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Abstract

Primary Prevention of Atrial Fibrillation Using RerfngiotensinAldosterone System

Inhibitors among Medicare Beneficiaries with Hypertension

Xianghua Yin, Doctor of Philosophy, 2016

Dissertation Directed by: Min Zhan, Associ&efessorEpidemiology and Public

Health

Statement of the Problem

Renin-angiotensiraldosteronesystem inhibitos (RAASISs) have long been associated

with reduced risk of nevonset AF in patients with hypertension. However, previous
studies have not properly accoedtor 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 (suldistribution hazard) of newlgiocumented AF and to test whether the
effectswere significantly different fronthose ofbetablockers (BBs) or calciurshannel
blockers (CCBSs).

Methods:

A propensity score (PBnatched retrospective cohort study was conducted in a random
5% sample othe Medicare beneficiary population from 2007201 1with hypertension
treated with antihypertensive drug monotheramnsisting of 50,307 beneficiaries.
Beneficiaries on RAASbased monotherapies were matched 1:1 with beneficiaries on

BB-based monotherapies<13,242) and CClBased monotherapies<10,843) based



on PS. All beneficiaries were free of baseline AF and compelling indications for
RAASIs. Competing risk analyses were performed. Cox proportional-spesdic
hazard regression was used to estimate the effects of RAASIs ondwwiyented AF
and altlcause mortality without AF (i.e., competing risks). FBery 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,
accouning for allcause mortality without AF as competing risks.

Results

The adjusted causspecific hazard ratio (95% confidence interval [CI]) in the RAASI vs.
BB groups was 0.685% CI: 0.58 to 0.81) for newlgocumented AF. The adjusted sub
distribution hazard ratio (95% ClI) in the RAASI vs. BB groups was fa68ewly
documented\F (95% CI: 0.59 to 0.81). The adjusted caagpecific hazard ratio (95%
Cl) in the RAASI vs. CCB groups was 0.55 (95% CI: 0.46 to 0.66)darly
documented\F. The adjusted sulistribution hazard ratio (95% CI) in the RAASI vs.
CCB groups was 64 for newly documentedF (95% CI: 045to 065).

Conclusions

RAASI-based monotherapies were associated with not only a reduced hazewdyof
documented\F but alsowith a reduced sudistribution hazard ofiewly documenteAF
for Medicare beneficiaries with hypertensiemrolled inthe Part D program
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Chapterl Introduction

1.1Background

Atrial fibrillation (AF) is responsible farsignificanty increasd morbidity and mortality,
andimpairedquality of life in the general populatipandusually resulting in aorsened
New York Heart Association (NYHA) functional claks affected patientgl]. For
instance, dta from the longitudinal populatidrased Framingham Heart Stuslyggest
that AF is solely associated widhthreefold to fivefold increased risk stroke[2] and
with an approximatyg twofold increased risk for mortalify3]. Ischemic strokes due to
AF-relatedthromboembot eventsaregenerally more severe than strokie® toother
reasons angrone toaworse prognosif4]. Observational studiedsosuggesthat
incidert AF is linked to acute heart failure and chronic heart failure decompengdtjons
6]. In a casecontrol study, Saslieva et al. assess#tke quality of life in 154 patients with
AF and 49 healthy subjects usitige 36item short form health survey (586); they
found that compared with healthy subjecss; patients reported significantlgwer

scorenall SF36 itemg[7].

Althoughtheunderstandingf AF has beegreatlyadvanced by pathophysiological
studies inthelasttwo decadegherapeutic interventiorfer AF arenot satisfactoryn

many aspecturrent antarrhythmic regimearemainly pharmacologicalr ablationor
othersurgical therapiePata from several large randomized clinical trials showed that
both he success rate of pharmacological cardioversiatihe rate of maintenance of

sinus rhythm wer@oor[8i 10]. Theresults of thenost recensystematic review of 59



studiesinvolving a total 0f21,305 patientdurther suggedhatthe current firsline antt
arrhythmic drugsre able t@reventrecurrence of AF aftaestoring sinus rhythwith

an odds ratio abo@.19~0.7(11]. It is also notablehatthetreatmenbenefit isoften

offset bytheincreased rate of adverse eve(etg, pro-arrhythmia, aggravation of

existing arrhythmias, and sudden dedtin)all analyzed drugsRadiofrequency ablation
and surgical therapies camgnificantlyimprove clinical outcomes of patients with AF,

but their use igonstrainedy their strict indcations for a small proportion opatient
populatiors (i.e., consideration fotype of AF,thep at i ent 6 s faehgtipnocn s e
agents, age, left atrium diameter, and duration gf Afd by a number of potentially
seriouscomplicatiors includingdeath, cardiac tamponade, stroke, and transient ischemic
attack[12]. Apartfrom anttarrhythmic therapy byeartrhythmor rate controto reduce
symptomsthe primary goal in the management of ARhisprevention of

thromboembolic eventsith long-termanticoagulation therapy to reduite occurrence

of ischemic strokes argystemic embolisrfiL3]. However,chronic anticoagulation is
associaté with anincreased risk of bleeding/hich becomes an outstanding concern in

thetreatment of thelderly patients with AF14].

Taken together, the current suboptimal management options of AF pemstideg

incentiveto developeffective primary preventiostrategies to redudhe occurrence of
AF andits accompanying significant clinical sequelae due to progressively altered
hemodynamics, thromboembolism, and serious complicatesudtingfrom therapeutic

interventions.



Theenhared understandingf AF mechanismalloweda variety of preventive
strategiedor patients with ARo bepropo®din the past two decaddargetng the
development of structural, electrical, and pathophysiologic subsfeatesatrial fibrosis
and hypertrophy)and/ormodifying clinical risk factors(e.g., hypertension and diabetes)
andpredisposing condition®.g, heart failure and myocardial infarctioff)5]. Among
thesepreventive strategies, thuseof reninangiotensiraldosterone systemhibitors
(RAASIS) in theprevention of hypertensierelated AFgainredmore and more attention
assupportive evidence from clinical data and animal experiments accumuiéitextigh
there areinsufficient datao permit a strong recommendatifam their use in the general
population at risk of AF, RAAIS appear to play an ingptant rolein the primary

prevention of AF among patients with hypertengibg|.

1.2 Statement of th@roblem

Supportiveevidencdn the literatureabout the protective effect of RAASon newonset
AF is mainlyfrom secondary analgs d clinical trial data. These findingsiggest
RAASIs, including angiotenskezonverting enzyme inhibitors (ACEIs) and artgnsin
receptor blockers (ARBSs), reduce the incidenceev¥onset AF in patients with
hypertensioj17i 22]. Due tothelack of direct evidence, the generalizability of these
findings may be limite@utside theclinical trial setting.Thus, t is unclear whether the
favorable effect oRAASIsin AF preventiorcan be generalized the general
hypertensive patient populatiento older adult patient populatissuch as Medicare

beneficiaries with hypertensidrTN).



Very few previougpopulationbased observationatudies using standard survival
analysishavetested the effectiveness RAASIsto prevent the development AF in

the usual care settif@3 25]. Theresults suggest, as comparedvather firstline
antihypertensive medications (g getablockers[BB], calciumchannel blockerfCCB],
and diuretics)thatthe use oRAASIsis associated with significantlylower incidence

of newonset AFHowever, none of these studmssweredhe questiorwhether the
antiarrhythmidberefit of RAAS inhibitorscould be preserved older adult hypertensive
populations (i.e., age > 65 yeans)which competingisks(e.g, all-cause death
precludes the occurrence of Aexistandmay affect theperceived antiarrhythmic effect

of RAASIs.

1.3Purposeand Specific Aims

The goal of the present studias to improve the understanding of the effectiveness of
RAASIs for the primary prevention of ABmong older adult hypertensive populasion
outsidetheclinical trial setting, especially when competing risks interfeith the
standard survival analysis of longitudinal follay dataln the present study, the
endpoint of primary interestas the occurrence aiewly documentedF. The

competing risk endpoinwas allcause deattvith no AFatanytime during the follow

up. This hindeedthe observationf newly documentedF anddistoriedthe association
of cumulative incidence afewly documentedF and the use dRAASIsin the standrd
survival analysisi(e., KaplanMeier method and standard Cox proportional hazards

regression)



To achieve the abowgoal,two retrospectiveohorts were drawn from a randd®o
sample of Medicare beneficiaries wiTN who filled prescriptiondor RAASIs, BBs, or

CCBs between 2007 and 201heBpecific aims of this study were as follaws

Specific Aim 1To characterizehe study samplesndtheir utilization of RAASIs (i.e.,
the exposure/treatment of intere@pBs and CCBs (i.e., the twagheractive control
drugs)among Medicare beneficiaries withTN (i.e., the target populatiorwyho filled
prescription®f one of the above study medicatidvetweenlanuary 12007 and

SeptembeB0, 2011

Specific Aim 2To assesshe preventive effect dRAASIs againstheoccurrence of
newly documentedF as compared with BBsr CCBs.

Aim 2a.To comparehe effects of RAASI and BBionotherajesonthecause
specific hazard of developingewly documentedF in Medicare beneficiaries with
HTN.

Aim 2b.To compardhe effects of RAASI and BBionotherajgsonthecause
specific hazard of altause deattith no AF atanytime during followupin Medicare
beneficiaries with HTN.

Aim 2c.To compareheeffects of RAASI and CCBnonotherajesonthecause
specific hazard of developingewly documentedF in Medicare beneficiaries with

HTN.



Aim 2d.To comparehe effects of RAASI and CCBionothera@sonthecause
specific hazard of altause deattith no AFatanytime during followupin Medicare

beneficiaries with HTN.

Specific Aim 3To evaluate thempact of competing risk events on ttigectof RAASIs
onthe cumulative incidence of tmewly documentedF, as compared witBB or CCB
monotherapies

Aim 3a To comparehe effect of RAASI an@B monotherasonthe
cumulative incidencef newly documentedF in Medicare beneficiaries with HTBiver
thefollow-up period

Aim 3h To compareheeffect of RAASI and CCBnonotherajesonthe
cumulative incidencef newly documentedF in Medicare beneficiaries with HTBiver

thefollow-up period

1.4Research Questions and Hypotheses

For thepresent studythe research questions of intenesteas follows

Research question What is the difference in utilization of antihypertensive drug
between Medicare beneficiaries with HTN who wigeaed withRAASIs and those who
weretreaed with thecomparsondrugs (i.e.monotherapyith RAASIsvs. monotherapy
with BBs andmonotheray with RAASIs vs. monotherapyvith CCBs) in terms of

duration of therapy (DOTand proportion of days covered (P2C)



Research question B monotherapwith RAASIs associated witmewly documented
AF amongMedicare beneficiaries with HTN in the absence of the competing events (i.e.,
treating competing risk events as rigieinsorecbservationsn thesurvivalanalysis) as
compared with theomparsontreatments (i.e., monotherapiwgh BBs or CCBs?}

Hypothesis 2aAmongMedicare beneficiaries with HT.Nhecausespecific
hazardof newly documentedF will be lower among beneficiariesceivingRAASI
monotherapyompared wittBB monotherapycontrolling for other factors, such as age,
race, genderegon of residenceprior utilization of health care servicdsmseline
comorbiditiesprior use of the index druggngth of HTN historyand timedependent
covariates, using a standard Cox proportional hazard model

Hypothesis 2bAmong Medicarebeneficiaries with HTNthecausespecific
hazardof newly documentedF will be lower among beneficiariesceivingRAASI
monotherapyompared withtCCB monotherapycontrolling for other factors, such as
age, race, genderegion of residengerior utilization of health care servicdmseline
comorbiditiesprior use of the index drutgngth of HTN historyand timedependent

covariates, using a standard Cox proportional hazard model

Research question & themonotherapyf RAASIs associated witmewly documented
AF among Medicare beneficiaries with Hhen accounting for the competing risk
events in theurvivalanalysis as compared with th@mpaisontreatments (i.e., the
monotherapies of BBs or CCBS)

Hypothesis 3aAmong Medicare beneficias with HTN, thecumulative

incidence(or subdistributionhazard)f newly documentedF will be different between



beneficiarieseceivingRAASI monotherapyandthosereceivingBB monotherapy
controlling for other factors, such as age, race, genelgion of residengerior
utilization of health care servicdsaseline comorbiditiegrior use of the index drugnd
length of HTN history

Hypothesis 3bAmong Medicare beneficiaries with HTN, tbemulative
incidence(or the subdistributionhazard)of newly documentedF will be different
between beneficiariegceivingRAASI monotherapynd thoseeceivingCCB
monotherapycontrolling for other factors, such as age, race, gemelgion of residenge
prior utilization of health care servicdmseline comorbiditiegrior 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 EvaluatiaRACE study[{26]) reported the

beneficial effect of RAAS inhibition on the occurrence of rawvget AF in patients with
recent myocardial i nfar mdreattamadaecadtagnj ecti on fr
However, gpaucity of information exists aihe effectivenss of primary prevention of

AF amonghypertensie patients outsid#ne clinical trial setting. Therés only one study
thatexamined the association of ACE inhibition and the occurrence @i ARJnited

States cohomising standard survival analygis., ignoring the competing risk eveins

the survival analysigR3]. It remains unclear tewhat extentits findingsaredistorted by
thecensored competing risk everit$ie effectiveness dRAASIsin primary prevention

of AF among older adults with HTNasnever been examined using appropriate



statistical approaches to account for competing ri&gplying appropriate competing

risk methods ima populationbasedstudy might providenewinsighssinto the effect of

RAAS inhibition on the relative and absolute risks of occurrence cirAéng older

adultpatients with HTNn usual clinicalpractice Additionally, evidence from

randomized clinical triaglis still scarcgo promulgateany evidencédasdguidelines for

antihypertensive treatment in oldmdultpatient populatio[27]. This leaves decisions

on antihypertensive treatmestop physicians who need to takeo consideratiomll

i mportant factors that #dAinfluence a patientd
[28]. Theenhanced understandingtbe pharmacological profile dRAASIsis important

to help physicians develop more efficient and effective stratégidéswering blood

pressurandimproving patient outcomem older adult hypertensive populatien

1.6 Definitions

Competing risksin theanalysis of competingsks data a dompetingisk is definedas
an event whose occurrence either precludes the occurrence of another event under
examination or fundamentally alters the probability of occurrence of this othebevent
[29]. In the present study, the event of interestewly documentedF. The competing

risk isall-cause deattvith no AF anytime duringfollow-up.

Causespecific hazardunction i T h e -gpecificshazard function is defined for each
event type separately and is a function of time: at tjriites determined as the rate (i.e.,
probability per unit time) of experiencing a specific ewgpe during a short time period

aftertmetamong all subjects who havV3. not experie



Causespecific relative hazard (csRi)n t he present -speciidy, the te
relative haestamatdidh oiws st se@chgtl ¢y the rate of expe
event type is affectedbyavx@a r i at eo i n a Gspecifigghazargsor t i onal ¢

regression mod¢B0, 31].

Subdistributionhazardin The cumul ati ve is;mkoawdastheus f uncti or
distributiono which is the probability of experienciregspecific event type by a given

time [32]. Fine and Graynodifiedthe Cox proportional hazard meldo account for

competing risk$33]. The FineGray method models hazard function (i.egasub

distributionhazard derived from a cumulative incidence function, for a caasecific

event at time to estimate the effects of predicdtetween the treatment groy3sl].

Subdistributionrelative hazard (sdRH)n the present study, tiseibdistributionrelative
hazard is referred to as theb-distributionhazard ratio, the analogue to the hazard ratio
in the Cox proportionaldzard model, showing the effects of predictors in the situation

when competing risks exif34].

10



Chapter A iterature Review

In order to accurately evaluate the effectivene$/AASIs for primary prevention of AF
in patients with HTN, a critical literature review was conducldds review coverour
key componentsvhich together provide the context and motivafimnthe preset study
First, it providesanoverview ofrisk factors for AEF Second, ibriefly summarizes the
pathophysiology and clinical evidenfoer use ofRAASIsin the course of preventing AF
among patients with HTNrhird, it discusses theomparative effectiveness of other
antihypertensive medications for primary prevention of Réurth, it provideshe

contextfor usingcompeting risk analysis approactiesthe present study.

2.1 Risk Factorsfor AF

Fully recognizng risk factors for AF comprises the central partfbéeive preventive
strategiesAlthoughit is likely thatnot all AF risk factors have beearcognized,
numerous studidsavereported modifiable and nemodifiable risk factors for the
development of AFBall et al. reviewed 182 studiesiblished between 1982 and 2012
regarding predictors of AF and summarized AF risk factors into four categoree®-c i 0
demographic factors, adee lifestyle choices, cardiovascular conditions and other
comor bi d [39. Spekcificallyybhese &\F risk factorscluded old age, male
gender, European ancestry, loweciseeconomic background, smoking, alcohol
poisoning obesity HTN, left atrialdilatation left ventricular hypertrophy, type 2
diabetes, coronary artedisease, myocardial infarction, pericarditer pulmonale,

conduction disorders (e,@utonomic dysfunction, sick sinus syndrome, and

11



supraventricular tachyarrhythmia), valvular heiseasecongenital heart disease,
cerebrovascular disease, chronic heart failure, pulmonary disegpesttyroidism,
obstructive sleep apnea, cardiothacairgery, chronic kidney disease, rheumatoid
arthritis, coeliac diseasand diuretic us€35, 36]. In addition, family history and some
genetic mutations are also thoughtmtributeto the development of a small proportion
of AF casegd37]. All of these risk factors were considered in the present study by 1)
being excluded frorthe baseline at enroliment, 2) being matched between comparison
groups at enroliment, 3) being adjustedin the analyses, or 4) being discussed as

limitation of thedata source.

The results of the Framingham Heart Study reveal thalt potentiallymodfiable risk
factors,HTN is the mostnfluential populationattributable risk factor for incident AF in
the US. Theresults of th@opulationattributable risk factor analysis showed tHatiN
aloneaccouneédfor 14% of all cases of Al both men anevomen[38]. About one
fourth of adultAmericans have HTNB9]. Its high prevalenceause HTN to be the
primary risk factor for the development of AftheU.S. adult populatioranda

potentialy valuabletarget of preventive interventioagainstAF [40].

2.2RAAS Inhibitor Antihypertensive Therapy afteention of AF

2.2.1 Pathophysiology of AF in Hypertension
Although clinicaldata suggest th&®AASIs are associated withlower rate of newonset
AF, there has beem consensus gomathophysiological mechanisms of the development

of AF andthe protective effect oRAASIs against the development thie substrate for
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AF in HTN. The currently available animal modelsd human studiesipportthe
hypothesis that both structural and electrophysiologital remodeling play important
roles in the dvelopment and persistence of M5]. Realizing the importance of
antihypertensive therapy in AF preventitoth Lau et al. andladic et alspecifically
discusghe pathophysiologyf AF andtheimpactof the renirangiotensiraldosterone

systemonthe development of Ak patients with HTNn their systematiaeviews [41,

42,

In the setting of HTNon the one handeft ventricular hypertrophy (LVHgaused by
long-standing excessive afterload is often seen in patients with uncontrollelldogh
pressurewhich increases left ventricular stiffnesdfurtherleads to increased left atrial
pressure and siz&he resulting chronic atrial stretch together with left ventricular
systolic and diastolic dysfunctiaontributesto atrial structurahnd electricatemodeling
and inducethe development of substrates for A the other handJTN increases the
activation oftherenin-angiotensiraldosterone systenihe increasedoncentration of
angiotensin Il first, promotediatrial fibrosisandy p e r t rsecgndajtedsi t h e
expression of ion channels, gap junction and calcium hargamgithird, increases
Afoxi dative st r e[dZ% Maeowr, angictehsa thayalsoi have direct
effects orthe atrial electrical remodeling that contrilaite the development of AR2].
In summaryadvanced understanding of thathophysiology oAF in the setting of HTN

highlights the opeprtunities for developing mechannbased interventions to prevent AF

in patients with HTN.
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2.2.2 Clinical Evidence
Severaktudieshaveexamined the association RAASIs and primary prevention of AF
in the setting of HTN and reportetther positive or neutral findingd7i 25, 43, 44].
Table 1summarizeshe results of clinical stues that favoRAASIs over BBs, CCBs, or

diuretics and those that reported insignificdiffierences between the treatments
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Tablel

RAASIs for primary prevention of Among patients with HTN

Number of Estimated Treatment Effect on
Study Treatment Patients Reducing AF
LIFE [17] Losartan vs. atenolol 8,851 HR 0.67, 95%CI 0.55 0.83,P< 0.001
Valsartan vs. HR 0.843, 95%CI1 0.713 0.997,
VALUE [1§] amlodipine 13,760 | P=0.0455
L'Allier et al. [23] ACEIl vs. CCB 10,926 | HR 0.85, 95%CI 0.74/0.97,P=0.0183
Schaer et a[24] ACEl vs. CCB 23,303 | OR 0.75, 95%I 0.65 0.87,P=0.001
ARB vs. CCB OR 0.71, 95%1 0.57 0.89,P=0.002
BB vs. CCB OR 0.79, 95%CI 0.68 0.92,P=0.002
Marott et al[25] ACEIl vs. BB 725,680 | HR 0.12, 95%C1 0.10'0.15,P<0.001
ARB vs. BB HR 0.10, 95%CI 0.07 0.14,P<0.001
ACEIl vs. CCB HR 0.97, 95%CI 0.811 1.16,P=0.73
ARB vs. CCB HR 0.78 ,95%CI 0.56 1.08,P=0.13
ACEI vs. diuretics HR 0.51, 95%Cl, 0.44 0.59,P<0.001
ARB vs. diuretics HR 0.43, 95%CI 0.320.58,P<0.001
Captopril vs(BB = No significant difference between
CAPPP[19 diuretic9 10,985 | groups
Enalapril and lisinopril
STOPH2[22] vs. BB zdiuretics 6,614 RR 1.15, 95%C1 0.94/1.41,P=0.10
Enalapril and lisinopril
vs. CCB RR 1.10, 95%CI1 0.90 1.34,P=0.37
HOPE[20] Ramipril vs. placebo 8,335 HR, 0.92, 95%CI 0.68 1.24,P=0.57
Telmisartan vs.
TRANSCEND[21] | placebo 5,926 HR 1.02, 95% CI 0.831.26,P=0.829

HR: hazard ratioCl: confidence interval; OR; odds rati@R: relative risk

LIFE: LosartaninterventionFor Endpoint reduction in hypertension; VALUKalsartan
Antihypertensivea.ongtermUseEvaluation; CAPPPCAPopril PreventionProject;
STOPH2: SwvedishTrial in Old Patients withHypertensiorR2; HOPE:HeartOutcomes
PreventionEvaluation; TRANSCENDTelmisartarRandomizedAssessmidt Study in

ACE iNtolerant subjects with cardiovasculdisease

In both summarized clinical trials, the LIFEdsartan nterventionFor Endpoint

reduction in hypertensigrstudy and the VALUE\alsartarAntihypertensivd.ong-term

UseEvaluation) study, the results suggest tRAASIs hadsignificant efficacyin

preventing newonset AF in patients with HTNLB% 33% risk reductiopas compared

with betablockers and calciurohannel blockersThe results also suggest that the

observed efficacy dRAASIsin theprevention of AFseem to béndependent of blood

pressure reduction. In the LIFE study, the examined RAAS inhibdsaiflai hada
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similar efficacy of blood pressure control as the compareditetker (atenolol]17]. In
the VALUE study, the examined RAAS inhibitor (valsartan) ba even lower efficacy
of blood pressure control than the compared calaghannel blocker (amlodipingl §].
In addition to the supporting evidenice the efficacy oRAASIsfor primary prevention
of AF, afew largescale populatiofbased observational studiesthershowthe
effectiveness oRAASIs for AF preventionn U.S. [23], U.K. [24], and Danisl25]

hypertensivepopulatiors.

However, althouglthe efficacy oRAASIs for the primary prevention of AF has been
recognized and their use has been recommendsuththe European Society of
Cardiology (ESC) guidelineand the American Heart Association/American College of
Cardiology/Heart Rhythm Society practice guidelifsthe management of AF in
patients with hypertensidd5, 46], theefficacy ofRAASIs hasnotbeenconsisterly
seenn the literatureFor example, in the CAPPEAPopril PreventionProject) trial in
hypertensive patientthe results showed that there wassignificant difference in the
incidence of AF between ACEI (captopril) and conventional treatment {RBRgretics)
(2.1% vs. 2.5%) during a 6ylear followrup[19]. Similarly, there was no difference in
AF development fountletween ACEland CCBs(diureticst betablockerg in the
STOPH2 (SwedishTrial in Old Patients withHypertensior2) study[22]. Additionally,
no difference in the risk afevelopingAF was foundbetweerRAASIs andaplacebo in
the HOPE KHeartOutcomesPreventionEvaluation; 45.7%subjectswvith hypertension)

study[20] andthe TRANSCEND {TelmisartarRandomizedAssessmidt Sudy in ACE

16



iNtolerant subjects with cardiovasculdisease 76.4%subjectswvith hypertension¥tudy

[21].

In summary, the inconsistency of clini¢addings highlights the needor future studies to
characterize thhypertensive patient populatidmatwould benefitthe most fromprimary

prevention of AF usingRAASIs.

2.3 OtherAntihypertensivéMedicatiors and Primary Prevention of AF

BesidesRAASIs, BBs alsopossiblycontribute tareducing the risk oAF in patients with
hypertensiorvia reversing structural atrial remodelipf)]. Schaer et al. reported that

BBs were superior to CCBs the primary prevention of AF in patients with HTRdds
Ratio 0.79, 95% Confidence Interval, 0.682,P = 0.002)[24]. Exceptfor RAASIs and
BBs, there has been a lack of evidence that @thighypertensive medications (g.9.

CCBs, aldosterone antagonists, and diuretics) have the effect of blood pressureonontrol

new-onsetAF [41, 47].

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

primary prevention of AF, key knowledge is still missingi whi ch anti hypertens:t
treatment is best for preventing 8 8]. Consequentlygiven that the use of diuretics is

a risk factor for AF, twaf thefrequently prescribed antihypertensive medicatiarthe

Medicae populationBBs and CCB$49], were chosen as comparison medicationthe

present studin order to answer this question
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2.4 Context forLongitudinal Study Usingcompeting Risk Approaches

Despitethe fact thathe effectiveness ®RAASIsin the primary prevention of AF has
beenevaluated by several populatibased observational studi&si 29|, it is unclear
whetherRAASIsremain effective in the reduction of nemset AF in the older adult
hypertensive population when competing sigkg. altlcause death) exisAll of these
studieseitherignored the existence of the competing riskslid not appropriately
account for the competing riskstheir analyseddowever, n the presence @bmpeting
risks, it isincorrectto examine the effect of antihypertensive medications on redtleng
risk of AF using the traditional survival analysis approaches such as the Kdplan
method and the Cox proportional hazeedression model[81, 50]. The present study
was conductedsingappropriate competing risk approachies. ( causespecific hazard
regression andub-distributionhazard regression modgis theevaluation of
effectiveness oRAASIsfor the primary prevention of Al the older adult hypertensive

Medicare population in the.B.
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Chapter 3 Methods

3.1Data Source

The Chronic Conditions Data WarehouseQW) currently contains data from fder-
serviceinstitutional andhon-institutional claims, enrollment/eligibility, and assessment

(all payers) data (Minimum Data Set, Outcome and Assessment Information Set, Swing
BedAssessmentand Inpatient Rehabilitation Facility Patient Assessment Instrument)
from January 1, 1999 fwvard for a random 5%f the Medicare beneficiary population,

and from January 1, 2005 forward for 100%heMedicare populatioriThe Medicare
population is comprised of individuals agéslyears or older, gpersons withaneligible
disability, or who lave endstage renal disease (ESRDhe requested cohdur the

present studyas a randonb% sample of Medicare beneficiariesth a diagnosis of

HTN, extracted using the CC8predefined HTN indicator variahle

Researchers may request CCW data for any or all &ftleemmonchronic conditios
predefined bythe Centers for Medicare and Medicaid Servi€&d$). The chronic

disease algorithms include specific criteria for reference time periods (searching one to
upto three years), diagnosis and procedure codes, number and typdafgingualaims

(i.e., must have twQarrier claims duringhereference time period) and coverage (must
have Part Ain-patientland Part Hout-patient]jcoverage). These predefinedahic
conditions includetrial fibrillation andhypertensionwhich allowsthe pesentstudyto
identify study cohor and determine the outcome eveiitise Part D prescription drug
event(PDE)datédasencludes pharmacyclaimssubmitted by pharmacies Rart D

health plans for beneficiaries enrolledviedicare Part andrecord prescription drug
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identified by theNational Drug Code, the date of dispensing, and the length of supply
(al s o k rdaysisuppBos Thé use of the PDE dasdlowsthe present study to

ascertairthe starting time and duration @fug exposure.

The data source of thegeentstudywas the full 5% CCW fils for 2006 2011.Different

typesof data sources (e.glaim dataoriginaing from hospitas, physician offics,

pharmaees etc) were linked by a uniqgueE CW-encrypted identifier for each beneficiary.

Specifically, the following filesvere usedor identification ofhypertension, atrial

fibrillation, and comorbidities to determine inclusion in the study samplepmetc

evens, baseline characteristi¢se., demographics, comorbidities, and severity of HTN),

and drug exposure

1) 2006 2011 CCW 5% Inpatient, outpatieskilled nursing facility ENF), hospice,
home health, carrier arttirable medical equipmer®ME)

2) 2006 2007 CCW 5% Chronic Condition Summary File

3) 2006 2007 Part D Denominator File

4) 2008 2009 5% Beneficiary Summary File (BSF)

5) 2008 2009 5% Beneficiary Annual Summary File (BASF)

6) 2006 2011 5% Part D Event (PDE) File

7) 2006 2011 Master Beneficiary Summary File (IBY A/B/C/D and Chronic

Conditions segments
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Table 2summarizes how the presesttidy usd the relevant CW data files for all three

study aims.

Table2

Summary of data sources used by the study aims

Study objective/measure

Data variable(s)

CMS data file(s) needed

Aims 1i 3/enrollment

Monthly indicators for
enrollment in Part A, Part B,
Part C,and ParD

Part D denominator File
(2006 2007), BSH2008
2009), and MBSK2006

2011)

Aims 2i 3/death

Month of death for decedents

Part Ddenominator File
(2006 2007), BSH2008
2009), and MBSK2006
2011)

Aims 1i 3/demographics

Age, sex, racaegion of
residencel IS status, dual
eligibility

Part D denominator File
(2006 2007), BSH2008
2009), and MBSK2006

2011)

Aims 1i 3/diagnoses

ICD-9 codes for hypertensior
and atrial fibrillation

CCW Summary Fil€2006
2007), Part A and Part B
Claims Files (20062011)

Aims 2 3/severity of HTN

ICD-9 codes for
decompensation of
hypertensionbaseline
comorbidities

Part A and Part B Claims
Files (2006 2011), BASF
(2008 2009), and MBSF
(2006 2011)

Aims 1i 3/medications

NDC codes for angiotensin
convertingenzyme inhibitors,
angiotensin Il receptor
antagonists, beta blkers,
calcium channel blockers

PDE Files (20062011)

Aims 1i 3/duration oftherapy
and proportion of days
covered

Part D drugdispensing dates
and length osupply

PDE Files (20062011)

Aims 11 3/comorbidities

CCW chronic conditions

Chronic Condition Summar
File (2006 2007), BASF
(2008 2009), and MBSF
(2006 2011)

Aims 1i 3/hospitalization and
ER visit

Admission date of a
hospitalization or emergency
room visit for HF, AM|,
stroke/TIA

Part A and Part B Claims
Files, and MBSF (2006
2011)

ER: emergency roonDP: prescription drug plan; LI&w-income subsidyNDC: national
drug code CCW: Chronic Conditions Data Warehous#~: heart failure AMI: acute myocardial
infarction TIA: transert ischemic attacklCD: Internation&Classificationof DiseasesBSF
Beneficiary Summary FileMBSF. Master Beneficiary Summary FilBASF Beneficiary
Annual Summary FilePDE: Part D prescription events
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3.2 Study Design

3.2.1Study Design for Aim 1
Aim 1: Tocharacterizéhe study samplesndtheir utilization of antihypertensive drugs
among Medicare beneficiaries with HTN who filled prescriptionRAASIs, BBs or

CCBsbetween 2007 and 2011.

For Aim 1, a retrospective cohort desigasapplied tothe randon5% Medicare sample
between 2007 and 2011. The study inctulkedicare beneficiaries with evidence of
HTN who filled prescriptionsvith one of three study medications (iRAASIs, BBs
andCCB9 between January 1, 2007, é®eptembeB0, 2011 ( t he fAi ndex prescr.i
The resulting datasef eligible beneficiariesvasusedfor Aim 1 of the studyIn order to
maintain the study powethe inclusion oprevalent drug usemsas allowed(.e.,
hypertensive beneficiari@gho receivel their respetive index prescription drugs during
the twelvemonth baseline period). Fprevalent drug users 2006 whose index drug
therapies werended after Januafly 2007, index dates weneandatorily adjusted to be
January 1, 200 0therwise, the present study didt include those whose prevalent drug
use ended before January 1, 2084t this aim, Wwo measures were used to assess
utilization of the study drugs includirthe duration of therapy (in days) and the
proportion of daysoveredasdefined inSection3.4. In addition, allavailableresearch
guestiongelevantto time-invariant baseline covariategere examined to characterize the
study participantgh each comparison grolgefore and aftethe propensityscore(PS)

matchirg.
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The propensity score is defined as the conditional probability of receiving treatment
given the observed covariatdhe present studysed a nofparsimonious multivariable
logistic regression model to estimate propensity scores of receifRA\SI for each
individual in the comparison groups and to match cohorts between the comparison
groups. In the model, the index drug treatmedicator(i.e., receivinga RAASI) was
used as the dependent variable and all pretreatment characteristics wepdatieat @y
variablesincluding age, sexace,region of residencestatus ofow-income subsidy,
dual eligibility of Medicare/Medicaidyrior utilization of health care servicésg,
cardiovascular screening test, colorectal cancer screening, dialyeesrgy tests,
influenza vaccination, prior hospitalizations, prior stay at nursing homes, and number of
physician visits)comorbidities, baseline severity of HTngth of HTN history at the
index dateand prior use of the index drugor moredetails about P#atching see

Section 3.5

3.2.2 Study Design for Aims 2 and 3
Aim 2: To compardRAASIswith compaisondrugs (i.e., BBs and CCBs) ¢ime cause
specific hazard of the primary outcome event (hewly documentedF) and the
competing atcome event (i.eall-cause deattvith no AF anytime during followup)

among Medicare beneficiaries with HTN.

Aim 3: To compardRAASIs with compaisondrugs (i.e., BBs and CCBs) time
cumulative incidencéor sub-distributionhazard)of the primary outcome event (i.e.,

newly documentedF) among Medicare beneficiaries with HTN.
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For Aim 2 and Aim 3sincethetreatment allocatiowas not randomized in an
observational study setting, propensstyore (PS) mtching wasised in the desigphase
to assemble a cohort of individuals whereby beneficiarieswére in comparison

groups vould be well balanced on all measured baseline characteristics. A propensity
scoré matched rebspective cohort design wased to examine the association of
RAASI monotherapyndtherisk of newly documentedF in the presence of competing
risks using both causepecific hazard regression models aot@distributionhazard
regression model8ased on propensity scoresrdividualsreceivingRAASIs

calculated for the Aim 1 study cohaottie beneficiaries treated witRAASIs alonewere
matched 1:1 wittthe beneficiaries treated with BBdoneto assemble the sutmhort of
beneficiaries treated with eithBRAASIs or BBs, for Aims 2a, 2b, and 3a. Likeseg,the
beneficiaries trdad withRAASIs alonewerematched 1:1 wittthe beneficiaries treated
with CCBsalonefor Aims 2c, 2d, and 3b. All beneficiaries were free of AF at baseline
and within three months following the index prescription @daig stayedn the index
antihypertensive drugnonotherapyn 2006 2011 Both beneficiarie in each matched set
werefollowed from January 1, 2007 (ftneeligible prevalent drug users in 2006) or the
date of their individual first dispense of antihypertensive medication between January 1,
2007 andseptembeB0, 2011 (the index fill date) untid diagnosi®f newly documented
AF (the endpoint of primary intest) all-cause death (th@mpeting risk eventjhelast
day of drug exposure, or December 31, 2011, whicheamefirst (Figure 1). The last
dayof drug exposure vwgadefined as the last fill dateusl days supply minus one. The

detailedselection criériaarepresented irsection3.3.
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Figurel

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 studycluded Medicare beneficiaries withnevidence of HTN who filled a

prescription oRAASIs, BBsor CCBs between January 1, 2007, &eptember 30, 2011

(the Aindex pr escr thepresemstudy)allovedinkladingt at ed bef or
prevalent drug usemsho filled a prescription of one of the study drug2006 if their

index drug treatments were ended after Janua29d7. For these patients, the index

dates werenandatorily adjusted toe January 1, 2007. The present stusigl a ore-year

lookback window to cheofKTNbEidendeof¢iTNawadefnedd hi st or
by the CCWas the presence of at least one inpatient, skilled nursing facility (SNF), home

health agency (HHA) or two outpatient (HOP) or carrier claims thighielevant

International Classification of Diseas&inth Revision Clinical Modification(ICD-9-

CM) diagnosis codes for HTNB6211, 401.x405.x, 437.2, 997.91during the ongrear

basdine period[51]. The present studysal the CCW-predefined chronic condition

indicator varable for HTN (i.e.the date of thefirst occurrence othe condition) to

identify beneficiaries with HTNThe oneyear lookback window wa also set for

ascertaimg patient baselineomorbidities prior utilization of health care services)d

severity of HTN.

To ensure compteclinical data capturegach subjealvasrequired 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 throughhe last day of observation. The last day of observation was defined as
December 31, 2011the date ofleath the date of occurrence néwly documentedF,

or the last day of drug exposurehichever came soonéfro ensure complete drug use
data capture, bBbeneficiaries weritially required to have continuous Medicare Part D
coveragdrom twelve months prior to the index prescription date until the last day of
observation (as previously definedfter the preliminary analysis dfeneficiay baseline
characteristicghe present studelaxedthis requirement for th®edicarePart D

coverage tancrease sample size and enhance study pdwiermodified criterion

allowed inclusion of beneficiaries with a gapped Medicare Part D coverage in the same
time period as previously define8ince drug use information was not available during
the Medicare Part D coverage gap periogsclassification of drug exposure for the

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

Eligible subjets werealso required to have at least three months of index drug exposure

(RAASIS, BBs, or CCBsi)n tpohamsiendi c na rfarniR8Ishi zed cl i
Us i n g -ian Of rpusnaireed to wentify and exclude patients who may discontinue
medicatonswithin threemonthsdue toflack of perceived treatment effect or

intolerance [52]. For he prevalent drug users, theresvadso a requirement for the

minimum tlreemonth drug exposure. This wheause their index datesne

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

subjects would havextremely short measures of tistteendpoint. In addition, the
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presenstudy intentionally focuskon assessing theloiger m ( O 3 mont hs

index date) antiarrhythmic effeeénessof RAASIs.

Exclusion criteria:

Beneficiariesvere excluded if they hagh AF diagnosis on a Medicare claim before the
index prescription date @fter the end fothe index drug exposure wiithin threemonths
following theindex prescription datd hiswasbecausé¢he present study focuses

primary prevention of AF (i.eincident AF). ltwasalso because treatmesitategesare
different between with and without prevalent AF in hypertensive patients.
Beneficiares with certain conditionthat made therprone to be prescribeskrtainindex
study drugs werexcluded from the analysis. When compaf@ASIs with BBs,
beneficiaris were excludedf they hada history of angina pectoris, aortic aneurysm, AF,
metabolic syndrome, erstage renal disease (ESRD)/proteinuria, peripheralarte
diseasegr diabetesWhen comparingRAASIs with CCBs, beneficiariewere excludedf
they hada history of angina pectoris, heart failure, AF, ESRDtpinuria,or diabetes

The abovenentionedbaseline comorbiditieexceptAF, heart failure and diabetes
ascertained by the CC\Wedefined indicator variablesere 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 (I€€BCM code413.9, aortic aneurysm (ICD9-
CM code441), ESRD (ICD9-CM code 585.6)metabolc syndrome (ICEB-CM code

277.7), and peripheral artery disea$€D-9-CM code443.9.

28
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Beneficiariesnverealso excluded if they enrolled in capitated Medicare Advantage
Prescription Drug plans.¢., Medicare Part Cpbecause these plans didt submit chims

data to theCMS.

Beneficiariesvere excluded if they failedio stay on the initial drug treatment (one of
RAASIs, BBs, and CCB) and received more than one therapedadliss antihypertensive
drugsthroughout the entire followp periodin 2006 2011(i.e., from the index date to
AF/Death/last day of drug exposure/DecentbE, 2011). This exclusion aiméal
minimize drug exposure misclassification bias. With this excfusrdgerion, no
beneficiaries wer allowed to take more than one therapeciassdrug in the entire

follow-up period.

3.4 Measurement of Key Variables

3.4.1 DrugExposure
The primary exposure of the present study magsotherapyvith one of the following
antihypertensive drug classésAASIs, BBs and CCBs. BBand CCBswvere selected as
the active control groups becaubey wee the most frequentigrescriked
antihypertensive drug classes in Medicarepopulationand there waa large sample
size forthecomparative analysis during 2007 to 2(089]. BBswere alsoselected
because BBs hawbe samdour compelling indications @&8AASIs, besideseing
indicated for HTN (i.e.HF, postmyocardial infarction, high coronary disease risk, and
diabdes)[53]. Similarly, CCBs share two common compelling indications WI#&ASIs

(i.e., high coronary disease and diabetesich are highly prevalent in older adultb).

29



making herapeutic decisiorfer patients withthe aforementioned conditionphysicians

shouldtake intoaccount botlithe coexistingcompelling indicatios and BPcontrol As a

resul t,n Abdinadd &« awd wl d b e phothcemparsorediudswerer e duc e d

prescribed tdwypertensivepatients withsamecompelling indications. Exposure to

RAASIs and BBs/CCBs werglentifiedby theNational Drug Code in the Prescription

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

dictionary DB MedKnowledgd54]). Table 3belowpresentall antihypertensive drugs

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

other less frequently used drug classes.

Table3

Antihypertensive drugs examined in thegentstudy including all drug classes

Drug Class

Drugs

Angiotensinconvertingenzymeinhibitors
(ACEls)

benazepril, captopril, enalapril, fosinopril, lisinopril
moexipril, perindopril, quinapril, ramipril, and
trandolapril

Angiotensin Il receptoantagonists (ARBS)

candesartan, eprosartan, irbesartan, losartan,
olmesartan, telmisartaand valsartan

Antiadrenergics

clonidine, doxazosin, guanabenz, guanfacine,
methyldopa, prazosin, reserpine, and terazosin

Beta blockers (BBs)

acebutolol, atenolol, betaxolol, bisoprolol, carvedil
esmolol, labetalol, metoprolol, nadolol, nebivolol,
penbutolol, pindolol, propranolol, sotalol, and timo

Calcium channel blockef£CBs)

amlodipine, diltiazem, felodipine, isradipine,
nicardipine, nifedipine, nisoldipine, and verapamil

Diuretics

amiloride, bumetanide, chlorothiazide,
chlorthalidone, ethacrynic acid, furosemide,
hydrochlorothiazide, indapamide, methyclothiazide
metolazone, spironolactone, torsemiaeannitol,
and triamterene

Other reninangiotensirsystem (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 sooneand proportion of days covered (PDC). For prevalent drug users
who filled prescripbns 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 defsguloposed

by Hess et a[55],asiit ot al days o6 s thetpdl numberaotdaydi vi ded by
evaluatedo (i . e.-up).Dudaten offalloneup was calcutated bfy thé | o w
last day of observation (i.e., the dateaafiagnosis ohewly documentedF, all-cause

death, last day of drug exposure, or December 31, 2011, whichever cajmaifits the

index prescription date.

PDC was capped at 1.0 and categorized intot gr oups (PDC O 0.8 vs.
where PDG 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 clasfAASIs. DOT in such a case was maeed 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 sodoR®C was calculated by the number of

days with any drug within the classRAASIs divided by the total number of days

evaluated foRAASIs as a whole class. PDC was considered as a prake tefngth of

index drug exposure during the entire folloyy 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 londgerm treatment effect of study drugs in the present study.

3.4.2 Outcomes
The primary endpoint venewly documented\F, a proxy of newonset ARn the claims
database, which wadenified using ICD9-CM code 427.31n any claim during the
entire followup period. The time elapsed between the index prescription and the first
onset ofnewly documentediagnoss of AF(measured in daysjuring follow-up was

assessed for Aig?2 and 3.

All -cause death that precludin@ occurrace of all norfatal endpoints waconsidered

as the compatig risk endpoint in the presestudy.Date of death was collectéwm the
Social Security Administration as part of beneficidgmographic information in the Part
D denominator filesThe time elapsed between the index pretionpandthe date ofll-
cause deattvith nonewly documentedF anytime during followup (measured in days)

wasassessed for Ais?2 and 3.

3.4.3 Covariates
3.4.3.1CovariatesScreened for Aim 1
A pool oftime-invariant baselineovariatesvasscreened for the present study based on
the clinical relevance and the availability of variablethaen CCW data. These covariates
included demographic variables (i.e., age, sexe,and region of residence derived from

the state code), variables related to beneficiary access to health services fireoiow
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subsidy status and dual Medre/Medicai 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 homeeasidence)¢comorbidities predefined by the CCW or identified by the
ICD-9-CM codes in the medical clainusing twelve months prior to the index

prescription date as the baseline reference pdoasgkline severity of HTN, arptior use

of index antihypertensive drugsthebaselingperiod The distributions of lhscreened
covariatesre reported inSection 4.1 whichdepics the baseline characteristicsadf

eligible beneficiariebefore PSmatching

Thedemographic variablesereavailablefrom the Part D denominator files. The

information onbenefica r y 6 s age at eirocted and r¢aegorizeadinte wa s
four groups €65 years, 6674 years, 7684 years, >85 yearfor analytic purposedhe

original racevariable had multiple categories withly few eligible beneficiarieshus a

new variable was derivefiathad threecategoris (White, Black, other racial grojyifor

modeling purposefegion of residenc&as constructetdased on the twdigit 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 otheBUerritories.

Monthly informationon low-income subsidyL|S) status andlual Medicare and
Medicaid eligibility werealso recordd in the Part D denominator files.dichotomous

summary variable was created based on beneficiary monthly LIS staetetminesach
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beneficiaryLIS status abaselinewherethe valueof fiye s 0 i nthht the Aenedidary
received LIS for at least one monththe twelvemonth baseline periodnother
dichotomous variable wanstruceédsimilarly based on beneficiamponthly dual
eligibility to determinethe dual eligibility ofeach beneficiarat baselineThe value of
Ay es o0 wa tcasesvhdrethae emeficiaries werdually eligible for Medicare and

Medicaidfor at least one montin the baseline period

Utilization of health care service@gsascertaied usingCurrent Procedural Technology,
version 4 (CP14) and Healthcare Common Procedure Coding System (HCERQE3

for physician visit99201 99205, 9921199215, 9924199245, 99321499328, 9933#
99337, 9934199345, 9934799350, 9938199387,99391 99397, 99400199404, 99411
994132, diabetes screening test (82947, 82950, 8296fgening fecal occult blood test
for colorectal cancer screenif@227Q G032§, influenza vaccination (G0008), and
cardiovascular disease screening tests (80061, 833848, 84478n the carrier claim
files submitted in thd2 months prior to the index prescription datee numbenf
physician visits was counted asontinuous variablér each abible beneficiary To
improve the quality of PSmatching, a foutevel variablg(Oi 2, 3 5, 6 10, 11 and more)
was formed based ghysician visitcount For other fowutilization measures, a two
level indicator variablénone vs. one or more claims with the CPT codes for the
preventive serviceis question)wvas createdor analytic purpose®rior hospitalization
wasascertained by theresence of any admission date identified in the twelve months
prior to the index date using the inpatient claim files. A-texeel variablg(none vs. one

hospitalization or mare) was createfbr analytic purposesSimilarly, prior nursing home
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residene 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
levelindicatorvariable(none vs. one SNF residence or more) was created for analytic

purposes

Indicator variables fo27 common chronic conditions were predefined in the CCW data

using claimsbased algorithmgb1], including acquired hypothyroidism, acute myocardial
infarction, Al zhei mer Gedateddissréess sresenile Admentise i mer 0 s
anemia, asthma, atrial fibrillation, benign prostatic hyperplasia, colorectal cancer,

endometrial cancer, fenemale 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,

hyperension, ischemic headiseasepsteoporosis, rheumatoid arthritis/osteoarthratrs)

stroke/transient ischemic attagkxceptfor AF and HTN, all other predefined chronic

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

index prescription da as thdook-backbaselingperiod. The CCW data included three

types ofindicator variable$or the prelefined chronic conditionyearly, midyear, and

everdateThe fiever dateo variable recorded the de
predefined condion that wasavailablefrom January 1, 1999 forwar@he operational

indicator variabls for the predefined chronic conditionsreconstructed for analytic
purposesandoul d take either the wvmidsingevaluedbf Afyeso f
the ever date or the value of fAnoodo for cases

Comparing the Aever dat e o toaHe indekmesqiptiendef i ned
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date,ift he fnever dateo fell iredefinedhcaronic aomnditibni n e

wasdetermined as a baseline comorbidity.

Besides the abov&7 predefined commoahronic conditions, fivéaselineestablished

risk factos for AF wereidentifiedby thepresence of any claim in the twelve months
prior to the index prescription tiawith relevant ICE9-CM codes, including sleep apnea
(ICD-9-CM code 327.23), pulmonary hypertension (F8{CM code 416.0),

hypertrophic cardiomyopathy (IGB-CM code 425.1), hyerthyroidism (ICB9-CM
code242.9Q, and valvular heart disead€D-9-CM codes: 39897, 424, 3504350.4,
351.0351.4, and 352:352.8) Binary indicator variables for these established AF risk
factorswere formed, where h e v a | was assignetb the cases with thelevant

diagnosis.

Proxy variable for the kaseline severity of HTMereconstructedisingthe

administrative clairbasedcoding algorithm for HTNadapted fronthe adult

comorbidity evaluation (ACR7) index, whichwas fia comorbidity index initially
developed specifically for cancer patients and based on 26 comorbid conditions with 3
grades of decompensation or seveérj§g]. The three operational HTN severity variables
(severe [grade 3], moderate [grad]eand mild [grade 1]\vere respectivelgreaedusing

the relevant ICEB-CM codegqpresented in Table)4or differentdecompensation
symptomfrom any claim (i.e.jnpatient,outpatient SNF, HHA, hospice, DMEand

carrier)in the baseline period
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Table4
ICD-9-CM codes forclaim-based severity of HT{66]

Level ofdecompensation ICD-9-CM codes
Low(L), moderate(M)high(H)
L Hypertension with no Any of (401,405,40200,40210,40290,
secondary effects 40300,40310,40390,40400,40410,40490)
andnone of(7847,7823, 7840, 7865,
43885,78605)

M Hypertension with vertigo, Any of (401,402,403,404,405)andany of
epistaxis, edema, headache, | (43885,7847,7823,7840,78605,7865)
shortness of breath or chest

pain

H Hypertension and papilledemg Any of (401,402,403,404,405)and any of
retinal damage, or (3770,36281,36282,4372,36211)
encephalopathy

ICD-9-CM: International Classification of Diseases, Ninth Revis@mical Modification
HTN: hypertension

For each beneficiary, the numbemobnths since the first diagnosis of HTN was
calcul ated (the index prescriptionhedate minu

divided by 30.4to indirectly reflect the pragssion of HTN.

To adjust forthe baseline index drug exposurejraicator variable was formezhd
coul d t ake tfarcasesahere &isdex(dfugsevarainitiated prior to the
indexdateand fAnoo for cases whedugsbbtweeredanuartyi ar i e s

1, 2007 and September 30, 2011).

Covariatesncludedin the logistic regression for calculating propensity scores of
receivingRAASIs 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

ifAnal ysors APilAksofeéhed baseline covates are summarized in Table 5
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Table5

Summary of selected variables screened as baseline characteristics

Sociodemographic
Measures

Age at the index date, Sex, Race, Region of residence, L
income subsidy status, Dual eligibility for Medicare/Medic

Use of Health Care
Services

Number of physician visitf)iabetes screening test,
Cardiovascular disease screening tests, Screening fecal ¢
blood test, Influenza vaccinatioRrior hospitéization, Prior
nursing home residence

Comorbidities

Acquired hypothyroidism, Acute myocardial infarction,

Al zhei mer ds di sease, Al zhe
senile dementia, Anemia, Asthma, Benign prostatic
hyperplasia, Colorectal cancer, Bmnaetrial cancer,
Female/male breast cancer, Lung cancer, Prostate cance
Cataract, Chronic kidney disease, Chronic obstructive
pulmonary diseasgCOPD)and bronchiectasis, Depression
Diabetes, Glaucoma, Heart failuieF), Hip/pelvic fracture,
Hyperlipidemia, Ischemiteart disease, Osteoporosis,
Rheumatoid arthritis/osteoarthritis, Stroke/transient ischer
attack(TIA), Sleep apnea, Pulmonary hypertension,
Hypertrophic cardiomyopathy, Hyperthyroidism, Valvular
heart disease

Severity of HTN

HTN baselineseverity

Length of HTN
history

Number ofmonths since the first diagnosis of HTN

Prior index drug use

Any use of index drugs in 12 months prior to the index da

HTN: hypertension

3.4.3.2 Covariatekcluded for Aim 2

The covariates usddr the analyses dkim 2 (i.e, Cox proportional causspecific

hazard regressiamodels)included the indicator variable for prior index drug use afid

pretreatmenvtariablesused to estimatide PS(Table §. All time-invariant baseline

covariates ugkfor Aim 2were defined previouslyln addition acompositegime-varying
covariate was created amcount fothe changing hazard aewly documentedF due to
complications of HTN (i.e., AMI, stroke/TIA, and HF) occurring in the folap period.
The operationdbinarycompositetimes ar yi ng covariate used

dat edo i ndi antMaster Berzficiarg Bummasy File (Chronic Conditiotts)
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determine the first occurrence of these events during the folfpfer modeling

purposesThis covariate started with a value of 0 and its valaschanged to 1

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

andHF) during thefollow-up period.

Table6

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 tlsab
cohort of beneficiaries taking
either RAASIs or CCBs

Sociodemographic
Measures

Age at the index date, Sex, Rac
Region of residence, Low
income subsidy status, Dual
eligibility for Medicare/Medicaid

Age at the index date, Sex, Rac
Region ofresidence, Low
income subsidy status, Dual
eligibility for Medicare/Medicaid

Use of Health Care
Services

Physician visits, Influenza
vaccination, Prior hospitalizatior|
Prior nursing home residence

Physician visits, Cardiovascular
disease tests, Influenza
vaccination, Prior hospitalizatior

Comorbidities

Al zhei mer 6s di
disorders or senile dementia,
Anemia, Cataract, Chronic
kidney disease, Chronic
obstructive pulmonary disease
(COPD) and bronchiectasis,
Heatrt failure (HF),
Hyperlipidemia,Benign prostatic
hyperplasia, Ischemic heart
disease, Osteoporosis,
Rheumatoid
arthritis/osteoarthritis,
Stroke/transient ischemic attack
(TIA), Valvular heart disease

| Acquired hypothyroidism,

Al zhei mer 6s di
disorders or senile dementia,
Alzhei mer 6 s di s e

Asthma, Female/male breast
cancer, Cataract, Chronic kidne
disease, Chronic obstructive
pulmonary disease (COPD) and
bronchiectasis, Benign prostatic
hyperplasia, Ischemic heart
disease, Osteoporosis,
Rheumatoid
arthritis/osteoattritis,
Stroke/transient ischemic attack
(T1A), Valvular heart disease

Length of HTN
history

Length of HTN history in months

Length of HTN history in months

*Covariatesfor which the marginal prevalence was <5% and thibaenvere weakly associated
with newly documentedF in the bivariate analys€€hi-square or WilcoxofMannWhitney
testp > 0.10for continuous and categorical covariates, respecieebnot shown in this table
PS: propensity score; RAASI: reramgiotensiraldosteronesysteminhibitor; BB: betablocker;
CCB: calcium channel blocker; HTN: hypertension
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3.4.33 Covariatedncluded for Aim 3
Thecovariatesised forthe analyses dAim 3 (i.e, the proportionasub-distribution
hazard regression modelsa. theFine-Gray moded]) includedthe same covariates
used for Aim 2 except the composite thverying covariatewhichwasdefined
previously
3.5 Plan ofStatistical Analysis

3.5.1Plan ofAnalysisfor Aim 1
Aim 1 of the present study wascharacterizeitilization ofRAASIs (RAASIs), BBs and
CCBs amongeligible Medicare beneficiaries with HTN who filladdexprescriptions
between January 1, 2007 a®dptembeB0, 2011.Parallelanalyses were conducted for
the subcohort of beneficiaries wheceivedeither RAASI or BBmonotherapyndfor

the subcohort of beneficiaries wheceivedeither RAASI or CCBnonotherapy

3.5.1.1 Bivariate Analysis for the Subhort of Beneficiarie§aking
eitherRAASIs or BBs
To determine which covariates were associated with antihypertensive drug expesure, t
comparisons oflbaforementioned timénvariant baseline characteristics weonduced
betweertreatment groupRAASIs vs. BBs) usingWilcoxon-MannWhitneyand chi

squargestsfor continuousand categorical covariates, respectively.

To determine which covariates were associated with the developrmesw!lyf
documented\F andcomplementhe covariate selection for subsequent estimatdn

PS, a series dfivariateCox proportional hazard models, whérae-to-newly
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documented AF was thldependent variable and eaaforementioned baseline covariate
was the explanatory variableere fitted. Any baseline covariate associated with titoe
newly documented AF in a bivariate model with p<0.10 was eligible for inclusion in the
logistic regressiomodelfor PS estimatios
3.5.1.2 Bivariate Analysis for the Suohort of Beneficiaries Taking
eitherRAASIs or CCBs
A parallel set of bivariate alyseswasconducted to determine the association of each
baseline timanvariant covariate andrug exposure for the stdohort of beneficiaries
takingeitherRAASIs or CCBsusing WilcoxonAMannWhitney and chisquare tests for

continuous and categorical covariates, respectively.

Likewise,to determine which covariates were associated with the developmeswiyf
documented\F and complement the covariate selection for subsequent estimations of
PS, a parallel series of bivariate Cox proportional hazard models for tuelsot of
beneficiaries takingitherRAASIs or CCBswasfitted, where timeio-newly documented
AF was tle dependent variable and each aforementioned baseline covariate was the
explanatory variable. Any baseline covariate associated withttmewly documented

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

model fa PS estimations.

3.5.1.3Assembly of Study Subohorts:Propensity Score Matching
The present study employedize-step PSmatching approach adapted from Garrido et

al. to assemble the two Rfatched sutwohortg[57]. The first step involved selection of
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pretreatment variables to estimate the PS. As all eligible beneficiaries in batbhsrts
were mild hypertensive patiergBownin the univariatenalysis 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
wasconducted to examine the marginal prevalesfabe baseline covariates listed

above

Covariates dropped from the estimation of the PS due to low marginal prevalence (i.e.,
<5%) for the subcohort of beneficiaries taking either RAASIs or BBsludeddiabetes
screening test, endometrial cancer, colorectal cancer, lung cancer, prostate cancer,
hip/pelvic fracture, sleep apnea, pulmonary hypertension, hypertrophic cardiomyopathy,
and hyperthyroidism. Similarlyor the subcohort of beneficiaries takingither RAASIs

or CCBs the covariates dropped from the estimation of thenBladeddiabetes

screening test, prior nursing home residence, acute myocardial infarction, endometrial
cancer, colorectal cancer, lung cancer, prostate cancer, hip/pelvicdraté@p apnea,

pulmonary hypertension, hypertrophic cardiomyopathy, and hyperthyroidism.

Theremainingbaseline covariates further dropped from the estimation of ttierPise

sub-cohort of beneficiaries taking either RAASIs or BlRge to weak associah with the

development ohewly documentedF includedcardiovascular disease screening tests,

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

Al zhei mer ds di sease, acut e ncgrpodepaessohn, a | i nfarc

glaucoma, and hypothyroidism. Likewider the subcohort of beneficiaries taking either
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RAASIs or CCBsselected colorectal cancer screening test, prior nursing home
residence, depression, glaucoma, and hyperlipidemia were droppethé&@stimation

of the PS.

Table6, above summarizes all pretreatment characteristics included in the initial
estimation of PS for the sutmhort of beneficiaries taking either RAASIs or BBs (24
covariates in the left column) and for the sudhort ofbeneficiaries taking either

RAASIs or CCBs (26 covariates in the right colymll of the selected baseline

covariates summarized in the left column of Tabeere the independent variables and
treatmentvith RAASIs was the dependent variable for the-sahort of beneficiaries

taking either RAASIs or BBs. Likewise, all of selected baseline covariates summarized in
the right column of Tablé were the independent variables and the treatmit

RAASIs was the dependent variable for the-sabort of benkciaries taking either

RAASIs or CCBs.

The second step involved estimation of the propensity scores for betiolsotis using

logistic regression and comparing the distribution of the propensity score among the
treatment groups. Since precise estimatdseatment 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 suppofisee results prestd 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 subcohorts. The number of blocks was initially set to be five based on quintiles of
the PS by the STATA prograrpscore [57]. Then, the program checked the balance of

the PS within the initial blocks usingt&sts with equal variances. This program
automatically splg 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 setphort of beneficiaries treated with RAASIr BBsto achieve

the balance aihe PS within each block. Similarly, for the stithort of beneficiaries

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

the PS was balanced in each block.

Thefourth step involved checking fahe balanceof baselinecovariates across the
RAASI and BB treatment groupsr RAASI and CCB treatment groupgthin blocks of
the PS. The balance of all selected baseline characteristics between treatment groups was

compared before and after PS matching using standardizecedies for both sub

r r

cohorts A standardized differenakis computed byQ for the

continuous covariates, and ty for the binary covariatd$8]. Here,

Xireatment and Sieamenidenote the mean and standard deviation of a covariate in the RAASI
treatment groupand Xcontrol @nd S.nre denotethe mean and standard deviation of a

covariate in the BB/CCB treatment group. Similar@mmem and I, .., denote the

prevalence of one @hecategories of a binary covariate in the RAASI treatment group
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and BB/CCB treatment group, respectiv&8tandardized differences contrast the
treatment group means of covariates in units of the pooled standard deviations of the
comparison groups, whidre not affected by sample siz&.standardized difference of
0.10was used as the threshold for acceptable imbalance. Any absoluteofdhes
standardized difference greater titahOwereconsidered consequential residual

confounding that required different specifications for th¢ 38k

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 tomaximizethe generalizability of the study results, the present stugyoyed

a nearesheighbor matching without replacement strategy that allowed all beneficiaries
taking RAASIs on Acommon supporto Theo be i ncl
matching strategy was chosen siamdamlizedt | ed t O
difference of means (greater thau25 {69]. In theRAASI/BB and RAASI/CCBsub

cohors, al eligible beneficiaries treated with RAASIs were matched 1:1 with

beneficiaries treated with BRg CCBs, respectivelyAfter the two matched samples

were constructed, the balance of covariatas checkeacross the comparison groups to
evaluatehesuccess 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
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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 sabhort of beneficiaries taking either RAASIs or &hows
that the absolute standardized difference was reduced to less1Bamall baseline
covariates intte matched subohort (Figure2 for socicdemographic covariates and
utilization ofhealth care services; Figudor comorbidities).

Figure2

Plot of standardized differences for sedemographic covariates and utilization of

health care services before and aftemi&ching for the subohort of beneficiaries
taking either RAASIs or BBs
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Figure3
Plot of standardized differences for comorbidities before and aftend&hing for the
sub-cohort of beneficiaries taking either RAASIs or BBs
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Likewise, the plot of standardized differences for individual covariates iimgile
matched samples for the sabhort of beneficiaries taking either RAASIs or CCBs
showed that the absolute standardized difference was reduced @r<all baseline
covariates intie matched subohort (Figured for socicdemographicovariates and

utilization ofhealth care services; Figuséor comorbidities).

47



Figure4d
Plot of standardized differences fmcicdemographicovariates and utilization of
health care services before and aftemi&ching for the sulbohort of beneficiaries

taking either RAASIs or CCBs
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Figure5

Plot of standardized differences for comorbidities before and aftend&hing for the
sub-cohort of beneficiaries taking either RAASIs or CCBs
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PS estimation and matching were performed using STATA 13 (StataCorp LP, College

Station, TX).

3.5.14 Baseline Characteristics afutharacterizatioomf Drug Exposure

To quantify study drug exposure, duration of therdp®T) is presented asmedian

[interquartile rangelor beneficiaries treated with RAASIs afa comparison

beneficiaries treated with BBy CCBs In practice, this measuremastnot reported

separately since it Bdeen incorporateith the measure of followap lengthwhosevalue

equalgthe full length o DOT or a segment of the full length of DOT taated by the

endpoint eventProportion of days covered (categorical PDC, less than 0.8ezteg

than or equal to 0.8br beneficiaries treated with RAASIs and for comparison
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beneficiaries treated with BBs or CCBs in the respective matchecbéualntsis

presented as the percentage and the corresponding confidence intervals.

To summarize th&ollow-up of thematched suizohorts, the days of followp, time to
newly documentedF, and time to altause death with neewly documentedF atany
time during followup are presented asmedian [interquartile range] for beneficiaries
treated with RASIs andfor comparisorbeneficiaries treated with BBs or CCBs in the
matched swzohorts.Since more than3% of observations in either matched stdhort
were censored with respectlioth types oendpointevent, in practice, the median
[interquartile angejof the follow-up was calculated and reported the entire relevant
sub-cohort. The median [interquartile range] rine tonewly documentedF was
calculated and reportédr beneficiaries who experiencadwly documentedF only.
The median [interquartile range] of time to-edluse death with neewly documented
AF atanytime during followup was calculated and reported for beneficiaries who

experienced altause death with neewly documentedF only.

To summarize the changimgzard of developingewly documentedF during the

follow-up, the frequency of the time&arying compositeovariateis presented as the
percentage and the corresponding confidence intervals (Cls) for beneficiaries treated with
RAASIs andcomparisorbenefciaries treated wit BBs or CCBs in the respective

matched sulzohorts.
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3.5.2Planof Analysis for Aim 2
To address Aim 2, Cox proportional catsgeecific hazard regression was used to
estimate the effect of study drugs the study outcomes, while controlling for potential

confounders.

For the subcohort of beneficiaries taking either RAASIs or BBs, Aims 2a and 2b (impact
of RAASIs onnewly documentedF and alticause death with no A&t anytime during

the follow-up) were approached as follows:

Recall:
Aim 2a.To compare monotherapyith RAASIs with monotherapyvith BBs on the
causespecific hazard of developingewly documentedF among Medicare

beneficiaries with HTN.

0 For Aim 2a and associated Hypothesis 2a, the effect of RAAStewty documented
AF was estimatedcontrolling forthe canposite timevarying covariatendprevalent

drug use prior to the index prescription datee competing risk events (i.e.,-alluse
deaths with no ARtanytime during followup) were treated as being rigtgnsored in

the outcome models for Aim 2a. The cagpecific relative hazard (csRh) of developing
newly documentedF and 95% Cls were estimated for the RAASI group in referance t

the BB group.
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The proportional hazard®H) assumptions for the baseline covariates in the model were
examired by checkingheweighted Schoenfeleesiduals The test of nonproportional
hazards based on the scaled Schoenfeld residuals was chosen becausestipexsor

to other methods that it even worked when twaeying covariates were included in the
outcome model. The present study implemented the Bidragtion checkisingthe

recently releasedPH optionin the latest iteration of thi@AS PHREGstatement$AS

9.4, SAS Institute, Cary, NJJ61]. The results of the ZPH diagnostics wekaluatedn

two ways:a Schoenfeldype residual plot and a correlation test.ifplement the ZPH
diagnosticstheSAS PHREGprocedurelots weightedSchoenfeletyperegduals against
time tonewly documentedF with arescaled andmootled Schoenfeletype residual

curve for each covariate asdnducs a correlation test between the weighted Schoenfeld
residuals and survival time&.violation of PH assumption was evidencedaoyorizero
slope of the fitted smooth curve in tBehoenfeletype residuaplot orp < 0.05 for the

result of the correlation tedAs required for this method, the composite tinagying
covariate waslefinedby the counting process meth[@&®]. In the casewherethe
proportional hazard assumptions were violatlkd,interaction terms defined by the
product of the covariate and the follay time would beadded to the modéd

incorporate the nonproportionality

If the final model included continuous covarigté®nmodel adequacyasfurther
assessetb checkthe additional model assumption feunctional forns of continuous
covariatedi.e., to check whether the continuous covanweds linearly associated with

the logcumulativehazard) This checkwasdone by assessing the Martingale residuals
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from the final model. Furthermorthe overall goodnessf-fit waschecked when
assessinghe plots ofMartingale residualas necessaryinally, the correlation between
the two types of endpoint events (irewly documentedF and allcause death without

experiencing AFwas explored and the results shawi\ppendixI.

It is well known that any valid inferens&om Cox proportional hazard models aanly
be made unddehe assumption of independeaisoringSince the competing event (AF
freeall-causedeath) was treated axensoring event in the Cox model for timengwly
documentedh\F, this impliesthatwe need to assess the assumption that the timevty
documentedhF and time to AHreeall-causedeath were independeiitowever,since
boththe joint distributiorandthe marginal distributions of the latent timenwly
documented\F as well agthe latent time té\F-freeall-cause death wetheoretically

not verifiablewithout further assumptiori$3], the dependence between the two

competingisk eventswas exploredjraphically.(Appendixl).

The individual assessment of the relevant model assumsgienmmarized ira table

following the reported study findings for each specific aim.

Recall:
Aim 2b.To compare monotherapyith RAASIs with monotherapy of BBs on the catuse
specific hazard of altause death with n&F atanytime during followup among

Medicare beneficiariesith HTN.
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0 For Aim 2b, the effect of RAASIs on atlause death with no A&tanytime during the
follow-up was estimatedcontrolling forthe composite time@arying covariateand

prevalent drug use prior to the index prescription.ddyecontrast, cases aewly
documented\F were treated as censored observations in the outcome models. The cause
specific relative hazard of atlause death without experiencing AF and 95% Cls were
estimated for the RAASI group in reference to the BRigrd'he proportional hazards
assumptions for the baseline covariates were tested in the same way as previously
described for Aim 2&Similar consideration was also given to the assessment of other

model assumptions for Aim 2b (AppendixTable A1).

In practice, the present study employed the method developed by Wolkewitz et al. to
prepare the data a required formafi.e., counting process style, catsgeecific

covariates, and double records for competing endpdhskenabled SAS to calaié
causespecific relative hazane the competing risks analysis with binary thverying
covariate§64]. ThestratifiedCox proportional hazard models wehenfitted for Aims

2a and 2b at one timerherethe models were stratified on tiype of competing

endpoint Since the data in the required format contained multiple records per subject, the
robustSandwich variance estimates were calculated for the®@B8bthe causepecific

relative hazard to account for this correlation.

Recall:
Aim 2c.To comparedRAASI and CCBmonotherapyverthe causepecific hazard of

developingnewly documentedF among Medicare beneficiaries with HTN.

54



Aim 2d.To compardRAASI and CCBmonotherapyverthe causespecific hazard of all
cause death with no A&tanytime during followup among Medicare beneficiaries with

HTN.

0 For the sukcohort of beneficiaries taking either RAASIs or CCBs, Aims 2c¢ and 2d
(impact of RAASIs omewly documentedF and allcause death with no AF anytime
during the followup) were approached in the same way as for theghbrt of
beneficiaries taking either RAASIs or BBs. To address Aim 2c and associated Hypothesis
2Db, the effect of RAASIs onewly documented\F was estimated and the caisgecific
relative hazard of developingewly documentedF and 95% Cls were calculated for the
RAASI group in reference to the CCB group. Likewise, for Aim 2d, the espeseific
relative hazard of altause deh without experiencing AF and 95% Cls were estimated
for the RAASI group versus the CCB gromghe samestratified regression modatsed

for Aim 2c. The tests for nonproportional hazavdere performed in the same way as
previously described for Aims Zand 2b.Similar consideration was also given to the

assessment of other model assumptions for Aim 2c and Aim 2d (Apdeidixle Al).

3.5.3Planof Analysis for Aim 3
Specific Aim 3 (impact of RAASI on developimgewly documentedF in the presence
of all-cause death as the competing risk) was addressed using the propsuional

distributionhazard regression models (i.e., FBmy Model[33]). The rationale for the
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Fine-Gray models and relevant data structeguired in the analyses of the present study
areprovidedbelow.

Recall:

Aim 3a To compare the monotherapyRAASIs with the monotherapwith BBs on the
cumulative incidence aofewly documentedF among Medicare beneficiaries with HTN
over follow-up.

Aim 3h To compardRAASI monotherapy with CCB monotherafiy the cumulative
incidence ohewly documentedF 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 holdsfahky

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 evef@zhllyhe

presence of the competing risks alters the likelihood of experiencing the event of interest
fundamentally in the subjects whavealready experienced the competing risks. In the
present study, Was obvious thator any subject who experienced a competisg event

(i.e., ARfree death)it would not be possible to experienoawly documentedF
permanently. In this sense, the competing risk eventiréd-allcause death, bkethe

1:1 correspondence between the cumulative incidencevaly documentedF and its

hazard function. In other words, the drug effect on the hazarevdly documentedF
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estimated from the Cox regression models cannot be interchangeably interpreted as the
drug effect on the cumulative incidencenefvly documentedF (i.e., the probability of

the occurrence afewly documentedF). Furthermore, ignoring theresence of

competing risk would lead toanoverestimabn of the cumulative incidence function,
whichis clearly illustrated by the overlaid plots thie unadjustedcumulative incidence
function ofnewly documentedF estimated by the Cox causpecific hazard model and

the FineGray model in the present study (AppendpHigures A-7 and A8).

In contrast, Fingray models can estimate the cumulative ianie of occurrence of
newly documentedF while accounting for altause death without experiencing A&
competing rsks.In the present stud¥ine-Gray modelsvere used tonodify the risk set
by including those who have not yet experiencedly documeted AF and those who

have experienced Affee allcause death.

The required data structure for running FBey models can be summarized as below.
A subject level data set is required. In addition to a time variable and covariates, a
categorical varial@l with three possible values is also needed, with a value of O for
censoring due to end of study or end of drug exposure,riefaly documentedF, and

2 for allcause death without experiencing AF.

For Hypothesis 3a, the effect of RAASI on théaxdistribution hazard ohewly
documented\F was estimated, accounting for-eduse deaths with no AF anytime

during the followup as the competing risk everigsevalenuse of thestudydrugprior to
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the index prescription date was included in the model as the only covahatstatistical
significance othedifference in thesub-distributionhazard (i.e., theub-distribution
relative hazard, sdRH) of developingwly documentedF was tsted for the RAASI
group versus the BB group. The proportiosidh-distributionhazardassumption for the
final model wastested by checking weighted Schoenfgipe residualsA plot of the
weighted Schoenfelt/peresiduals wagenerated so thads Kohland Heinze explain in
the technical documentation fe SAS Macro %PSHREGihe smoothed residuals can
directly be interpreted as changes in estimated coefficient ovey[iile The

cumulative incidencesf newly documentedF were calculated and plotted for the

RAASI group versus the BB group.

Under similar consideratiaifor the assessment of model assumptiurgstional forms

of continuous covariatendthe overall goodnessf-fit would also be checked the
present studyo evaluatehe additional model assumpt®forthe Fine-Gray models
(Appendixl, Table A2). However,because only two binary explanatory covariates were
included in the final model, the assessment of other model assumptions became not
applicableto the present study. Furthermomgnce no assumption of independence
between the competing risk eventas requiredor the FineGray models, theresent

study did not perform thassessment of independence assumpgiibier.

Similarly, for Hypothesis 3b, theffect of RAASE on thesub-distributionhazard of
newly documentedF was estimated, accounting for-eduse deaths with no AF

anytime during the followup as the competing risk everigsevalent 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 developimeyvly documentedF was tested for

the RAASI group versus the CCB group. The propodisnb-distributionhazard
assumptionsind other model assumptiofes the final model were tested and accounted
for in the same way as described for the Hypothesis 3a. The4maskdl cumulative
incidences ohewly documentedF were calculated and pletl for the RAASI group in
reference to the CCB group.

The competing risk analyses were performed ugied®HREG proceduiSAS version

9.4) for the causespecific hazard models and the SAS macro %PSHREG®6] for the

sub-distributionhazard models
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Chapted Results

4.1 Results forAim 1

Recall:

Aim 1 To characterize the study samples #rair utilization ofRAASIs (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 @ed8er 30, 2011.

4.1.1 Results oAssessing 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 dgiaupsth subcohorts

(Figure 6 and Figure for the two sukcohorts, respectively).
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Figure6

Distribution of Propensity Score across RAASI (Treated) and BB (Untreated) Treatment
Groups

0 2 4 6 8
Propensity Score

I Untreated I Treated: On support
B Treated: Off support

The final matched subohort included 13,242 eligible beneficiaries treated with RAASIs

and 13,242 eligible beneficiaries treated with BBs. Two benebsidreated with

RAASI s were fioff common supporto and thus

analyses after matching.
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Figure7
Distribution of Propensity Score across RAASI (Treated) and CCB (Untreated)
Treatment Groups

T I T

0 2 4 6 .8
Propensity Score

B Untreated [ Treated

Thefinal matched suzohort included 10,843 eligible beneficiaries treated with RAASIs
and 10,843 eligible beneficiaries treated with CCBs. All beneficiaries treated with

RAASI s were on Acommon suppo-cohadt. and retai ned

4.1.2 BaselineCharacteristics
Between 2006 and 2011, 13,244 Medicare beneficiaries were treateRAADI
monotherapy vs. 22,711 beneficiaries BB monotherapy in the sutohort of
beneficiaries taking either RAASIs or BBs (Table 4Al).comparisons thatre

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 BBseficiaries treated with
RAASIs were younger (age i784 years: 31.1 vs. 33.3%< 0.001), andvereless

frequenty female (65.7% vs. 70.99%,< 0.001) and black (6% 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®vs. 11.7%p < 0.001). Beneficiaries treated with RAASIs

also had lower rates of influenza vaccination (42\s. 43.2%p < 0.001), physician

visits (4"quartile: 21.66 vs. 26.1%p < 0.001), and prior hospitalization (1%4vs.

20.9%,p < 0.001). At baseline, beneficiaries treated with RAASIs had a lowerfrate o
comorbidities, such as anemia (42.8s. 46.0%p < 0.001), cataracts (6P4lvs. 62.6%,

p = 0.02), chronic heart failure (184vs. 21.9%p < 0.001), hyperlipidemia (70% vs.
74.1%,p < 0.001), ischemic heart disease (36)%. 53.3%p < 0.001), osteoporosis

(22. @0 vs. 24.0%p = 0.004), arthritis (48% vs. 50.9%p < 0.001), and stroke/TIA
(13.80vs. 14.2%p = 0.02), relative to beneficiaridéseated withBB monotherapy. In
contrast, only Al zhei tesrl3.60,px0.000)andddnignd de ment
prostatic hyperplasia (106vs. 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 hadlerter HTN history in comparison
to beneficiaries treated with BBs*(¢ategory: 27.% vs. 24.5%p < 0.001)
Propensityscore matching resulted in a sobhort of 26,484 beneficiaries treated with
monotherapy oéither RAASIs or BBs (Table)7The standrdized difference in all the
characteristics of matchéxneficiaries was less than O, Which indicates no

consequential residual bias left in the selected observed covariates.
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Table7

Descriptive characteristics of 35,955 beneficiaries treated with monotherapy ef renin
angiotensiraldosteronesystem inhibitors (RAASIs) vs. monotherapy of bekackers

(BBs) for hypertension between 2006 and 2011 within the raftdosample of

Medicare leneficiary population, and 26,484 antihypertensive therapeutic class

propensity score (P&nhatched beneficiaries
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Table 7(continued)
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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 theghbrt of
beneficiaries taking either RAASIs or CCBs (Table 4A%)comparisons that were
presentedn the following descriptive results of Table 4.2 were made between
beneficiaries treated with RAASIs and those treated with CB8seficiaries treated

with RAASIs were younger (age 784 years: 30% vs. 33.6%, p < 0.001), and less
frequently female geradt (64.96 vs. 73.1%p < 0.001) and black (5% 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 (29.86s. 14.2%p < 0.001). Beneficiaries treated

with RAASIs also lad lower rates of receivingw-income subsidy (31% vs. 34.2%p

< 0.001), being dual eligible for enrollment of Medicare/Medicaid @6/8. 28.7%p <

0.001), and physician visits'{(4uartile: 20.86 vs. 24.1%p < 0.001). Likewise,

beneficiaries taking RAASIs had lower rates of comorbidities, such as anemi# (8.1
39.7%,p = 0.012), asthma (20 vs. 11.9%p < 0.001), cataracts (5%@vs. 61.5%p =

0.009), chronic kidney disease (%o®s. 9.2%p < 0.001), fenale breast cancer (34vs.
5.9%,p = 0.008), COPD (17% vs. 20.7%p < 0.001), ischemic heart disease (28 ¥s.
33.4%,p < 0.001), osteoporosis (2¥s. 22.6%p = 0.008), and arthritis (46822 vs.

48.9%,p < 0.001), relative to beneficiaries treateith CCBs. Likewise, only

Al zhei mer 6s or r el atpe@.00d)eamddenignpeostaticc 1. 6 v s.
hyperplasia (10% vs.8.5%,p < 0.001) were more frequently seen in beneficiaries

treated with RAASIs in comparison to beneficiaries treated withsCCB
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In addition, beneficiaries treated with RAASIs had a shorter HTN history in comparison
to beneficiaries treated with CCBs'(dategory: 29.% vs.23.7%,p < 0.001).
Propensityscore matching resulted in a sothort of 21,686 beneficiaries treated with
monotherapy oéither RAASIs or CCBs (Table 8The standardized difference in all the
characteristics of matchdxneficiaries was less than 0, Which indicates thbalanced

distribution in all selected observed covariates across the comparison groups.
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of theMedicare beneficiary population, and 21,686 antihypertensive therapeutic class

angiotensiraldosteronesystem inhibitors (RAAS]) vs. monotherapy of calcium channel
propensity score (P&nhatched beneficiaries

Descriptive characteristics of 25,021 beneficiaries treated with monotherapy ef renin
blockers (CCBs) for hypertension between 2006 and 2011 within the rd&atd@ample

Table8
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of less than 0.10 denoting negligible imbalance;Sd®setion 3.5.1.3 forequations and

* Standardized differences contrast group means of covariates between the comparison
moredetails.

CVD: cardiovacular disease



Table8 (continued)
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4.1.3 Summary of Followp Data
varying covariateduring follow-upin the full subcohort and PS matched sabhort of

COPD: chronic obstructive pulmonary disease; TIA: transient ischemic attack; HTN:
Table 9presents the incidengeoportiors of two types of endpoint events and time

hypertension



beneficiaries treated with either RAASIs or BB$iere were 900 cases witewly
documented\F identified following the mono#rapies of antihypertensive agents in the
full sub-cohort of beneficiaries treated with either RAASIs or BBs. The incidence
proportionof newly documentedF cases was 1.89% (95% confidence interG): [
1.66% 2.12%) in the beneficiaries treated with RAA&Nd 2.86% (95%I: 2.65%
3.08%) in those treated with BBs. The incidepoaportionof all-cause death without
AF atanytime during followupwas 2.17% (95%1: 1.93% 2.42%) in the beneficiaries
treated with RAASIs and 2.96% (95@28: 2.74% 3.18%) in those treated with BBs. The
incidenceproportionof the composite tim@aryingcovariate(i.e., the occurrence ainy

of AMI/HF/StrokelTIA during follow-up) was 5.50% (95%1: 5.11% 5.88%) in the
beneficiaries treated with RAASIs and 7.10% (96966.76% 7.43%) in those treated
with BBs. The median time teewly documentedF (interquartile rangefor
beneficiaries who experienceéwly documentedF was 430 (2201846) days for
RAASIs and 366 (213%63) days for BBs. The median timeaib-cause dea without

AF atanytime during followup (interquartile rangefor beneficiaries whaliedwithout
AF was 351 (180597) days for RAASIs and 337 (20®9) days foBBs. The median
follow-up time/duration of therapynterquartile rangefor all beneficiariesn each sub

cohortwas 333 (208658) days for RAASIs and 453 (24867) days for BBs.

In the PSmatched sulzohort of beneficiaries treated with either RAASIs or BBs, the
incidenceproportiors ofnewly documentedF and timevarying covariateslightly
decreased for BBs in comparison to the BB group in the fulcshlort as followsnewly

documented\F 2.74% (95%ClI: 2.46% 3.02%) and timevarying covariate6.68% (95%
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Cl: 6.26%i 7.11%). In contrast, the incidenpsportionof all-caug death without AF
anytime during followup (3.03%, 95%CI: 2.74%i 3.32%) increasedThe median time to
newly documentedF for beneficiaries who experienced ARd the median duration of
follow-up/duration of therapyor all beneficiariesn each sulzohortalso decreased
slightly for BBs in comparison to the BB group in the full szdinortby 360 (208 570)
days since the index datertewly documentedF andby 451 (247 666) days since the
index date to the end of follewp. The median timtoall-cause death without A&t any
time during followup for beneficiaries who died without Afbr BBs increased relative

to the BB group in the full subohortby 340 (196 613) days.

Finally, compared with beneficiaries treated with RAASIs, beneficiaries treated with BBs
were more likely to adhere to their prescribed drug treatment during the-igtiolm the

full cohort, 72%of thebeneficiaries treated with BBs had a PDC over Of&erA®S

matching, about 73%f thebeneficiaries treated with BBs had a PDC over 0.8 as

opposed to 71%f thebeneficiaries treated with RAASIs having a PDC over 0.8.
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Table9
Descriptive data of full and propensity sconatched ohorts of beneficiaries treated

with monotherapy of reniangiotensiraldosteronesystem inhibitors (RAASIS) vs.
monotherapy of bethlockers (BBs) for hypertension to assess the risieafly
documented\F and competing events (i.e.,-alhuse death witho AFatanytime
during followup)
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ClI: confidence interval

*A composite timevaryingcovariate(i.e., the occurrence ainy of AMI/HF/StrokeT 1A during
follow-up)

#Median (interquartile range) of time n@wly documentedF in days was calculated and
reported for beneficiaries who experienceavly documentedF only.

®Median (interquartile range) of time to-atuse death without AF in days were calculated and
reported for beneficiaries who died without AF only.

“Median (interquartile range) of time to the end of foHopvin days were calculated and reported
for all beneficiaries in the relevant sabhort.

YRecall: Duration of followup was calculated by the last day of observation (i.e., the date of a
diagnosiof newly documentedF, 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 10presents the incidengeoportiors of two types of endpoint events and time
varying covariateduringfollow-up for the sukcohort of beneficiaries treated with either
RAASIs or CCBs. There were 731 cases wigwly documentedF identified following
the monotherapies of antihypertensive agents in the fultsbbrt of beneficiaries. The
incidencepropotion of newly documentedF cases was 1.47% (95@4: 1.24% 1.69%)
in the beneficiaries treated with RAASIs and 4.03% (993.71% 4.36%) in those
treated with CCBs. The incidenpeoportionof all-cause death without AF anytime
during followrupwas 1.50% (95%1: 1.27% 1.73%) in the beneficiaries treated with
RAASIs and 3.39% (95%1: 3.09% 3.68%) in those treated with CCBs. The incidence
proportionof the composite tim@aryingcovariate(i.e., the occurrence of any of
AMI/HF/Stroke/TIA during bllow-up)was 6.10% (95%I: 5.65% 6.55%) in
beneficiaries treated with RAASIs and 11.05% (959610.54% 11.57%) in those

treated with CCBs.

The median time toewly documentedF (interquartile rangefpor beneficiaries who
experiencechewly documentedF was 415 (210846) days for RAASIs and 578 (290
994) days for CCBs. The median timeatbcause death without A&t anytime during
follow-up (interquartile rangefor beneficiaries who died without Akkas 383 (186653)
days for RAASIs and 501 (28®33)days for CCBs. The median folleuwp timégduration
of therapy(interquartile rangefor all beneficiaries in each sudwhortwas 341 (206668)

days for RAASIs and 616 (2#3,160) days for CCBs.
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In the PSmatched sutzohort of beneficiaries treated withter RAASIs or CCBs, the
incidenceproportiors of newly documentedF (4.31%, 95%Cl: 3.92% 4.69%) andall-
cause death without AF anytime during follay (3.46%, 95%CI: 3.11% 3.80%)
slightly increased in the beneficiaries treated with CCBs, whereascitience
proportionof the compositéime-varyingcovariate(i.e., the occurrence of any of
AMI/HF/Stroke/TIA during followrup: 10.56% 95%Cl: 9.98% 11.14%) for CCBs
slightly decreased in comparison to the CCB group in the fultstibrt. The median
time to endpoint eventsr beneficiaries who experienced corresponding eerdshe
median duration of followup/duration of therapyor all beneficiaies in each subohort
appeared tincrease slightly in thBSmatchedCCB groupin comparison to the CCB
group in the full sukzohortby 586 (286 993) days since the index datenewly
documented\F, by 520 (296 945) days since the index date to the cetimg events,

andby 622 (246 1,173) days since the index date to the end of felipw

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 followup. In the full cohort, about 74% beneficiaries treated Wi@Bshad a

PDC over 0.8After PSmatching, 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 followp data for the entire cohort and-Ratchedcohort was
intended to provide simplecontextto help understanthe possible impact @PS

matcheddesign on the generalizability of the study resultsis, there was no formal
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statistical test performed to test the significance of the differentteeioutcomes

between the entire and #$atched cohorts.
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Table10
Descriptive data of full and propensity sconatched cohorts of beneficiaries treated

with reninangiotensiraldosteronesystem inhibitor (RAASIMonotherapyvs. of
calcium channel blocker (CCB)onotherapyor hypertension to assess the riskeivly
documented\F and competing events (i.e.,-alhuse death with no A&tanytime
during followup)
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Cl: confidence interval

*A composite timevarying covariatdi.e., the occurrence of any of AMI/HF/Stroke/TIA during
follow-up)

#Median (interquartile range) of time n@wly documentedF in days was calculated and
reported for beneficiaries who experienceavly documentedF only.

Median (interquartile rangef time to allcause death without AF in days were calculated and
reported for beneficiaries who died without AF only.

“Median (interquartile range) of time to the end of foHopvin days were calculated and reported
for all beneficiaries in the relevastb-cohort.

YRecall: Duration of followup was calculated by the last day of observation (i.e., the date of a
diagnosis ohewly documentedF, 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 forAim 2

4.2.1Results forAims 2aand 2b
4.2.1.1 Results dfausespecific HazardRegression Analysis
Aim 2a.To compare monotherapyith RAASIs with monotherapyvith BBs on the
causespecific hazard of developingewly documentedF among Medicare

beneficiaries with HTN.

Aim 2b.To compare monotherapyith RAASIs with monotherapyvith BBs on the
causespecifichazard of alicause death with n&F atanytime during followup among

Medicare beneficiaries with HTN.

Stratified multivariate Cox causspecific proportional hazard regression analyses of the
time tonewly documentedF and the time to atause death without AF were

performed on the RBatched sulzohort of beneficiaries taking either RAASI or BBs
further adjust focompositdime-varying covariateand prevalent index drug udeesults

for Aims 2a and 2b are shown Tablell for Model 1 and Tablé2 for Model 2 which

arediscussed below

Model 1for both competing endpoints included prevalent index drugTesde11).
Compared with BB, RAASI monotherapy &sassociated with a reduckdzardof
experiencingnewly documentedF, when controlling for prevalemdexdrug use and
treating allcause death without AF as censored observafidresadjusted¢ausespecific

relative hazardcsRh) was 0.8 (95%Cl, 0.58 0.80) for RAASI monotherapySimilarly,
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RAASI monotherapy was associated with a reduaeghrdof all-cause death with no AF
atanytime during followup. The adjusted¢ausespecificrelativehazardof all-cause
death without ARwvas 0.8 (95%Cl, 0.63 0.85) for the RAASI monotherapyPrevalent
index drug use had a differential impact on the two types of endpgants It was
significantly associated with an increasezardof all-cause deattithout AF (cskh for
the prevalent userd.23, 95%CI, 1.06i 1.44). In contrast, there was sggnificant
difference in thénazardof experiencingnewly documentedF between the prevalent
drug users and drug initiators (dsfr the prevalenindexdrug use: 0.9, 95%CI, 0.77i

1.07).

Model 2 then addethe indicator variable for the compositee-varying covariateas an
additional covariatgbecause of the significant difference in this covariate between the
comparison groupflable12). Compared with BE RAASI monotherapy was associated
with a reducedhazardof experiencingnewly documentedF, when controlling for time
varying covariate and prevalent drug user and treatincpae death without AF as
censored observations. The adjusted capeeific relative hazard was 0.69 (9%

0.58 0.81) for RAASI monotherapy. Similarly, RAASI monotherapy was associated with
a reducedhazardof all-cause death with no A&t anytime during followup. The

adjusted causspecific relative hazard of atlause death without AF was 0.74 (9&%
0.63 0.86 for RAASI monotherapy. For both types of endpoint event, experiencing a
compositdime-varyingcovariate(i.e., acute myocardial infarction, heart failure, or
stroke/TIA diagnosed during followp) was associated with an increabadardof

experiencingoothnewly documentedF and allcause death. In addition, prevalent
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index drug use had a differential impact on the two types of endpa@nts It was
significantly associated with an increasexzardof all-cause death without AF (chRor
the prevalat users: 1.24, 95%I, 1.06 1.45). In contrast, there was significant
difference in thénazardof experiencingnewly documentedF between the prevalent
drug users and drug initiators (dsfr the prevalent drug users: 0.92, 983 0.78

1.09).

Table11
Model 1:Multivariate Coxcausespecificproportional hazard model stratifieser

competing endpoint events for prediction of occurrengeeafly documentedF (after
accounting for alcause death with no A&t anytime during follow-up as righicensored
observationsand allcause death with no A&t anytime during followup (after
accounting fonewly documentedF as rightcensoredbservationy controlling for
prevalent index drug use, in adftitched suzohort of 5,484 Medicare beneficiaries
with HTN, treated with RAASI vs. BB monotherapy, between 2007 and 2011

Model 1 Newly documented\F All -cause death with no A&t
anytime during followup
Adjusted csR Adjusted csR

Covariates (95%ClI) P value (95%ClI) P value
Antihypertensive drug

BB Reference Reference

RAASI 0.68 (0.580.80) <.0001 0.73 (0.630.85) <.0001
Prevalent index drug use

Initiator Reference Reference

Prevalent user 0.91 (0.771.07) 0.2503 1.23 (1.051.44) 0.0091

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; BB = betbalocker; HTN = hypertension; CCW = Chronic

Conditions Data Warehouse; dsR causespecific relative hazard; 95%| = 95% confidence

interval.

ASample populationsdm the CCW random 5% sample databdase covariates that were used

for estimating propensity scores (PS) included age, gender, race, region of resisenusome

subsidy status, dual eligibility for Medicare/Medicaid, number of physician office visits in the
prior year, influenza vaccination, ©prior hospita
related disorders or senile dementia, anemia, catahaonic 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 (T1A),valvular heart disease, and length of HTN history in months.
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Table12

Results from Model 2, which is the samaltivariate Cox causspecific proportional
hazard modehs Model 1 (Table )Ibutcontrok for bothcompositgime-varying

covariaté and prevalent index drug uée

Model 2 Newly documented\F All -cause death with no A&t
anytime during followup
Adjusted csR Adjusted csR

Covariates P value (95%Cl) P value
Antihypertensive drug

BB Reference Reference

RAASI 0.69 (0.580.81) <.0001 0.74 (0.630.86) 0.0001
Occurrence oEomposite
time-varying covariaté

No Reference Reference

Yes 5.57 (4.476.95) <.0001 5.03 (4.066.22) <.0001
Prevalent index drug use

Initiator Reference Reference

Prevalent user 0.92 (0.781.09) 0.3387 1.24 (1.06/1.45) 0.0061

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; BB= betablocker; HTN = hypertension; CCW = Chronic
Conditions Data Warehouse; d¢sR causespecific relative hazard; 95%l = 95% confidence

interval.

AThestudy population andovariatesare he same as in Model 1 (Table)11
§ Composite timevaryingcovariatewascomprisedf acute myocardial infarctiostroke/TIA,
and heart failure diagnosed during the foHop.
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4.2.1.2 ProportiondHazardAssumptionCheck forCausespecificHazard
Regressions
The results of the ZPH diagnostics basedaverghtedSchoenfeld residuafer the PS
matched swzohort of beneficiaries taking either RAASI or BBable13for Model 1
Table14 for Model 2)showed that the proportionlahzard§PH) assumption was not
violated forall predictorsexcept the timevarying covariatein Model 2, which was
expected

Tablel3
ZPH diagnostic tegcomputed using SAS ver. 9.#r Model 1for proportional hazards

assumption based on Schoenfeld residicalthe PSmatched sutohort of beneficiaries
taking either RAASI or BBap-value < 0.05or a correlation test between the weighted
residuals and failure times indicates violatiorit@ 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 = reamigiotensin
aldosteronesystem inhibitorBB = betablocker
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Tablel4

ZPH diagnostic tequsing SAS ver. 9.4fpr Model 2for proportional hazards
assumption based on Schoenfeld residialshe PSmatched sutwohort of beneficiaries
taking either RAASI or BBa p-value< 0.05for acorrelation test between the weighted
residuals and failure timesdicates violation othe proportional hazardassumption

Model 2 Correlation P value
For AF endpoint
Treatment indicator 0.0129 0.6445
Time-varyingcovariat@ -0.1261 <.0001
Prevalent index drug use 0.0457 0.1054
For Death endpoint
Treatment indicator -0.0409 0.1366
Time-varyingcovariat@ -0.0788 0.0033
Prevalent index drug use 0.0184 0.5038

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitorBB = betablocker

§ Time-varying covariatecomprised acutmyocardial infarctionstroke/TIA, and heart failure
diagnosed during the followp.

4.2.1.3 Summary of Assessment of Model Assumptions
Besidesassessing the key PH assumption for all included covardtesks of other
model assumptions that may irglce the model fief Model 1 and Model 2reusually
necessary,\&n thoughsomeof theseests were not applicable to the present stady
summary tables presented below to clarify the rationale floese testéAppendixl,

Table A1).

4.22 Results forAims 2cand 2d
4.2.2.1 Results dfausespecific Hazard Regression Analysis
Aim 2c.To compardRAASI and CCBmonotherapyverthe causespecific hazard of

developingnewly documentedF among Medicare beneficiaries with HTN.
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Aim 2d.To compardRAASI and CCBmonotherapyverthe causespecific hazard of all
cause death with no A&t anytime during followup among Medicare beneficiaries with

HTN.

In parallel with the analyses for Aims 2a and 2b, stratified multivariate Cox-cause
spedfic proportional hazard regression analyses of the tinmevdy documentedF and
the time to allcause death without AF were performed on therR&hed suzohort of
beneficiaries taking either RAASI or CCBs further adjust focompositeime-varying
covariateand prevalent index drug use. Results for Aimard 2 are shown in Table

15for Model 3andTalde 16for Model 4 which are discussed below

Model 3 for both competing endpoints includedvatent index drug use (Table)15
Compared with CCB, RAASI monotherapy was associated with a retiazeddof
experiencinghewly documentedF, when controlling for prevalemdexdrug use and
treating allcause death without AF as censored observations. The adjustedpacite
relative hazard (csR) was 054 (95%cCl, 0.45 0.65) for the RAASI monotherapy.
Similarly, the RAASI monotherapy was associated with a redbaedrdof all-cause
death with no AF anytime during the follemp. The adjusted causgecific relative
hazard of dtcause death without AF was 0.(85%Cl, 058/ 0.84) for RAASI
monotherapy. Prevalent index drug use had a differential impact on the two types of
endpointevents It wassignificantly associated withreduedhazardof experiencing
newly documentedF (cskh for prevalent user€).80, 95%CI, 0.68 0.94). In contrast,

there was no significant difference in thazardof all-cause death without Albetween
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prevalent drug users and drug initiators (cét the prevalent drug userk:14, 95%Cl,

0.95 1.36).

Model 4 addeda compositeime-varying covariateas an additional covarigteecause of
the significant difference in this covariate betwé®sncomparison groups (Table)16
Compared with CCBRAASI monotherapy was associated with a redu=zethrdof
experiencingniewly documentedF, when controlling focompositeime-varying

covariate and prevaleitdex drug us@nd treating alcause death without AF as
censored observationshd@ adjustedausespecificrelative hazard was 0.55 (9524,

0.46 0.66) for RAASI monotherapyLikewise, RAASI monotherapy was associated with
a reducedhazardof experiencingll-cause death with no A&t anytime during follow

up, when controlling focompositeime-varying covariate and prevalentdexdrug use

and treéing newly documentedF as censored observationfieladjustedausespecific
relative hazaraf all-cause death without Alvas 0.70 (95%I, 0.58 0.85) for RAASI
monotherapy. For both types of endp@wénts experiencing @ompositegime-varying
covariate(i.e., acute myocardial infarction, heart failure, or stroke/TIA diagnosed during
the follow-up) was associated with an increabadardof experiencing bothewly
documented\F and alcause deathPrevalenindexdrug use also had a differeritia
impact on the two types of endpoetentsn this subcohort. It was significantly
associated with a reducldzardof experiencingnewly documentedF (cskh for the
prevalent users: 0.80, 95€4, 0.68 0.94). In contrast, there was significantdifference

in thehazardof all-cause death without AF between the prevalent drug users and drug

initiators (csh for the prevalent drug users: 1.15, 98% 0.96 1.37).
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Table15
Model 3:Multivariate Coxcausespecificproportionalhazard modelin a PSmatched

sub-cohort of 21,686 Medicare beneficiaries with HTN, treated with RAGSICB
monotherapyetween 2007 and 201dtratifiedover the competing endpoint events for
prediction of the occurrence néwly documentedF (after acounting for allcause
death with no AF anytime during followp as rightcensoreabservatios) and aHcause
death with no AF anytime during followp (after accounting farewly documentedF
as rightcensoredbservationf controlling for prevalenindex drug use

Model 3 Newly documented\F All -cause death with no AF
anytime during followup
Adjusted csRR Adjusted csR

Covariates (95%Cl) P value (95%Cl) P value
Antihypertensive drug

CCB Reference Reference

RAASI 0.54 (0.45i 0.65) <.0001 0.70 (0.580.84) 0.00a
Prevalent index drug use

Initiator Reference Reference

Prevalent user 0.80 (0.680.94) 0.0063 1.14 (0.951 1.36) 0.15

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASERin-angiotensin
aldosteronesystem inhibitor; CCB = calcium channel blocker; HTN = hypertension; CCW =
Chronic Conditions Data Warehouse; hsRcausespecific relative hazard; 95%l = 95%
confidence interval.

Y Fromthe CCW random 5% sample databadee covariatethat were used for estimating
propensity scores (PS) included age, gender, race, region of residengeome subsidy status,
dual eligibility for Medicare/Medicaid, number of physician office visits in the prior year,
cardiovasculadisease screening test, influenza vaccination, prior hospitalization, acquired
hypothyroidism, Al zheimerods related disorders or
asthma, female/male breast cancer, cataract, chronic kidney disease, chromitivdstr

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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Table16
Model 4, which is the sameuttivariate Cox causspecific proportional hazard model

comparing CCB and RAASI monotherapies maeModel 3 (Table )%utcontrok for
both compositéime-varyingcovariaté and prevalent index drug dse

Model 4 Newly documented\F All-cause death with no AF
anytime during followup
Adjusted csiR Adjusted csR
Covariates (95%Cl) P value (95%Cl) P value
Antihypertensive drug
CCB Reference Reference
RAASI 0.55(0.46'0.66) <.0001 0.70 (0.58 0.85) 0.0002

Occurrence of time
varyingcovariat@

No Reference Reference

Yes 6.99 (5.768.48) <.0001 5.91 (4.777.31) <.0001
Prevalent index drug use

Initiator Reference Reference

Prevalent user 0.80(0.68 0.94) 0.0076 1.15 (0.961.37) 0.1359

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reamigiotensin
aldosteronesystem inhibitorCCB = calcium channédblocker; HTN = hypertension; CCW =
Chronic Conditions Dat#/arehouse; cdiR= causespecific relative hazard; 95%l = 95%
confidence interval.

YThe study population and covariates e same as in Model 3 (Table)15

§ Time-varying covariatecomprised acute myocardial iné&ion, stroke/TIA, and heart failure
diagnosed during the followp.

4.2.2.2 ProportionaHazardAssumptionCheck for GusespecificHazard
Regressions
The results of the ZPH diagnostics based on weighted Schoenfeld residuals for the PS
matched swzohort of beneficiaries taking either RAA& CCB showed that the
proportonal hazards assumption waslated for prevalent indedrug use in Model 3
(Table 17 and forthe compositeime-varyingcovariatein Model4 (Table 18. The
present study opted nat telax the proportional hazards asstiopfor prevalent index
drug use in Model By addinga causespecific interaction term between this covariate

and followup time becausé/odel 3 was not a final model. The following proportional
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hazards assumption check for the final model (i.e., Mép&und that there was no
model assumption violation for this covariate.

Table17
ZPH diagnostic tegusing SAS ver. 9.4) for Modelf8r proportional hazards

assumption based on Schoenfeld residialthe PSmatched suzohort of beneficiaries
taking either RAASI oCBB; ap-value < 0.05or a correlation test between the weighted
residuals and failure times indicates violatiorir@ 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 -0.0%4 02212

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; CCB = calcium chanr#bcker
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Table18

ZPH diagnostic tequsing SAS ver. 9.4) for Modelfér proportional hazards

assumption based on Schoenfeld residialthe PSmatched sulwohort of beneficiaries
taking either RAASI oCBB; ap-value < 0.05or a correlation test between the weighted
residuals and failure times indicates violatiorir@ proportional hazards assumption

Model 4 Correlation P value
For AF endpoint
Treatment indicator 0.0297 0.3099
Time-varying covariatg -0.1106 <.0001
Prevalent index drug use 0.0551 0.0649
For Death endpoint
Treatment indicator -0.018 0.5399
Time-varyingcovariat& -0.0664 0.0198
Prevalent index drug use -0.038 0.1886

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; CCB = calcium channel blocker
8Time-varyingcovariatecomprised acutmyocardial infarctionstroke/TIA, and heart failure
diagnosed during the followp.

4.2.2.3 Summary of Assessment of Model Assumptions
As above, bsides assessing the key PH assumption for all included covariates check
other model assumptions that may influence the model fit of Mddetl Model4 are
usuallynecessary,\ve@n though somef thesetests were not applicable to the present
study. A summary tables presented below to clarify the rationale for these tests

(Appendix | Table A1).
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4.3 Results forAim 3

4.3.1 Results for Ain3a
4.3.1.1 Results of Fin€&ray Model Analysis
Aim 3a To compare the monotherapyRAASIs with the monotherapwith BBs on the
cumulative incidence afewly documentedF among Medicare beneficiaries with HTN

over follow-up.

In themultivariate analysis that accounted for the competing risk -claite death with
no AFatanytime during the fbow-up, RAASI monotherapycompared with BBwas
associated with a reduckdzardof experiencingnewly documentedF, controlling for
prevalent index drug use (Mods)l Results are shown in Table.For the sukcohort of
beneficiaries taking either RAASI or BB, the adjussed)-distributionrelative hazard
was 0.69 (959%I, 0.59 0.81) for the RAASI monotherapin addition,there was no
significant difference ihe sub-distributionhazard of experiencingewly documented
AF between prevalent drug users and drug initidtotse PSmatched sulzohort of
beneficiaries taking either RAASI &B. Thesubdistributionrelative hazard was @2

(95%Cl, 0.78i 1.08 for the prevalent drug users
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Table19

Multivariate proportionasub-distributionhazard modasaifor prediction of the occurrence
of newly documentedF (after accounting for attause death with no A&t anytime
during follow-up), controlling for prevalent index drug use,a PSmatched swzohort

of 26,484 Medicare beneficiaries with HTN, treatdth RAASI vs. BB monotherapy
between 207 and 2011, within the CCvendom5% sample database

Model 5 Newly documented\F
Covariates AdjustedsdRH (95%Cl) P value
Antihypertensive drug

BB Reference

RAASI 0.69 (0.590.81) <.0001
Prevalent indexirug use

Initiator Reference

Prevalent user 0.92 (0.781.08) 0.3127

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; BB = bethlocker;sdRH =sub-distributionrelative hazard; 95%
Cl = 95%Confidencel nterval

In the PSmatched sulzohort of beneficiaries taking either RAASI or BB, the cumulative
incidence was lower in the beneficiaries treated with RAASI monotherapy at each
category of preMant drug usegeeFigure 8for prevalent drug useend Figure or

drug initiators).
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Figure8
Competing risk plot depicting cumulative incideradenewly documentedF in the PS

matched sufzohort of Medicare beneficiaries with HT Meated with RAASbr BB, for

prevalent drug users
Cumulative Incidence Functions
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Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin
angiotensiraldosteronesystem inhibitor; BB = betalocker
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Figure9
Competing risk plot depicting cumulative incidenceneivly documentedF in the PS
matched sulzohort of Medicare beneficiaries with HTN, treated with RAASBB, for

index drug initiators
Cumulative Incidence Functions
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Abbreviations: AF = atrial fibrillation; PS = propensggore; RAASI = renin
angiotensiraldosteronesystem inhibitor; BB = betalocker

4.3.1.2 Proportional Hazard Assumption Check for famay Model
Regression
The plos of weighted Schoenfeltype residuals for the treatment indicaaod prevalent
index drug usshowingthe smoothed timdependentoefficient fortreatment indicator
andthe smoothed timdependent coefficient farevalent drug usare displayedh
Figures 10 and Figure 1lrespectivelyalong with their 95% confidendenits. Thereare
no obvious timedependent effesf these two covariatethat can be observed from the

plots. The poportionalsub-distributionhazards assumption holfts each covariate

92



included in the Fin&ray model(Model 5) for the PSmatched suzohort of

beneficiaries taking either RAASI or BB.
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Figurel0
Fit plot of theweighted Schoenfeld residuals for the-lA&tched suzohort of
beneficiares taking either RAASI or BBor treatment indicatdior assessment of the
proportional hazards assumption
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Solid line:rescaled and smoothed residuals fortthatment indicatofor all event time points
rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld residuals
for the treatment indicatofiRescaled and smoothed residuals have the interpretation ef time

dependent parameter estimatgss).
Grouped circlesweighted Schoenfeltype residuals for the covariabeing examinedor all

event time points
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Figurell
Fit plot based on weighted Schoenfeld residuals for thenB&hed suzohort of
beneficiares taking either RAASI or BBor prevalent index drug uger assessinghe

proportional hazards assumption
Fit Plot for rescaled_wsr_pre_rxusr
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residualdor prevalentindex druguse i Rescal ed dualdhagerhe interpregationr e s i
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Grouped circlesweighted Schoenfeltype residuals for the covariabeing examinedor all
event time points

4.3.1.3Summary of Assessment of Model Assumptions

A summary of model assumpti@ssessment is providedAppendix | Table A2.
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4.32 Results for Aim3b
4.3.2.1 Results of Fin&ray Model Analysis
Aim 3h To compardRAASI monotherapy wittCCB monotherapyor the cumulative
incidence ohewly documentedF among Medicare beneficiaries with HTN over

follow-up.

In themultivariate analysis that accounted for the competing risk -claite death with
no AFatanytime during followup, RAASI monotheapy, compared with CCBwas
associated with a reduckdzardof experiencingnewly documentedF, controlling for
prevalent index drug use (Mod®l Results are shown in Table. Fbr the sukcohort of
beneficiaries taking either RAASI or CCB, the adpaktub-distributionrelative hazard
was 0.54 (959%1, 0.45 0.65) for the RAASI monotherapy. In addition, compared with
drug initiators, prevalent use of the index drug was associated with a rédzeedof
experiencinghewly documentedF in the PSmatched sulwohort of beneficiaries taking
either RAASI or CCB. Theubdistributionrelative hazard was 0.81 (9524, 0.69 0.95)

for prevalent drug users.
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Table20
Model 6:Multivariate proportionasub-distributionhazard model for prediction of the

occurrence ohewly documentedF (after accounting for altause death with no AF
anytime during followup), controlling for prevalent index drug use,a PSmatched
sub-cohort of 21,686 Medicare beneficiaries with HTtated with RAASbr CCB
monotherapy between 2007 and 2011, within the CCW raridésample database

Model 6 Newly documented\F
Covariates Adjusted sdRH (95%I) P value
Antihypertensive drug

CCB Reference

RAASI 0.54 (0.450.65) <.0001
Prevalenindex drug use

Initiator Reference

Prevalent user 0.81 (0.690.95) 0.0095

Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = reanigiotensin
aldosteronesystem inhibitor; CCB = calcium channel blocketRH =sub-distributionrelative
hazard; 95%I = 95% confidence interval

In the PSmatched sulzohort of beneficiaries taking either RAASI or CCB, the
cumulative incidence was lower in the beneficiaries treated with RAASI monotherapy at
each category of prevaledrug usegeeFigure 12for the prevalent drug usend

Figure 13for the drug initiators).
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Figurel2
Competing risk plots depicting cumulative incidence of newly documented AF in the PS

matched sulwohort of Medicare beffieiaries with HTN, treated with RAASI or CCB.

(Subsample ofrevalent drugisers)
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Abbreviations: AF = atrial fibrillation; PS = propensity score; RAASI = renin
angiotensiraldosteronesystem inhibitor; CCB = calcium channel blocker
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Figurel3
Competing risk plots depicting cumulative incidence of newly documented AF in the PS
matched suzohort of Medicare beneficiaries with HTN, treated with RAASI or CCB.

(Subsample oindex drug initiators)
Cumulative Incidence Functions

0125 -
0.100 -

0.075

Probability

0.050
0.025 -

0.000 - : : :
0 10 20 30 40 50 60

Months elapsed from the index date to the last date of follow-up

raasicch_grp RAASI CCB

Abbreviations: AF =atrial fibrillation; PS = propensity score; RAASI = renin
angiotensiraldosteronesystem inhibitor; CCB = calcium channel blocker

4.32.2 Proportional Hazard Assumption Check for Fiaray Model

Regression
The plots of weighted Schoenfetigbe residuals for the treatment indicator and prevalent
index drug use display the smoothed tidependentoefficient fortreatment indicator
andthe smoothed timdependent coefficient f@revalent drug use in Figweé4 and 15
respectivelyalong with their 95% confidence limit¥here are no obvious time
dependent effects of these two covariates that can be observed from thEhalots.
proportionalsub-distributionhazards assumption holds for each covariate indludée
FineGray mode(Model 6) for the PSmatched sulwohort of beneficiaries taking either

RAASI or CCB
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Figurel4
Fit plot based on weighted Schoenfeld residuals for tam&g8hed swzohort of

beneficiaries taking either RAASI or CCB for assessing proportional hazards assumption

for treatment indicator
Fit Plot for rescaled_wsr_raasiccb_grp
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Figurel5
Fit plot based on weighted Schoenfeld residuals for tam&g8hed swzohort of
beneficiaries taking either RAASI or CCB for assessing proportional hazards assumption
for prevalent index drug use
Fit Plot for rescaled_wsr_pre_rxusr
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rescaled residuals were obtained by adding the parameter estimates to the Schoenfeld residuals

for prevalentindexdruguse A" Rescal ed and smoothed residual s h:
dependent parametertes ma[66g s 0

Grouped circlesweighted Schoenfeltype residuals for the covariabeing examinedor all

event time points

4.3.2.3 Summary of Assessment of Model Assumptions

A summary of model assumption assessnegeptovided imMAppendixl Table A-2.
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Chapter 5 Discussion

5.1 Major findings

In the present studyRAAS inhibitormonotherapyi.e., either anAngiotensin
ConvertingEnzyme [ACE] inhibitor or Angiotensin Il Receptor Blocker [ARB]as
shown to beassociated with a modestly to moderately redunaerdfor newly
documented\F among hypertensive Medi@beneficiariesvith no evidence of
decompensation symptonvghen compared withetablocker(BB) or calciumchannel
blocker(CCB) momotherapy The second main finding of this studsasthatRAAS
inhibitor monotherapyvas shown to be associat@dh a reduced¢umulative incidence
of newly documentedF in someselectedsubgroups of thaypertensiveMedicare
population.Finally, RAAS inhibitor monotherapyvasalsoshown to beassociated with a
modestly reducetazardfor all-cause death in hypertensive Medicare beneficiaries who
never experienced any documented Ake results of the present study suggest that
there are no contraindications and the drug can be toletiatadie ofRAASISsIs

possibly a preferred initigdharmaceutical treatmemompared with bethlockers and
calciumchannel blockersn someselectedsubgroups oMedicare beneficiariewhose
high blood pressure can be optimally controlled witbnotherapyvhenther
hypertensiorhas not advanced &xhibit decompensatisymptoms, such agertigo,

epistaxis, edema, headache, shortness of h@athest pain.
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5.2 Effect of RAASIs on thelnstantaneous Rate of OccurrencéNeivly Documented
AF

5.2.1 Introduction
Although antiarrhythmic medications amasive electrophysiological therapies
contribute to AF burden reduction and improve symptoms, the currently approved AF
therapiesare only partially effective and are associated with serious side #8fts
Resorting t o Qe sterveatians tatgdtireg praventian ®fdnyocardial
remodeling and/or modification of underlying cardiac diseesdglay theoccurrence
and progressionf AF inevitablybecomes mimportant component of AF management in
the up-to-dateworking clinical practice guidelinesvhichwereinitially incorporated into
the European Society of Cardiology (ESC) guidelines on management of AF in 2010 and
later adoptedh the American Heart Assmation (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 nevwonset AH67], a knowledge gagemains irthat there is no consensus

on which antihypertensive drug class is best for preventing AF.

5.2.2 Previous Studies
Percurrent recommendations made by biih2010ESC and2014AHA/ACC/HRS AF
management guideling45, 46], RAASIs appear more promising compared W&Bs or

CCBsfin primary preention of newonset AF in theatients with HTN particulaty
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with left ventricular hypertrophy[45]. Only two retrospectivanationwidecohort studies
haveexamined the association of RAABased treatment amsk for newonset ARN

the usual care setting using administrative datajasSeg5).

5.2.2.1 Danish Longitudinal Study
In alongitudinalstudy,Marott et al.studiedcumulative incidence of neanset AF and
thehazard of developing neanset AF inall individuals identified from the entire
Danish population whawere free of AF risk factors at baseline arehted with
monotherapies of AgiotensinConvertingEnzyme inhibitor{ACEIs), ARBs, BBs,
CCBs, or diurdéics from 1995 to 201{R5]. They employed a 1:1 propenskgore
matchingapproach to address differences in medical history between users of five
treatment groups and formedvenpairs ofmatched subgroups (i.e., ACEls vs. BBs,
ACEIls vs. CCBs, ACElIs vs. diuretics, ACEIs vs. ARBs, ARBs vs. BBs, ARBs vs. CCBs,

and ARBs vs. diuretics).

The study desigwassimilarin generato the present study (i.e., following up matched
sub-cohors from the index prescription datentil theoccurrence oéndpoint eventer
administratively censored by the end of sfudtthere were severabtabledifferences.
First, the Danish studgxclucedsubjects with baseline predisposing diseases to AF
Secondthe Danishinvestigators calculated propensity scores of receiving the study drug
based on participant medical history (emgedication and hospitalizationsily, then
matched the participants treated with different study doagedn age athe date that

antihypertensive medicatiomas first dispensedjendercalendatyear, absence of

104



diseases predisposing to AF, and propensity score. Third¢chiosystroke as a parallel
endpointin their study. In contrast, the present study included agmdex 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 destheinvestigatorf the Danish studyeported
strong protective effects on nemset AF for ACEIs and ARBs compared with BBs.
Compared with BBs, the hazard rat{etR) of newonset AF were 0.12 (95%il, 0.1Q
0.15) and 0.10 (95%l, 0.07 0.14) for ACEIls and ARBSs, 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 ppasibbutable to the
differences in the baseline characteristics of the subjects between the tws. stud
Compared with the sutohort ofPSmatchedoeneficiaries treated with RAASI or BB
the present studyhe subjects in the Danish cohartre on average younger (mean age
at first medication: <60 years vs. 73 yeafs)yerfemales (46%vs. 67%, moresubjects

in theWhite ethnic group (97% v89%) [68], andfewerchronic kidney diseasmasest
baseline (< 1% vs. > 7%). In addition, the subjects in the Danish cohort were fioee of
AF-predisposingliseases at baseline (j.beart failure, ischmic heart disease, diabetes,

and hyperthyroidism).

Nonethelesghe results of the present study are in line with the findings of the Danish
studyin that the bothsuggesthat RAAStbased monotherapies hadhareprotective

effect on newonset AF inhypertensive patients who were in the early stage of
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hypertensioni(e., blood pressure control relying on a single therapeutic class of

antihypertensive drygcompared with BBs-urthermorethe results of the sensitivity

analyses irthe present study @lechot he Dani sh st uthgpaecticeonc!| usi o
effect of RAASIs on nevonset AF is associated with controlling both activation of the
reninangiotensin system and blood pressiifesr conclusion was supported by their

finding that RAASHbased mnotherapies were associated wighduced AF risk when

these therapies had similar drug effect of lowering blood pressure compared to other

commonly prescribed antihypertensive medications

In the present studywb sensitivity analyses were performed the results were not

presentediue to the insignificant findings

In the frst sensitivity analysisthe present study examingte possible difference in
hypertension severity before and after the index drug treatment. Applying the same
claimbasedcoding algorithm, the hypertension severity for each beneficiary was
reevaluated but using the entire follayw period as the reference period. The present
study found that all beneficiaries in the matcheduitortscontinued to havenild

symptoms similar to what was reporteat baseline.

In the £condsensitivity analysisthe present study repeated the same multivariate
analyses for Aims 2 and 3 but excluding beneficiaries who experienced a composite time
varyingcovariate(i.e., acute myocardial iafction, heart failure, or stroke/TIA diagnosed

during follow-up) from the analyses. The occurrence of the compositevianyeng
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covariatecan be considered as evidence that suboptimal blood pressure control resulted
in the occurrence of HTN complicatiariEhus, after excluding the beneficiaries with
time-varyingcovariate the beneficiarieeemainingin the PSmatched sulzohorts can be
considered athosewhose high blood pressuneasrelativelywell controlledduring

follow-up. The results ahe secondensitivity analys were similar to those shown in

Tablel1ll and Table 1%or both subcohorts.

The findings otthe twosensitivity analyses together suggest that the protective effect of
the RAASHbased monotherapy arewly documentedF may be indepetentof

controlling blood pressure.

In contrast, Marotet al. reported that neither ACEIs nor ARBs were associated with a
reduced risk of AF compared with CCBs (HR of AF 0.97 [95000.81 1.16] for ACEls
and 0.78 [95%CI, 0.56 1.08] for ARBs), wheresin the present study, the causgecific
hazard ratiof newly documentedF was 0.55 (95%I, 0.46 0.66) for RAASI

compared with CCBnonotherapyThis discrepancy is possibly explained by the fact that
30% of thebeneficiariegreated with the CCB monotherapgd baseline ischemic heart
diseasen the present study, whereas subjedth baselinaschemic heart diseaseere
excludedn the Danish studylhe current evidence in the literature suggests that RAASI
baseddrug treatrentseemsnore effective in preventingF in patients with significant

underlying heart disea$é5|.
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Marrot et al.alsoreported plots of cumulative incidence curves of fuaset AF

stratified by the treatment group allowing tbe competing risk of death. However, the
stated that the significance thie difference in cumulative incidence of AF between
comparisorgroups was tested by the fognk testlt is notable that the legank test is
only appropriate to test whethttie probabilities of an event are statistically different
between groupwhen casaing isindependendf occurrence of endpoint eve&g]. It
cannot be usenh the setting opopulations susceptible to competing risks where the
assumption of independent censoring does not hold anyiimthis endMarott et al.
adequately addressed the etiological research question whether RAAS irfalsiadr
treatmens were causally relatet a reduced risk of neanset AF in the Danish cohprt
using acausespecific proportional hazasanodel to estimate the effect of the treatment
under study on the hazard of newset AF However the prognostic research question
whether RAASNhibitor-based treatments were associated with a lower cumulative
incidence of nevwonset AF in the presence of competing riskas not appropriately
addresseth their studybecause oimproperly accounting for competing riskstireir

analysis

5.2.22 U.S. Longitudinal Study
In alongitudinalcohort studyf23],L 6 Al | i identifieel 10,926 Ihypertensive patients
treated with ACEls or CCBs from an integrated medicdl @marmacy 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 yearthe results highlighted that the use of ACEls was
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associated with a reduction in risk of newset AFcompared with CCB&djusted HR

of newonset AF 0.85 [95%I, 0.74 0.97]).

The U.S. study also employed af&tched retrospective cohort study designitout
requiredthatall participants were drug initiators with at least 6 mowttf®llow-up. In
addtion, this study allowed the participants to use additional antihypertensivesirugs
long as the additional drug was not within the comparison drug therapeutic class (i.e., no
treatment group switebver was allowed)As compared withhe subcohort ofPS
matchedbeneficiaries treated with RAASI or CCBtime present study, thgarticipants

of this U.S. cohort were younger (mean age, 65 years vs. 73,Yeas)werefemale
(54% vs. 67%)morehadbaseline heart failure (3.6% vs. 0%), fewmadischemicheart
diseasel6% vs. 30% and moréhaddiabetes (10% vs. 0%) he difference in the
baseline characteristics of the participants may explain in part the difference in the
protectiveeffect size between the two studies. Furthermore, the present stupgreal
RAASIs as a whole drug clasgth CCBs. Thus, the results of the presstudyreflected
the protective effect of ACEland ARBs as a whole therapeutic drug classnemly
documented\F. The possible different effectiveness in preventing AF between ACEI
and ARB may also explain in pdhe discrepancy dhe protective effect size between
the studies. Nonetheless, both studies demonstrated that Ra&&d treatment
strategies were agciated with a reduction in the risk for developnagvly documented

AF.
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However, the authors employed Kaplsieier survival curves and proportional hazards
regression models for their survival analyses, which ignored any possible effect of
competing sk evens (e.g, all-cause death®)n the cumulative incidence function under

study.

5.2.3 Effect oRAASIs on CausespecificHazards oNewly Documented

AF andCompetingRisk Endpoints
Overall, the results of the present study are consistent with these pneaimunsvide
retrospective clairbased cohort studies and confirm that RAA35ed monotherapy is
superior to BB or CCB-based monotherapy in the selected subgroups of hypertensive
Medicare beneficiaries in the usual care setfligs wasfirst established by proving that
beneficiaries treated with RAA®lase monotherapy had@dest to moderate lower
hazardof experiencingiewly documentedF (csRh 0.55 when compared with CCB and
csRh 0.69 when compared with BB) in the scenario where pattame expected to

live long enougho develop newonset AF before death.

In such ascenariotheall-cause death as competing risk can be reasonably igmattesl

analysisIn the real world, to meet this need, a suitable antihypertensive treatmadt
berequiredto provideh e nough o sur vi val beneftheycah o enabl ¢
benefit from its antiarrhythmic profile. Or vice versa, patievdsild need to live long

Afenougho t o aloause lifetheeataning conditgpis until they can benefit

from the antiarrhythmic profile of a drughe present studgddressdthis question by

conducting stratified Cox proportional catsgecifichazard regression analyses on both
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competing endpoints and presenting the resultstsrede. The results suggested that
RAASI-based monotherapy was associated with a significkower hazardof all-cause
death without AF compareslith bothcomparisorgroups (csRh 0.70 when compared
with CCB and csRh 0.74 when compared with BB)e results of aecentlyconducted
metaanalysis of 18 prospective randomized controlled mortality clinical siadgest

t hat 0 A C Bbutinat ARB$, substantially rede allcause and
cardiovasculamortalitya nd my o c ar d [7@.ITakénnnfsamRAASI-based
monotherapy has prettive effects omothnewly documentedF and allcause

mortality compared with BB or CCB.

Furthermore, the present study found that the protective effeBI8BASI-based
monotherapyn both competing endpoints were independent frwreffects of other
covariates on the endpoinfsdding a compositeime-varying covariate to the basic
model (e.g.from Model 1 to Model 2 and from Model 3 to Modglimproved the model
fit statistics bubnly had asmall impact orthe main effects of the treatmentlicator on

both endpoints

In summary, the protective effects of RAAsel monotherapy on bothewly
documented\F and altlcause mortality make it a good candidate for the primary
prevention of newonset AF in the hypertensive patients. However, drethese effects
can beobserved in the usual cagettingstill needs to be confirmed by analyzing these
effects in FineGray models, which can directly compare cumulative incideoteewly

documented\F between comparison groups
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5.3 Effect of RAASIsonthe Cumulativericidence oNewly DocumentedAF

5.3.1 Introductiorand Previous Studies
Although there arenany approaches proposed to address competing risks, th&ifaye
model is considered as theost appropriate method fprognostic studief71]. Both of
theaforementioned nationwide longitudinal cohsiidies did not employ appropriate
competing risk analysis appro&sto assess the effect of treatment on the cumulative

incidence of newnset AF.

5.32 Effect of RAASIs on the Cumulative Incidence bewly DocumenteddF
First, he results of the presestudy confirmed thaRAASI monotherapy had a better
protective effecon the cumulative incidence néwly documentedF compared with
BBsor CCBs. The protective effect of the RAASI monotherapy wapeciallymore

obvious when compared with CCB.

Second, e plots of cumulative incidence méwly documentedF between treatment
groups for both prevalent drug users and drug initiators further highlighted that the
protective effect of RAASI monotherajpy the cumulative incidence néwly
documented\F 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-téiong

treatment).

Third, the results also showed that the protective effect of RAASI monoth&rap

causespecific relative hazasdvas close to its effead magnitudeon thesub-distribution
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relative hazard. Thmaindifferencebetweerthe Cox causespecific proportional hazard
regression modsland the Fin€&ray modes liesin the waytheyaccount forcompeting
risk eventsn eachmodel In addition, the Fin&ray models cannot include tirvarying
covariatesThus, the main effect of RAASI monotherapyr@awly documentedF can
be interpreted astane-averagd summary estimate of tledfed over the entire follow
up[66]. The similarity in the magnitude of the effect of RAASI monothernapyewly
documented\F (e.g, Model 2 vs. Modeb and ModeM vs. Model6) suggestshatthe
influence of alicause deatts trivial on thehazardof newly documentedF in the
present study. The incidenpeoportiors of alkcause death without AF were below 5% in
each treatment grouplowever,despitethe fact thatinfluence of competing risks on the
cumulative incidence function of the primary endpoint watssubstantiah the present
study, the plot of the additional analysis showed that the nale Kalglaier based
approach overestimated the cumulative incidéanetionof newly documentedF
compared to the Fin6ray modebased approach (Appendix FigureA-7 and Figure
A-8). The result of thimdditional analysisas expectedyasin line with the
methodological literature arslipportiveof the rationaldor the competing risk analysis

plan in the present study.

In summary, the protective effect on the cumulative incidencewfy documentedF

was better for RAASbasednonotherajgscompared with BB or CClh the present

study, accounting for competingsk events
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5.4 Strengths and Limitations
5.4.1 Strengths
First, & with the aforementioned two nationwide cohort studies, weegth of the
present studis the size of the initial screening study populatio2 af million
hypertensive beneficiaries enrolled in Medicare between 2006 and 2011, which provided
the opportunityto include beneficiaries on monotherapies of tiiferent
antihypertensive drugandto exclude beneficiaries with compelling indications the
study drugsBy doing sothe present studeducel thebias brought by misclassification
of drug exposureln addition,exclusion of beneficiaries with compelling indications
ensured that there was a sufficient overlap of propensity scores béhgemmparison

groups.

Second, th@resenstudyemployed anethod to fit estratifiedCox causespecific
proportional hazamsregression model, which provided an opportunity to evaluate the
effect of a covariate on both competing endpoints simultanef&#lyT his approach can
readily accommodate binary tintkependent covariat@s the causespecific hazard

analysis.

5.4.2 Limitations

The nterpretation offtte findingsfrom the present study should bede taking into

accountseveral methodological and data seuimitations.
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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 cauienehge
possible selection bias cannot be eliminated even after implementation of a prepensity
score matched cohort study desihe PSmatched design also cannot balance
unobserved or unmeasured potential confounders between the treatmentreups.
internal \alidity of the present study can be compromised by the hidden bias brought by
unobserved or unmeasured potential confounder®watbrementioned possible
selection biasThepossible biasnay mask the true effects of the study drugs or cause
inaccurateestimation of treatment effect siZghe limitations related to propensity score

matching are discussed in detasl follows.

First, confoundingn the PSmatched suzohorts can come from thmaseline

characteristics that were not included in the PSigtied model.For examplepne
unmeasuredovariatein the present studyas the drug treatmeiwoff statirs prior to the

index dateStains may play a role in primary prevention of ARadgpeo f A upstream
therayo[16]. In the present studgtains 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 reduces @olifelo

in both PSmatched swzohorts for these comorbidities, the use dfissavas unknown

for the affected beneficiaries. Any imbalanced distribution dirstese between the

comparison groups may cause selection bias and confound the study fiSdmtsly,
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any statin use during the folleup period maylsoconfound the association between the

study drugs andewly documentedF in the present study.

Second, residual confounding may be formed due to inexact matélsingth other
observationastudies implementing P@atching to remove selection bias, the present

study encountered the same methodological challenge of how to choose an appropriate
matching strategy between a fAperfecto but in
inexact match72]. According to the literature, the incidenceneinly documentedF

was expected to be low in the study design phase. Thus, the present study chose the

Aimaxi mumo but inexact matching strategy to i
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 casdmeewhatlifferent 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 indhat@cco, alcohoknd other
AF-predisposindehaviorsAlthoughthe present study incompletely adjusted for such
behaviors by including utilization of preventive healthcare ser{iasinfluenza
vaccination and cardiovascular disease screening test® PS prediction moddhe
healthy user bias may still exis the present studyhe present studiurther assessed

the possibldealthy user bias (or called adherer biasanalyzingoroportion of days
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coveredPDC)for all study druggAppendixlll, Table A3, A-4). On the one han®DC
reflects drug exposumduring the followup period. On the otheit,provides information
aboutdrugtaking behaviors. The lattprovidesindirectinformation aboupossible
involvementof beneficiaries irunhealthy activities related #F. In both subcohorts of

the present studyeneficiaries treated with RAA&Slased monotherapies weess likely

to exhibit PD& O 80than beneficiaries treated with the comparison drugs (70.9% vs.
72.6%in the RAASI vs. BB groups, and 70.4% vs. 75.5%hm RAASI vs. CCB

groups. This findinggave a hint intdhe possibility that imbalanced distribution of

unobserved behavioral factors egibin the present study.

5.4.2.2 Limitation of Competing Risk Modeling
The present studgmployedthe Cox mode$ and FineGray moded to present and
interpretthe resultsn a unified wayHowever, the findings obtained from the current
analyses were based on some important assumptioresemairthwhile to further

discuss.

An unavoidable methodological limitatiai competing risk analgs is thatone canot
makereliableinferencefor the causespecific hazards based on a Cox proportional hazard
modelwithout makingthe independemassumptionHowever eitherthe joint

distribution of the latent time to the magvent and the latent time to the competing risk

or their marginal distributions are ndentifiable[63]. As a resultwhenthe

independencassumptiorof latent failure timesvas violatedn the present study, the
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accuracy of estimasof cause specific relative hazard depsshoin the correlation
betweemewly documentedF and alicause death without experiencing AF.
More detas of theexploration abouthe correlation betweemewly documentedF and
all-cause death without experiencing arepresented i\ppendix]|.

5.4.2.3 Limitation of Data Source
First, thefindings fromthe present study cannot be generalizetieaeneral
hypertensive populatioill eligible beneficiaries were requiréd haveMedicare Part D
coverage in the Ethonth baseline period and throughout the foligwvperiod An
additional analysis of Medicare Part D coverage for all study participants showed that
about 99% of beneficiaas had continuous Medicare Part D coverage din@gntire
follow-up period in both subohorts(See AppendixV). This requirement distinguished
the participants in the present study from those in the gesidesladulthypertensive
populationwithout drug insurance coverage from thosewith other channels to obtain
needed medication¥he SeventliReport of the Joint National Committee Brevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) pointed out that
economic barriexareone of the causes for n@aherence andon-adherencesirelated
to failure of optimal blood pressure contf@]. In this sense, compared to those without
drug insurance coverage, individuals enrolled in the Medicare Part D prograhaveay
betteradheraceto the required antihypertensive drug treatment, which most often
predicts a better prognosis with a lower likeod of experiencing disease complications
and mortality Thus, the findings of the present study should be generalizgtb the

Medicare Part D enrollee populatitmensure its external validity.
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Secondpotentialmisclassification of drug exposuegisisin some beneficiaries due to
allowed Medicare Part D coverage gaps, which may bias the study.rébel{sresent
study restrictedhe 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 gapjgeperiod, the affected beneficiaries may or may not stay on the index
drug treatment. In the worst cases, they may even take the comparison drugtherhus,
present stdy assessithe possible influencef this type of misclassification of drug
exposure otthe study findings.The results of the additional analysis showed that less
than 2% of the study participard&l not have @ontinuous Medicare Part D coverage
throughout the entire followp period (AppendixV, Table A5 and Table A6). It

highlights thathe fact thathe study results may Istightly influenced by this type of

misclassification due to its low prevaleringhe study samples

Third, as no information on actual blood pressure control and other clinical
measurementsascollected in the administrative claims database, the study results need
to be confirmed with future randomized clinical trialfie lack of blood pressure
measurements led to the inaccurate estimation of hypertension severity at baseline and
during the falow-up period More importantly, the present study had to nealy
documented\F as a proxy of newanset 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 grdu@do 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 desigdl] selected beneficiaries were treated with monotherapy and had
no decompensation symptoms, which implies that the conchisidghe present study

may hold only for hypertensive patients with mild disease severity.

In addition, he present studgxcludel beneficiaries with the certain compelling
indications such as diabetes in both-sohorts to avoid a lack of overlap betwdba
comparison groupd he individuals with the excluded baseline comorbidities (i.e., the
selected compelling indications for the study drugs) may have different characteristics
either predisposing to or agaimswly documentedF compared with the prest 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 importanttfeattor
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 ir220Q7did

not have any record of filling any prescription of antihypertensive drug (fHam of

sample selection, Appendix V). The second important factor that reduced the sample size
of the entire cohomvas therequirement 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 selectioiteria thatreduced the

sample sizes of the sidohorts were to include beneficiaries who had continuous
enroliment in Medicare Parts A, B, and D, and without enrollment in Medicare Part C,
and without compelling indications of the study drugs (Tablg Appendix V). After
applying this group of selection criteria, only 27% (35,955 out of 133,806) of
beneficiarieavho were treated with monotherapies of RAASIs or BBs in the specified
recruitment window (i.e., January 1, 200%eptember 30, 2011) and without prevalent
AF remained in the sdbohort of beneficiaries treated with RAASIs or BBs. Similarly,
only 21% (25021 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 subohort of beneficiaries treated with RAASIs or CCBs (Tablé A
Appendix V). It is dvious that all requirements for Medicare insurance coverage, a
minimum amount of index drug exposure, and no compelling indications of the study
drugs have notrivial impacts on the sample sizes of the-sohorts as presented in
Table A7. Taken togethreall 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
studydid not formally assess tp@ssible impact of the use wiultiple antihypertensive

drugs on therisk of developing AF.
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Due to a lack of relevant information available in the literature, in ooderrther

understand the impact of the requirement fonatberapy 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 antihyperntendrugs during followup. 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 studyluding descriptive analysis of both unmatched and PS
matched modified data, causpecific hazard regression, and slistribution 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. Consequeitlg,present
study,about14% of all eligible beneficiaries were disabled aralinger tharé5 years

(Table 7 and Table B 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 yedfiswkier,
disability per se is not directly associated with risk of developinglAEhe preliminary
analysis, wencontrolling for age, it was not associated with newly documenteith AF

both unmatched sutohorts(Table A8, Appendix V). Thus, disability was not iteded

in the PS prediction models and all outcome mod&ksability was not a potential

confounder in the present study.
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Chapter 6 Summary

In summaryRAASI-basedantihypertensive drugnonothera@swereshown to be
superior to BB or CCB-basednonotheragesin preventinghewly documentedF and
reducing alHcause mortalityn Medicare beneficiaries with mild hypertension who did
notyetsuffer from any decompensation sympsoiowever, the findingsanonly be
explaned as statisticallgignificantassociatioabetween RAASbhased monotherapies
andboth types of endpoint events (i.eewly documentedF and allcause death
without experiencing AF). Aausal effecof RAASI-based monotherapies on the
outcomes cannot be established sihespresent study canradequately control for

some potential confounders that may affect the study outcomes.
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Appendixl

Table A1 Rationale and assessment of model assumptio@osocausespecific
proportional hazard mode(Model 1i Model 4)

Item to be Method  Implemented Rationale for Assumption
checked implementation or violation
not
Proportional Schoenfeld Yes This assumption wa Not detected
hazard residuals needed for valid in all time-
based tests inference from the independent
Cox regression covariates.
models.
The final model
included aime-
dependent covariate
Overall Score No The required NA
goodnessof-fit process counting style data
plots format does not
support this model
adequacy check in
SAS
Functional forms Plotsof No No continuous NA
of covariates Martingale covariatesvere
residuals included in the final
model.
Independence  Joint Yes Additional Detected
between displays of explorations are
outcome events the describedollowing
distributiors Appendixl Table A
of the two 2.
competing
endpoints

Abbreviation: PS= propensity scofdA= not applicable
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Table A-2 Rationale and assessment of model assumptioqsdportionalsul>

distributionhazard modeléviodel 5 andModel 6)

Item to be Method Implemented Rationale for Assumption
checked implementation or  violation
not
Proportional Schoenfeld Yes This assumption wa Not detected
hazard residuals needed for valid in all time-
based tests inference from the independent
Cox regression covariates.
models.
The final model
included a time
dependent covariate
Overall Score process No The %PSHREG NA
goodnesf-fit plots macro does not
support this model
adequacy check
Functional forms Plots of No No continuous NA
of covariates Martingale covariates included
residuals in the finalmodel.
Independence NA No Not required for the NA

between
outcome events

FG-models

Abbreviation: PS= propensity scofdA= not applicableFG= FineGray
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Additional Exploration of Btting Cumulative hcidences of AF and AkeeDeath for
both Sub-cohorts

For simplicity, newlydocumented AF is denoted as AF anecallise death without
experiencing AF anytime during the follemp period is denoted as AFee death. In

order to plot CIF accounting for the presence of competing risks, | used$e S

macro %CUMINC to estimate the probability of event of interest. In the computation
of %CUMINC, when the CIF of AF is estimated, Afee death is accounted for as a
competing risk event and vice versa. Based on the estimated cumulative incidences of
bothendpoint events, Figure-& A-2 and A3 are created for the swohort of
beneficiaries taking either RAASI or BB (sabhort RAASIBB), andrigure A4, A-5,

and A6 are created for the sudohort of beneficiaries taking either RAASI or CCB (sub
cohort RAASICCB). Of which, Figure AL and A4 are 2D plots created by the Microsoft
Excel Insert Chart Function. Figure? A-3, A-5, and A6 are produced by the SAS

procedure G3D scatter statement.

Figure Al illustrates the cumulative incidences correspontbhng§F and AFfree death

in a 2D space for the stdmhort 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 inédesf AFfree death in the BB
group. Both the cumulative incidences of AF andifAde death are higher in the BB
group than in the RAASI group. FigureAjointly displays the cumulative incidences of
AF and AFfree death stratified by the treatment dgugup in a 3D space. Figureis

created by rotating Figure-A 65 degrees. In both figures, the dark red club line
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represert the jointly displayed cumulative incidences of AF andfigde death in the
RAASI group. The blue diamond limepresert the jantly displayed cumulative
incidences of AF and Afree 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.

FigureA-4 illustrates the cumulative incideggcorresponding to AF and Affee death
in a 2D space for the stdwhort of RAASCCB. The blue solid linend red solid line are
the cumulative incidens®f AF in theCCB groupand RAASI group, respectively. The
blue dash lin@nd red dash line atke cumulative incidenceof AF-free death in the
CCB groupand RAASI group, respectivelidoth the cumulative incidensef AF and
AF-free death are higher in tiZCB group than in the RAASI groupigureA-5 jointly
displays the cumulative incidersef AF and AFRfree death stratified by the treatment
drug group in a 3D space. Figuke6 is created by rotating Figue-5 65 degrees. In
both figures, thelark redclub linedisplaysthe jointly displayecdumulativeincidence of
AF and AFfree death in the RAASroup. Thebluestarline displaysthe jointly
displayedcumulative incidencesf AF and AFRfree death in the BB group. The jointly
displayed cumulative incidengarehigher in the BB group than in the RAASI group,

which is in line with Figuré\-4.
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FigureA-1 CIFs of AF and AHree death for the sutohort of RAASIBB (2D Plot)
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Figure A2 CIFs of AF and AHree death for the sutohort of RAASIBB(3-D Plot,

Rotate=5)
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Figure A3 CIFs of AF and AHree death for the sutohort of RAASIBB (3D Plot,

Rotate=0)
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Figure A4 CIFs of AF and AHree death for the sutohort of RAASICCB (2D Plot)
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Figure A5 CIFs of AF and AHree death for the satohort of RAASCCB (3-D Plot,

Rotate=5)
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Figure A6 CIFs of AF and AHree death for the sutohort of RAASICCB (3-D Plot,
Rotate=0)
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