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ABSTRACT

Medication errors are common within the United &abealth system. Preventable medication
errors are often the result of ineffective procesmt contribute to the occurrence of adverse drug
events. Care transitions, movement between settingsvels of care, present a particularly vulnérab
time for patients. Errors are frequently introdudetd a patient's medication regimen during transg
of care, including the inappropriate discontinuatior duplication of medications. Inappropriate
discontinuation (non-persistence) of evidence balserhpies for chronic diseases places patierds at
increased risk for adverse health outcomes. Previlbeestigations have indicated that care transtio
due to hospitalization have been associated witheased rates of non-persistence, and that non-
persistent patients were at an increased riskdor pealth outcomes.

We conducted a matched retrospective cohort stddyatients enrolled with the commercial
health insurer Blue Cross Blue Shield of RhodenidlaPatients included in the study were adults at
least 18 years of age with diagnosed diabetes reoadi by outpatient medication use and a diagnosis
code. We evaluated the disruptive impact of hoBpétaon on the medication regimen by comparing
the odds of persistence with evidence based thesabetween hospitalized and non-hospitalized
patients. Persistence was assessed with two miedicdasses: angiotensin converting enzyme (ACE)
inhibitors/angiotensin |l receptor blockers (ARBa&)d lipid lowering drugs (LLD). We classified
patients with an eligible hospitalization as exghsed matched unexposed non-hospitalized patients
the exposed cohort on the variables age, gender]$oim comorbidity score and enrollment period. The
primary outcomes of persistence and treatment clafidin were assessed during the 60 day period
following the hospitalized patient's discharge dddéferences in baseline characteristics and the
bivariate odds of persistence were assessed betyveeps for the primary risk factor hospitalizatias
well as patient demographic and health relatedabées. We constructed multivariable logistic
regression models to measure the effect of hogatan on persistence with medications from each
class while controlling for potential confounderglassessing for interaction terms.

A total of 201 exposed and 199 unexposed ACE itdriARB users and 202 exposed and 199
unexposed LLD users were evaluated for persistekfoer. adjusting for potential confounders and an

interaction term between hospitalization and caraoular disease, hospitalization was found to be a



significant risk factor for non-persistence in pats using ACE inhibitors/ARBs [(Beta coefficient-
0.931 [P = 0.0283]). Patients that were hospitdliard had cardiovascular disease had an increased
odds of persistence relative to patients that wetéhospitalized and had cardiovascular diseasdgOd
Ratio (OR): 2.052 [95% CI 0.384-10.972)]. Patiehtst were hospitalized and did not have
cardiovascular disease were significantly lesdyike persist compared with patients that were not
hospitalized and did not have cardiovascular dess¢@fR: 0.394 [95% CI 0.171-0.906]). The odds of
persistence with LLD therapy did not differ betwdmspitalized patients and non-hospitalized pagient
(OR: 0.961 [95% CI 0.469-1.972]). The duration oégeription supply for study medication was found
to be a confounder of the exposure and outcom#aeship for both medication classes. Therapeutic
duplication occurred infrequently with both medioatclasses regardless of exposure status and the
low frequencies of duplication observed precludmgidtic regression analysis.

Our results implicate hospitalization as a risétda for non-persistence with medications
treating chronic diseases in commercially insuratiepts with diabetes. Interventions such as
medication reconciliation that strive to improveraounication during transitions of care and prevent
the introduction of errors into the medication ragn should continue to be implemented and

evaluated.
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CHAPTER 1

INTRODUCTION

The conclusions heralded by The Quality of He@l#ne in America Committee of the Institute
of Medicine in their first report "To Err is HumaBuilding a Safer Health System" called for a
system-wide quest for improvement in the qualitheélthcare in the United Staten the report, the
committee discerned that the majority of medicabiesr occur as a result of ineffective systems,
processes, and conditions that lead individuateda&e mistakes or fail to prevent them. In 2006, a
successive report "Preventing Medication Errorglleated the safe, effective, and appropriate use of
medications throughout a multitude of health catéirsys? The committee estimates that on average a
hospitalized patient is subject to at least oneicagidn error per day, and that at least a quartetl
medication-related injuries are preventable. Tharftial burden of preventable adverse drug events
(ADEs) on the United States health care systeralistantial. A conservative estimate of $3.5 billion
(2006 dollars) is spent annually due to in-hospitaventable ADES A care transition is the process of
shifting responsibility associated with a patientsvement between settings or level of Care.
Approximately half of all hospital related medicatierrors may be attributed to inefficient
communications at transitions of cére.

Transitions of care jeopardize the continued ammypf a patient's medication reginfefd.
Hospitalization places patients at risk for unitiemal discontinuation of evidence based therafuies
treatment or prevention of chronic disea$®Batients undergoing an additional transition o th
intensive care unit (ICU) are at a greater riskdiscontinuity in chronic medication ué.The
occurrence of unintended medication discrepantitdseaime of hospital admission has been estimated
to occur in greater than half of patieAtS8A prospective study by Cornish and colleagues assethe
accuracy of medication histories for all patiemtswimented to be using at least 4 medications tbat w
admitted from the community to a large teachingpitasin Toronto, CanadaThe original medication
history was obtained in the emergency departmeither a nurse, physician, or medical

resident/student. After admission, a pharmacisiyiplacy student or medical student obtained a



thorough medication history which was then compavi the original history. Discrepancies were
reviewed with the admitting medical team to appiaipty classify intentional and unintentional
changes. Of 150 patients included in the studydients were found to have at least one discrgpanc
(53.6%; 95% CI 45.7%-61.6%). A total of 140 disaegpies were identified, yielding a rate of 0.93
discrepancies per patient. Of the 140 discrepan8i€s.7%) were classified as severe. A similadgtu
by Gleason et al compared pharmacist obtained mtaolichistories after admission to histories
obtained by nursing and physician staff prior tision’® The proportion of patients with at least one
medication discrepancy was greater in this stu@946 1.2 discrepancies/patient [SD: 1.5]), but
discrepancies were not confirmed to be unintentiasan the study by Cornish et®df’

Inappropriate alteration of the medication regimpon admission and discharge from the
hospital is associated with adverse drug eventgpand health outcomés. Boockvar et al examined
the impact of care transitions on medication uggaitients admitted to 2 academic hospitals from 4
different nursing homesNursing home and hospital medical records werepeoed for 87 patients
(122 admissions) and reviewed by 2 physicianseatifly ADEs attributable to medication changes
during transitions of care. A mean of 3.1 mediaaiavere altered upon transition from the nursing
home to the hospital, which was greater than thetat were altered upon discharge back to the
nursing home (P<0.001). Of 71 bidirectional trarsfeviewed, ADEs attributable to medication
changes occurred during 14 (20%) of these tranafails? (50%) of these medication changes were
therapy discontinuations. These results suggesptteents are at risk of adverse health outcormes d
to inappropriate medication discontinuity followitrgnsitions of care between institutions.

Patients admitted to a hospital have been denaiadtto incur higher rates of unintended
discontinuations of medications treating chronkedises as compared to non-hospitalized pafients.
One population based cohort study evaluated tkeofisnintentional discontinuation in patients
undergoing 1 or more transitions of care. Patiemi® required to be continuous users for at least 1
year of at least 1 medication from 5 medicatiors®ds: statins, antiplatelets/anticoagulants,
levothyroxine, respiratory inhalers, and gastric auppressants. Compared with non-hospitalized
patients the odds of unintentional discontinuati@me increased in hospitalized patients without an

ICU stay [(statins: OR 1.33; 95% CI 1.29-1.37) ti@atelets/anticoagulants: OR 1.86; 95% CI 1.77-



1.97), (levothyroxine: OR 1.18; 95% CI 1.14-1.238&spiratory inhalers: OR 1.50; 95% CI 1.15-1.97),
and (gastric acid suppressants: OR 1.50; 95% @G}1.46)] and increased further in hospitalized
patients with an ICU stay [(statins: OR 1.48; 95¢%439-1.57), (antiplatelets/anticoagulants: OR12.3
95% CI 2.07-2.57), (levothyroxine: OR 1.51; 95%1C38-1.66), (respiratory inhalers: OR 1.84; 95%
Cl 1.10-3.08), and (gastric acid suppressants: BR; D5% CI 1.71-2.05)]. These results demonstrate
the disruptive impact one or more hospitalizatielated transitions of care may have on appropriate
medication use in elderly patierits.

National and International Focus on Medication Managiement During Care Transitions

The Joint Commission is an independent non-poofjanization responsible for the
accreditation and certification of health care oigations and programs in the United States. Tha Jo
Commission's 2014 Hospital National Patient Saabal 03.06.01 specifies the maintenance and
communication of accurate patient medication infation* Performance elements for this goal
emphasize the performance of comprehensive meaiicegconciliation proceduré§The Medicare
Prescription Drug, Improvement, and Modernizatian &f 2003 included legislation that provided
reimbursement under the newly created Medicare[P&t medication therapy management
programs? A year later eleven national pharmacy professiorganizations collaborated to provide a
widely applicable and reimbursable definition ofdivation therapy managemeéhit.

Medication reconciliation, a primary componentwddication therapy management, was later
defined by an expert panel representing the AmeRizarmacists Association and the American
Society of Health System Pharmacists in 280%n abbreviated version of the joint definitionteta
that medication reconciliation is the comprehensivaluation of a patient's medication regimen durin
any change in therapy in an effort to avoid ergorgiteractions, as well as to observe compliamck a
adherence patterns. A comparison of existing aadipus regimens should occur at every transition in
care during which the regimen is modifiédlhe use of pharmacists or other qualified heatthca
professionals for medication reconciliation purpodaring care transitions presents the potential fo
limiting medication errors and improving health @arnes:>2

The World Health Organization (WHO) introduced High 5's project in 2006 as an

international initiative responsible for the implentation and evaluation of five standard operating



procedures (SOP) for the improvement of five acdgsatient safety’ An SOP for medication
reconciliation entitled, " Medication Accuracy atafsitions in Care: SOP for Medication
Reconciliation" was developed in Canada and isénprocess of being implemented and evaluated in
the Netherlands. Results reported in 2013 fronuieeof the SOP in 12 Dutch hospitals indicated a
reduction in the proportion of elderly patientsiwtt least one unintentional medication discrepancy
upon admission from the emergency departrfieAn intervention consisting of a medication history
obtained by a pharmacy technician was associatidaveduced odds of at least one unintentional
medication discrepancy [OR 0.29; 95% CI = 0.23-Pc®@mpared with usual care involving a nurse or
physician obtained medication hist6fyComplete results and disclosure of the SOP isngldror
20157
Adherence and Persistence

The International Society for Pharmacoeconomics@utcomes Research (ISPOR)
Medication Compliance and Persistence Work Grodimel® compliance (synonym: adherence) as "the
extent to which a patient acts in accordance viighgrescribed interval and dose of a dosing
regimen™*® The ISPOR Work Group defines persistence as "tinatidn of time from initiation to
discontinuation of therapy". Persistence analysestmlso include a pre-specified limit on the numbe
of days allowed between refills before a patiendétified as non-persistefftPoor adherence to
evidence based therapy has been frequently docethanbutpatient populatiori§3? Non-persistence
and sub-optimal adherence prevents the full thestipbenefit of a drug from being realized and is a
cause of preventable adverse health outcomes ingluortality>*° Inappropriate medication taking
behavior increases resource utilization and tHeaisnortality, leading to parallel increases in
economic costs and burdens on the health carensgste®®
Lipid Lowering and Antihypertensive Therapy in Patients with Diabetes

The prevalence of diagnosed diabetes mellitusrttasased steadily from an age adjusted
2.8% of the United States non-institutionalized ydapion in 1980 to 6.4% in 202 Persons with
diabetes mellitus require appropriate lifestyle ametlication interventions to mitigate an elevaisid r
of microvascular and macrovascular complicatifdidanagement of dyslipidemia using statin therapy

is recommended regardless of baseline lipid leietmtients with cardiovascular disease (CVD) or in



those older than 40 years of age without CVD bat ttave at least one other CVD risk factor
identified** Statin therapy is also recommended in patientsatteayounger than 40 years of age having
multiple CVD risk factors or having a low densitydprotein (LDL) cholesterol level of greater than
100 mg/dL#* The risk of major vascular events and all causgatity is reduced in patients with
diabetes using statin therapy for either primargamondary preventidi:** In a meta analysis of over
18,000 patients with diabetes from 14 randomizadrotied trials, statin therapy was associatedh it
9% reduction in all-cause mortality and a 13% prtipoal reduction in vascular mortality for each
millimole per liter reduction in low density lipoptein (LDL) cholesterof?

Inhibitors of the renin-angiotensin system (RAR) preferred as initial therapy for
hypertension in patients with diabetes due to aattreductions in the occurrence of microvascular
and macrovascular outconi®sThe HOPE study evaluated the use of the ACE itgrilbamipril
compared with placebo in 3,577 patients with dies&tPatients were at least 55 years of age and had a
history of a prior cardiovascular event or at leas current cardiovascular disease risk factoe. Th
study was stopped before completion due to proredibeneficial effects in patients receiving
ramipril. The combined primary outcome of myocakdiéarction, stroke, or cardiovascular death was
reduced by 25% (95% CI: 12-36; P=0.0004), totaltality was reduced by 24% (95% CI: 8-37%) and
nephropathy was also reduced by 24% (95% CI: 3-4896,027)f®> The 2014 Standards of Diabetes
Care recommend that patients with diabetes anafire®d blood pressure greater than 140/80 mmHg
have prompt initiation and titration of pharmacatag antihypertensive therapy. Pharmacological
therapy should include either an angiotensin-enz{¢a@E) inhibitor or an angiotensin receptor blocker
(ARB), substituting one class for the other if fist is not tolerated”

Purpose and Hypothesis

The purpose of this study was to investigate titential disruptive impact that hospitalization
may have on medication persistence with criticaflizetion classes used in patients that have diabete
In patients with confirmed use of at least onenaf tlasses of these evidence based medications, we
determined if the prescriptions were renewed indBeay period after discharge. Furthermore, we
compared the medication discontinuation rate optiazed patients to that of matched patients that

were not hospitalized. Additionally, we measureel ithte of treatment duplication (multiple



prescriptions from the same medication class) betwespitalized and non-hospitalized patients. The
effect of time to follow up with a primary care #igian on persistence was also examined among
patients that were hospitalized.

We expected hospitalization to affect a patiemeslication regimen and medication taking
behavior due to multiple system related factorsotJarrival to the hospital, a medication history is
obtained by emergency room staff. The completeardsaccuracy of medication histories obtained
prior to or during the admission process are likelyary depending upon systemic factors including
hospital policies, procedures and staffing modeiging the course of a hospitalization, medications
treating chronic diseases are often suspendedemdnedications are added in the course of managing
the acute inpatient episode. Substitution of hasformulary medications will also occur for non-
formulary drugs that a patient uses at home. Aatiemqt is prepared for discharge, new medications
added during the hospitalization may be continuedi@ronic medications may be resumed depending
upon the patient's condition. Hospital formularygh should be changed back to the patient's otigina
medication used prior to admission. Effective comioation between hospital practitioners, the patien
and/or caregiver, and outpatient practitionerseisassary to reduce the risk for introduction obesr
into the medication regimen.

A patient's medication taking behavior, encompagaidherence and persistence with
prescribed therapies, is expected to be impactedhmspitalization. The Necessity Concerns
Framework proposes that patient perceptions of thwen need for treatment and the potential for
adverse consequences related to treatment aresihecategories of beliefs that influence patient
adherencé® Application of this conceptual framework in resgrastudies has shown that adherence
increases with parallel increases in perceived ssitgeof therapy and decreases in concerns reggardin
the medicatiorf® The experience of acute hospitalization may iaseea patient's perceived disease
severity, therefore increasing the likelihood olfi@dknce after discharge. Alternatively, it is pblgsi
that a patient attributes a hospitalization tock laf effect or adverse consequence of their méidica
leading to decreased adherence after discharge.

Evidence based medications for which persistendgr@atment duplication were assessed in

this study consisted of two classes, LLDs and Adtthitors/ARBs. ACE inhibitors and ARBs are



used interchangeably in therapy and were regarsledsangle class of medications for this study. We
hypothesized that hospital admission would increélsdikelihood that disruption of a patient's
medication regimen would occur, thus causing uniimeal discontinuation of evidence based
therapies as well as duplications of drug therapgrior. We expected disruption to occur because of
the many systematic modifications made to the naidio regimen during hospitalization, and due to
absent or sub-optimal hospital based medicaticon@liation practices. We expected that along with
hospitalization, a longer time to follow up wittpemary care provider would be associated with a
decreased likelihood of persistence due to a lotiger until potential resolution of errors introdat

into the medication regimen.



CHAPTER 2

METHODOLOGY

The study was conducted as a matched retrospedhat study of patients with diabetes
enrolled with a commercial insurer. The data fis tksearch were provided by Blue Cross Blue Shield
of Rhode Island and contained information on emetit and demographics, as well as pharmacy and
medical claims. Patients were at least 18 yeasgefas of July 1, 2008 and continuously enrolleafo
least 12 months between the period of July 1, 20@Becember 31, 2009. All patients were confirmed
to have a diagnosis code for diabetes. Interndtidaasification of diseases ninth edition (ICD-9)
codes from the 2009 Healthcare Effectiveness Daddformation Set (HEDIS) were used to
identify the presence of any code indicative obéias or a diabetes related complication (AppeAdlix
throughout each patient's period of continuous lememt. In addition, all patients were confirmed to
have used a medication for the treatment of diabelefined as the presence of a claim for anyaral
injectable hypoglycemic agent during each patiemrginuous enroliment period. Patients were
identified using unique identification (ID) numbensthe data file; IDs without associated values fo
date of birth, gender, and eligibility were remo¥ean the study population.

Defining Exposure

The primary outcome of interest in this study wesodds of persistence with chronic
medications between hospitalized and non-hospé@lpatients. The exposed group in this study
consisted of patients hospitalized for at leastright (claims from two consecutive days) and for n
greater than 30 days. Patients with multiple hadigations during the study period were excludeanfr
the patient population. Current Procedural Ternuggl(CPT) codes from the 2009 HEDIS (Appendix
B)*’ were used to identify acute and non-acute inpaéipisodes of care representative of an eligible
hospitalization. Coding for emergency departmesitviwas not included in the definition of an ligi
hospitalization. Patients with an eligible hospitafion stay were required to have 180 days of
continuous enrollment prior to the date of admissiad 60 days after the date of hospital discharge.

Medication use was evaluated prior to hospital adian with two medication classes (Appendix C),



angiotensin-converting enzyme (ACE) inhibitors/antgnsin receptor blockers (ARB) and lipid
lowering drugs (LLD). Inclusion into the final coft@f exposed patients required at least two
prescription claims for one or more medicationsimitone of these classes during the 180 days farior
hospitalization. Separate analyses were conduotegbich medication class, allowing for patientbéo
included in each analysis group if medications fitwoth classes were used during the baseline period.
Unexposed Matching

Patients without a hospital stay during the stpeod were unexposed and a source of
potential matches for eligible exposed patientsspitalized patients were initially linked with all
potential matches that consisted of non-hospitdljzatients of the same age and gender. Of these
potential matches, patients with an enrollmentqakthat encompassed the entire 180 day baseline and
60 day post hospitalization period of the linkeg@sed patient were retained. Matched patients were
assigned an index date identical to the relevaspitalized patient, with entirely coincident baseli
and follow up periods. At least two prescriptioniois for the same study medication class useddy th
hospitalized patient were confirmed for potentia@taimes during the 180 day baseline period. Thé fina
matching criterion was a comorbidity score caledatising weights as described by Charlson et al and
updated ICD-9 codes identified by Quan e¥4?.A comorbidity score was calculated for all patient
and the distribution of scores was then divided four groups. Since all patients had previouskgrbe
confirmed to have a diagnosis of diabetes, the cbitity score was calculated without diabetes
diagnoses. Diabetes related complications weildrstiuded in the score calculation. The majority o
patients had a minimal comorbid disease burderttandistribution of the comorbidity score was
highly skewed (Appendix D). Due to the skewed disttion, the four groups were created as follows:
no comorbid disease (score of 0), one comorbidagiséscore of 1), patients with two comorbid
diseases (score of 2), and three or more comoibéhses (score of >3). Potential matches with the
same comorbidity grouping as the hospitalized patieet all criteria and were eligible to be matched
Matches were assigned to hospitalized patientsameao one basis without replacement. If a
hospitalized patient had multiple eligible matchesandom number was assigned to all potential
matches and a final match was assigned at random.

Defining Persistence



Persistence was previously defined by the ISPORK@foup as "the duration of time from
initiation to discontinuation of therapy®.In our study all patients were required to havieast two
claims during the baseline period prior to the inHespitalization, and a third claim during theldéat
up period was indicative of continued use of thelicegion (persistence). Persistence was evaluated a
a dichotomous variable during the 60 day periobb¥ahg the discharge date of the hospitalized and
matched patients. Patients without a prescriptiaimcfor any medication during this period were
excluded from the analysis. Persistence was coafirifithe patient filled a prescription during e
day follow up period for any medication within teidy drug class of interest. Patients withouténel
for such a prescription were classified as nonipinst.

Defining Therapeutic Duplication

Therapeutic duplication was evaluated as a dichots variable during the 60 day period
following the discharge date of the hospitalized aratched patients. Patients without a prescription
claim during the follow up period were excludednfrthis analysis. Therapy was considered duplicated
if claims were identified for greater than one gameedication name within a study drug class (ACE
inhibitors/ARBs and LLD) during the post dischapgriod. Changes in dosing were not captured as
therapeutic duplications. To reduce the potentinhfisclassifying patients using ACE inhibitors/ARB
who were intentionally prescribed multiple medioas within the same class, patients confirmed to
have been on multiple medications within the salasscduring the baseline period were excluded. To
reduce the potential for misclassifying patientsmionally prescribed multiple LLD, therapeutic
duplication was evaluated only for statins. Stasiressthe most commonly used class of LLD and there
is no clinical situation in which duplicating statiherapy is considered appropridte.

Potential Confounding Variables

Age Parametric assessment of the relationship bettheecontinuous variable age and the
dichotomous variable persistence for patients uai@g inhibitors/ARBs depicted a non-linear
relationship. Age was coded categorically into ¢hgeoups for the ACE inhibitor/ARB analysis. Age
was determined to have a linear relationship witsistence for patients using lipid lowering drugs,
and was coded as a continuous variable.

Gender Analyzed as a dichotomous variable.

10



Comorbidity Score Categaryrhe comorbidity score was constructed based UpBR9 coding from

the 180 day baseline period. This variable waspgdunto four categories due to its skewed
distribution. The comorbidity score grouping wasdigs a criteria for matching non-hospitalized
patients to hospitalized patients.

Days' SupplyPatients in this study that received prescrigioontaining a supply of medication for a
period greater than the duration of follow up (&ys) were at risk for misclassification of persiste.
Hospitalized patients may have additional medicata@maining from a prescription filled prior to
hospitalization, and non-hospitalized patients mmaye filled a prescription for a duration greatert

60 days that is not due for a refill during thddal up period. Duration of prescription supply.days,
was evaluated during the 180 day baseline periddranhuded in the analysis as a dichotomous
variable to control for the potential of misclagsition.

Individual Comorbid Disease§ he presence of comorbid cardiovascular, respiyand mental health
disease was identified during the 180 day basel@an®d using ICD-9 codes from the HEDIS 2009
(Appendix D). The cardiovascular disease variablmprised codes for congestive heart failure,
coronary artery disease, myocardial infarction, ater forms of ischemic and non-ischemic
cardiovascular disease. Respiratory disease coeapeizdes for bronchitis, emphysema, and asthma.
Mental health disorders included codes for schizepia, bipolar disorder, major depression, paranoia
psychosis, anxiety, autism, panic disorder, pef#grdisorders, acute stress disorders, impulserobn
disorders, anger/aggression disorders, attentificitddisorder, and attention hyperactivity deficit
disorder.

Diabetes Medication Regimenhe outpatient diabetes medication regimen watueted during the
180 day baseline period and considered a surrégiaseverity of disease. This variable was clasdifi
categorically into four groups: no outpatient di@semedication use, monotherapy (no insulin use),
polytherapy (no insulin use), and any insulin use.

Medication regimen complexityRegimen complexity was calculated as the nurobenique chemical
entities dispensed in the 180 day timeframe precgtiie index hospitalization. This variable was
determined to have a non-linear relationship wetsistence for both medication classes and wasdcode

categorically into four groups based upon quartiiedistribution.
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Time Until Primary Care Physician Visithe time until follow up with a primary care phyisic was
assessed only for hospitalized patients duringg€hday post discharge period and presented as
frequencies and percentages.

Statistical Analysis:

Statistical Analysis Software Version 9.3 was usednalyze the data. Patient characteristics
of the final matched cohort were stratified by esqpe (hospitalization) status and frequency
distributions were presented separately for easttystnedication class in Table 1 (ACE
inhibitors/ARBs) and Table 1a (LLD). The Pearson €juare test was used to assess differences
between groups. Continuous variables were compasied t-tests for independent samples or
Satterthwaites approximate t-test for variable®witequal variance. The bivariate relationships
between hospitalization and persistence, and betater potential confounders and persistence, are
presented in Table 2 (ACE inhibitors/ARBs) andeata (LLD). Frequencies and percentages of
patients persisting were presented for each cleisiit as well as the bivariate odds of persistenc
Results with a P-value < 0.05 were statisticaliyndicant.

Risk factor logistic regression modeling was emgptbto construct two multivariable models,
one each for the matched cohort of patients usi@g Ahibitors/ARBs (Table 3a) and the matched
cohort of patients using lipid lowering drugs (T@BBb). Hospitalization was the risk factor of it
with all other independent variables considereepizdl confounders of the relationship with the
dependent variable of persistence. Assessmenbfimearity was conducted with all possible
confounders for each model. The presence of caltiewas determined based upon identifying a
large condition index (>20) with multiple variablassociated with a proportion of variance > 0.59. T
evaluate if inclusion of interaction terms improuéé model fit, the log likelihood test was used to
compare models with interaction terms to reducedet® The difference in the —2 log statistic betwee
the full model and the reduced model was compardke corresponding Chi square statistic with the
degrees of freedom equal to the difference in thaber of terms in the models. The full model
contained all possible two-way interactions, afzhekwards elimination process was used to remove
the least significant interaction terms at eacp.9Bnly interaction terms with a p-value < 0.10 ever

retained in the final model.
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A confounding assessment was performed for alabtes. The hospitalization beta estimate
for the full model with all variables and retainietkraction terms was used as the standard for
comparison. The effect each variable had on thpitadization beta estimate was evaluated by
comparing the full model estimate to the estimedenfa reduced model containing all items except for
the variable being assessed (Appendix E).. Variathlat conferred a significant change in the beta
estimate when eliminated from the model were idiedtias confounders that were important for
inclusion in the final multivariable model. The dirmultivariable model for each drug class contdine
all significant confounders, interaction terms, atiger variables deemed clinically important fordab
inclusion. The c statistic and the Hosmer-Lemespgowdness of fit test assessed the calibrationeof th
final model (Appendix F).

Therapeutic duplication within each medicatiorsslaas evaluated and presented as
frequencies and percentages. The frequencies aodnpages of hospitalized patients persisting as a
function of time to follow up with a primary carequider were presented separately (Table 4 andeTabl
4a). Time to follow up with a primary care provideas dichotomized at the median, which was the

same for both hospitalized ACE inhibitor/ARB usarsl LLD users.
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CHAPTER 3

RESULTS

A total of 8,891 patients met all inclusion crige(Figurel) and were subsequently evaluated
for selection into the exposed cohort of hospitipatients (Figure 2). Of these patients, 270 were
confirmed to have had an eligible hospitalizatiorcdnjunction with the use of medication from adstu
drug class prior to admission (207 ACE inhibitorRs and 206 LLD). A total of 7,421 patients
without a hospitalization were assessed for matchligibility with patients in the exposed cohdkh
equal number of unique non-hospitalized patientewassigned as matches for the two cohorts of
hospitalized patients. After matching was perforpaad/ exposed or unexposed patients without at
least one prescription claim in the follow up pdrigere excluded prior to analysis. The final colodrt
patients using ACE inhibitors/ARBs that were evéddafor persistence consisted of 201 exposed and
199 unexposed individuals. The final cohort ofigrais using lipid lowering drugs that were evaldate
for persistence consisted of 202 exposed and 18%9pased individuals.

ACE Inhibitor/ARB Baseline Characteristics

The analytic cohort of ACE inhibitor/ARB users wammprised of 400 patients (Table 1). The
exposed and unexposed patients did not differ emtatched variables of age, gender and comorbidity
index grouping. The mean (standard deviation [2IQp of hospitalized patients and non-hospitalized
patients was 56.84 [7.82] and 56.86 [7.80], respelgt There was no statistically significant diéace
in age between groups for each stratum (P > 0.84&lf 3 stratum). The majority of the cohort was
male, 66.67% of the hospitalized group of patiemd 65.83% of the non-hospitalized group
(P=0.859). The prevalence of respiratory, cardioulss and mental health disease was significantly
different between groups. Patients with respiratbsgase made up 13.93% of the hospitalized group
and 7.04% of the non-hospitalized group (P=0.0R&}ients with cardiovascular disease made up
24.38% of the hospitalized group and 14.57% ofiihve-hospitalized group (P=0.013). Patients with
mental health disorders made up 16.92% of the taidg@d group and 8.54% of the non-hospitalized

group (P=0.012). Variability existed between growith regards to outpatient diabetes medication
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regimens used during the baseline period. Of halgd patients, 7.46% were using no diabetes
medication, 24.38% were using monotherapy withostilin, 39.80% were using polytherapy without
insulin, and 28.36% were using insulin alone occombination with other medications. Of non-
hospitalized patients, 5.53% were using no diabetedication (P=0.433), 38.69% were using
monotherapy without insulin (P=0.002), 35.18% wesang polytherapy without insulin (P=0.339), and
20.60% were using insulin alone or in combinatiathwther medications (P=0.071). Hospitalized
patients utilized a significantly larger mean numbfkedistinct medications (10.79 [4.81]) compared
with non-hospitalized patients [(8.66 [4.40]), (P3@L)]. Finally, 19.10% of unexposed patients had a
prescription supply of greater than 60 days congaii¢gh 10.45% in the exposed group. Non-
hospitalized patients were significantly more liké have a prescription supply of greater tham&gs

(P=0.0147).
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Figure 1 Eligibility Flowchart: Application of Incl usion and Exclusion Criteria
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Figure 2  Exposure Classification Flowchart
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Table 1

Basdiharacteristics of Hospitalized and
Non-hospitalized Patients Using ACE inhibitor/ARB Therapy

Characteristic Hospitalized Non-Hospitalized P Value
(Exposed) N =201 | (Unexposed) N =199
% (n) % (n)

Days' Supply % (n) % (n) P Value
<60 days 89.55 (180) 80.90 (161) 0.0147*
>60 days 10.45 (21) 19.10 (38)

Mean Age [SD] P Value
Age, years 56.84 [7.82] 56.86 [7.80] 0.981
% (n) % (n) P Value

Age <59 53.73 (108) 53.77 (107) 0.994

59 <Age <63 23.88 (48) 24.12 (48) 0.955

63 <Age 22.39 (45) 22.11 (44) 0.947
Gender % (n) % (n) P Value

Male 66.67 (134) 65.83 (131) 0.859
Female 33.33 (67) 34.17 (68)

Comorbid Diseases % (n) % (n) P Value
Asthma/COPD 13.93 (28) 7.04 (14) 0.025*
Cardiovascular 24.38 (49) 14.57 (29) 0.013*
Mental Health 16.92 (34) 8.54 (17) 0.012*
Diabetes Drug % (n) % (n) P Value

Regimen
No Drug Therapy 7.46 (15) 5.53 (11) 0.433
Monotherapy 24.38 (49) 38.69 (77) 0.002*
Polytherapy 39.80 (80) 35.18 (70) 0.339
Any Insulin Use 28.36 (57) 20.60 (41) 0.071
Regimen Complexity Mean [SD] Number P Value
10.79 [4.81] 8.66 [4.40] <0.001
% (n) % (n) P Value
<6 Medications 10.45 (21) 24.12 (48) <0.001*
6-8 Medications 22.89 (46) 331.7 (66) 0.022*
9-12 Medications 35.82 (72) 27.64 (55) 0.079
12< Medications 30.85 (62) 15.08 (30) <0.001*

Comorbidity Index? % (n) % (n) P Value
No Comorbid 55.72 (112) 55.28 (110) 0.929

Diseases
Comorbidity Score = 1 15.92 (32) 15.58 (31) 0.925
Comorbidity Score = 2 15.42 (31) 16.08 (32) 0.857
Comorbidity Score 3 12.94 (26) 13.07 (26) 0.969

2Charlson comorbidity indéxwith updated weighting from Quan et‘al
P value is significant. Pearson chi-square testugas for all categorical comparisons and
the independent t-test for continuous variablgh efual variance or Satterthwaites

approximate t-test if variance was unequal




Lipid Lowering Drug Baseline Characteristics

The analytic cohort of lipid lowering drug userasncomposed of 401 patients (Table 1a). The
exposed and unexposed patients did not differ emtatched variables of age, gender and comorbidity
index grouping. The mean (standard deviation [2I0f of hospitalized patients and non-hospitalized
patients was 57.16 [7.42] and 57.23 [7.39], respelgt (P=0.927). Males made up 66.83% of the
hospitalized group of patients and 68.34% of the-naspitalized group (P=0.747). The prevalence of
respiratory and mental health disease was significdifferent between groups. Patients with
respiratory disease made up 14.85% of the hosmthljroup and 7.04% of the non-hospitalized group
(P=0.012). Patients with mental health disorderdeng 17.33% of the hospitalized group and 8.04%
of the non-hospitalized group (P=0.005). Cardioutsscdisease was unbalanced between groups but
the difference was not statistically significanatients with cardiovascular disease made up 26 @4%
the hospitalized group and 18.59% of the non-hakpéd group (P=0.067). Significantly more non-
hospitalized patients utilized single drug outpatidiabetes regimens, whereas significantly more
hospitalized patients utilized regimens involvingtiilin. Of hospitalized patients, 6.44% were using
diabetes medication, 27.23% were using monothenathyut insulin, 36.63% were using polytherapy
without insulin, and 29.70% were using insulin @t in combination with other medications. Of non-
hospitalized patients, 6.03% were using no diabmtedication (P=0.867), 38.69% were using
monotherapy without insulin (P=0.145), 35.18% wasang polytherapy without insulin (P=0.991), and
18.59% were using insulin alone or in combinatiathwther medications (P=0.009). Hospitalized
patients utilized a significantly larger mean numbfdistinct medications (10.79 [4.54]) compared
with non-hospitalized patients [(8.28 [3.73]), (P3@L)]. Significant differences between groups also
existed across all four stratum of the regimen derity variable. Finally, 15.58% of unexposed
patients had a prescription supply of greater B@&days compared with 9.90% in the exposed group,

this difference was not statistically significaR=0.088).
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Table 1a Basdifharacteristics of Hospitalized and
Non-hospitalized Patients Using Lipid Lowering DrugTherapy
Characteristic Hospitalized Patients Non-Hospitalized P Value
(Exposed) Patients (Unexposed)
N =202 N =199
% (n) % (n)
Days' Supply % (n) % (n) P Value
<60 days 90.10 (182) 84.42 (168) 0.088
>60 days 9.90 (20) 15.58 (31)
Age, years Mean Age [SD] P Value
57.16 [7.42] | 57.23 [7.39] 0.927
Gender % (n) % (n) P Value
Male 66.83 (135) 68.34 (136) 0.747
Female 33.17 (67) 31.66 (63)
Comorbid Disease$ % (n) % (n) P Value
Asthma/COPD 14.85 (30) 7.04 (14) 0.012*
CVD 26.24 (53) 18.59 (37) 0.067
Mental Health Diagnosis 17.33 (35) 8.04 (16) 6:00
Diabetes Regimen % (n) % (n) P Value
No Drug Therapy 6.44 (13) 6.03 (12) 0.867
Monotherapy 27.23 (55) 38.69 (77) 0.0145*
Polytherapy 36.63 (74) 36.68 (73) 0.991
Any Insulin Use 29.70 (60) 18.59 (37) 0.009*
Regimen Complexity Mean [SD] Number P Value
10.79 [4.54] 8.28 [3.73] <0.001
% (n) % (n) P Value
<6 Medications 6.93 (14) 23.12 (46) <0.001*
6-8 Medications 25.25 (51) 35.68 (71) 0.023*
9-12 Medications 38.12 (77) 27.14 (54) 0.019
12< Medications 29.70 (60) 14.07 (28) <0.001*
Comorbidity Index? % (n) % (n) P Value
No Comorbid Diseases 52.97 (107) 53.27 (106) 953.
Comorbidity Score = 1 11.88 (24) 11.56 (23) 20.9
Comorbidity Score = 2 17.33 (35) 16.58 (33) 43.8
Comorbidity Score 3 17.82 (36) 18.59 (37) 0.841
2Charlson comorbidity indékwith updated weighting from Quan ef‘al
" P value is significant. Pearson chi-square testusas for all categorical comparisons and the
independent t-test for continuous variables witha variance or Satterthwaites approximate|t-
test if variance was unequal
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Bivariate Odds of Persistence with ACE Inhibitors/ARBs

The bivariate relationship between the dependanable, persistence with ACE
inhibitors/ARBs and all other variables are presdrds odds ratios with 95% confidence intervals (OR
[95% CI]) (Table 2). Hospitalization, the risk factof interest, was associated with a decreased
likelihood of persistence that did not attain st&tal significance (0.733 [0.385 - 1.398]). Pattien
receiving a prescription supply of greater thardé9s had a significantly decreased odds of persiste
with study medication than those with supplies tbss 60 days (0.195 [0.098 - 0.392]). The mean
(mean [standard deviation]) age of patients thadiped (57.02 [7.81]) was greater than thosedtthat
not (55.38 [7.63]). Increasing odds of persistamas observed within each age stratum, but none were
significant. Gender was not associated with a ceamghe likelihood of persistence. Patients with
comorbid respiratory disease were slightly morelliko persist (1.589 [0.469 - 5.386]), whereas
patients with a comorbid mental health diagnosisevetightly less likely to persist (0.701 [0.293 -
1.673]). Comorbid cardiovascular disease was rsmcsated with a change in the likelihood of
persistence. The odds of persistence relativetierga taking no medication for their diabetes was
increased in those using single drug therapy (3[098B4 - 11.454]) and in patients using any insuli
(1.600 [0.458 - 5.585]) but unchanged in thosegigiultiple drug therapy. The mean number of
distinct medications used during the baseline penias not different between persistent (9.718
[4.759]) and non-persistent patients (9.833 [4.xr(Bimilarly, there were no differences in odds of
persistence between the four stratum of regimerptexty. Relative to patients with a comorbidity
score of 0, those with a comorbidity score of 589.[0.566 - 4.187]) or 2 (1.957 [0.656 - 5.832{ka
non-significantly increased odds of persistenceoforbidity score of 3 or greater was not assodiate

with a change in the likelihood of persistence.
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Table 2 Risk of Non-persistence with ACE InhibitorARB Therapy Post Hospitalization
Associated with Patient Demographic and Clinical Chracteristics:

Bivariate Analyses

1)

1)

Characteristic Persistent Non-persistent Odds Ratio

(N =358) (N=42) (95% CI)

% (n) % (n)
Not Hospitalized 90.95 (181) 10.05 (18) Reference
Hospitalized 88.06 (177) 11.94 (24) 0.733 (0.385 - 1.39¢
Days' Supply % (n) % (n) Odds Ratio (95% CI)
<60 days 88.27 (316) 59.52 (25) Reference
>60 days 11.73 (42) 40.48 (17) 0.195* (0.098 - 0.39}
Age, years Mean Age [SD] P Value

57.022 [7.813] 55.381 [7.635] 0.197

% (n) % (n) Odds Ratio(95% CI)
Age <59 57.23 (187) 66.67 (28) Reference
59 <Age <63 24.58 (88) 19.05 (8) 1.647 (0.721 - 3.76
63 <Age 23.18 (83) 14.29 (6) 2.071 (0.826 - 5.19]
Gender % (n) % (n) Odds Ratid95% CI)
Male 66.20 (237) 66.67 (28) Reference
Female 33.80 (121) 3.33 (14) 1.02 (0.518 - 2.011)
Comorbid Disease$ % (n) % (n) Odds Ratio(95% CI)
Asthma/COPD 10.89 (39) 7.14 (3) 1.589 (0.469 -86)3
Cardiovascular 19.55 (70) 19.05 (8) 1.033 (0.483829)
Mental Health 12.29 (44) 16.67 (7) 0.701 (0.293673)
Diabetes Regimen % (n) % (n) Odds Ratio(95% CI)
No Drug Therapy 6.15 (22) 9.52 (4) Reference
Monotherapy 33.24 (119) 16.67 (7) 3.091 (0.834.4%4)
Polytherapy 36.03 (129) 50.00 (21) 1.117 (0.35(568)
Any Insulin Use 24.58 (88) 23.81 (10) 1.600 (0.458585)
Regimen Complexity Mean Number [SD] P Value

9.718 [4.759] 9.833 [4.509) 0.881

% (n) % (n) Odds Ratio (95% CI)
<6 Medications 17.04 (61) 19.05 (8) Reference
6-8 Medications 28.21 (101) 26.19 (11) 0.830 (0.327179)
9-12 Medications 32.12 (115) 28.57 (12) 0.796 (9.30.051)
12< Medications 22.63 (81) 26.19 (11) 1.036 (0.32330)
Comorbidity Index” % (n) % (n) Odds Ratio (95% CI)
CMI Score =0 54.75 (196) 16.67 (26) Reference
CMI Score =1 16.20 (58) 11.90 (5) 1.539 (0.56618%)
CMI Score = 2 16.48 (59) 9.52 (4) 1.957 (0.656332)
CMI Score >3 12.57 (45) 16.67 (7) 0.853 (0.348 - 2.088)

®Reference is the absence of the comorbidity

b Charlson comorbidity indé%with updated weighting from Quan efal

" P value is significant. Pearson chi-square testd & categorical variables and independent
tests for continuous with equal variance or Sdttesites approximate t-test if unequal variance
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Bivariate Odds of Persistence with Lipid LoweringDrugs

The bivariate relationship between the dependanable, persistence with lipid lowering
drugs, and all other variables are presented as iadivs with 95% confidence intervals (Table 2a).
Hospitalization was not associated with any alterain the likelihood of persistence (0.918 [0.491
1.719]). Patients receiving a prescription supglgreater than 60 days had a significantly decrtase
odds of persistence with study medication thanehaish supplies less than 60 days (0.167 [0.083 -
0.337]). The mean (mean [standard deviation]) dgmbtents that persisted (57.20 [7.25]) was
equivalent to those that did not persist (57.168B. Gender was not associated with a changeein th
likelihood of persistence. Patients with comortgdpiratory disease were slightly less likely tospstr
(0.754 [0.299 - 1.901]). Comorbid mental healtltardiovascular disease were not associated with a
change in the likelihood of persistence. The oddseesistence relative to patients taking no meiaioa
for their diabetes was increased in those usingjesitrug therapy (2.750 [0.864 - 8.756]), multigheig
therapy (1.912 [0.635 - 5.759]) and in patientagsiny insulin (1.955 [0.610 - 6.258]). The mean
number of distinct medications used during the lnas@eriod was not different between persistent
(9.49 [4.40]) and non-persistent patients (9.98(QB. Compared to patients using the fewest nurober
medications (less than 6) during the baseline getlwse in each other stratum of regimen complexit
(6-8, 9-12, 12< medications) were more likely togis. Relative to patients with a comorbidity ico
of 0, those with a comorbidity score of 1 or 2 laacbmparable likelihood of persistence. A
comorbidity score of 3 or greater was associatel an increased odds of persistence (1.891 [0.698 -

5.122]).
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Table 2a Risk of Non-persistence with Lipid Lowerig Drug Therapy Post
Hospitalization Associated with Patient Demographi@nd Clinical Characteristics:
Bivariate Analyses

Characteristic Persistent Non-persistent Odds Ratio
(N =357) (N =44) (95% CI)
% (n) % (n)
Not Hospitalized 89.45 (178) 10.55 (21) Reference
Hospitalized 89.05 (179) 10.95 (23) 0.918 (0.491-1.719
Days' Supply % (n) % (n) Odds Ratio (95% CI)
<60 days 90.48 (323) 61.36 (27) Reference
>60 days 9.52 (34) 38.64 (17) 0.167* (0.083 - 0.337
Age, years Mean Age [SD] P Value
57.20 [7.25] | 57.16 [8.58] 0.978
Gender % (n) % (n) Odds Ratio (95% CI)
Male 67.23 (240) 70.45 (31) Reference
Female 32.77 (117) 29.55 (13) 1.162 (0.586 -2.304
Comorbid % (n) % (n) Odds Ratid' (95% CI)
Disease$
Asthma/COPD 10.64 (38) 13.64 (6) 0.754 (0.299 61)9
CVvD 22.41 (80) 22.73 (10) 0.982 (0.465 - 2.074
Mental Health 12.61 (45) 13.64 (6) 0.913 (0.3@5283)
Diabetes Regimen % (n) % (n) Odds Ratio (95% CI)
No Drug Therapy 5.60 (20) 11.36 (5) Reference
Monotherapy 33.89 (121) 25.00 (11) 2.750 (0.864/58)
Polytherapy 36.41 (130) 38.64 (17) 1.912 (0.63559)
Any Insulin Use 24.09 (86) 25.00 (11) 1.955 (0.6 B0258)
Regimen Mean Number [SD] P Value
Complexity 9.49 [4.40] 9.98 [3.80] 0.434
% (n) % (n) Odds Ratio (95% CI)
<6 Medications 15.97 (57) 6.82 (3) Reference
6-8 Medications 29.97 (107) 34.09 (15) 2.663 (0.79(582)
9-12 Medications 32.77 (117) 31.82 (14) 2.273 (8.68.227)
12< Medications 21.29 (76) 27.27 (12) 2.999 (0.800125)
Comorbidity % (n) % (n) Odds Ratio (95% CI)
Index”
CMI Score =0 59.09 (26) 52.38 (187) Reference
CMI Score = 1 13.64 (6) 11.48 (41) 0.950 (0.36745B)
CMI Score = 2 15.91 (7) 17.09 (61) 1.212 (0.5093P)
CMI Score >3 11.36 (5) 19.05 (68) 1.891 (0.698 - 5.122

*Reference is the absence of the comorbidity

® Charlson comorbidity indé%with updated weighting from Quan efal

" P value is significant. Pearson chi-square testusas for all categorical comparisons and th
independent t-test for continuous variables witha variance or Satterthwaites approximate t
test if variance was unequal
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Multivariable Logistic Regression Model: ACE Inhibitor/ARB Cohort

The results of a multivariable logistic regressamalysis of the effect of hospitalization on
persistence with ACE inhibitor/ARB therapy, adjuster relevant confounders and interaction terms,
are presented in Table 3. Collinearity was not tbbatween any of the independent variables assessed
for inclusion into this model. A single interactiterm between the risk factor (hospitalization) and
cardiovascular disease met criteria and was indlud¢he final model. After adjusting for all potet
confounders and the interaction between hospitaizand cardiovascular disease, the beta coefficie
representing the relationship between hospitabpadind persistence was significant (-0.931
[P=0.0283]). Due to the inclusion of an interactierm in the model, the odds of persistence in
hospitalized patients relative to non-hospitalipatients are presented separately for individuéls w
and without cardiovascular disease. Patients tleag Wwospitalized and had cardiovascular disease had
an increased odds of persistence relative to gattbat were not hospitalized that had cardiovascul
disease (2.052 [0.384-10.972)]. Patients that Wespitalized and did not have cardiovascular deseas
were significantly less likely to persist compawith patients that were not hospitalized and dit no
have cardiovascular disease (0.394 [0.171-0.906p.only other significant term in the final model
was the duration of prescription supply. Patieateiving a prescription supply of greater than &sd
were less likely to have persisted (0.127 [0.05280]) compared with those with a supply of 60 days
or less.

Assessment for confounding involved comparisothefbeta coefficient and P-value for
hospitalization from the final model with the betzefficient and P-value obtained from a reduced
model absent the potential confounder of interésiibstantial change upon variable removal was
indicative of confounding. Duration of prescriptisapply impacted a large magnitude change in the
beta coefficient upon removal from the model. Piigsion supply was also significantly associated
with hospitalization, and as a result was iderdifis a confounder. Through this same process, the
diabetes regimen and medication regimen complexitiables were also identified as confounders.
The inclusion of all other variables in the modelswletermined necessary to adjust for differenctes i

baseline characteristics and due to clinical ingose.
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Table 3

Influence of Hospitalization on Persistence with AE Inhibitor/ARB Therapy:
Results of a Multivariable Logistic Regression Mode

Characteristic Beta Standard | Odds Ratio(95% CI)
Coefficient Error
Not Hospitalized - - Reference
Hospitalized -0.931* 0.425 -
Hospitalized (Cardiovascular disedse) - - 2.052 (0.384 - 10.972
Hospitalized (No cardiovascular disedse - - 0.394* (0.171 - 0.906)
Days' Supply Odds Ratio (95% CI)
<60 days - - Reference
>60 days -2.067* 0.418 0.127* (0.056 - 0.28Y)
Age, years Odds Ratio(95% CI)
Age <59 - - Reference
59 <Age <63 0.580 0.470 1.787 (0.711 - 4.491)
63 <Age 1.000 0.529 2.719 (0.963 - 7.675)
Gender Odds Ratio(95% CI)
Male - - Reference
Female 0.057 0.393 1.058 (0.490 - 2.288
Comorbid Disease’ Odds Ratio(95% CI)
Asthma/COPD 0.570 0.751 1.769 (0.406 - 7.700)
Cardiovascular -0.936 0.689 -
Cardiovascular (Non-hospitalizéd) - - 0.392 (0.10 - 1.515)
Cardiovascular (Hospitalized) - - 2.044 (0.532 - 7.846)
Mental Health -0.624 -0.624 0.536 (0.191 - 1.507)
Diabetes Regimen Odds Rati®5% CI)
No Drug Therapy - - Reference
Monotherapy 1.364 0.722 3.912 (0.950 - 16.100)
Polytherapy 0.0572 0.631 1.059 (0.307 - 3.648)
Any Insulin Use 0.693 0.705 1.999 (0.502 - 7.957)
Regimen Complexity Odds Ratio (95% CI)
<6 Medications - - Reference
6-8 Medications 0.785 0.572 2.193 (0.715 - 6.720)
9-12 Medications 0.989 0.567 2.689 (0.885 - 8.1633)
12< Medications 1.007 0.642 2.736 (0.777 - 9.63[7)
Comorbidity Index® Odds Ratio (95% CI)
CMI Score =0 - - Reference
CMI Score =1 0.138 0.598 1.148 (0.356 - 3.704)
CMI Score = 2 0.575 0.591 1.777 (0.558 - 5.661)
CMI Score_ >3 -0.572 0.552 0.564 (0.191 - 1.663
Interaction of hospitalization and cardiovasculizedse included in model, odds of persistence for
hospitalized relative to non-hospitalized patigefsorted with and without cardiovascular disease

P Reference is the absence of the comorbidity

¢ Odds of persistence for patients with/without t@rdscular disease by hospitalization status
4 Charlson comorbidity indé%with updated weighting from Quan ef’al

" P value is significant at < 0.05
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Multivariable Logistic Regression Model: Lipid Lowering Drug Cohort

The results of a multivariable logistic regressamalysis of the effect of hospitalization on
persistence with lipid lowering drug therapy, atiasfor relevant confounders and interaction terms,
are presented in Table 3a. Collinearity was nohéblbetween any of the independent variables asbesse
for inclusion into this model. There were no int#i@n terms that met criteria for inclusion int@th
final model. The odds of persistence did not diffetween hospitalized patients and non-hospitalized
patients (0.961 [0.469-1.972]). Patients receiamescription supply of greater than 60 days were
much less likely to persist (0.146 [0.068 - 0.318]ative to patients with a supply of less thargual
to 60 days. Patients utilizing medication to tréiabetes had an increased odds of persistence cethpa
to patients not on drug therapy, regardless of adrdt was monotherapy, polytherapy or any regimen
containing insulin. The increased odds of perststeathieved statistical significance for patiersiaig
monotherapy (3.765 [1.064-13.324]). A consisteltlyer likelihood of persistence was observed in the
three groups of patients with greater regimen cemipf (6-8, 9-12, 12< medications) relative togho
using 5 medications or less during the baseline@gebut this result did not achieve statistical
significance.

A confounding assessment was carried out usingrtheess described for the ACE
inhibitor/ARB model. Duration of prescription supplaused a large magnitude change in the beta
coefficient upon removal from the model. The negatissociation between prescription supply and
hospitalization approached significance (P = 0.088)a result prescription supply was identified as
confounder. Through this same process, the diabeggmen and medication regimen complexity
variables were both identified as confounders. ifibkision of all other variables in the model was

determined necessary to adjust for differencesaseline characteristics and due to clinical impura
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Table 3a

Influence of Hospitalization on Persistence with Lpid Lowering Drug Therapy Adjusted
for: Prescription Supply Duration, Age, Gender, Conorbid Disease Burden, Diabetes
Medication Regimen and Number of Medications Used
Results of a Multivariable Logistic Regression Mode

Characteristic Beta Coefficient Standard Error OddsRatio
(95% ClI)
Not Hospitalized Reference

-0.040

0.367

Hospitalized 0.961 (0.469 - 1.972
Days' Supply Beta Coefficient Standard Error Odds Ratio (95% CI)
<60 days - - Reference

>60 days -1.926* 0.389 0.146* (0.068 - 0.313
Age, years Beta Coefficient Standard Error Odds Ratio(95% CI)
Age’ 0.006 0.024 1.000.959 - 1.055)
Gender Beta Coefficient Standard Error Odds Ratio(95% CI)
Male - - Reference
Female 0.071 0.380 1.074 (0.509 - 2.26]

?)

Comorbid Disease®

Beta Coefficient

Standard Error

Odds Ratio(95% CI)

")

2)

Asthma/COPD -0.527 0.617 0.591 (0.176 - 1.97
Cardiovascular -0.018 0.437 0.982 (0.417 - 2.31
Mental Health 0.079 0.535 1.082 (0.379 - 3.08

b)

Diabetes Regimen

Beta Coefficient

Standard Error

Odds Ratio(95% CI)

No Drug Therapy

Reference

4)

8)

Monotherapy 1.326* 0.645 3.765* (1.064 - 13.32
Polytherapy 1.121 0.623 3.068 (0.907 - 10.37
Any Insulin Use 1.199 0.678 3.316 (0.878 - 12.52

0)

Regimen Complexity

Beta Coefficient

Standard Error

Odds Ratio (95% CI)

<6 Medications

Reference

")

2)

6-8 Medications -1.205 0.694 0.299 (0.077 - 1.16
9-12 Medications -1.071 0.712 0.343 (0.085 - 1.38
12< Medications -1.279 0.770 0.278 (0.062 - 1.25

0)

Comorbidity Index®

Beta Coefficient

Standard Error

Odds Ratio (95% CI)

CMI Score =0 - - Reference

CMI Score =1 0.417 0.615 1.517 (0.454 - 5.064)
CMI Score =2 0.495 0.505 1.640 (0.610 - 4.412)
CMI Score >3 0.917 0.601 2.501 (0.770 - 8.129

4Age variable coded as continuous

PReference is the absence of the comorbidity
¢ Charlson comorbidity indé%with updated weighting from Quan ef‘al

" P value is significant
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Therapeutic Duplication

Therapeutic duplication occurred infrequently watith medication classes regardless of
exposure status. Of the 189 hospitalized pati¢wtiswere only using a single ACE inhibitor or ARB
during the baseline period, 3 (1.59%) duplicatemtapy during the post-hospitalization period.
Similarly, of the 186 non-hospitalized patientsttivare using a single drug during the baselineogeri
1 patient (0.54%) duplicated therapy during théofgtup period. Of the 186 hospitalized patientd tha
had 2 or more claims for a statin during the basefieriod, 1 patient (0.54%) duplicated therapy. A
total of 3 (1.63%) non-hospitalized patients dugiédl statin therapy of the 184 that had 2 or more
claims for a statin during the baseline period.
Time to Primary Care Physician Visit

The number of patients persisting was similar leetwpatients with a shorter (<12 days) time
until a follow up visit with a primary care provideompared with patients with a longer (1@ays)
time until follow up for both ACE inhibitors/ARBSPE0.537) and for LLDs (P=0.786) (Table 4 and

Table 4a).
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Table 4

Influence of Time to Follow Up with a Primay Care
Provider on Post Discharge Persistence in Hospitakd

Patients Using ACE Inhibitors/ARBs

Time Until Follow Up? Persistent Non-Persistent P Value
N =97 N =104
% (n) % (n)
<12 days 47.46 (84) 54.17 (13) 0.537
12<days 52.54 (93) 45.83 (11)

 The median time until follow up with a primary egshysiciarwas 12 days; 19 patients did not
follow up within the 60 day period and were groupéth the patients that had a time until follo

up of 12<days
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Table 4a

Influence of Tinme Follow Up with a Primary Care
Provider on Post Discharge Persistence in Hospitakd

Patients Using Lipid Lowering Drug Therapy

Time Until Follow Up? Persistent Non-Persistent P Value
N =179 N =23
% (n) % (n)
<12 days 50.84 (91) 47.83 (11) 0.786
12<days 49.16 (88) 52.17 (12)

® The median time until follow up with a primary egshysiciarwas 12 days; 19 patients did not
follow up within the 60 day period and were grotipgth the patients that had a time until folloy

up of 12<days
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CHAPTER 4

DISCUSSION

Transitions of care present a particularly vulbédime for patients. Inadequate
communication both between providers and with thigept has the potential to introduce inaccuracies
into the medication regimen and precipitate inappete medication taking behavior. Consequent
adverse drug events are often preventable, andiloatet to increased healthcare utilization and
expenditures. The IOM report "Preventing Medicattorors" emphasized transitions of care as an area
that requires substantial research to better utatetsand address the incidence of medication efrors
Institutions, clinicians and professional orgarimas, amongst others, have since mobilized in fortef
to determine what patient populations are at tleatgsst risk and what interventions are most effecti
for improving patient safety.

The present study investigated the potential gphalization to disrupt continuity of
appropriate medication use by comparing persistaiitteevidence based chronic medications between
hospitalized and non-hospitalized patients witlbdias. An increased likelihood of inappropriate
discontinuation was hypothesized for hospitalizatigmts using medications within both classes
studied, ACE inhibitors/ARBs and LLDs. The effethospitalization on persistence [Beta estimate (P-
value)] was not consistent between these two miditalasses, as hospitalization was a significant
risk factor for non-persistence with ACE inhibittk&Bs [-0.931 ( P=0.028)] but there was no effatt o
the odds of persistence with LLDs [-0.036 (P=0.92Bhe significant negative effect of the risk faict
of interest on the odds of ACE inhibitor/ARB petsige [Odds ratio (95% CI)] was modified by the
presence [2.052 (0.384-10.972)] or absence [0.8941-0.906)] of cardiovascular disease. Without
inclusion of the interaction between hospitalizatémd cardiovascular disease in the multivariable
model, hospitalization was no longer a significasi factor for non-persistence (Appendix F). The
bivariate models for each medication class supgdite lack of association between hospitalization
and LLD persistence [0.918 (0.491-1.719)] and tlitegated relationship between hospitalization and

ACE inhibitor/ARB persistence [0.733 (0.385-1.398)]
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We also investigated hospitalization as a possiblefactor for inappropriate duplication of
therapy with both classes of study medications. [bhefrequencies of duplication observed [(ACE
inhibitor/ARB:1.59% hospitalized, 0.54% non-hos}itad); (LLD: 0.54% hospitalized, 1.63% non-
hospitalized)] precluded bivariate and multivarebhalysis for this outcome. Therapeutic duplicatio
was found to be infrequent in this population dwe tonfluence of factors. To reduce the likelihobd
misclassification, duplication was only assessedfatins as a subclass of the broader class of LLD
The use of multiple LLDs may be therapeuticallyioaded, whereas the use of more than 1 statintis no
appropriate in any clinical situation. Similarhyatgents that filled multiple ACE inhibitor/ARB
prescriptions during the baseline 180 days werkudrd from the duplication analysis during the
follow up period. It was not possible to determifihe use of multiple drugs from this class was
therapeutically appropriate during the baselinéggeiOther contributors to the observed low frequen
of duplication may be the ease of detection fottheare providers and the use of decision support
software that would flag the prescription priodispensing. It is also possible that patients were
duplicating therapy at home from previously disgehprescriptions, in which case we would be unable
to detect such inappropriate medication usage.

The duration of prescription supply emerged agificant confounder of the association
between hospitalization and persistence. The nuwifggatients that received a prescription supply of
greater than 60 days for a study medication dutieghaseline period was unevenly distributed
between the hospitalized and non-hospitalized groumpthe bivariate and multivariable analyses, a
supply duration of greater than 60 days increalseatds of non-persistence for ACE inhibitors/ARBs
and LLDs. This phenomenon may be explained by naetl use of a 90 day prescription that was filled
before hospital admission, or in matched patights sustained use of a 90 day prescription thatnwas
due for a refill during the follow up period. Irtleér case, patients would be at risk for being
misclassified as non-persistent despite appropuisgéeof the study medication. Inclusion of the days
supply variable in the final model was essentiadrigier to adjust for the effect of supply duration,
which if left unadjusted would have obscured tHecatfof hospitalization on non-persistence. In
contrast, therapeutic duplication is more likelyhtve been underestimated as a result of

misclassification in this study. Patients choogimgontinue taking a medication prescribed prior to
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hospitalization, in addition to another medicatwithin the same class prescribed upon discharge,
would be inappropriately duplicating therapy. Sdciplication is not detectable unless the patient
refills the original prescription during the followp period, which may not be necessary if the pabi
supply was for greater than 60 days.

Evaluations of real-world medication usage bygyas apply the terms adherence (synonym:
compliance) and persistence to describe two sepacaistructs’ Other terms have been used to
describe persistence (discontinuation rates, cootia adherence, persistency, time of continuous
adherence), and reports have frequently statedhtbandpoint under investigation was persistence
when it was in fact adherence and vice versa. Meidic adherence is the act of conforming to the
recommendations of the provider with respect tongndosage, and frequency of medication taking.
Medication persistence refers to the durationrogtfrom initiation to discontinuation of theraffyin
our study, the outcome of persistence was dichaednand patients were categorized as persistent or
non-persistent depending on the presence or abséagerescription claim indicating therapy
continuation during a pre-specified period of tirA#l.patients were required to have at least tvaimbk
during the baseline period prior to the index htadjziation, and a third claim during the follow up
period was indicative of continued use of the mafilie (persistence).

The healthy adherer effect postulates that imptai@ical outcomes in adherers to drug
therapy compared with non-adherers is not entatifjbutable to the benefits of the medicatidn.
Instead, adherence to medication is a surrogatkeméor overall healthy behavior, which introduces
bias if left unaccounted for in an analysis of defifgct®™ The effects of healthy adherers are not
evident in our results, but a separate constrattitiiluences medication taking behavior may be
implicated.

Consistent with our hypothesis, hospitalizatiosralpted medication use for patients without
cardiovascular disease. In contrast to our hyp@hpatients with a history of cardiovascular désea
that were hospitalized were more likely to persitive to patients with cardiovascular diseas¢ th
were not hospitalized. This latter finding alignghathe tenants of the 'Necessity-Concerns Framiéwor
conceptual model for understanding patient's petas on prescribed medicin®sA meta-analysis

of 94 studies assessed the utility of this modetieianining that better adherence to medications for
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chronic disease was associated with stronger peoospof the necessity of treatment [Pooled OR
1.742 (95% CI 1.569-1.934)] and fewer concerns aipotential adverse effects of treatment [Pooled
OR 0.504 (95% CI 0.450-0.564f]Recently hospitalized patients with diabetes adarbid
cardiovascular disease may be more likely to peeciie necessity of treatment with antihypertensive
medications and overlook concerns about adversetsffcontributing to the results observed in our
study.

Factors associated with medication persistencdependent upon the characteristics of the
patient population, the medication class, and #ta dource being evaluated. A study of persistbgce
Gregoire et al prospectively recruited 692 patigmesenting to 173 pharmacies in Ontario, Canada,
with a new prescription for an antihypertensive ioation from 1 of 3 classes including ACE
inhibitors, ARBs, and calcium channel block&8ata were collected through a structured
guestionnaire during a telephone interview wittive fdays of study entry, and again at 1 month, 3
months, and a fourth time between 18 and 32 maaftes enrollment. The results of a multivariate
hazard model determined that the likelihood of persistence was greater in patients that lacked
insurance coverage (odds of discontinuation inepé#gi with any insurance coverage of 0.74; 95% ClI
0.53-0.97), reported medication side effects (0B 195% CIl 1.47-2.47), or reported a belief of no
drug effect (OR 1.29; 95% CI 0.97-1.71). The praiporof patients discontinuing therapy was 11.9%
at 1 month, 23.8% at 3 months, and 43.3% based tingoiast observation for each individual within
the study period. Of these patients that were ngdoon the original therapy, 32.3% had changed to
another antihypertensive drug and 11% were no loregeiving drug treatment for hypertension. The
survey based design was advantageous for detebrigfluence of patient beliefs about drug effects
on persistence, but the results of this study B lanited by the accuracy of the surveyed patent
responses and the intervals of time between swdeyinistratiorr?

Jackevicius and colleagues assessed primary ntiediceon-adherence to newly prescribed
medications at discharge from a hospitalization ugcute myocardial infarction (AMf}.A
retrospective cohort study was performed utilizigl registry data of patients from 104 hospitals in
Canada. Registry data were linked to prescriptlaims, vital statistics, physician services, and

hospital discharge databases. Patients includee atdeast 66 years of age upon discharge andrhad a
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ICD-9 code for AMI. The primary outcome was deadthin 1 year after discharge. Primary adherence
(the risk factor of interest) was categorized asnaeldications, some medications, or no medications
filled within 120 days after the discharge datesdbiarge prescriptions written for ACE inhibitorsrave
not filled within 120 days in 3.82% of patients, ilelprescriptions for statins were not filled irt5%

of patients within 120 days. Fill rates of non-éacdmedications that were assessed in this study we
substantially lower than fill rates for cardiac nuadions (34.6% vs 82.3%; P<0.0001). A significantl
increased risk of death was observed in patieatsféiled to fill all (OR 1.80; 95% CI 1.35-2.42) o
some medications (OR 1.44; 95% CI 1.15-1.79) piiesdrat discharge relative to patients that fikid
prescriptions within 120 days. Receipt of pre-désgle counseling was associated with a reduced
likelihood of death within 1 year (OR 0.71; 0.58&1). In this study prescription data was not avdda
from private insurers and as a result only eldpdijents were included. Rates of primary non-
adherence following hospitalization for AMI werenpbut these results are unlikely to represent
younger or commercially insured populaticns.

The findings by Gregoire et al and Jackevieiual reinforce the proposed connection between
patient perceptions of medication efficacy andribeessity for compliance and persistence with
therapy>>>*In the survey study by Gregoire et al both patfmrteived absence of drug effectiveness
and the occurrence of adverse effects attributédet@rug were associated with significantly lower
persistencé? Instead of directly reported perceptions, patiémtse study by Jackevicius et al were
retrospectively selected based upon recent hoigpitiain specifically for AMI?® The finding of
substantially higher primary adherence rates wéifdie.c medications follows directly from the
recognition of elevated cardiac risk that wouldeléicipated in patients following a hospitalizatin
AMI. Insurance coverage, a predictor of persistddeatified by Gregoiré” was not a factor in our
study since all patients were confirmed to be dedohith the same commercial insurer. Additional
covariates that were not associated with changpsrsistence including age, gender, and comorbid
disease burden were evaluated and yielded condamkarits with those obtained in our present
research? Identification of patients that received pre-disie counseling, a predictor of persistence in

the study by Jackevicidéwas not possible with our commercial claims datarse.
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Long term use of evidence based, guideline recamde oral therapies for heart failure has
been shown to reduce morbidity and mortaiftfhe Get With The Guidelines-Heart Failure progiam
an ongoing, prospective, observational data catlecnd quality improvement initiative that collect
information on medical history, hospital care afidical outcomes: Krantz et al assessed the inpatient
patterns of use and continuation of ACE inhibitARRBs, aldosterone antagonists, and beta blockers
while also determining predictors of uSePatients included for evaluation had reduced ieject
fraction (EF<40%) heart failure and were admit@dhdspitals participating in the program across the
United States. In patients with no contraindicatiomtherapy, the proportion of patients using ACE
inhibitors/ARBSs, beta blockers, and aldosteronagmhists at admission was 65.3%, 72.6% and 15.6%,
respectively. The proportion of patients using Ai6Eibitors/ARBs, beta blockers, and aldosterone
antagonists at discharge was 92.9%, 90.1% and 2@&gp&ctively. Of the population of patients that
were already receiving ACE inhibitors/ARBs at hdapadmission, 2.6% did not persist with the
medication at discharge. The strongest predictoAs3ie/ARB usage at discharge were medication
usage at admission (OR 7.4; 95% Cl 4.6-11.8), liseace of concomitant renal insufficiency (OR 2.7;
95% ClI 2.1-3.4), and the absence of concomitanétigpsion (OR 1.34; 95% CI 1.02-1.77). These
results are limited by the lack of available peesise data for the period following hospital diggjeg®

In the study by Krantz et al patients with heailufre that were taking ACE inhibitors/ARBs
upon admission into the hospital were more thameg as likely to be discharged on the medication
compared with patients admitted that were not kéogia drug from this clas$.Our study design
included only patients that were confirmed to bieagis medication from a study drug class prior to a
hospital admission. We observed a proportion akpé with cardiovascular disease that did notigers
with ACE inhibitor/ARB therapy of 10.26%, which wasuch larger than the 2.6% that did not persist
in the study by Krantz et a.Much of this difference can likely be explainedthg definition of
persistence, which was measured at discharge bytXaad did not require confirmation of a
prescription dispensing after the patient lefthbepital>® Although persistence patterns with statins

were not assessed in this population of heartriajatients, we found a comparable rate of non-

persistence with statins in patients with cardicuésr disease of 10.11%.
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Quality of care measures provided prior to ho$ipdtion have been shown to impact 30 day
re-hospitalization rates in a nationally represeévegoopulation of commercially insured adult pate
with diabetes’ Chen et al evaluated data from the IMS Lifelinkdkemse to determine if receipt of 2 or
more HbAlc tests, 1 or more LDL tests, at leastl&s of a statin supply dispensed, or at least98 d
of an ACE inhibitor/ARB supply dispensed in the iypeeceding a hospitalization reduced the odds of
readmission within 30 days of dischardén a multivariate logistic regression model thajuated for
patient demographic and comorbid disease charsiitstiodds of readmission were significantly
decreased with the receipt of at least 1 LDL t€#R 0.92; 95% CI 0.85-0.99) or receipt of at ledst 9
days of a statin prescription (OR 0.91; 95% CI €08%7). Odds of readmission were marginally
decreased with at least 90 days of an ACE inhilf\eB prescription (OR 0.94; 95% CI 0.88-1.01) or
with receipt of at least 2 HbAlc tests (OR 0.94%061 0.87-1.02). The impact of the performance of
quality of care measures preceding a hospitalimatioreadmission rates demonstrated in this study
was limited by the lack of persistence data follagvilischarge and the absence of a comparator group
of non-hospitalized patients.

Bell et al recently evaluated the risk of unintenél discontinuation of medications prescribed
to treat chronic disease in patients undergoingrhare transitions of cafeSimilar to the study by
Jackevicius? this study utilized linked prescription claimstalistatistics, physician services, and
hospitalization databases to identify elderly patsgage > 66) admitted to all acute care hospitals
Ontario, Canad&Patients were required to be continuous useratftmast 1 year of at least 1
medication from 5 medication classes: statinsptatglets/anticoagulants, levothyroxine, respinator
inhalers, and gastric acid suppressants. Exposasecategorized into three groups: non-hospitalized
patients (unexposed), hospitalized patients (Isitian of care), and hospitalized patients thahspe
time in the ICU (2 transitions of care). The prijmautcome of interest was the absence of a
prescription renewal for a drug from within theginial medication class in the 90 days following the
index date (the date of discharge for hospitaled a randomly assigned date for non-hospitalized
patients). Compared with non-hospitalized pati#isodds of unintentional discontinuation were
increased in hospitalized patients without an |Gy $(statins: OR 1.33; 95% CI 1.29-1.37),

(antiplatelets/anticoagulants: OR 1.86; 95% CI 11747), (levothyroxine: OR 1.18; 95% CI 1.14-1.23),
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(respiratory inhalers: OR 1.50; 95% CI 1.15-1.@ir)d (gastric acid suppressants: OR 1.50; 95% ClI
1.43-1.56)] and increased further in hospitalizatigmts with an ICU stay [(statins: OR 1.48; 95% ClI
1.39-1.57), (antiplatelets/anticoagulants: OR 298Rp Cl 2.07-2.57), (levothyroxine: OR 1.51; 95% CI
1.38-1.66), (respiratory inhalers: OR 1.84; 95%1(I0-3.08), and (gastric acid suppressants: OR 1.87
95% CI 1.71-2.05)]. The composite secondary outcohtath, emergency department visit, or
emergent hospitalization during a period of 91 day365 days post discharge was more likely to bccu
in patients that discontinued statins (OR 1.07; 95%.03-1.11) or antiplatelets/anticoagulants (OR
1.10; 95% CI 1.03-1.16) within the 90 days aftesctiarge. These results provide valuable context for
the relationship between non-persistence and agl\eralth outcomes in a large representative
population of elderly adults following a hospitation. Risk for adverse events following
discontinuation was not equal between medicatiassas, with the greatest risk observed in
medications used for the prevention of macrovas@uants’

Improving outcomes following a hospitalizationgliding reducing 30 day readmission rates,
has become an incentivized priority with the impéenation of the Affordable Care A%.
Underperforming hospitals with increased readmissates for certain disease states relative tarothe
similar institutions are subject to reduced reinseanent?® The results presented by Chen suggest that
adherence to recommended processes of care for exiafly insured patients with diabetes will
positively influence 30 day readmission rateBell and colleagues demonstrated that appropuisge
of chronic medications in elderly patients is digad incrementally by 1 or more transitions of care
Furthermore, non-persistence following a hospition with medications for the prevention of adeers
macrovascular outcomes (statins, antiplatelets@aagjulants) placed elderly patients at an increased
likelihood for 1 year mortality and rehospitalizati® Our study evaluated a commercially insured
population, similar to CheH,but persistence after a hospitalization was measwith medication
classes used for the prevention of micro and masmylar outcomes, similar to B&IConsidering
these relevant findings, our results indicate fadtents with diabetes and comorbid cardiovascular
disease that were not hospitalized, as well agmpigthospitalized without cardiovascular diseass; m

also be at an increased risk of adverse healttomeés due to lower rates of persistence. Furtheiesu
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designed to follow persistence patterns and ewvalb@alth outcomes are necessary in patients with
diabetes.

Based upon our multivariable model, certain pafahs of LLD users are possibly at greater
risk of unintentional discontinuation of LLD thesapA non-significant trend was observed for
decreasing comorbid disease burden associatedneittasing odds of non-persistence (Table 3a).
Similarly, patients without documented use of a itetibn for diabetes treatment during the baseline
period were the least likely to persist with LLBethpy. An opposite tendency was demonstrated with
regards to regimen complexity. In agreement withtogpothesis, patients using the least number of
medications during the baseline period had thetgseeelative likelihood of persisting. These
conflicting phenomena are presumed to be the comseg of multiple contributing factors and random
variation. Healthier patients with diabetes thatemeot using hypoglycemic medication and had a
minimal burden of comorbid disease may not havegieed LLD treatment as necessary and were
consequently at an increased risk for non-pergisteln addition to polypharmacy, the regimen
complexity variable may have captured a separdtieator of disease burden that was not fully
reflected in the comorbidity score grouping and wssociated with an increased risk for non-
persistence. Ultimately the main result of the LiviDltivariable analysis was that after adjustingdtbr
possible confounders, there was no difference @sad persistence between non-hospitalized and
hospitalized patients with diabetes (0.961 [0.46972]).

Studies evaluating relative rates of mortality atiter adverse health outcomes between
adherent/persistent patients with non-adherentfr@sistent patients have demonstrated that
appropriate usage of statins and ACE inhibitors/ARBassociated with better clinical outcorfiés™
% This result should be expected when these drugasad for evidence based indications in patient
populations for which expert professional organaa have published guidelines recommending their
use?®* A more difficult question involves the determimatiof what level of patient adherence is
necessary to achieve the beneficial effects ofrthdication before a difference in clinical outcorses
manifested. This uncertainty applies indirectlyp#rsistence. When the definition of persistence is
established for a study protocol, it is necessaigéntify what period of time must elapse betwten

dispensing of two prescriptions that is indicatdfenon-persistence. A longer permissible gap will
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directly translate into a lower acceptable levehddifierence that is necessary to remain persisteodr
present study, a period of 60 days without a phetsen claim for the medication was used. Assurang
30 day prescription supply (87.31% of the LLD cah86.04% of the ACE inhibitor/ARB cohort), if
the patient filled a prescription immediately priorthe beginning of the 60 day follow-up periodrih
an adherence level of 50% would be sufficient & the 60 days without another prescription filh A
adherence level greater than 50% would resultrgfihduring this period confirming persistenceytb
the proportion of therapeutic effect achieved Ipessistent patient with reduced adherence remains
uncertain.

Rasmussen et al addressed the problem of religk/éor incremental levels of adherence in a
population of elderly adults (agé6) in Ontario, Canada, following a hospitalizatfon AMI.** For
inclusion into the study, all patients were reqdite fill a prescription for either a statin, bdticker,
or calcium channel blocker in the 3 months aftesiial discharge. In the year following dispensifig
the first study medication, the proportion of dagsered (PDC) was determined and levels of
adherence were subdivided into 3 categories (hitjer@nce: PDC 80%; intermediate adherence:
PDC >40%-79%; and low adherence: PD@0%0). The primary outcome of long term mortalitggsn
assessed over a median period of 2.4 years. Naistearce was determined over the full period of
follow up and defined as the absence of an expqustription based upon previous quantities
supplied, evaluated over 6 month periods from gaekious prescription dispensing. Non-persistence
at the end of follow up was 13.2%, 19.6% and 33f&6f6tatins, beta blockers, and calcium channel
blockers, respectively. A dose-response type melatiip was observed with the risk of mortality (HR;
95% CI) increasing with decreasing levels of adhegewith statins [(intermediate adherence: 1.12;
1.01-1.25), (low adherence 1.25; 1.09-1.42)] artd beockers [(intermediate adherence: 1.01; 0.93-
1.09), (low adherence 1.13; 1.03-1.25)]. This retethip was stronger with statins than with beta
blockers, and was not detected with calcium chabloekers. The absence of an adherence-mortality
relationship for calcium channel blockers, a metiticaclass which does not have any proven post-AMI
survival advantages, supports the attribution sfiival benefit for the other medication classes t

drug effect rather than the healthy adherer efféct.
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Recognition of the detrimental outcomes occurgagondary to inappropriate management of
the medication regimen during care transitionsléas to the development and evaluation of numerous
institution specific interventionS:*° Due to the fragmented nature of the United Stagedth system
and the logistical difficulties in organizing largaulti-site trials, stakeholders have typically
approached the issue individually as it directlates to a specific practice population, profession
discipline, or institution. Individualized progrartageting care transitions have involved a multtof
different healthcare providers including nur$e¥, physicians® pharmacists!**?*#pharmacy
technicians*?®and nurse practitionef3?° Examples of interventions include medication reiiation
at admission and or discharge, post discharge ptalieeor home visits, motivational coaching and
education, or a combination of multiple intervensd”? These interventions have yielded varying
degrees of success on clinical and surrogate owsowith limited generalization to larger populato

Care transition interventions are often comparét the standard of care provided prior to
implementation of the intervention at the instivatf” 2*°A systematic review of the literature by
Kripalani et al sought to characterize the typeas pnevalence of deficits in communication between
hospital based and community based physicianssgitad dischargé® A total of 55 observational
studies that had been published from 1970 thro@§id 2vere included. In these studies, 3% of primary
care physicians reported being involved in disarssiabout discharge and 17-20% reported always
being notified of discharges. Within 1 week of diame, a median of 53% (30-94%) of discharge
letters and 14.5% (9-20%) of physician dictatedhsge summaries had reached the primary care
physician. In addition, 11% of discharge letterd 86% of discharge summaries never reached the
primary care physician. Interventional studiesudeld in the review involved either provision of
computer generated and manually created dischargmaries, changes in the mode of information
delivery, or reformatting of the discharge docursehlo standardized measures were used across
studies, and results indicated a mix of significamii non-significant improvements in timeliness of
discharge communication. This systematic reviewhefliterature emphasizes the historical
inefficiencies of hospital physician to outpatightysician communication and the limited application

of institution specific interventions for broadesdith system improvemeftt.
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Pharmacist intervention during care transitions iemonstrated varying levels of succé$s.
19.2-237 randomized controlled trial that assessed phaishaounseling at discharge was carried out at
a single academic hospital in Boston, MassachuSaReutine care involved the review of medication
orders by the ward based pharmacist and dischangeseling provided by a nurse, which sometimes
consisted of informal medication reconciliation.eTimultifaceted pharmacist intervention consisted of
evaluation for previous drug related problems (sffects, non-adherence), reconciliation of disgkar
medications with admission medications, and théerewf discharge medications with the patient. A
follow-up phone call 3 to 5 days after dischargeswadso performed by the pharmacist. During the
phone call, medication use by the patient was retemh with discharge medication instructions and
adherence to post hospital care was assessed anchuricated to the outpatient primary care
physician. A significant reduction in preventabl®Bs (1% intervention vs 11% usual care; P=0.01)
was observed at 30 days post discharge. The totaber of ADEs and resource utilization was similar
between groups, but the number of preventable radit related emergency department visits and
readmissions was reduced in the intervention giddp vs 8%; P=0.03). Pharmacists are capable of
performing medication reconciliation, and were shdw beneficially impact post discharge medication
use. The small number of patients participatinthmtrial and the short period of follow up may dav
limited the ability to demonstrate an overall retirein ADEs and resource utilizatidf.

Another randomized controlled study conducted at academic hospital in Boston,
Massachusetts, achieved improvements in post digetespital utilization with coordinated discharge
intervention by a nurse and pharmatisA nurse discharge advocate arranged follow up mppents,
reconciled medications with outpatient records, andducted inpatient education. The pharmacist
performed follow-up phone calls in the week postcharge to perform a medication review and
subsequent corrective action as needed. Companesuitd care, the 30 day combined re-hospitalization
and emergency department visit rate was reducedlént rate ratio: 0.695; 95% CIl 0.515-0.937). The
proportion of patients following up with their prary care provider after discharge was significantly
greater in the intervention group (62% vs 44%; B80V). The nurse discharge advocate spent an
average of 87.5 minutes, and the pharmacist anaggeof 26 minutes, per patient providing

intervention related services. A cost analysis g the cost of follow up appointments and
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hospitalization determined that an estimated $442 person was averted in the intervention group
compared with usual care. This estimation was échisince it did not account for the cost of the
intervention, although it was determined that thtervention could be partially implemented using th
present hospital employee structure. The authamsleded that in a traditional fee for service model
the additional services provided by the intervamtteould not be incentivized through reimbursement
and would be less likely to be implemented thaa @apitated or pay-for-performance motfel.

Other studies have been unable to demonstratmalobnefit of pharmacist intervention
during care transitiorfs: One randomized controlled study investigated ffeceof an integrated
pharmacy discharge plan involving hospital and comity pharmacists from 4 hospitals and 29
community pharmacieS. The intervention involved hospital pharmacist depeent of medication
and supportive discharge plans for provision tmaflessary healthcare providers, as well as a home
follow up visit by a community pharmacist afteraharge. The comparison group received usual care,
consisting of a discharge letter to the PCP anghamacist pre-discharge medication review. No
significant difference was found with regards te firimary outcome of 6 month readmission between
the control (28.4%) and intervention groups (27.9%gcondary endpoints measured included
adherence, comprehension, mortality, and healthesage. Similar results on the secondary outcomes
were reported for both groups.

A care transition intervention implemented by @ada et al utilized strategic patient and
caregiver educatiof. The objective of the patient focused interventiars to prepare for future self-
management of the medication regimen during caresitions and provider interactions. Community
dwelling elderly adults (age &5) were recruited upon admission to the studyitaldocated in
Colorado. A total of 158 patients were includedhe intervention and matched to administrative
controls derived from a managed care delivery systith an existing contract with the study hospital
Patients and their caregivers that received theniphtion were provided with tools and support in
order to actively participate in the transitionrfrdnospital to home. A geriatric nurse practitioserved
as a transition coach, contacting the patientaligphone and visiting for home visits. The traositi
coach performed medication reconciliation during tlome visit, and assisted in preparing the patient

for handling future interactions with care provisleFhe median duration of the intervention for an
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individual patient was 24 days. The primary outcomas the odds of rehospitalization, which was
significantly reduced in the intervention grougBatdays (OR 0.52; 95% CI 0.28-0.96), 90 days (OR
0.43; 95% CI 0.25-0.72) and 180 days (OR 0.76; €99%.36-0.92) after hospital discharge. The
results of this study are limited by the quasi-eipental design but suggest that an initial invesin
in patient education by a specialized transitioactois successful in reducing future resource
utilization. A cost effectiveness evaluation ofimitar intervention, evaluated prospectively iraager
population, would help inform further developmefitoaching based care transition interventions.
Inconsistent results have been reported from ditodeé of institution or region specific
studies that have evaluated interventions targétamsitions of caré>?® The importance of
standardization is implicit in the High 5s projgcesently being implemented internationally by
participant countries within the World Health Orgation?”?° The demonstrable implementation and
evaluation of standardized operating procedures€3@cross different cultural, geographic, and
medical care settings involved in this project baen proposed as preferable to the traditional caédi
approach of individualized best practf@eEarly results of the SOP for medication recontidia have
been positive, demonstrating reduced incidenceeatfication errors upon admission for elderly
patients’ 8 Use of a standardized procedure has contributdistimct obstacles during
implementation of the SO Hospitals utilizing pharmacy technicians to obticomplete medication
history have outperformed hospitals with physigamursing based modeéfThis differential
outcome from the same underlying process drawataiteto potential difficulties encountered with a
standardized approach. Expertise is not entirellyoident between practice disciplines and allocatio
of responsibility to specific healthcare practigos will be inconsistent between institutions. The
success of the SOP for medication reconciliatibsuificiently validated, will still require cross-

disciplinary collaboration and tailoring of the S@Pbest function within individual practice sites.
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CHAPTER 5

LIMITATIONS AND CONCLUSION

The present study utilized a retrospective matawdubrt design to ensure that hospitalized
and non-hospitalized patients were similar witharelg to age, gender, comorbidity burden and
enrollment period. The purpose of matching in shigly was to ensure that the group of non-
hospitalized patients was similar to the groupasditalized patient©espite the matching procedure,
a significantly higher percentage of hospitalizetignts had diagnoses indicating respiratory and
cardiovascular disease, and mental health disardérde our multivariate analyses attempted to
control for these differences, it is possible i@t effect of hospitalization on medication peesise
was biased by the greater overall disease burdengihe hospitalized groupue to the retrospective,
non-randomized study design and the use of claates itlwas not possible to adjust for all possible
confounders. As a result, the potential for unaaltgd residual confounding existed due to additiona
variables that may have included but were not échib socioeconomic status, healthcare service
utilization, delivery of medication counseling, edtion level achieved, and patient perceptions
regarding benefits and detriments of pharmacy sareices. An additional limitation was the breaking
of matches after the matching procedure had bempleted that caused minor inequalities between the
size of hospitalized and non-hospitalized patpapulations in both study drug cohorts. This reslilt
from exclusion of patients that did not have a prip§on claim during the follow up period. This
procedure was necessary to prevent misclassificafipatients no longer filling prescriptions witie
insurer as non-persistent, but it may have furtioertributed to the unequal distribution of confoersd
between groups.

The primary outcome of interest, persistence,sgreogate marker for adverse health
outcomes that are expected to follow the inappadpriliscontinuation of evidence based therapies for
chronic disease. A comparison of readmission andftality rates between persistent and non-
persistent patients would be useful to fully cheeeee the adverse effects of medication disrupiipn

inpatient hospitalization. Moreover, the potenttal misclassification surrounding the primary outen
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must be considered. Although the medication classkesxted for this study are recommended for use in
broad populations of patients with diabet®i,is possible that the medications were interglyn
stopped by prescribers for legitimate reasons. $aokes may have included intolerable adverse
effects, newly developed contraindications to thgrar lifestyle control of the medical conditidmat
precluded the necessity for continued drug treatnizgetection of prescription fills for persistence
confirmation was also limited to claims submittedhe commercial insurer. Prescriptions that were
bought without insurance or with alternative insu@ coverage would not be detected and patients
would be at risk for misclassification. We soughttitigate such bias through the exclusion of paie
that did not have a prescription claim for any matibn during the follow up period. Our exclusidn o
such patients contributed to an underestimatigreodistence if it is presumed that these patielfes f
their prescription without reimbursement from Blomss Blue Shield of Rhode Island. With claims
data, adherence to prescription medications igehited using the surrogate marker of a prescription
dispensing. It is possible that patients pickedngalication but then did not proceed to take it,ltewy
in misclassification of baseline adherence or follg persistence.

Our study is believed to be the first to evalysesistence patterns following hospitalization in
a commercially insured population with diabeted thas adherent to evidence based therapy prior to
hospitalization. The use of a matched comparatmugof patients with diabetes that were not
hospitalized sought to preclude the introductiobiaé and improved the interpretability of our fesu
The capacity for generalization of our resultsnsted to a commercially insured population with
diabetes using ACE inhibitors/ARBS or LLDs. Furthesearch evaluating persistence and successive
clinical outcomes in this population is requirec&iter characterize the impact of regimen disaupti
secondary to hospitalization. Confirmation of oesults is also warranted in nationally represereati
populations of elderly and commercially insuredguats with diabetes. Future studies using outpatien
claims data would be improved through an integratgalysis with inpatient and outpatient medical
records, which would increase the specificity figritifying true non-persistence. Intentional
medication discontinuation would be detectabléharmedical chart, comorbid disease burden would be
verifiable, and information on additional potentiainfounders would be available for assessment.

Ideally, medical records and claims data will bedugether to evaluate the effect of a care tiansi
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intervention, such as medication reconciliationairandomized prospective study conducted across
multiple institutions. Such a large scale and rgsrstudy methodology is necessary to generatdywide
applicable evidence of improved clinical outcomed #o justify funding and implementation of
specific care transition interventions.

In conclusion, hospitalization was found to bégaigicant risk factor for ACE inhibitor/ARB
discontinuation in commercially insured patientthwdiabetes without comorbid cardiovascular
disease. Hospitalized patients with cardiovasalikezase were more likely to persist with ACE
inhibitor/ARB therapy than non-hospitalized pat®ewith cardiovascular disease. Hospitalization was
not found to disrupt continuation of LLD treatmexfiter discharge, as persistence rates were situilar
non-hospitalized patients. A prescription supplgdater than the number of days in the follow up
period was identified as a strong confounder o$igégnce with both drug classes. Prescription suppl
duration should be considered in future studiessungéag persistence. Further evaluation of the
disruptive impact of hospitalization on appropriatedication use in patients with diabetes should
focus on quantifying increased risk of adversethealitcomes with non-persistence and the

effectiveness of care transition interventions oevpnting unintentional medication discontinuation.
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APPENDIX A

ICD-9 CODES TO IDENTIFY DIABETES

25000 25001 25002 25003 25010 25011 2501212325020 25021 25022 25023 25030 25031
25032 25033 25040 25041 25042 25043 2503WbP25052 25053 25060 25061 25062 25063
25070 25071 25072 25073 25080 25081 2508235090 25091 25092 25093 3572 36201
36202 36203 36204 36205 36206 36207 366430644802 64803 64804
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APPENDIX B

HEDIS 2009 CPT CODES TO IDENTIFY VISIT TYPE

Nonacute Inpatient CPT Codes

99301 99302 99303 99304 99305 99306 993WOHPO309 99310 99311 99312 99313 99315
99316 99318 99321 99322 99323 99324 993Z®P9327 99328 99331 99332 99333 99334
99335 99336 99337

Acute Inpatient CPT Codes

99221 99222 99223 99231 99232 99233 9923BDP9251 99252 99253 99254 99255 99261
99262 99263 99291
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APPENDIX C

MEDICATIONS WITHIN EACH STUDY MEDICATION CLASS

Ace Inhibitors and Angiotensin Receptor
Blockers (ARB)

Lipid Lowering Drugs (LLD)

Aliskiren
Aliskiren/Hydrochlorothiazide
Benazepril Hydrochloride

Benazepril Hydrochloride/Hydrochlorothiazide

Candesartan Cilexetil

Candesartan Cilexetil/Hydrochlorothiazide Captoj

Captopril/Hydrochlorothiazide

Enalapril Maleate

Enalapril Maleate/Hydrochlorothiazide
Eprosartan Mesylate

Fosinopril Sodium

Fosinopril Sodium/Hydrochlorothiazide
Hydrochlorothiazide/lrbesartan
Hydrochlorothiazide/Lisinopril
Hydrochlorothiazide/Moexipril Hydrochloride
Hydrochlorothiazide/Losartan Potassium
Hydrochlorothiazide/Olmesartan Medoxomil
Hydrochlorothiazide/Quinapril Hydrochloride
Hydrochlorothiazide/Telmisartan
Hydrochlorothiazide/Valsartan

Irbesartan

Lisinopril

Losartan Potassium

Losartan Potassium

Moexipril Hydrochloride

Olmesartan Medoxomil

Perindopril Erbumine

Quinapril Hydrochloride

Ramipril

Telmisartan

Trandolapril

Trandolapril/Verapamil

Valsartan
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Atorvastatin Calcium
Amlodipine Besylate/Atorvastatin Calcium
Cholestyramine
Colesevelam Hydrochloride
Colestipol Hydrochloride
niColestipol Hydrochloride, Micronized
Ezetimibe
Ezetimibe/Simvastatin
Fenofibrate

Fenofibrate, Micronized
Fenofibric Acid

Fluvastatin Sodium
Gemfibrozil

Lovastatin
Lovastatin/Niacin

Niacin

Niacin/Simvastatin
Omega-3-Acid Ethyl Esters
Pravastatin Sodium
Rosuvastatin Calcium
Simvastatin




APPENDIX D

COMORSBIDITY SCORE DISTRIBUTION BY MEDICATION CLASS
(Patients that were eligible for matching and waedched)

Comorbidity Score ACE/ARB LLD
(N=207 each group) (N=206 each group)
% (N) % (N)

0 55.56 (115) 53.40 (110)
1 15.94 (33) 11.65 (24)
2 15.46 (32) 16.99 (35)
3 6.28 (13) 8.74 (18)
4 2.90 (6) 3.40 (7)

5 0.48 (1) 0.49 (1)

6 0.97 2) 1.94 (4)

7 0.97 (2) 1.46 (3)

8 0.97 (2) 0.49 (1)

9 0(0) 0.97 (2)
10 0.48 (1) 0.49 (1)

8207 hospitalized and non-hospitalized patients ¢atal 414)
206 hospitalized and non-hospitalized patients éathl 412)
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APPENDIX E

CONFOUNDER ASSESSMENT

ACE Inhibitor/ARB Cohort

Multivariable Logistic Parameter Estimate P-value
Regression Model (B)
Full Modef -0.931 0.028
Full Model - Age -0.911 0.030
Full Model - Gender 0.931 0.028
Full Model - Comorbidity Score -0.929 0.028
Group
Full Model - Respiratory -0.915 0.031
Disease
Full Model - Mental Health -0.936 0.027
Disease
Full Model - Days' Supply -0.662 0.092
Full Model - Regimen -0.811 0.047
Complexity
Full Model - Diabetes Severity -1.011 0.016

#The full model was the standard for comparison@nbisted of all potential confounders and the
two-way interaction between hospitalization andl@arascular disease
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Lipid Lowering Drugs

APPENDIX E

CONFOUNDER ASSESSMENT

Multivariable Logistic Parameter Estimate P-value
Regression Model (B)
Full Modef -0.040 0.914
Full Model - Age -0.037 0.920
Full Model - Gender -0.040 0.914
Full Model - Comorbidity Score -0.122 0.735
Group
Full Model - Cardiovascular -0.040 0.913
Disease
Full Model - Respiratory -0.074 0.839
Disease
Full Model - Mental Health -0.036 0.922
Disease
Full Model - Days' Supply 0.197 0.572
Full Model - Regimen -0.181 0.607
Complexity
Full Model - Diabetes Severity -0.107 0.765

#The full model was the standard for comparison @osisted of all potential confounders
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APPENDIX F

Calibration Assessment of the Final Multivariable Logistic Regression Model

Model Hosmer and Lemeshow C Statistic
Goodness of Fit

Final ACE inhibitor/ARB Modél 0.23 0.77

Final LLD ModeP 0.87 0.73

4The final model consisted of all potential confoarsland the two-way interaction between hospitatina

and cardiovascular disease
®The final model consisted of all potential confoarsi
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