RAASIBB (3-D Plot, 

Rotate= -5) 
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Figure A-3 CIFs of AF and AF-free death for the sub-cohort of RAASIBB (3-D Plot, 

Rotate=70) 
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Figure A-4 CIFs of AF and AF-free death for the sub-cohort of RAASICCB (2-D Plot) 
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Figure A-5 CIFs of AF and AF-free death for the sub-cohort of RAASICCB (3-D Plot, 

Rotate= -5) 
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Figure A-6 CIFs of AF and AF-free death for the sub-cohort of RAASICCB (3-D Plot, 

Rotate=70) 

  


























