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Abstract

Objective.To compare the effects of two sequential policyrefpes— theaddition of a
high-potency statirio the Department of Veterans Affairs (VA) formuwyaandthe
release ofthe"American College of Cardiology/ Antan Heart Association (ACC/ AHA)

cholesterolguidelines on VAprovider prescribing.

Data Sources/Study Setting. Retrospective analysis @f100,682VA patients 20 11
2016.

Study Design. Interrupted timeseries analysief changes in prescribing of moderate

to-high-intensity statins among highsk patientsand across highisk subgroupsWe
also assessed changes in prescribinagtofvastatin and othestatin drugsWe
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estimatedmarginal effects (MEpf formulary and guideline changby comparing

predicted and observed statin use

Data Collection/Extraction Methods. Data from VA Corporate Data Warehouse.

PrincipalFindings. Use of moderat#¢o-high-intensity statins increased by two
percentagegoints following the formulary change (ME, 2.4, 98#%nfidenceanterval

[CI], 2.2 t0"246) and less than one percenipgmt following the guideline change (ME,
0.8, 95%(Cl, 0.6 to 0.9 he formulary change led approximatelyatwelve
percentageeint increase in use of moderdi@high-intensity atorvastatin (MELL.5
95% Cl, 11.3'te 116). The relatively greater provider response to thenfolary change
occurred across all patiestibgroups.

Conclusions. Addition of a highpotency statirto formularyaffectedprovider

prescribing.mere than th&CC/ AHA guidelines.

Key Wiords. VA, quality of care, cardiovascular disease, pdev interventions,

pharmaceuticals

Introduction

Cholesterollowering statin drugs are among the most importaots in medicindor
loweringtherates of cardiovascular disease. libespf this, the quality and effectiveness
of statin prescribing is unevgirnold et al. 2011; Kuklina, Yoon, and Keenan 2009
Maddox et al. 2014; Mozaffarian et al. 201Beveloping health systettevel
interventions.o improve prescribing has been anary goal of the movement to
improvesgualty of care for decade@nstitute of Medicine 2001)Because of the central
role played by providers in prescribing medicatiomany of these interventions have
targeted providers prescribing behaviors, includimrgnulary restrictions, prescribing
targets, and clinical practice guidelin&®gt evidence on the effectiveness of
interventions targeting provider prescribing is mdXRashidian et al. 2015; O'Malley et
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al. 2006; Lee et al. 2015; Francke et al. 20.08gvious investigations suggest that
clinical practice guidelines are variably effectiiferancke et al. 2008; Hysong, Best, and
Pugh 2007; Fischer and Avorn 2004; Cabana et 89)19Some suggeshat
administrative or regulatonyoliciessuch as formulary restrictions or Food and Drug
Administration (FDA) guidancenayhavegreater influence on provide(Borsey et al.
2010; Huskamp, Epstein, and Blumenthal 2003; Duseateit al. 2012)Nonetheless,
there islittlesdatathat allowsfor any kind of direct comparisoof thesepolicies

The release ofthe 2013 American Heart Associathomérican College of Cardiology
(ACC/ AHA) cholesterol treatment guidelin€Stone et al. 20 14grovides an ideal
opportunity teexamine the potential effects ohal practice guidelines on provider
behavior The ACC/ AHA guidelindundamentallyeshapedholesterotreatmentand
simplified thetask ofmanagingcardiovascularisk. Thenewguidelineshiftedfocus
away from theprevious 2004 guidelinéreat-totarget” cholesterol approache.,
where statidntensitiesare altered until a specific cholestegolalis reached and
insteadrecommendegrescribing moderatdo high-intensity statin drugs tall
patientswith high cardiovascular riskkhe ACC/ AHA guideline generatedn unusually
intensedegree ofmedia coveragbyabandoningholesterotargets, longa emphasis
of providers and patientand shifing focus tocardiovascular riskHerper 2013; Ridker
and Cook 2013; Kolata 2013b;.&@iventheauthoritative nature adhe ACC/ AHA
guideline, itsrelativesimplicityandtheconsiderablattentionit captured the

ACC/ AHA guidelinelikely represents dest case” scenarim the potential influence of

guidelinechangeon provider behaviar

However, @her changes that could influence statin prescgliocurred in the years
prior to the ACC/ AHA guideline. The entry of genesdtorvastatin, a highgvotency
statin than the previously recommended simvastatiBNovember 201Jpromised to
extendpowerful cholesterol treatmenliroughoutthe US(Jackevicius et al. 2012)
Generic atorvastatiwas introduced soon aftarJune 201Eoodand Drug
Administration(FDA) “black box” warningaboutthe increased risk of muscle injury
posed by highdose simvastatifFood and Drug Administration 201By October2012,
theDepartment of Veterans Affaif®/A), alongsideother large health systenasnd
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insurershadadded generic atorvastatia formulary lists of approved drudg¥eterans
Health Administration 2012)

Despite the wide publigtof both the ACC/ AHAcholesterobuidelineand theentry of
generic atorvastatirwe know very little about how these policies affststatin

provider behaviorWe attempto fill this gap by exploitinghe sequential introduction
of two policies= theaddition ofatorvastatirto the VA's formularyin 2012 and the
release otheACC/ AHA cholesterol guidelines 2013—to compare the effects of
formularies and guidelines on prescribing behawiie. do so by performing interrupted
time serie;apalyses on national VA prescribing data, examirmdhgnges intte use of
moderateto high-intensitystatins among highisk paients. We also examine changes
in the use of specific statin drugs to further dehte the effects of the formulary and
guideline changes.

Methods

Data. We constructed thetudy populatiorusingthe VA Corporate Data Warehouse, a

comprehensive databateat contains data on all patients seen in the VA.

Study population. We performed a retrospective open cohort study. €aumple
consisted of all of active VA primary care patiebetween ages 40 and Who sought
carebetween July 1, 2011 and June 30, 2@@@were statutorily exemgtom
copaymentslue to meeting the VA Priority Group 1 Designati@epartment of
Veterans-Affairs 2017). Priority Group 1 patienisvie severe servieeonnected
disabilities. Most other Vpatients paid $8 a month for each cholesterol megiba

they received during our study period. We restidcbeir sample to patients not liable for
a VA copayment for two reasons. First, by excludpeagients who face®A copayments
we were-better ablesolate the effect on provider behavior of the fotary change
Secondbecause we could not account for medications piesdroutside the VAhis
exclusionminimizedany bias introduced bincreases in patients seeking prescriptions
from low-costgeneric programée.g., $4 generic medicationssdme pharmaci¢®or

other nonVA pharmaciesWe alsoexcluded patients under 40 years of age and over 75
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years of agén each montlbecausenostrisk calculatos arenot valid for these groups.
Finally, weexcluded any patients with a record of pregnanny-stage renal disease, or
documentednuscle weakness in the 2 years prior to stdetach monthFurtherdetails

regardingcohort creation are described in secthinof the Appendix

Outcomes. OQur mainoutcome of interestwhich was directly based on the ACC/ AHA
guidelimes*(Stone et al. 20 14yasprescriptionof amoderateto high-intensitystatin
amonghigh=risk patientsTable S1 of the Appendprovidesadditional details on how
we definedlow-, moderate, and highintensity statindy active ingredienand dosage
We definedhigh-risk asbelonging to one dbur high-risk groups (1) atherosclerotic
cardiovaseuladisease ASCVD); (2) hyperlipidemia; (3) diabetesr (4) 10year
calculated ASCVDrisk > 7.5% Becausé¢he VA allows a maximum @layprescription
for statinsand most (78%) patients recei@®0-day prescriptionwedefined a patient
as being'on a statin if we ebrved a prescription in the @@ys prior to the end of the
month of interest (i.e., ¥day lookback).We categorized patient risk groupgscording
tothe ACC/AHA guidelinesandin the following hierarchicalmutually exclusive
mannerihe ASCVD group comprised patients with historymfocardial infraction,
coronary artery bypass graftingeraitaneous coronary interventipar ischemic
vascular diseas@he hyperlipidemia group includgeatients withno ASCVD andow-
density lipoprotein cholesterol (LD 190 mg/dL. The diabetes groumcluded
patientswith-no ASCVD,LDL between 70 and 189 mg/dL, amdabetes mellitusThe
group withdO=yearcalculated ASCVDisk > 7.5%includedpatients with no ASCVD, no
diabetes; LDL between 70 and 189 mg/dL, arld-year ASCVD risk> 7.5%as defined
by theACC/ AHA ASCVD risk calculator(available ahttp://tools.acc.org/ ASCVERisk-

Estimator).The ASCVD riskscoreis a functionof age, gender, race (black vs. ron

black), diabetes status, smoking status, systadiod pressure, treatment for
hypertensionl. DL and total cholesterol leveldny patientthat did not fall into one of
four high-risk.groupswasconsideredow-risk. TheACC/ AHA guidelinesdid not specify
whetheror notlow-risk patientsshould be on a statin and instead called for shared
decisionmaking based on factors suchfamily history of ASCVD. Section A3 of the

Appendix provides further details on how we defirted four highrisk groups.
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To better understand the effectscbanges tdormulary and guidelin@olicies we
assessed outcomes specific to epohicy as well as those shared by the policiéisst,
we evaluatednonthlychanges in therescription oftatin drugs thawvereadded to
(atorvastatin), always on (simvastatin, pravastatom never on (rosuvastatithe VA
formulary.during our study period/eterans Health Administration 2018econd, we
evaluated-ehanges in tipeescriptionof nonstatin lipidloweringdrugs(listed in Section
A2 of the Appendix)as these were not directly affected by the foramykchange but
werereduced in importance by thRCC/ AHA guideline The new guidelinshifted from
recommendindoweringLDL levelsto specifiedgoals (regardless efhetherstatins or
nonstatinsiwere used to lower LDL levednd towardecommending lowering
cardiovascular risk through the useesidencebasedstatindrugs.Third, we evaluated
monthlychanges in the prescription fpecificmoderate to high-intensity statingas
defined by dosag€lable A3 in the Appendixhat were eitheadded to (atorvastatin),
always on.(simvastatin, pravastatin), or never mrsvastatin) the VA formulary
during our, study period, as prescription of thesegs capture the joint effexof the
formulary and guideline changeMthough we included alinoderateto high-intensity
statindrugs«in our main analysis, we only analyzed charngsgecific statin drugthat
were prescribedio at leasfive percentof patients over the study peripdn average
This excludedfluvastatin (3%)Jovastatin (%), andpitavastatin (<1%)

Exposure. Weusedaninterrupted timeseriesapproachwhich estimates the effects of
aninterruptionthat occurs aa specific momenin time,or, in our analysistwo
moments—October 12, 2012, when atorvastatin was added ad/hformulary, and
November 12, 2013, when the n&@C/ AHA cholesterol guidehes were published
onlinein the journas Circulation andJournal of the American College of Cardiology
(Stone et al.2014a; byVe divided our study into three periods: goemulary (July
2011September 2012); posormulary (October 20 EDctober 2013); and post
guideline (November 2BtJune 2016)We defned the postormularyand post
guidelineperiodsas beginning irOctober 2012 antlovember2013 respectivelyso as
to capture any immediate responses that occurredvalidatedour choice of the post

formulary period througlanalysis of historicalA documentgVeterans Health
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Administration 2012). We validated our choice oétpostguideline periody a series

of Google trend analytics searches, all of whicmadastrated an immediate, sharp
increasan query volumebetween NovembelO through NovembeR3, 2013 for the
terms ‘tholesterol guideling“statin,” “statin cholesterqgl and “‘cholesterotisk
calculator” (FigureS1Panels AD in the Appendix)Interest in theholesterol guidelines
was partially sustained (Figure Banel Ain the Appendix)lhis wasin the setting of
alreadyinereased interest in simvastatin afterRB@& issued a June 2011 blablox
warningthatssimvastatin might cause an increased rateyojpathy §ee “simvastatin”
gueryresults in Figure Flanel E in the Append)x

Statisticalvanalysis. We first compared the characteristics of patientthiefinal
monthsof thepre-formulary (Septembe012), postformulary(October 2013and
postguideline(June 201pperiods Wethenperformedinterrupted timeseriesanalyses
to assess thgequential impact of the 2012 formulary change aad3 ACC/ AHA
guideline change/Ne usedpatientlevel generalizeéstimating equation (GEE) molde
and included.a binomial distribution and a log lifukction to account for the binary
nature‘afburoutcomegBallinger 2004)We estimated GEE modefsr the following
outcomes.(yse of anynoderateto high-intensitystatin amondnigh-risk patients (2)
use ofnonstatin lipidlowering drugsamong all patientsand (3) use afpecific
moderateto high-intensitystatin drugsincluding atorvastatingsimvastatin,

pravastatingand rosuvastat@mmong all patients.

We modeletchanges irstatin prescribingcross the two policy changasing a linear
term fortime as well aknear plinesfor the preformulary, postformulary, and post
guideline'periodsThis allowed us to estimatowtrends instatin prescrilmg changed
after the formulary change and after the guidethange (Kontopantelis et al. 201%)
all analysesweraccounted for possible changes in the compasitfo/A patients over
time byadjusting for patienlevel mvariates These include patient age, gender, race
diabetes status, and comorbid{Gharlson score)We also included indicators for each
monthto account fopossibleseasonal changes in statin prescribing patterns
(Bhaslaran et al. 2013)
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Next, we conducted counterfactual analyses for eaodel to compare the predicted
use of statins with the observed udestatinin both the posformulary and post
guideline periodsWe calculatedtheeffectof the formulary change ostatin prescribing
in the following three steps: (1) estimateeénds in statirprescribingn thepre-
formularyperiod(July 2011September 2012)2) used prdormulary trendgo

estimate thexpectedercentagef patientsusing statinat the end of the post
formularysperiod (October 2013had the formulary changeot occurred(3) estimated
the differencesbetween tlpgedicted and observgikrcentage of patients using statins
i.e., the marginal effeaif the formulary changaVe performed a similar counterfactual
analysisto.calculate the effeaf the guideline changen statin prescribinghow using
trendsestimated in the podbrmulary period(October 20120ctober2013 rather than
pre-formularyperiodto estimatexpectedversus observestatin prescribingi.e., the
marginal effect of the guideline chandgdecausehe postguideline period wasearly
two years longer than the pe&irmulary periodwe estimated expectedse ofstatinsat
the midwaypointrather than endpoint of thestguidelineperiod(i.e.,February 2015)
to comparemore fairly the effects of the formulagndguideline changékontopantelis
et al. 2015)

We nextassessed changespnescribing of specifistatin drugs (i.e atorvastatin,
simvastain, rosuvastatin, pravastatigyaphically Weplottedunadjustedrends inthe
use of specific statidrugs across all patienés well as stratified by thfeve patient
groups(i.e., ASCVD,hyperlipidemia, diabetes, 1gearcalculatedASCVD risk>7.5%,
andlow-risk). Wedescribedchangedor prescribing of specific statins ahy intensity as

well as"acrosslow moderate, andhigh-intensities

Sensitivity analyses. We performed sensitivity analyses é@aminewhetherthe
effects ofthe.two policy changegriedacrossmportant patient stygroups. Because
the2013ACC/ AHA guidelinesrecommendstatinsto certainpatient populationshat
would not have requirestatins under the 2004 guidelines (igatients with high 10
year calculated\SCVD risk), we hypothesized that tle#fect of theguidelineson statin
prescrbingmight varyacross the four ACC/ AHA highisk groups (ASCVD,
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hyperlipidemia diabetes, 1§/r calculated ASCVD risk 7.5%).To evaluate this, we
evaluatedvariation inthe effects of théormulary and guidelinehangen use of
moderateto high-intensity statindy estimatinga GEE modein which we fully
interactedndicators for thehreetime periods (preformulary, postformulary, post
guideline)with indicators for thdour risk groups

Finallywe assessed whether prescribing respotostdse formulary changes and the
guideline*changes varied across newly higgk patients (“incident”) versus those who
had been already bedmngh-risk for at least six month@prevalent”). We defined
incident patients as those with at least one diagoasiie for either ASCVD or diabetes
within thessixsmonths prior to the month of intetgsut none prior to that simonth
period. We defined prevalent patients as those witleast one diagnostic codw f
either ASCVD or diabetes prior toahsix-monthperiod To ensure that we captured
disease incidence prior to the start of the studyy 1, 2011), we began our loddack

for all patients’in July 1, 200We performed this analysi®r two reasons. Fst, we
hypothesized.that providers may be more resportsifermulary or guideline changes
for incident patients than for prevalent patierios,whom clinical deisions have
already been mad&econd, we hypothesized that the two policies’ ggpe®equence-
namely, that the guideline change followed the fatary change- might affect our
estimates of the guideline’s effect on statin prédsng (i.e., “order effects”), since
providers may hawalready changed care in response to the formulaayge before the
guidelines,change occurred. If this were the cHsese effects should be minimized in
incident highrisk patients who should have not been affectethleyformulary change.
To test'ths, we estimated interaction models that examinedthér the effects of the

guidelineor formulary changes differed acrossdmcit vs. prevalent patients.

We consideredP values of less than 0.05 to be significate specified GEE models to
include anexchangeablevorking correlation matrix and robust standard esrm
account for withinpatient correlation over tim@ll analyses were conducted in Stata,
version 141. This study wasupportedas an internal, nomesearch activity under a

Memorandum of Understanding with the VA Office adporting, Analytics,
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Performance Improvement and Deployment (RAPID)rder to improve quality of
care at the VA

Results

We identified1,100,682active pimary care patients (representif§,818,12patient
monthsor33i5monthsper patient)ages 40 to 75vho sought care in the VAfrom July
1, 2011 to-Junme 30, 2016 and wearneriority group 1and thus exempt from drug
copaymentsTable 1 summarizes changes in patient charactesistier the study
period.The mean agéSD)was 60.5 (8.0) in the prrmulary period andé1.7 (9.2)in
the postguideline periodP<0.001) The sharef patientsbelonging to one of four
high-risk groupsfell from 89.3% in the prdormulary period to 86.9% the post
guideline period P<0.001).This was driven by decline in the share of patiemwigh
history ofASCVD (from 47.1% to43.1%in the preformulary andpostguideline period,
respectivelyP<0.001)

Figure Adisplaysestimateditendsin prescribing oimoderateto high-intensitystatins
amonghigh-risk patientsi.e.,those with ASCVD, diabetes, hyperlipidemia, or aydEx
calculated ASCVD risk 7.5%. Prescribing ahoderateto high-intensitystatinfell in
the preformulary period(changen percentagef patientson a statirper month-0.2
percentagespoint [ppder month 95% confidence interval [CI}0.2 to-0.2; P<0.001,
leveled offin_thie postformulary period(0.0 pp per month95% CI,0.0t0 0.0;
P<0.00)/andremained relatively flain the postguidelineperiod(0.0 pp per month
95% CI,0.0t00.0; P<0.001 Figure 1 and Table 2).

Theformulary change was associated with approximaaehyo percentageoint
increase inuse‘ofmoderateto high-intensitystatins (narginal effect ME], 2.4pp, 95%
Cl, 2.1t022.6 P<0.00) compared to what would have been expected fromdserior
to the changeThe guidelnechangewas associated withless tharmonepercentage
point increase imse of moderateo high-intensity statingME, 0.8 pp, 95% ClI, 0.6 to
0.9; P<0.001).
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We next assessdlieprescribing behaviors we considered directly retevia the
formulary change (use of specific statin drugsg dhideline change (use of nonstatin

lipid-lowering drugs), or both (use of specific moderdtehigh-intensity statins).

Figure 2 demonstrates trends in the use of spestifitin drugghat were added to
(atorvastatim)always on (simvastatin, pravasitat or never on (rosuvastatin) the VA
formulary-during our study period. We observed réasubstitution away from
prescribing simvastatin and rosuvastatin and towaescribing atorvastatimhe
substitution in prescribingccurredacross all subgroups butasgreatest for patients
with ASCVD and leasfor low-risk patients. The proportion ®A patients prescribed
atorvastatin increased from 0.5fcthe pre-formulary period (July 2011) to 13.5#b the
postformulary period (Octobe2013) and then ta22.5% in thepostguideline period
(June 2016)Conversely, simvastatiprescribingdeclined steadily throughout the study
period, fallingfrom 32.2% (July 2011) to 12.8% (J2016)Finally, both rosuvastatin
and pravastatin increagén thepreformulary period fell in the postformulary period
andstabilizedin the postguideline periodin supplemental analyses, we found that
substitutionsaway from simvastatin and rosuvastatia toward atorvastatin was
greatest fohigh-intensity statins and least for leivtensity statins (Figure S2 in the

Appendix).

We then assessed the joint influence of the formydand guideline changédxy
modelingehanges in these of specific moderat¢o high-intensitystatin druggTable
2). These“estimates confirmed our graphical analysésgare 2 and Figure S2 in the
Appendix the addition of atorvastatito the formularywas associated with a nearly
twelve percentageoint increase in the use of moderatt@high-intensity abrvastatin
(ME, 11.5pp, 95% CI, 11.3 to 11.6P<0.001; Table 2)Conversely, theise of modeate-
to high-intensity rosuvastatifell by nearly ninepercentageointsfollowing the
formularychangegME, -8.8 pp, 95% CI,-8.8 t0-8.9; P<0.001 Table 3. Meanwhile, the
secular decrease in the usfemoderate- tdhigh-intensitysimvastatinthat predated the
formulary change was not substantially affecteceltlger the formulary or guideline
change T(able 2).
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Prescribing ohonstatin lipidlowering drugs, the use of which the ACC/ AljAidelines
deemphasizedvas not substantially affected by either the fatary or guideline
change (Table 2Prescribing ohonstatin lipidlowering dugsfell in the preformulary
period(change in percentage of patients on a statin partme0.2pp per month95%
Cl,-0.21t0-0.2;P<0.001), fellmoreslowlyin the postformulary period(-0.1pp per
month95%Cl-0.1t0-0.1;P<0.00), and themagainfell more quicklyin the post
guidelineperiod (-0.2pp per month95% Cl,-0.2 to-0.2;P<0.001). In counterfactual
analysespeitherthe formularynor the guideline change wassociated witlsubstantial
changes in the prescription of nonstatin lgddvering drugs (ME, 0.4 pp, 95% CI, 0.3
to 0.5 P<0:001 andVE, -0.8 pp 95% CI,-0.8t0 -0.7, P<0.001, respectively).

Changes imprescribing omoderateto high-intensity statinsveresimilar acrosshe
four patient risk groups (Table Zlheformulary change was associated with
approximatelysa twg@ercentageoint increase in the use of moderat@high-intensity
statins forpatients with eitheASCVD (ME, 2.4pp, 95% CI, 2.1to 2.6P<0.001 or 10-
year calculated ASCVD risk 7.5%(ME, 2.3 pp, 95% ClI, 2.0to 2.6;P<0.001)and athree
percentageoint increase for patients with diabetes (ME, B 95% Cl, 2.6 to 3.4;
P<0.001) Theguidelinechange was associated walslightly less than onpercentage
point increase in the use of moderat@high-intensity statins fopatients withASCVD,

hyperlipidemia, diabete®r 10-year calculated ASCVD risk 7.5%

Finally, we found that the effects of the formulary anddgline changebad similar
effectsacrossncidentand prevalent highiisk patientgTable 2).Following the

formulary change, these of moderateto high-intensity statinsncreased by
approximatelyfthreeversus twgercentageoints in incidenwersus prevalent patients
(ME, 3.4pp,95% Cl,2.7t0 4.2 P<0.001 and ME, 2.4 pp, 95% ClI, 2.2 to 3R&0.001,
respectively)As in our main analysisye observed little change in the use of moderate
to high-intensity statins among either incident or prevaleigh-risk patients following
the guideline chang@ME, -0.6, 95% CI,-1.3 t00.1, P=0.090and ME, 0.8, 95% ClI, 0.6

to 0.9;P<0.001respectively.
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Discussion

We studiedhe sequential effects of two policy changethe addition ofa high-potency
statinto the VA formularyin 2012and the release of thetional cholesterol treatment
guidelinesin 2013— on providerprescribing behavioin the VA healthcare systemWe
found thattheformulary changgamatically alteredtatin prescribingincreasing the
use of atorvastatin and decreasing the usgatins that were either lowgrotency or
off-formulary. Conversely, we found that thee of moderateo high-intensity statins
among highrisk patientstheprimary goal of the new ACC/ AHA gdelines was not
substantially affected by either tfi@mulary or guideline changén fact, the change in
theVA formularywas associated with slightly larger effects thaaghideline change,
despite predating it, a finding likely driven byeincreased availability of higir-
potency atorvastatinVe ob®rved these patterns acrosshagh-risk groupsand among
both incident.and prevalent higtisk patientsCollectively, our findings suggest thah
administrativechange to the VA formulary, simply by making a mpment statin
readily‘available, had a greater effectmmoderateto high-intensityprescribing than
the releasesof a guideline specifically intende@xtendsuch prescribin@cross high

risk patients.

The effects.oformulary changeand othemdministrative policiesre often difficult to
assess due to'the fragmented natwireealth care financing and delivefghrank et al.
2004).Previousstudies oformulary restrictionsparticularly those in which patients
faced tiered”copaymentghat varyaccording to formulary coverag®und that
formularies significantly affectedrovider prescribing and patient adhereifos
exampleShrank and Hoang 2006; Leibowitz, Manning, and Newse1985). By
performing this analysis a setting with no tieredopayments andmong patients who
have nosmedication copayment, we isothfermularies’ effect®n providers

specifically Thus, the very large substitutismhatwe observed toward atorvastatin and
away from simvastatiand rosuvastatipresumablyesulted from the fact that
providers could nowprescribe atorvastatin amore potentrugthan what was

previously available on formularywith greater easand withoutneeding to request it
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through nonformulary consultationgur resultsare consistent with some previous
studies showinghattheVA's formulary systemhas the potential teignificantlyaffect
prescription drug uséHuskamp, Epstein, and Blumenthal 2003; Gelladl.e2@13)
Similarly, thelargedeclinein useof simvastatinduring the preformulary period,
though not.a central focus of our analyssstemporallyassociated withhe FDA's June
2011"black box” warningregardinguse of highdose simvastatifFood and Drug
Administration 2011)a finding consistent witsomestudies of previous drugpecific
FDA regulaterywarnings(Dorsey et al. 2010; Dusetzina et al. 20.12)

Themodesteffect of theACC/ AHA guidelinechange on statin prescribimge observed
is consistent wittsomerecent reports thahe ACC/ AHAguideline change was
associated with either a negligiléran et al. 2016pr small(Pokharel et al. 2017,
Rodriguez et al. 2016hange in the use of statins and nonstatin Hipidering drugsA
study in thevA found somewhat larger changes in statin usedidtnotinclude
patients in.all.four risk groupsyas limited tosix months of posguideline data, and did
notadjustfor.underlyingtrendsin statin usgRodriguez et al. 2016)n a large rational
cardiology outpatient registryhe guideline changeas associated withmodest
increase insthe use afoderateto highintensitystatins among higirisk patients
(Pokharel et al. 2017We extend and contextualizbeseprior resultsfinding that an
administrative change designed to substitute oatrsfor another had a greater
incidentaleffect onguidelineconcordanfprescribingof moderateto high-intensity
statinsthan the release of the ACC/ AHA guideline itself.

Nonetheless;werall use of moderate to high dose statiamainssubstantially lower
than recommended by the guidelines, and there isvidence ofncreasedise in the
ASCVD group for whom the benefits are felt to be thrgestFurthermore, our findig
that the guideline’s effect was similar betweenidrenit and prevalent highisk patients
suggestsithat its minimal impact held true amontgemds for whom clinical decisions
had not yet been made and was not entirely dubddédct that the guidelinehange
occurred after the formulary changéese lowevels of statinuseappearsimilarly
unresponsive tachanges irperformance measurement, wittile change instatin use

among highrisk patients following th&A's FY2016transition fromHEDIS measures
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focused orcholesterolevels(i.e., annual hyperlipidemia screening among patemth
cardiovascular disease) hoeasure$ocused ortreatingcardiovascular riskg.g.,use of
statinsamong patients with diabetes or cardiovascularakge

There are several limitations to consideérst, the quasiexperimental design of our
study makes it difficult to be sure that changepiiascribing behavior were caused by
changes torthe VA formulary or ACC/ AHA guideliné/hile the speed with which
atorvastatinereplaced simvastatin and rosuvastatinngglyosuggests that the formulary
change is the primary cause of that charvgecannot verify that thesemoderate- to
high-intensity,statins would have continuealdeclinein the postformulary periodin
absence of th®rmulary changelikewise, thefindingthat the guideline change led @&o
large decrease in atorvastatin prescribing is cogent onthe assumptionhat the
dramatic postormulary atorvastatin increase would have contshuaabatedn the
postguideline periodSecond, we do not have information about patiefuts& to take
statins or.whether patients experienced muscle pamther side effects of treatment
that might,explain why some patients eligible fogdtment are not getting ithird, our
90-day‘leokback approach may miss some statin refills for pasewith imperfect
adherence.or who have accumulated medicine beyoadiaximum 96day statin
prescription lengthHowever, most VA patients receive 9fay statin prescriptions, and
a longer lookback perod would have captured patients who had actuatipped statin
use and made it more difficult to precisely detmanthly changes in prescribing
behavior:

Fourthbecauseve could not account for medications prescribedsmlé the VAwe
limitedour sample td°riority Group Ipatients whare statutoril}copaymentexempt

in the VA andthus less likely to purchase statins outside the X®hough we

developed and chose this method to limit the bineest tvould be induced by an increase
in the usenfvery low cost generic medicinesnd other norWVA pharmacies over time
our results may not generalize to patients withhleigincomes or lower levels of
disability (i.e., priority groups-8). Finally, the effect of formularies and other
administrativepolicies is likely context specific and may not gealize outside of a
large, integrated system such as the VA. At theeséime, using data from the VA, the
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largest integrated health care system in the UfSred a rare opportunity to examine
how provider behavior is affected by administrative policibat are typically
fragmented across payers and otherwise difficutilieerve.

Overall,ourstudy provides new evidenoa theinfluenceof guidelinesand
administrative policiesn provider behavioRelevant tgpayers and health care
systems,sourresults suggest that lowering adnmaiste barriers to substitute drugs
that providergperceive as superi@man have substantial effects on quality of cdrer
guidelinedevelopers, our results suggest that even a “beesst’clinical practice
guideline— that comedrom a particularly prominent groupimplifiestreatment, and
generatesvidespread attentior may nonethelessxert limited influence on providers.
This reflecs, inypart, the fact thaguidelines are intended sthhapeand notcompel
providerbehavior And for bothpolicymakersand health services researcheve
demonstrate thadubtlechanges t@ervasiveadministrativepolicies mayhavelarge
incidentalconsequencethat should béoth anticipated and searchid when

evaluating,other, seemingly unrelated health peé$ci

Our collectivefindings suggest thadertain formularyoliciesmayinfluenceprovider
prescribing behawer morethanclinical practice guidelinesvoving forward,research in
this areasshoultbcuson how formularies and oth@administrativepolicies canbe used
to supportadherence to clinical practice guidelinaasd complement othgrolicies
intendedtgromote the quality and efficiency of prescribinghlavior.
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Table 1. Chiaracteristics of patientsin the VA before and after formulary and
guideline changes (2011to 2016; N=1,100,682)

Acrossthethree study periods

Characteristic Pre-formulary Post-formulary Post-guideline Pvalue
September 2012  October 2013 June 2016

Age, mean (SD) 60.5(8.0) 61.1(8.3) 61.7 (9.2) <0.001
Female 7.0 7.4 8.6 <0.001
Black 22.2 22.5 23.4 <0.001
Smoker 26.5 25.9 23.3 <0.001
Diabetes 41.0 40.7 39.3 <0.001
Charlson scere; mean (SD) 1.0 (1.5) 1.0 (1.5) 1.1(1.6) <0.001
ACC/ AHArisk group <0.001
High-risk 89.3 88.9 86.9

ASCVD 47.1 46.0 43.1

Hyperlipidemia 3.1 3.4 3.4

Diabetes 18.6 18.8 18.8

10-yr calculated risk 7.5% 20.4 20.7 21.6
Low-risk (10=yr_calculatedrisk
< 7.5%) 10.7 111 13.1
10-year calculated ASCVD risk <0.001

<7.%% 18.0 18.1 20.0

7.5%to < 1246 13.7 12.5 10.9
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> 12% 68.3 69.4
Most recent LDLin past year (mg/dL)

<100 48.7 48.8
100-129 20.9 21.0
130-189 12.8 12.8
>190 11 1.0

No LDL measurement 16.5 16.3

69.1

45.6

211

14.3
13

17.7

<0.001

Notes All iestimatesare reportedn percentunless otherwise indicated. Characteristics ameeffiin text and Appendix. SD is

standard deviation. ASCVD is atherosclerotic cavdgrular diseaséDL is low-density lipoprotein.
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Figure 1. Changesin prescribing of moderate-to high-intensity statinsamong high-risk patientsin the VA (2011-

2016)

Table 2. Changesiin prescribing of moderate- to high-intensity statins and nonstatin lipid-loweringdrugsin the VA
(2011-2016;:N=1;100,682 patients and 36,818,121 patient-months)

Qutcome

Unit

Pre-

formulary

Trend

Percentage
change per
month

Post-formulary period

Trend

Percentage
change per
month

Use of moderate- to high-intensity statins g

Among highrisk

patients

By specific statins

Atorvastatiny

Rosuvastatin

Simvastatin

‘0.2
0.2;0.2)

0.1
(0.1,0.1)
0.1
(0.1,0.1)
.016
(20.6,0.6)

By ACC/AHA risk group

ASCVD

Hyperlipidemia

0.3
(-0.370.3)
0.1
(-0.1,0.0)

0.0
(0.0,0.0)
1.0
(1.0,1.0)
-1.0
(-1.0;1.0)
0.3
(-0.3;0.3)
-0.1
(-0.1;0.1)
0.0
(0.0,0.1)

Trend change

Net change in
percentage change

per month

0.2
(0.2,0.2)

0.9
(0.9,0.9)
11
(-1.171.1)
0.3
(0.2,0.3)

0.2
(0.2,0.2)
0.1

(0.0,0.2)
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Marginal
effect @
Percentage
change from
expected

2.4
(2.2,2.6)

11.5
(11.3,11.6)
-8.8
(-8.8:8.9)
1.4
(1.3,1.5)

2.4
(2.1,2.6)
11
(-0.1,2.4)

Post-guideline period

Trend

Percentage
change per
month

0.0
(0.0,0.0)

0.3
(0.3,0.3)
0.0
(0.0,0.0)
0.2
(-0.2;0.2)

0.0
(0.0,0.0)
0.0
(0.0,0.1)

Marginal effect
Trend change

Net change in Percentage

percentage change change from

per month expected
0.1 0.8
(0.0,0.12) (0.6,0.9)
-0.7 -11.2
(-0.8;70.7) (-11.3;11.0)
1.0 1.6
(1.0,1.0) (1.6,1.7)
0.1 0.3
(0.1,0.2) (0.2,0.4)
0.1 0.8
(0.0,0.12) (0.6,1.0)
0.0 0.6
(0.0,0.1) (-0.4,1.6)



-0.2 0.0 0.2 3.0 0.1 0.1 0.9

Diabetes
(-0.3-0.2) (0.0,0.0) (0.2,0.3) (2.6,3.4) (0.1,0.12) (0.0,0.12) (0.6,1.2)

10-yr calculated -0.1 0.0 0.2 2.3 0.1 0.0 0.6
risk>7.5% (-0.2-0.2) (0.0,0.0) (0.2,0.2) (2.0,2.6) (0.1,0.1) (0.0,0.12) (0.4,0.9)
By incident vs. prevalent highisk Q

Incident high :0.1 0.1 0.3 3.4 0.1 0.0 -0.6
risk (-0.2-.1) (0.1,0.2) (0.2,0.3) (2.7,4.2) (0.1,0.1 (-0.1,0.0)* (-1.3,0.1)*

Prevalent high -0.2 0.0 0.2 2.4 0.0 0.1 0.8
risk (0.2/0.2) (-0.1,0.0) (0.2,0.2) (2.2,2.6) (0.0,0.0¥ (0.0,0.12) (0.6,0.9)
Use of nonstatin lipid-lowering drugs
Use among all 0.2 -0.1 0.1 0.4 -0.2 -0.1 -0.8
patients =0.2:0.2) (-0.1-0.12) (0.1,0.1 (0.3,0.5) (-0.2/0.2) (-0.1,0.0) (-0.8;70.7)

Notes Confidence intervalsiare in parentheses. Aliheates are statistically significant Bt 0.001 unless otherwise noted, witP* 0.001).Characteristics as defined in text and Appendix.

X Analyses of use of moderate high-intensity statins mong highrisk patients were based on 926,637 patients (rsréng 29,150,385 patiemionths) that belonged to one of four higkk
groups.

) Analyses of use of moderatto high-intensity statins among incident versus prevaldghirisk patients werdased on 713,114 patients (representing 1,606 d@#ént highrisk patientmonths
and 24,849,684 prevalent higiisk patientsmonths).

® We calculated the marginal effect of the formulahange by (1) using psrmulary trends to estimate the expected percépatbients on a statin at the end of the pfmstmulary period (October
2013) had the formulary change not occurred ande§2jmting the linear combination of the predicted amderved statin use to calculate the marginal efi¢the formulary chang

8 We calculated marginal effects of the guidelinercg@as described above, now using glostnulary trends to estimate expedtstatin use at the midpoint of the pastideline period (February
2015).

f We estimated models of overall use of moderabehigh-intensity statins only on those patients considdrigdh-risk by the ACC/ AHA guidelines, as the guidelingd dot specifywhether providers
should prescribe statins to lesisk patients. We estimated models of specificistase (e.g., atorvastatin) on the entire cohodanese the formulary cinge did not pertain to highversus lowrisk
patients. We estimated models ofirspatin lipid lowering drugs on the entire cohoechuse the ACC/ AHA guidelines deemphasized use p$tadins among all pents.

vy We used a Gaussian distribution in the atorvastgeimeralized estimating equation model because thaefwith a binomial dstribution did not converge.

k Nonstatin lipidlowering drugs includedliacin, Gemfibrozil, Fenofibric Acid, Clofibrate, Gmsevéam, Colestipol, Cholestyramine, and Cholestyram8webitol.
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Figure 2. Trendsin prescribing of specific statin drugsin the VA, by ACC/AHA risk
group (2011-2016)
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Use of moderate-to high-intensity statins (%)
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Use of statin drug, any intensity (%)
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