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ABSTRACT
Multimor bidity, Management of COPD and Health Outcomes among M edicaid Beneficiaries

Mayank Ajmera, B.Pharm., M.S.

Chronic Obstructive Pulmonary Disease (COPD) isattarized by persistent and progressive
airflow limitation caused due to chronic inflamnwatiin the lungs. Approximately 15 million adults

in the United States (U.S.) are estimated to bgntised with COPD and an equal number may have
undiagnosed COPD. Challenges to COPD managemeéuatiébigh prevalence of inflammation-
related multimorbidity among individuals with COPThe association between multimorbidity,
existing COPD management and role of novel thesapith anti-inflammatory properties (e.g.
statins) in improving COPD-specific outcomes is wetl researched. Therefore, the purpose of this
study was to use real-world observational datadeige a comprehensive understanding of the
relationship between multimorbidity and COPD mamaget as well as assess the effectiveness and
safety of statins in terms of COPD management.spleeific aims of three studies were to: (1)
examine the association between inflammation-rélataltimorbidity and COPD management in
terms of COPD medication receipt, long-acting bhmutlators persistence and COPD-specific
outcomes; (2) assess the effectiveness of nouet sherapy in improving COPD-specific

outcomes; (3) evaluate the safety of statins ahdratommonly used medications (antidepressants
and inhaled corticosteroids) in terms of new-onk&betes. This study used a retrospective
longitudinal dynamic cohort design using data ested from multiple years (2005-2008) of

Medicaid Analytic eXtract (MAX) files to identify Mdicaid beneficiaries with newly diagnosed
COPD (n =19,060). Findings from the first studydmented very high prevalence of
inflammation-related multimorbidity and indicatdtht it was significantly associated with reduced
COPD-medication utilization and decreased persitst@em long-bronchodilators. Our study findings
suggest that COPD medication management may bedpeao competing demands arising from

the presence of inflammation-related multimorbiditipe results from the study on effectiveness of
statins revealed that any statin use improved COp¥Rific outcomes compared to no statin use. A
closer examination of the data revealed that dmbgé with long-term statin use had better outcomes
as compared to those with no statin use. We alsadfthat beneficiaries with inflammation-related
multimorbidity and statin use had better COPD-dpeoutcomes compared to those with
multimorbidity and no statin use. From the thitddy, we found that association between statin use
and risk of new-onset diabetes was no longer sagmf in analyses that controlled for selectiorsbia
in unobserved characteristics. Collectively, thasgings indicate poor COPD management among
those with multimorbidity and emphasize the neefivel therapies to effectively manage COPD.
In this context, the current study underscoresatheintage of statins in improving COPD-specific
clinical and economic outcomes. This study indi¢heeneed of randomized clinical trials and long-
term observational studies to establish the efficatfectiveness, and safety of novel therapeutic
agents in management of COPD.
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CHAPTER 1: BACKGROUND AND SIGNIFICANCE

Definition

Chronic Obstructive Pulmonary Disease (COPD) isattarized by persistent and
progressive airflow limitation caused due to chcanflammation in the lungs. The inflammation of
airways in the lungs is usually a result of peesisexposure to noxious substances such as tobacco
smoke. (GOLD, 2013) As per the Global Initiatiee €hronic Obstructive Lung Disease (GOLD)
definition of COPD, airflow limitation can be maynéttributed to small airways diseases
(obstructive bronchiolitis) and parenchymal degtac(emphysema). (GOLD, 2013) The most
common symptoms of COPD include dyspnea, chroniglepsputum production, wheezing and

chest tightness. (Kessler, 2011; Espinosa, 2011)

Epidemiology and Burden of COPD

Approximately 15 million adults in the United Staig).S.) are estimated to be diagnosed
with COPD and an equal number may have undiagno€d#eD. (CDC, 2012; Ford et al., 2013)
Specifically, COPD is highly prevalent among yowadylts (<65 years old) as well. The extent of
COPD among young adults ranges from 3.2% (18-44) ye®.2% (55-64 year). (CDC, 2012)
COPD is associated with high clinical, economic hathanistic burden. It is the third leading cause
of death (133,965 deaths due to COPD in 2009)aril&. with age adjusted death rate of 41.2 per
100,000 individuals. (NHLBI, 2009) The overall naggement of COPD accounts for $49.5 billion,
with maximum healthcare expenditures attributedat@ls exacerbation management. Healthcare
utilization, specifically inpatient healthcare i#dtion among COPD has increased over the
years.(Brown et al, 2010) Furthermore, COPD hghk humanistic or social burden as well.
Globally, COPD account for 3.1 % of disability asljed life-years (DALYS) lost; and is projected to
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be the seventh leading cause of DALYs lost. (GO2@,3) In addition to the burden associated
with COPD, those with COPD also have high ratemoltimorbidity; specifically inflammation-
related multimorbidity. The high prevalence of afimation-related multimorbidity adds to the
burden of COPD. In this context, it is importansistematically study the relationship between

inflammation-related multimorbidity, managemenG#PD and health outcomes.

I nflammation-related Multimorbidity and COPD-specific Outcomes

COPD is mainly characterized as an inflammatorgale (Rabe et al., 2007) and therefore,
it has been suggested that individuals with COP® have high prevalence of other inflammation-
related chronic conditions. Investigators fromwdgtusing National Health and Nutrition
Examination Survey (NHANES) have reported thatvidiials with COPD have high rates of
inflammation-related chronic diseases such as 46 36.9%), diabetes (16.3% vs. 12.8%) ,
depression (20.6% vs. 12.5%), osteoporosis (16 £9%.%%), coronary heart disease (12.7% vs.
6.1%), congestive heart failure (12.1% vs. 3.9%9l siroke (8.9% vs. 4.6%) as compared to those
without COPD. (Schnell et al., 2012) Indeed, resleens have suggested that COPD should be
deemed as part of “chronic systemic inflammatomydsgme”. (Barnes & Celli, 2009; Fabbri, 2008)
Evidence exists with regards to challenges to C@Rldagement that may occur due to presence of
inflammation-related multimorbidity. However, nady till now has assessed its impact on COPD
management, specifically treatment patterns amidigiduals with COPD. Furthermore, only a few
studies have examined the role of co-existing dicroonditions on COPD-specific outcomes. The
findings from these studies point towards negativegact of multimorbidity on COPD-specific
outcomes; however, none of the studies until novelsystematically evaluated the impact of

inflammation-related multimorbidity on COPD-speciiutcomes.
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This leads to the rationale for the Aim1, which mxaes the association between
inflammation-related multimorbidity and COPD treatmh patterns (management) and COPD-
specific outcomes such as COPD-specific healthaflieation and healthcare expenditures among

Medicaid beneficiaries with newly-diagnosed COPD.

I nflammation-related Multimorbidity, Novel Statin Therapy and COPD-specific outcomes

Currently, the treatment for Chronic ObstructivénRanary Disease (COPD) focuses on
reducing the frequency of acute exacerbations aleling the symptoms of COPD such as
shortness of breath (GOLD, 2013) through acutemaaititenance pharmacologic therapies as well
as pulmonary rehabilitation. To date, no theragenpitions, which alter the prognosis of disease
also known as disease modifying drugs for COPQirtreat, have been established. As the literature
review from Aim 1 suggested that COPD is associatiéidl high levels of systemic inflammation; it
is plausible that treatments for reducing the sygtenflammation may have positive COPD-
specific outcomes. Indeed, new insights into thgahysiology of the disease have opened up
opportunities to use therapeutic regimens thataneently available for circulatory diseases tatre

COPD. (M. Cazzola, Ciaprini, Page, & Matera, 200&bhbri & Rabe, 2007)

Statins, a class of cholesterol lowering drugs rdamaonstrated their effectiveness in
prevention and management of cardiovascular diseéBaigent et al., 2005) Based on the review of
in vitro as well as in vivo studies Schonbeck amably (Schonbeck & Libby, 2004) concluded that
statins also have anti-inflammatory functions. Ek@lence has also been supported by preclinical
models that have revealed the pleiotropic/antamiinatory therapeutic benefits attributable to
statins. (Takahashi et al., 2008) These facts ddrixom several mechanistic studies suggest that

statin use has emerged as a novel therapeutioémigon for individuals with COPD. (Walsh, 2008)
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Some studies have examined the beneficial effécbns in improving lung function,
health status and COPD-related exacerbations athosg with COPD. Few studies have assessed
impact of statin use and COPD-specific outcomesrapdrted lower rates of COPD-related
hospitalizations with statin use. However, non¢hefstudies are generalizable to US population and
no study has systematically studied the role daimfnation-related multimorbidity on statin use and
COPD-specific outcomes. Moreover, no study till noas examined the impact of statin use on

healthcare expenditures among individuals with COPD

Therefore, the primary purpose of the Aim 2, iexamine the effectiveness of novel statin
therapy in terms of clinical and economic outcome®ng individuals with newly-diagnosed COPD
in a real-world practice setting. The study estesdhe extent of statin use among individuals with
COPD and examined the factors associated witmatag. Furthermore, we also assessed the
COPD-specific outcomes with statin use among tode COPD and inflammation-related

multimorbidity.

I nflammation-related Multimorbidity, M edication Use and New-onset Diabetes

Multiple medication use among individuals with DR very high due to the presence of
high rates of inflammation-related multimorbidifAnecchino et al., 2007) Although, generally
regarded as safe, concerns about adverse effasdkan raised about some of the medications
used to treat COPD and allied inflammation-relatedtimorbidities. Specifically, antidepressants,
inhaled corticosteroids (ICS) and statins have ie&rd with new-onset diabetes. (Bhattacharjee,
Bhattacharya, Kelley, & Sambamoorthi, 2013; O'Byehal., 2012; Sattar et al., 2010; Suissa,
Kezouh, & Ernst, 2010) New-onset diabetes has beke&d with medication use because some of
these medications can increase insulin resistamtel@crease insulin secretion and thereby affecting

the overall glucose metabolism. (Carvalho et &I0£ Colbert & Stone, 2012; Nielsen et al., 2004)
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Medications such as ICS are integral to the mamagé of individuals with COPD.
Furthermore, new medications (statins) are beiradueted as disease modifying drugs for the
treatment of individuals with COPD. Therefore siieissential to generate evidence regarding

multiple medication use and potential adverse &fiéice new-onset diabetes.

Thus, in the Aim 3, we comprehensively evaluatedassociation between commonly-used
medications and new-onset diabetes among indivsdugth COPD and inflammation-related
multimorbidity. This study specifically examinecetbafety of type of statins among Medicaid

beneficiaries with COPD after controlling for corapensive set of risk factors.

Use of Medicaid Data

To accomplish all the aims we selected Medicaid fat the following reasons: 1)
Multimorbidity rates are increasing among the yoadglts and studies have reported negative
impact of multimorbidity on economic outcomes amdmg young adults population. In the United
States, Medicaid is the largest insurance provimtethe young adults and thus it is important to
examine the impact of multimorbidity on Medicaid@tees. 2) Furthermore, Affordable Care Act
through the Medicaid expansion policies is goingxpand the coverage for young adults and thus
will include a majority of young adults in the U3. Medicaid population also represents individuals
in the lower socio-economic strata of the soci€he effects of socio-economic status on lung
functions have been extensively studied. It has beported that low socio-economic status (SES)
is associated with decreased lung function evesr afintrolling for smoking status, occupational
exposures and race. A review of literature by Headdwt al. concluded that SES is an under-
recognized factor of pulmonary disease. (Hegew2007) Many factors associated with low SES
such as exposure to indoor and outdoor air poltatgroor nutrition, tobacco smoke exposure etc.

have been suggested to affect lung function. (Hetge\v2007) Therefore, understanding the
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management of COPD in a more vulnerable sectidheo§ociety with greater risk factors is
important. 4) Specifically, COPD management in Mail enrollees has been an understudied area.
Few studies have examined healthcare utilizatioonemic burden and quality of care among
Medicaid beneficiaries with COPD. The burden of @OR high-risk Medicaid population (40-64
years old) is greater when compared with otheriragpy diseases (ORD) and non-respiratory
diseases (NRD). (Shaya, 2006; Lin, 2010) In a stumhducted by Shaya FT et al, it has been
suggested that healthcare use i.e. hospitalizagites are more among COPD patients as compared
to ORD and NRD patients within the Medicaid popiolat In the same study, it has been reported
the office visits (indicator of better quality) veelower among COPD patients as compared to ORD
patients. (Shaya, 2006) Studies have also showivédicaid beneficiaries with COPD have high
rates of multimorbidity. Therefore, it is importantsystematically study the management of COPD

in the Medicaid population. (Lin, 2010)

Purpose of this study

The purpose of this study was to comprehensivetietstand the relationship between
inflammation-related multimorbidity, COPD manageinand health outcomes associated with
novel statin therapy among Medicaid beneficiarieseoved in a real-world practice setting. This
study used a retrospective longitudinal dynamicocbtesign using data extracted from multiple
years (2005-2008) of Medicaid Analytic eXtract (MANKes to identify Medicaid beneficiaries with
newly diagnosed COPD (n = 19,060). The specificsammd objectives of three studies are listed

below.

Aim 1: Examine the association between inflammation-related multimor bidity and COPD
medication receipt, long-acting bronchodilator s per sistence and COPD-specific outcomes
among M edicaid beneficiarieswith COPD

Objective 1.1: To examine COPD Medication receipt and long-achimanchodilators persistence
among Medicaid beneficiaries with COPD and inflartiorarelated multimorbidity defined by the
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presence of arthritis, CVD, depression, diabetelsamteoporosis and depression compared those
with COPD only.

Hypotheses 1.1We hypothesized that individuals with COPD anthmmation-related
multimorbidity will have significantly lower likélood of receiving inhaled medications and will
also have lower rates of treatment persistence evatpto those with COPD only.

Objective 1.2: Compare COPD-specific (COPD-specific hospitalaasi COPD-specific
Emergency Room visits and COPD-specific outpatiesits) and COPD-related healthcare
utilization (COPD-related hospitalizations and CORIated Emergency Room visits) among
individuals with COPD and inflammation-related nmlbrbidity and those with COPD only.

Hypotheses 1.2We hypothesized that individuals with COPD andamfination-related
multimorbidity will have significantly higher helttare utilization as compared to individuals with
COPD only.

Objective 1.3: Estimate and compare COPD-specific healthcarerehpees individuals with
COPD and inflammation-related multimorbidity andgk with COPD only.

Hypotheses 1.3We hypothesized that individuals with COPD anthmmation-related
multimorbidity will have significantly higher COPgpecific healthcare expenditures as compared
to individuals with COPD only.

Aim 2: To examinethe effectiveness of novel statin therapy in improving COPD-specific
outcomes.

Objective 2.1: To estimate the prevalence of statin therapy amadhéxe the factors associated with
statin therapy among individuals with COPD.

Objective 2.2: To assess the effectiveness of statin therapy grivt@dicaid beneficiaries with
COPD.

Hypotheses 2.2.1We hypothesize that adults with statin therapylvélless likely to have COPD-
specific hospitalizations, COPD-specific EmergeRopm visits, and COPD-specific outpatient
Visits.

Hypotheses 2.2:2We hypothesize that adults with statin theraplybeiless likely to have COPD-
specific hospitalizations, COPD-specific EmergeRopm visits, and COPD-specific outpatient
visits among individuals with COPD and inflammatietated multimorbidity.

Objective 2.3: To estimate and compare total healthcare and C§ebHic expenditures associated
with statin therapy among individuals with COPD gmared to no statin therapy.

Hypotheses 2.3We hypothesize statin therapy will be associatigl statistically significant lower
total healthcare expenditures and COPD-specificeexjitures as compared to adults with no statin
therapy.

[8]



Aim 3: To evaluate the association between commonly used medications (antidepressants, ICS,
statins) and new-onset diabetes among adults with newly diagnosed COPD.

Objective 3.1: To assess real world safety (new-onset diabetes)yantidepressants, ICS and
statin use among Medicaid beneficiaries with nedibgnosed COPD after controlling for
comprehensive set of risk factors.

Hypotheses 3 1We hypothesize that any antidepressants, ICS aitid sise will increase the risk of
new-onset diabetes among Medicaid beneficiariels meivly-diagnosed COPD compared to those
with no antidepressants, no ICS and no statin use.

Objective 3.2: To compare the safety (new-onset diabetes) of ¢fjs¢atins among Medicaid
beneficiaries with newly-diagnosed COPD after calfitrg for comprehensive set of risk factors.

Hypotheses 3.2We hypothesize that lipophilic statins i.e. atotafis and simvastatin will be
associated with higher risk of new-onset diabetgsgared to non-lipophilic statins such as
pravastatin.

Objective 3.3: To examine the association between long-term usatidepressants, statins and
new-onset diabetes among Medicaid beneficiariels mewvly-diagnosed COPD after controlling for
comprehensive set of risk factors.

Hypotheses 3.3We hypothesize that long-term use of antidepressart statins throughout the
baseline period will be associated with increaskelihood of incident diabetes as compared to
non-persistent use of statins.

Significance of the study

This study aims to fill the knowledge gap and pdavknowledge about real-world patterns
of current pharmacologic management among thoseimfiammation-related multimorbidity and
COPD. As there has been an increasing recognibioarfianizing care around the individuals rather
than the disease (Kadam, 2012) an understandihgveotcare is delivered among individuals with
multimorbidity will have important implications fahe overall healthcare management of
individuals with COPD. Our study also addressesel to evaluate novel anti-inflammatory
treatments for effective management of patiente @OPD. As COPD is being increasingly
recognized as a disease of systemic inflammatias highly important to measure the effectiveness

of anti-inflammatory therapies in a real-world sejt
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CHAPTER 2: INFLAMMATION-RELATED MULTIMORBIDITY AND COPD
MANAGEMENT AMONG MEDICAID BENEFICIARIESWITH NEWLY-DIAGNOSED
COPD

INTRODUCTION

Multimorbidity is defined as coexistence of twornore chronic conditions. (C. M. Boyd,
Ritchie, Tipton, Studenski, & Wieland, 2008; M. Eoy Soubhi, Hudon, Bayliss, & van den Akker,
2007; Valderas, Starfield, Sibbald, Salisbury, &ahal, 2009) Agency for Healthcare Research and
Quiality suggests that multimorbidity affects cafeach chronic condition by complications posed
by each condition on another such as interacteiwden medications or disabling impact of one
condition on another.(AHRQ, 2007) Multimorbiditya major challenge among elderly individuals
aged 65 or older. (Marengoni et al., 2011) Howgwerecent years multimorbidity is no longer
considered as just an older person’s issue due togh prevalence among younger adults aged less
than 65 years. (Naessens et al., 2011; Taylor,e2@10) The prevalence of multimorbidity in the
Australian population is estimated to be 15% amgmghger adults in the age group 40-59 years.
(Taylor et al., 2010) In the United States (US) amadults participating in the National Health
Interview survey and in the age group 45-64 ydaesprevalence of multimorbidity has been
increasing and has grown from 24.5% in 2004 to®8r12010. (Ward & Schiller, 2013)A
retrospective cohort study of 33,324 employeesdmmndents of the Mayo clinic (aged 18-64
years) found that 54.3% of the total population tvaal or more chronic conditions and 16.5% had

five or more chronic conditions. (Naessens et28l1,1)

Multimorbidity and Young Adults
Although multimorbidity is highly prevalent amonguynger adults, only a handful of studies

have examined the impact of multimorbidity on healtitcomes such as healthcare expenditures

[14]



(Naessens et al., 2011), and health-related qualiife (HRQol) (M. Fortin, Dubois, Hudon,
Soubhi, & Almirall, 2007) among younger adultsthese few studies it has been suggested that
adults with multimorbidity pose significant econanbiurden that persists over a long-term.
(Anderson, 2010; Coughlin & Long, 2009; Naessera.eR011) A study conducted using data from
employees of large self-funded health plan indatab@t on a per-capita basis, younger adults with
multimorbidity ($21,182 among those with 5 or moheonic conditions) had higher healthcare
expenditures compared to those without multimotpi($3,952 among those with single chronic
condition). (Naessens et al., 2011) Such highelthesae expenditures also persisted over all four
years of the study period. (Naessens et al., 28itiarly, in a report published by the Robert
Wood Johnson Foundation, it has been indicatedntloa¢ than three-fifths of healthcare spending
on the overall US population is for individuals kvinultimorbidity. (Anderson, 2010) These
findings are in conclusion with another study ortimorbidity and healthcare expenditures among
high-cost Medicaid beneficiaries. (Coughlin & Lor2§09) Furthermore, the adverse impact of
multimorbidity has also been observed in termsediticare utilization. In 2009, of an estimated
326 million physician office visits, 39.4% visiteevwe made by adults in the age group 45-64 and
with multimorbidity, suggesting that young adultedrhigher healthcare utilization compared to
those without multimorbidity. (Ashman & BeresovsR)13) In addition, almost a quarter of
individuals in age group 45-64 with multimorbiddglayed needed medical care due to cost
considerations (Freid, Bernstein, & Bush, 20123hhghting compromised access for individuals
with multimorbidity.

In addition to higher rates of healthcare utilisatand expenditures, multimorbidity also
affects the quality of life among younger adulthds been reported that among younger adults with

multimorbidity (cardiac and respiratory conditio#RQoL was significantly lower when measured
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in terms of SF-36 physical component summary coethtr those without multimorbidity (mild or

no problems with cardiac and respiratory disord€h) Fortin et al., 2007)

These studies highlight that there exists knowdegigp in terms of the comprehensive
understanding of multimorbidity and its impact oamagement of specific chronic conditions,

healthcare utilization and disease-specific outamong younger adults.

Multimorbidity among Adults with Chronic Obstructey Pulmonary Disease (COPD)

In many studies that estimate the prevalence attdrpa of multimorbidity among adults
aged over 55 years, COPD is often included as btteeahronic conditions (Britt, Harrison, Miller,
& Knox, 2008) suggesting that multimorbidity may d@eommon problem among individuals with
COPD. Itis important to analyze the impact of timubrbidity among individuals with COPD for
many reasons. First, COPD is highly prevalent eWnited States (US). As of 2011, approximately
15 million Americans (6.3%) have diagnosed COPDydwner, it has been reported that equivalent
number of Americans may have undiagnosed COPD. (ZDC2; Ford et al., 2013) Second, COPD
is a highly debilitating condition associated wsignificantly poor health-related quality of life
(Ryynénen, Soini, Lindqvist, Kilpelainen, & Laitine2013) and is the third leading cause of
mortality in the United States. In addition to timical burden of COPD, it is also associated with
high economic (NHLBI, 2009) and social burden (LogeMathers, 2006). Third, the overall
management of COPD accounts for $49.5 billion. (BH12009)Fourth, compared to individuals
without COPD, individuals with COPD are at a highiek of having multimorbidity due to common
inflammation-related pathways. (Fabbri, Luppi, Bég& Rabe, 2008)Therefore, an understanding
of prevalence of multimorbidity and its impact ogalth outcomes among individuals with COPD is

an important first step towards improving healtlecaranagement of individuals with COPD.
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Prevalence of Inflammation-related multimorbidityraong individuals with COPD

When examining multimorbidity among individuals Wi€OPD, it is important to note that
COPD is mainly characterized as an inflammatorgabg that is associated with progressive and
persistent airflow limitation. (Rabe et al., 200¥herefore, it has been suggested that there may be
high prevalence of inflammation-related chronicaitions among individuals with COPD due to
elevated levels of inflammatory mediators. Althoutiie exact mechanisms have yet not been
established, researchers suggest that inflammati@®OPD may either have a “spill-over” effect or
the inflammation may be a part of “systemic” inflaation. (Fabbri et al., 2008)A review on
systemic manifestations of COPD suggested thagsystinflammation in COPD may lead to
various inflammation-related chronic diseases sschrthritis, cardiovascular diseases, depression,
diabetes and osteoporosis. (Barnes & Celli, 20@8&sHaumer-Ochsner & Rabe, 2011) Indeed,
researchers have suggested that COPD should beedeenpart of “chronic systemic inflammatory
syndrome”. (Barnes & Celli, 2009)

Although there are no specific studies of inflamongtrelated multimorbidity among
individuals with COPD, a study using data from Megional Health and Nutrition Examination
Survey (1999-2008) reported that among individga¢sater than 45 years old, those with COPD had
significantly higher rates of coexisting arthrit&1.6% vs. 36.9%), diabetes (16.3% vs. 12.8%) ,
depression (20.6% vs. 12.5%), osteoporosis (16 £9%.%%), coronary heart disease (12.7% vs.
6.1%), congestive heart failure (12.1% vs. 3.9%9l stroke (8.9% vs. 4.6%) as compared to those
without COPD. (Schnell et al., 2012) These findisgggest that inflammatory conditions (arthritis,
cardiovascular diseases, depression, diabetessaémoporosis) may be highly prevalent among those

with COPD.
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Challenges to COPD Management

The management of individuals with COPD primardyolves around pharmacologic
treatments. The main medications used in the managteof COPD include bronchodilators and
corticosteroids. Primary goals of the COPD managememprise of reducing the symptoms of

COPD and decreasing/minimizing the risk associatitid COPD. (Rabe et al., 2007)

Inflammatory-related multimorbidity among adultskvCOPD may complicate overall
COPD management. (Tsiligianni, Kosmas, Van, & Tk#&)&2013) One complication may arise
because pharmacological therapies for COPD mayeictter may have contraindications with
therapies for inflammatory-related conditions. Egample, beta blockers which are used to treat
cardiovascular conditions may interact with betaragts, main pharmacological therapy for COPD
management. (van der Woude et al., 2005) Similaglgtemic corticosteroids to treat individuals
with severe COPD have been linked to impairmegiucose metabolism process and thus may
affect diabetes outcomes among individuals with O@Rd diabetes. (Caughey, Preiss, Vitry,
Gilbert, & Roughead, 2013) Another complication naaige because presence of some conditions
such as CVD can affect metabolism of COPD-medioati&or example, theophyline clearance is
reduced among individuals with COPD and CVD and teag to poor COPD-specific outcomes.
(Ogawa, Stachnik, & Echizen, 2013)

Although pharmacological therapy is the hallmarlC@PD management, there are no
clinical practice guidelines on how to manage CQOhe presence of multimorbidity. In fact, even
among older adults with very high prevalence oftrdrbidity there have been no established
clinical practice guidelines. (C. M. Boyd et al0(5)

In the absence of clinical practice guidelinesifolividuals with multimorbidity the

treatment for chronic conditions are at the disoretf clinical decision making by the healthcare
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providers. Therefore, it is important to understéme current treatment practice among individuals
with COPD and multimorbidity in order to improvesthhealthcare management.
Impact on Overall Health Outcomes

In addition to challenges in COPD management, imffeatory-related multimorbidity may
also affect overall health and COPD-specific healttcomes of individuals with COPD. Although,
the impact of inflammation-related multimorbiditgdinot been specifically studied among younger
adults with COPD, some studies have evaluated bwveoatality, healthcare utilization, and
healthcare expenditures associated with multimdgbamong individuals with COPD of all ages. It
has been reported that among individuals with CORIymmation- related multimorbidity are
associated higher likelihood of all-cause mortalintonelli Incalzi et al., 1997; McGhan et al.,
2007)

Higher overall healthcare utilization and expematis have been observed among
individuals with COPD compared to those without @OAFindings from a recent study suggest that
presence of multimorbidity was associated with ifiggntly higher overall medical utilization and
costs among Medicaid beneficiaries with COPD (caaesompared to matched controls. For
example, the highest medical utilization as meakbyenumber of service claims was higher among
individuals with COPD and diabetes as compareddtched controls with diabetes (148.3 vs. 81.5,
p <0.001). (Lin, Shaya, & Scharf, 2010) Althougie impact of inflammation-related
multimorbidity on general health outcomes has lstadied, the relationship between inflammation-
related multimorbidity and COPD-specific outcomgam understudied area.

Effects on COPD-Specific Outcomes

Only a few studies have examined the relationsbtpreen multimorbidity on COPD-

specific outcomes. One study evaluated the risk@PD-related re-hospitalizations associated with

co-morbidities among individuals of all ages wit®ED. The results revealed that COPD related re-
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hospitalizations were higher among individuals vathmonary hypertension (HR: 1.24; 95% CI:
1.14 - 1.35). However, contrary to our understagdpresence of diabetes (HR: 0.76; 95% CI: 0.63
—0.91) or hypertension (HR: 0.77; 95% CI. 0.6690) was associated with lower likelihood of
COPD-related re-hospitalizations. (McGhan et &Q7) A study using data from 9,716 patients of
all ages, admitted with COPD, across National He@#rvices Trusts in the United Kingdom (UK)
evaluated the relationship between multimorbiditgd £O0PD related outcomes. This study reported
that other than the lung-related multimorbidity ls@s lung cancer, cardiovascular diseases and
diabetes were significantly association with insezhrisk of 90-day readmissions. For example,
individuals with ischemic heart disease had 20%eiased risk of 90-day COPD readmission (RR:
1.20, 95% CI: 1.12 — 1.27). (Roberts, Stone, Lanesey, & Buckingham, 2011)

Need for the study

As suggested in the introduction section, stutkégted to impact of multimorbidity on
health outcomes have mostly focused on elderlyiddals; specifically, elderly Medicare
beneficiaries. Evidence has accumulated that matbindity is common among young adults and it
is important to understand the relationship betweeattimorbidity and health outcomes in this
population.

Among the younger adults population, enrolleefhiéNledicaid population due to their low
socioeconomic status generally tend to have paaltheutcomes. As confirmed by a recently
conducted systematic review low socio-economiastet associated with higher rates of COPD
prevalence and poor health outcomes such as ntpalil higher healthcare utilization. (A. S.
Gershon, Dolmage, Stephenson, & Jackson, 2012eltJhited States, Medicaid is an important
payer of a major part of young adult populationFfK2011) Furthermore, it also represents
individuals in the lower socio-economic stratalad society. (KFF, 2011) Studies have shown that

multimorbidity has worse impact among individuaighe low SES category compared to those in
[20]



higher socioeconomic groups. (Sawa, 2011) In teviddedicaid beneficiaries with COPD,
investigators have indicated that individuals Wit®PD have more rates of multimorbidity
compared to matched non-COPD counterparts. Utitie Maryland Medicaid database, Lin et al
reported that beneficiaries with COPD had higheralence of diabetes mellitus (27.7%),
congestive heart failure (17.9%) and cerebrovasdi@ase (10.7%). (Lin et al., 2010) The high
prevalence of COPD and multimorbidity in the Medlicpopulation necessitates the examination of
impact of multimorbidity on COPD-specific outconsaong Medicaid beneficiaries with COPD.
When considering individuals with multimorbidityhe Wagner chronic care model of
structured care suggests that evidence based sdppdecision making and the use of clinical
guidelines are key elements in providing high gyalnd effective care. (Wagner et al., 2005)
Indeed, an expert review on guiding principlesdare of adults with multimorbidity has highlighted
the importance of availability of relevant evidemegarding important outcomes. (Guiding
principles for the care of older adults with mulbirbidity: An approach for clinicians: American
geriatrics society expert panel on the care ofraddieilts with multimorbidity.2012) Despite high
prevalence of inflammation-related multimorbidityang individuals with COPD, no clear clinical
guidelines for COPD have been established. Thexgfosystematic understanding of COPD and the
relationship between inflammation-related multimdily and COPD-specific outcomes is required
in order to provide evidence based care to indadsiwith COPD. Furthermore, a comprehensive
understanding of the relationship will help in dexeng interventions which could further improve
health outcomes among individuals with COPD. Irit,facsystematic review of interventions for
people with multimorbidity has suggested that veetions targeted at specific combinations of

common conditions, or specific problems for pasemith multiple conditions, may be more
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effective. (Smith, 2012) Studies are therefore meglto understand the impact of multimorbidity on
COPD-specific outcomes.

Only a few studies have assessed the impact ofmuarhidity on COPD-specific outcomes.
Moreover, there are several limitations present@se studies such as discrete approach followed in
terms of assessing multimorbidity. (McGhan et2007; Roberts et al., 2011) As COPD is
increasingly being identified as a part of “chrosystemic inflammatory syndrome”, (Fabbri et al.,
2008) a holistic approach is required to understhrdelationship between multimorbidity and
COPD. In addition, the population included in ohely had individuals with asthma which may
have led to misdiagnosis of COPD. Some of therdimitations of the studies presented in our
introductions section include no adjustment of pb&t confounders such as co-medications.

The high prevalence of inflammation-related multtidity among individuals with COPD
and dearth of literature in terms of its impact@DPD-specific outcomes necessitates a
comprehensive investigation. In addition, it is orant to understand the relationship between
inflammation-related multimorbidity and COPD amongnerable Medicaid beneficiaries after
extensively controlling for potential confoundef$ierefore, our study aims to fill the critical
knowledge gaps in the area of multimorbidity amgagnger adults with COPD.

A unique contribution of our study is to have at®etinderstanding of a relationship between
inflammation-related multimorbidity and COPD-spacdutcomes. COPD is often understood a
disease with local inflammation. Therefore, mosirpiacologic medications used in treating COPD
focuses on reducing local inflammation and theieiyroving only symptoms and not changing the
course of disease progression. Recently, investigiditave begun to consider COPD as a disease
associated with systemic inflammation. By explagnine link between inflammation-related

multimorbidity and COPD-specific outcomes, we sgtien the current understanding about
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inflammation in COPD and provide a novel targebasy/stemic inflammation) to improve COPD-

specific outcomes.
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CONCEPTUAL FRAMEWORK

For the purposes of this study we adapted the gdnakframework from “Competing demands”
model and operationalized the framework based wporstudy requirements. The diagréigure

1) below details the basic version of the “competisgndnds” model originally used in assessing
the impact of multimorbidity on preventive/primargre. (Jaén, Stange, & Nutting, 1994) It was
later adapted by Klinkam et al in understandingridationship between multimorbidity and care
among individuals with depression. (Klinkman, 199 model described below contains four
specific domains: a) the patient; b) the clinicianthe practice ecosystem and d) the overall polic

environment.

The interplay between these characteristics eviyniféects the care being provided to the
patient. We were not able to determine any climiciaaracteristics due to unavailability of data.

Competing demands from multimorbidity may lead doger COPD-specific outcomes compared to

those without multimorbidity.

Receipt of treatment and

treatment persisten
N

the Patient

N

the Practice
Ecosystem

\ .
COPD-specific outcomes

the Policy Environmen

Figure 1: “Competing Demands” Model on Impact of Mtimorbidity on Health Outcomes
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METHODS
Study design

We utilized a retrospective longitudinal dynamahort design using administrative claims
data for the years 2005 through 2008. Individuate @OPD were identified between 01/01/2006
and 12/31/2007Index date Identification Period)hdex date was recorded for each Medicaid
beneficiary as the first observed inpatient or atigmt service date with COPD diagnosis. Baseline
period was considered as 12 months prior to thiexrdate and follow up period was considered as

12 months after the index date.

Index date
I dentification period

Baseline period Follow-up period |
\ (1 year prior toindex date) /K (1 year from end index date) j

01/01/2005 01/01/2006 12/31/2@( 12/31/2008
Figure 2: An example of description of study peried

Data Source

Medicaid Analytic eXtract (M AX) (2005-2008)

Medicaid analytic extract (MAX) files are preparettigproduced by the Centers for
Medicare and Medicaid Services with the help ofdaesh and Data Assistance Center (ResDAC)
for performing research on healthcare utilizatiod autcomes among Medicaid beneficiaries. States
administering the Medicaid program are requiretefmrt annual, person-level data via Medicaid
Statistical Information System (MSIS) for the Meaalit beneficiaries to the CMS. These person
level files provide information about beneficiatieigibility, their healthcare utilization and

payment information. Several initiatives are takgrthe agencies to maintain and improve the
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guality of these datasets. (CMS, 2011; Hennessyndwl, Palumbo, Newcomb, & Bilker, 2007)We
received separate files from CMS which were linkaded on beneficiaries’ unique identification
numbers. These included: enroliméipefsonal summary’), inpatient and outpatient medical
claims, and pharmacy claims files for beneficiaries

Thepersonal summaryile provided information on eligibility, demogrhjes (age, gender,
and race), managed care enroliment, and utilizaionmary. The other four files contained
information on fee-for-service claims for serviesed."Other therapy” included information
regarding claims for Medicaid services providedrabutpatient level such as clinic services,
physician services, etc. Information regarding e provided during hospitalizations was obtained
from the“Inpatient file” . These files contain data such as hospitalizatidpatient services
diagnoses codes, procedures, length of stay fdr leagpitalization and expenditures related to
hospitalizations or other services. All the infotroa regarding pharmacy or drug services was
obtained from théPrescription Drug” file. This file included information regarding utiation of
prescription drugs by Medicaid beneficiaries inahgdprescription fill date, days of supply, natibna

drug code (NDC).

We used data for beneficiaries residing in theofelhg states: California (CA), lllinois (IL),
New York (NY) and Texas (TX). The primary reasotiné using this data was to obtain programs
with lower Medicaid-managed care penetration ratethat more utilization characteristics would be
captured. This provided us the ability to obtairkmaum number of beneficiaries with fee-for-

service enrollments.
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Area Resource File (ARF):

In addition to all the demographic characteriséind utilization variables obtained from the
MAX files, we also determined each Medicaid benafigs contextual county level variables using
the Area Resource File (ARF)ARF is a comprehensive county-level dataset ctadiy the
Health Resources Service Administration’s BureaHedlth Professions. ARF contains more than
6000 variables providing information about natiocéainties. The information contained within
ARF includes type of health facilities in the varsocounties, number and type health professions,
resource scarcity measures, health status, ecoramtivity, health training programs, and
socioeconomic and environmental characteristices@liiles also include county codes and
descriptors that allow its linkage with severalsetary datasets such as MAX. The type of
variables that were obtained from ARF included dgred pulmonologist in beneficiary’s residing
county. We used the county codes and state infoomad link MAX files with 2008 ARF file. All
the ARF variables were obtained from the baselaréod.
Study Population

Medicaid Beneficiaries with newly-diagnosed COPD

Medicaid beneficiaries with diagnosed COPD weraiified using MAX IP and OT files
(physician office visits claims only). Baseline jperwere used to identify Medicaid Beneficiaries
with COPD. Individuals with at least one inpatigrdit or two 14 days apart outpatient visits
(obtained using type of service codes) for COPdam International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) ates for chronic bronchitis (491.xx),
emphysema (492.xx), or unspecified chronic airmastauction (496.xx) were considered to have
diagnosed COPD. These diagnosis codes have bdieadith prior published research (codes
491.xx, 492.xx and 496.xx) to identify COPD andleate medical treatment and health outcomes
among individuals with COPD. (Dalal, Shah, D'SouZhaudhari, & Crater, 2012; Halpern et al.,
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2011; Make, Dutro, Paulose-Ram, Marton, & MapellL20ndeed, sensitivity and specificity of
using ICD-9-CM codes to identify patients with COR8s been established. (Cooke et al., 2011; A.
S. Gershon et al., 2009) A study conducted by Gerst al reported that identifying COPD using 1
or more ambulatory claims and/or 1 or more hospa#ibns for COPD resulted in a sensitivity of
85.0% (95% CI: 77.0 to 91.0) and a specificity 8f4P06 (95% CI: 73.6 to 82.7). However, we will
be used 1 inpatient or 2 outpatient claims to ifemdividuals with COPD in order to increase the

specificity of the algorithm.

Other inclusion criteria will included: a) 40-64ays (among young adults this age group is
at highest risk of COPD); b) continuous eligibilduring the baseline and follow-up period; c) no
dual Medicaid/Medicare coverage (dual eligibilityflwepresent high-cost and severe beneficiaries);
d) enrolled in fee-for-service plans throughout shely observation period; e) Alive during the

study observation period; and use of services {i@piaor outpatient).

Dependent Variables

Medication Receipt (Objective 1.1)

According to various clinical practice guidelindsagpmacologic treatment for individuals
with COPD should include administration of maintece bronchodilators and inhaled
corticosteroids. Medication use among individualth W OPD was identified using the NDCs
obtained from variety of sources including Food &ndgs Administration (FDA) register.

Following indicator variables will be created

1) Receipt of short-acting bronchodilators includiregdbagonists and inhaled anticholinergics
(yes/no)

i) Receipt of long-acting bronchodilators includingebagonists and inhaled anticholinergics
(yes/no)
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1)) Receipt of any bronchodilator (short-/long-actingjegorized into four groups: 1)Short-
acting bronchodilator only; 2) long-acting bronchatbr only; 3) both; 4) none
V) Receipt of inhaled corticosteroid (yes/no)

Long-Acting Bronchodilators: Treatment Persisten¢®bjective 1.1):

Long-acting bronchodilators are considered as raparice medications for individuals with
COPD. Therefore, in addition to the receipt of nsations, it is important to determine the impact of
inflammation-related multimorbidity on the persiste with long-acting bronchodilators. We
measured 180-day persistence among individualsimtiated with long-acting bronchodilators in
the first 6-months of the follow-up period. Medicet persistence was defined as continuous use i.e.
without a 45-day gap in prescription refills of gpacting bronchodilators. Sensitivity analyses were
conducted with varying gap periods i.e. 30-day @epd measure) and 60-day gap (flexible
measure). Time to discontinuation was calculatedubtracting the first discontinuation date (first
date after initiation of pre-specified gap perifrdm the index date. For individuals who did not
discontinue the therapy during the 180-day obsemrateriod, time to discontinuation was recorded
as 180 days.

COPD-Specific healthcare utilization: (Objective2).

Any healthcare claim with primary diagnosis of BIDidentified using ICD-9-CM codes
were considered as COPD-specific health care atitim. Following variables were identified as
COPD-specific health care utilization: a) COPD-sfiebospitalizations (yes/no), b) COPD-specific
Emergency Room visits (yes/no); obtained from anpéiient and outpatient claims and c) COPD-
specific outpatient visits (high density/low degsidietermined by categorizing the number of
COPD-specific outpatient visits above and belowrtteglian.

COPD-Related healthcare utilization: (Objective ).2
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Healthcare claims with any COPD diagnosis idedifising ICD-9-CM codes were
considered as COPD-related health care utilizaioflowing variables were identified as COPD-
related health care utilization: a) COPD-relatedgdiializations (yes/no), b) COPD-related
Emergency Room visits (yes/no); obtained from anpéiient and outpatient claims

COPD-specific healthcare expenditures (Objectiv8)1.
We also measured COPD- specific and COPD-relatatiiealthcare, inpatient and

outpatient expenditures including expendituresripatient, outpatient, and emergency room

expenditures. COPD-specific expenditures were ifiedtby identifying service claims with the
primary diagnosis of COPD (inpatient and outpajiehb account for medical services inflation,
expenditures in 2006 and 2007 were converted t8 2dlars using the annual consumer price

index for medical care services available fromBlueeau of Labor Statistics. (BLS, 2013)

Key Independent Variable: Inflammation-related Muithorbidity

Binary indicator variables were created for thespree of arthritis, CVD, depression,
diabetes and osteoporosis using the Internatiokaeistication of Diagnosis —"9Revision- Clinical
Modification (ICD-9-CM) codes obtained from the Agsy for Healthcare Research and Quality
(AHRQ) - Clinical Classification Software. Any Mexiid beneficiary with COPD having greater
than or equal to one inpatient or two outpatiesitsifor these conditions were considered as having
the disease. In addition indicator variables weeated for inflammation-related physical conditions
and inflammation-related mental condition. Any Mesdd beneficiary having either of the following
conditions: arthritis, CVD, diabetes and osteopisrag&re considered as having inflammation-
related physical condition. Similarly, any indiveluwith COPD having depression was considered

as having inflammation-related mental condition.

Operational definition:
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Inflammation-related multimorbidity was further egorized into:

1) COPD + Inflammation-related Physical Conditions hflammation-related Mental
Condition (i.e. depression)

2) COPD + Inflammation-related Physical Conditions

3) COPD + Inflammation-related Mental Condition (i.elepression)

4) COPD only (without any chronic conditions).

Other Independent Variables

Based on the conceptual framework we have groupethtlependent variables into the

specific domain:

a) Patient Characteristics: These variables indyear of diagnosis (2006 vs. 2007), demographic
characteristics such as gender (women, men), Yabéd, African Americans, Others), age in years
(40-49, 50-59, 60-64), poverty eligibility (yes,)nmedical eligibility (yes, no), number of other
clinical conditions (none, 1-3, 4-6, >6), seriousntal illness (yes, no), alcohol abuse (yes, no),
substance abuse (yes, no), tobacco use (yeshdg@odypharmacy (<10 drug classeslGdrug

classes).

b) Eco-system (county-level) Characteristics: Qpudevel variables from ARF files were used to
obtain eco-system characteristics. Quartiles faisthg of above high school education,
unemployment, poverty, primary care providers, simecialist care providers were created. Density
of these county level characteristics was calcdlatedividing total number of each characteristics
by the total county population. This density wadtar converted into per 1000 people by
multiplying 1000 with the density. Other ARF chawracstics included pulmonologist density (high

vs. low), cardiologist density (high vs. low), etc.

d) Policy Environment: Each state administering Mei coverage to eligible beneficiaries has

different policies; for example, states have resons on medications that can be covered. To
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account for policy differences we included a dumragiable for the states (CA, IL, NY, TX) in our
analyses.
Statistical Analyses

Bivariate Analyses

Chi-square tests of independence were used tondieesubgroup differences in categorical
variables by inflammation-related multimorbidity ang Medicaid beneficiaries with COPD.
Bivariate differences in time to discontinuationlafig-acting bronchodilators were tested using
Kaplan-Meier estimators and log-rank tests were tis@etermine statistical significance. To test
the relationship between continuous variables (@tanmealthcare expenditures) and inflammation-

related multimorbidity categories we used F-tests.

Multivariate Analyses

Binary and multinomial logistic regressions weredito examine the relationship between
inflammation-related multimorbidity and medicatimteipt, long-acting bronchodilators persistence
and COPD-specific healthcare utilization. Paramestimates are represented as Adjusted Odds
Ratio (AOR) with 95% confidence intervals (Cl). Tagsociation between inflammation-related
multimorbidity and time to discontinuation of lomgting bronchodilators was examined using Cox-
proportional hazards regression. Parameters esiinfiam these regressions are expressed as
adjusted hazard ratios (aHR) and 95% confiden@svals (Cl). The relationship between
inflammation-related multimorbidity and healthcasgenditures among individuals with COPD
were analyzed using generalized lineal model (Glalh log-link function and gamma distribution.
As many Medicaid beneficiaries did not have any O&ipecific healthcare expenditures, we used
two-part models. The first part of the model préeticthe probability of having healthcare

expenditures and the second part of the modeldedGLM with log-link and gamma distribution
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on healthcare expenditures for beneficiaries whbrtem-zero expenditures. All analyses were

conducted using SAS v9.3 (SAS Institute, Cary, NC).

RESULTS

The final study population (after applying all exsion criteria) consisted of 19,060
Medicaid beneficiaries aged between 40-64 yeartts matvly diagnosed COPD. The algorithm used
to define the study cohort is shown in Figure 1jdvity of the Medicaid beneficiaries with newly
diagnosed COPD were women (59.5%), Whites (48.6%lhe age group 50-59 years (48.4%) and
residents of CA (54.5%).

1) Prevalence of Inflammation-related Multimorbidity

Overall, among Medicaid beneficiaries with newlggiosed COPD (n = 19,060), 48.8%
had inflammation-related physical multimorbidity7% had inflammation-related mental
multimorbidity, 19.6% had both and 24.9% did notdany inflammation-related multimorbidity.
With regards to individual inflammation-related chic conditions among Medicaid beneficiaries
with newly-diagnosed COPD, 17.9% had cardiovasdlikgase, 19.8% had diabetes, 12.3% had
hyperlipidemia, 37.8% had hypertension, 35.8% hadauloskeletal disorders and 26.3% had
depression.

1) COPD Medication receipt

Findings from the bivariate and multivariate anak/from analyses on COPD medication
receipt with inflammation-related multimorbidity e key independent variable are depicted in the
Table 1(main manuscript section). Approximately 64% Medticbeneficiaries with newly-
diagnosed COPD used at least short-acting bronlgtodduring the follow-up period. The rates of
long-acting bronchodilators and inhaled corticasitds were 39.2% and 43.3% respectively.

Medicaid beneficiaries with inflammation-relatedmted multimorbidity were more likely to receive
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short-acting bronchodilators (OR: 1.16 95%; C1:21.0.33), those with both physical and mental
condition were less likely to receive long-actimgichodilators (OR: 0.91; 95% CI: 0.84, 1.00) but
were more likely to receive inhaled corticosterdidf: 1.12; 95% CI: 1.03, 1.22) compared to
those with no multimorbidity.

Findings from multivariable logistic regression G@PD medication receipt among
Medicaid beneficiaries with newly diagnosed COPierded that those with inflammation-related
physical conditions were significantly less likétyreceive short-acting bronchodilators (AOR: 0.82;
95% CI: 0.75, 0.89), long-acting bronchodilator©f: 0.86; 95% CI: 0.79, 0.93) and inhaled
corticosteroids (AOR: 0.81; 95% CI: 0.75, 0.88) gamed to adults with no multimorbidity.
Similarly, those with both physical and mental nmtirbidity were 26% less likely to receive short-
acting bronchodilators (AOR: 0.74; 95% CI: 0.681), 26% less likely to use to long-acting
bronchodilator (AOR: 0.74; 95% CI: 0.67, 0.82) &2%6 less likely to use inhaled corticosteroids
(AOR: 0.78; 95% CI: 0.71, 0.86) compared to thogh wo multimorbidity. In addition, certain
patient characteristics, eco-system level variabtespolicy environment variables were
significantly associated with COPD medication rptei

To understand the overall bronchodilator use aniMedicaid beneficiaries with newly-
diagnosed COPD, we created an aggregate bronctardise variable with four categories (short
acting only, long-acting only, both and none). M#yo(47.2%) of beneficiaries with at least one
bronchodilator use (n = 13,310) in the follow-upipe were in the both bronchodilator use group.
Findings from multinomial logistic regressiorigaple 2 main manuscript section) revealed that
adults with physical and both physical and mentaltimorbidity were less likely to receive short-
acting bronchodilators only (AOR: 0.88; 95% CI:9.9.97; AOR: 0.80; 95% CI: 0.71, 0.91

respectively) as compared to those with no multbiabty. Similarly findings were observed for
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receipt of short-acting and long-acting bronchddig However, inflammation-related
multimorbidity did not have any statistically sifoant association with receipt of long-acting
bronchodilators only.

[11)  Long-acting bronchodilator persistence (6 months)

Out of 6,119 Medicaid beneficiaries who initiatedlong-acting bronchodilator therapy
during the follow-up period, 30.7% (n = 1,880) reneal persistent (i.e. without any 45-day gap
period) through 6 month follow-up after the indeatal Subgroup differences in persistence rates by
inflammation-related multimorbidity were examinesing chi-square tests of independence. These
results suggested that there was no differencerims of overall persistence by inflammation-related
multimorbidity. (Table 3 main manuscript section) Sensitivity analysesawymarformed by
changing the allowable gap period to 30 days (gpecsistence measure) and 60 days (flexible
persistence measure). Similar bivariate findingthase obtained using 45-day gap allowance, were
observed in the sensitivity analyses as well.

Interestingly, the findings from the logistic regsens on flexible persistence measure
revealed that Medicaid beneficiaries with inflamioatrelated mental condition were 25% less
likely to be persistent (AOR: 0.75; 95% CI: 0.6@4®), whereas those with both physical and mental
condition were 19% less likely to remain persisi&®R: 0.81; 95%CI: 0.68, 0.97) in the 6-month
follow-up period. No statistically significant rél@nships were found between inflammation-related
multimorbidity and persistence using 30-day andld$-gap period.

Kaplan-Meier estimates with log-rank tests and pooportional hazards model were
conducted to understand the unadjusted and adjuedtbnship between inflammation-related
multimorbidity and time-to-discontinuation (in daygsspectively. Specific findings from these
analyses with regards to inflammation-related mutibidity are presented ifable 3 main

manuscript section. Median time-to-discontinuatdtong-acting bronchodilators was lower for
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Medicaid beneficiaries with mental condition (964&ys, 95%CI: 87.9, 110.1), with physical
condition (102.0 days, 95%CI: 93.9, 107.1) and ¢hegh both conditions (107.0 days, 95%ClI:
99.9, 114.0) compared to those with no multimotli@ 13.0 days, 95%CI: 105.0, 117.9).
However, this difference was not statistically #iigant. Sensitivity analyses with different
allowable gap period revealed similar results.

Cox proportional hazards regression on time-toahtiauation (in days) indicated that after
adjusting for baseline characteristics and using®@allowable gap period to measure time-to-
discontinuation, individuals with inflammation-réga physical condition only (aHR: 1.10; 95% CI:
1.01, 1.20), inflammation-related mental conditaamy (aHR: 1.18; 95% CI: 1.03, 1.36) and both
conditions (aHR: 1.14; 95% CI: 1.02, 1.36) had kighazards of discontinuation as compared to
those without any inflammation-related multimoriydi

IV) COPD-specific and COPD-related healthcare utilorati

Table 4(main manuscript section) depicts the findingsrfisivariate and multivariate
analyses on COPD-specific and COPD-related heaghddization. About 5.0% (n = 998)
Medicaid beneficiaries with newly diagnosed COP@ htleast 1 COPD-specific hospitalization,
14.8% (n = 2,824) had COPD-specific emergency reits and 43.7% (n = 7,200) had GOPD-
specific outpatient visits. Bivariate analyses wid reveal any statistically significant associasio
between inflammation-related multimorbidity and ®D&pecific healthcare utilization.

However, findings from the logistic regressions th@djusted for baseline characteristics
suggested that Medicaid beneficiaries with inflartiararelated physical condition only (AOR:
0.81; 95% CI. 0.68, 0.96) and those with both ptalsand mental condition (AOR: 0.80; 95% CI:
0.65, 0.99) were less likely to have COPD-speti@spitalization compared to adults with no
multimorbidity. Similar findings were obtained ftire relationship between inflammation-related

multimorbidity and COPD-specific emergency roonitsis
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Overall, 16.0% (n = 3,052) of beneficiaries had @@PD-related hospitalizations and
21.4% (n = 4,092) had COPD-related Emergency RasitsvStatistically significant subgroup
differences in rates of COPD-related healthcaleation by multimorbidity categories were
observed. Those with physical condition only (16)0ftental condition only (15.4%) and both
(20.9%) had significantly (p<0.001) higher rate<C@PD-related hospitalization as compared to
those without any inflammation-related multimorlydi12.4%). However, adjusting for baseline
characteristics showed that only those with botyspdal and mental conditions had significantly
greater likelihood of COPD-related hospitalizat{&®R: 1.26; 95% CI: 1.10, 1.44). Adjusted
analyses also indicated that beneficiaries withspda} conditions had lower likelihood of COPD-
related Emergency Room visits (AOR: 0.87, 95% CI1900.95).

V) COPD-specific healthcar e expenditures

Average total of COPD-specific and COPD-relatedeexjitures (referred to as COPD
expenditures) in the 12-month follow up period amdfedicaid beneficiaries with newly-diagnosed
COPD was estimated to be $3,238 (SD: $12,396). Ayuzers, average COPD-specific inpatient
expenditures were estimated to be $7,223 (SD: 33 @id COPD-specific outpatient expenditures
were determined to be $425 (SD: $13B)ble 5(main manuscript section) contains mean (SD),
median, parameter estimates, standard errors tatstisal significance represented as asterisks fo
total and types of COPD-specific expenditures fkammation-related multimorbidity groups. As
shown in the table average total COPD-specific djgares were significantly higher among
individuals with inflammation-related physical moibrbidity ($3,481 vs. $2,872; p<0.01).
However, COPD-specific inpatient expenditures a@PO-specific outpatient expenditures were
not different among different inflammation-relat@diltimorbidity groups.

Findings from GLM with log-link and gamma distrilbot (Table 5)among those with positive

expenditures revealed that total COPD expendit@e&s?D-specific inpatient expenditures and
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COPD-specific outpatient expenditures were loweiaftults with inflammation-related

multimorbidity compared to those with no multimatiby.

DISCUSSION

The current study examined the impact of inflamoratielated multimorbidity of COPD
medication use, long-acting bronchodilator persiste COPD-specific healthcare utilization and
expenditures among Medicaid beneficiaries with yesvignosed COPD. In this study cohort
approximately three-forth individuals had inflammatrelated multimorbidity. Although no study
has comprehensively examined the prevalence @mmfiation-related comorbidities among
individuals with COPD, the rates for some of theiwidual conditions obtained from our analyses
are somewhat consistent with those found in othuglies that have evaluated comorbidity burden

among individuals with COPD. (Schnell, 2012; Lita$a, & Scharf, 2010)

In this study, we found that after controlling fmatient characteristics, Medicaid beneficiaries
with newly-diagnosed COPD were less likely to reeeCOPD medications including
bronchodilators and inhaled corticosteroids. Furtteee, findings from long-acting bronchodilator
persistence analyses indicated that individuale @®PD and inflammation-related multimorbidity
had increased hazards of discontinuation. It islde that due to competing demands from
healthcare management of multimorbidity, COPD-mattha utilization and treatment persistence
may be reduced. Studies have suggested that c&@HD medications are associated with side-
effects that could complicate management of alieaccurring conditions. For example
bronchodilators such as long-acting beta agonrstshaled anticholinergics are associated with
cardiovascular complications such as unstable armia myocardial infarction. (Au DH, 2004;
Lemaitre, 2002; Macie C, 2008; Martin RM, 1998) 8arty, inhaled corticosteroids may increase

blood glucose levels among those with pre-diabetesabetes. (Suissa S, 2010; Slatore CG, 2009)
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Therefore, it is important to weigh the benefitsl safety issues in the healthcare management of
patients with COPD and inflammation-related multrbidity. Clinical practice guidelines need to

be developed for individuals with COPD and multiimdity.

Contrary to our hypotheses, the presence of inflatitm-related multimorbidity was associated
with lower COPD-specific healthcare utilization. dMeaid beneficiaries with newly-diagnosed
COPD and inflammation-related physical conditionbath physical/mental conditions were less
likely to have COPD-specific hospitalization andezgency room visits. These findings are
consistent with a study that indicated that preseridiabetes and hypertension were associated
with lower likelihood of COPD re-hospitalizationgl¢Ghan et al 2007). We can only speculate on
the possible reasons behind our study findingss possible that those with multimorbidity have
greater hospitalizations for other conditions inakhCOPD may be diagnosed as comorbidity and
thus COPD management may take place while beingitatized for other chronic conditions. This
was also reflected in our analyses of COPD-relatespitalizations which were measured as

hospitalization with COPD as any of the nine diasggsocodes.

Although inflammation-related physical multimorkigivas associated with higher average
total COPD-specific expenditures as compared teehath no multimorbidity ($3,482 vs. $2,872;
p<0.01), this relationship was reversed in muliafale analyses. After controlling for baseline
characteristics it was found that inflammation-tetemultimorbidity was associated with
statistically significant lower COPD-specific tgtaipatient and outpatient expenditures. Again,
these findings highlight the burden of co-occurrmagditions in patients with newly diagnosed
COPD and inflammation-related multimorbidity. Mgeanent of inflammation-related
multimorbidity may require resources and thesegpédi may have expenditures that may not be

specific to COPD. Indeed, similar evidence hasilmumented among individuals with mental
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illness among whom multimorbidity is highly prevaleAmong individuals with mental illness a
greater proportion of expenditures often relateaiditions not related to mental health. (BaneRea

et al, 2008)

STRENGTHSAND LIMITATIONS

The advantages of our study are: the use of adiratiie claims data which provided us the
ability to identify all the medical conditions uginliagnosis codes, availability of prescription
medication claims, analysis of a comprehensive@s€OPD-specific outcomes, examination of a
high-risk and low-income population and abilityttack capture utilization over time. Our study was
strengthened by linking Medicaid files with ARFdomprehensively adjust for healthcare
environment that could have affected the relatignbbetween inflammation-related multimorbidity
and COPD-specific outcomes. Our study had somediions such as limited generalizability due to
inclusion of beneficiaries with fee-for-serviceiat@ only. The study also used data from only four
states which may not provide a full understatingwdrall Medicaid population. We also excluded
dual Medicare-Medicaid enrollees from our populatichich limits the overall generalizability. Due
to unavailability of laboratory data we were noleato control for stage of COPD at diagnosis or
confirm the diagnosis of COPD.

Despite these limitations, to the best of our kremlgle this the first study to extensively examine
the relationship between inflammation-related mudtibidity and comprehensive set of COPD-
specific outcomes. Therefore, the findings frons $tudy may guide clinical and policy decision

making for management of COPD patients with inflaation-related multimorbidity.
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TABLESAND FIGURES

59,536 individuals with newly diagnosed Chronic
Obstructive Pulmonary Disease (COPD) diagnosis
between January 1, 2006, and December 31, 2007 |n

Medicaid Analytic eXtract Files

l 2,422 beneficiaries died during the stud
\l/ observation period

57,114 beneficiaries with newly diagnosed COPD were
alive during the entire study observation period

l |

] 23,289 dual Medicare/Medicaid eligible

33,825 individuals with no dual eligibility ]

I

) —

eligibility

( |
L 7,025 individuals without continuous J

{ i

26,800 beneficiaries with continuous eligibility
throughout study observation period

L J

3,589 enrollees with HMO plans

23,211 Medicaid beneficiaries with fee-for-servipdsns

4,151 enrollees aged <40 years or >64
years

19,060 Medicaid Beneficiaries with
newly-diagnosed COPD

Figure: Algorithm Describing Selection of Study Pagation

[47]



Tablel

Numbers, Percentages, Odds Ratios, Adjusted Odds Ratios and 95% Confidence Intervals
Receipt of COPD M edication Use among M edicaid Beneficiaries with Newly-Diagnosed COPD

M edicaid Analytic Extract, 2005-2008

Short Acting Bronchodilator Use

Unadjusted Logistic
Regression on Receipt of
COPD M edication

on Receipt of COPD
M edication

Adjusted Logistic Regression

N Row % OR

95% ClI Sg  AOR

95% ClI

Sig

Short Acting Bronchodilators

TOTAL 12,177 63.9

Inflammation-related M ultimor bidity
Physical Only 5,947 63.9 1.05 [0.98, 1.13] 0.82 [0.75, 0.89] ***
Mental Only 850 66.3 1.16 [1.02, 1.33] 1.01 [0.88, 1.16]
Both 2,407 64.5 1.08 [0.99, 1.18] 0.74 [0.66.81] ***
None 2,973 62.8

L ong Acting Bronchodilators

TOTAL 7,474 39.2

Inflammation-related M ultimor bidity
Physical Only 3,676 39.5 0.99 [0.92, 1.06] 0.86 [0.79, 0.93] ***
Mental Only 507 39.5 0.99 [0.87, 1.12] 0.89 19, 1.02]
Both 1,406 37.7 0.91 [0.84, 1.00]* 0.74 [0.67, 0.82] ***
None 1,885 39.8

Inhaled Corticosteroids

TOTAL 8,260 433

Inflammation-related M ultimor bidity
Physical Only 4,043 43.4 1.07 [0.99, 1.14] 0.81 [0.75, 0.88] ***
Mental Only 567 44.2 1.10 [0.97, 1.24] 0.93 8D, 1.07]
Both 1,666 44.6 1.12 [1.03, 1.22]* 0.78 [0.71, 0.86] ***
None 1,984 41.9

Note: Based on 19,060 Medicaid Beneficiaries with nedibgnosed COPD obtained from Medicaid Analytic extr
files observed during 2005-2008. Asterisks represgmificant group differences in likelihood ofspective COPD
medication use by inflammation-related multimorbidiompared to the reference group (None) obtafreed

Unadjusted and Adjusted Logistic Regression Analyse

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, povertybélityi, number of
other clinical conditions, serious mental illneslephol abuse, substance abuse, tobacco use, pofgpby, county
level variables including: above high school ediocatiensity (quartiles), unemployment density (tjles), poverty

density (quartiles), metro status, primary caratsiye area, mental health shortage area, primaeypravider density
(quartiles), hospital beds density (quartiles),gbégtric hospital, pulmonologist density and calalijist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Gdeffice Interval; Sig: Significance

**% p < ,0017* .001<p<.01;* .01<p<.05
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Table?2
Number, Percentage, Adjusted Odds Ratio and 95% Confidence Interval from Multinomial
Logistic Regression on Type of Bronchodilator Use
among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Short Acting Bronchodilators Only
N Row% AOR 95% ClI Sig

TOTAL 5,836 30.6

Inflammation-related M ultimor bidity

Physical Only 2,870 30.8 0.88 [0.79,0.97] **
Mental Only 397 30.9 1.01 [0.86, 1.20]
Both 1,207 32.3 0.80 [0.71, 0.91] ok
None 1,362 28.8
Long Acting Bronchodilators Only
TOTAL 1,133 5.9

Inflammation-related M ultimor bidity

Physical Only 599 6.4 1.01 [0.85, 1.20]
Mental Only 54 4.2 0.77 [0.56, 1.06]
Both 206 5.5 0.85 [0.68, 1.06]
None 274 5.8
Both Bronchodilators
TOTAL 6,341 333

Inflammation-related M ultimor bidity

Physical Only 3,077 33.1 0.77 [0.70,0.85]  ***
Mental Only 453 35.3 0.92 [0.78, 1.09]

Both 1,200 32.1 0.63 [0.56,0.72]  ***
None 1,611 34.0

Note: Based on 19,060 Medicaid Beneficiaries with negiggnosed COPD obtained from Medicaid Analytic extr
files observed during 2005-2008. Asterisks represigmificant group differences in likelihood ofdmchodilator use by
inflammation-related multimorbidity compared to lederence group (None) obtained from Multinomiabistic
Regression Analyses.

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, povertybdlityi number of
other clinical conditions, serious mental illnesisphol abuse, substance abuse, tobacco use, potgpby, county level
variables including: above high school educationsitg (quartiles), unemployment density (quarjilg®verty density
(quartiles), metro status, primary care shortaga,anental health shortage area, primary care geodensity
(quartiles), hospital beds density (quartiles),gbsgtric hospital, pulmonologist density and calalijist density.

OR: Odds Ratio;  AOR: Adjusted Odds Ratio; CI: Gdefce Interval; Sig: Significance
% p<.0017* .001<p<.01;* .01<p<.05
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Table3
Description of 180-day L ong Acting Bronchodilator Persistence among
M edicaid Beneficiaries with Newly-Diagnosed COPD who initiated L ong Acting Bronchodilators (n = 6,119)
Medicaid Analytic Extract, 2005-2008

Per sistence (30-day allowable gap)

Median
N Row % AOR 95% CI Sig Time 95% CI Sig aHR 95% CI Sig
TOTAL 1,308 21.4
Inflammation-related M ultimor bidity
Physical Only 624 20.8 0.90 [0.76, 1.06] 96.0 19201.1] 1.08 [1.00,1.17] *
Mental Only 85 209 0.84 [0.64, 1.11] 93.0 [8704.1] 1.12 [0.99, 1.27]
Both 255 22.2 0.89 [0.73, 1.10] 102.0 [95.1, 1p7.1 1.08 [0.98,1.19]
None 344 22.1 103.0 [96.9, 111.0]
Per sistence (45-day allowable gap)
TOTAL 1,880 30.7
Inflammation-related M ultimor bidity
Physical Only 917 30.5 0.95 [0.82,1.10] 102.0 .993107.1] 1.06 [0.98, 1.15]
Mental Only 120 29.5 0.84 [0.66, 1.08] 96.0 [87.200.1] 1.14 [0.99, 1.30]
Both 357 31.0 0.89 [0.74, 1.07] 107.0 [99.90, 01 4. 1.09 [0.99, 1.21]
None 486 31.2 113.0 [105.00, 117.9]
Per sistence (60-day allowable gap)
TOTAL 2,354 385
Inflammation-related M ultimor bidity
Physical Only 1,143 38.1 0.87 [0.76, 1.00] 103.0 [95.1, 108.0] 1.10 .O0f1,1.20] ~*
Mental Only 145 35.6 0.75 [0.60,0.96] * 96.0 [87.9, 113.1] 1.18 [1.03,1.36] *
Both 440 38.2 0.81 [0.68,0.97] * 108.0 [99.9, 116.1] 1.14 [1.02,1.26] *
None 626 40.2 114.0 [105.9, 123.9]

Note: Based on 6,119 Medicaid Beneficiaries with newggdosed COPD who initiated long-acting bronchddits obtained from Medicaid Analytic eXtract files
observed during 2005-2008. Asterisks representfaignt group differences in likelihood of 180-dgysrsistence, median time to discontinuation (meabsin days)
and hazards of discontinuation.

[50]



Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, povertybdityi number of other clinical conditions, sersmental iliness,
alcohol abuse, substance abuse, tobacco use, pahgabty, county level variables including: abovehtéghool education density (quartiles), unemplaynadensity

(quartiles), poverty density (quartiles), metraissaprimary care shortage area, mental healtha®marea, primary care provider density (qualtilesspital beds
density (quartiles), psychiatric hospital, pulmagst density and cardiologist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; aHR:ustied Hazards Ratio; Cl: Confidence Interval; Significance

% p <.0017* .001<p<.01* .01<p<.05
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Table4
Number, Percentage, Adjusted Odds Ratio and 95% Confidence Interval from Logistic
Regressions on COPD-specific and COPD-related Healthcar e Utilization among
M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

COPD-specific Hospitalizations

N  Row % AOR 95% ClI Sig

TOTAL 998 5.2

Inflammation-related M ultimor bidity
Physical Only 478 5.1 0.81 [0.68, 0.96] *
Mental Only 72 5.6 1.01 [0.77, 1.33]
Both 205 55 0.80 [0.65, 0.99] *
None 243 5.1

COPD-specific Emer gency Room visits

TOTAL 2,824 14.8

Inflammation-related M ultimor bidity
Physical Only 1,322 14.2 0.83 [0.75, 0.93] ***
Mental Only 198 15.4 0.91 [0.76, 1.09]
Both 591 15.8 0.85 [0.74, 0.97] *
None 713 15.1

COPD-gpecific Outpatient Visits

TOTAL 7,200 437

Inflammation-related M ultimor bidity
Physical Only 3,462 43.7 1.02 [0.94, 1.11]
Mental Only 499 43.8 1.02 [0.89, 1.17]
Both 1,448 44.9 1.02 [0.92, 1.13]
None 1,791 42.7

COPD-related Hogpitalizations

TOTAL 3,052 16.0

Inflammation-related M ultimor bidity
Physical Only 1,486 16.0 1.12 [1.00, 1.25]
Mental Only 198 15.4 1.06 [0.89, 1.28]
Both 779 20.9 1.26 [1.10, 1.44] ***
None 589 12.4

COPD-related Emer gency Room visits

TOTAL 4,092 214

Inflammation-related M ultimor bidity
Physical Only 1,943 20.9 0.87 [0.79, 0.95] **
Mental Only 293 22.8 1.02 [0.87, 1.19]
Both 891 23.9 0.92 [0.82, 1.03]
None 965 20.4
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Note: Based on 19,060 Medicaid Beneficiaries with negiggnosed COPD obtained from Medicaid
Analytic eXtract files observed during 2005-2008tékisks represent significant group differences in
likelihood of respective COPD-specific healthcatiéaation by inflammation-related multimorbidity
compared to the reference group (None) obtained fdjusted Logistic Regression Analyses.

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, povertybliiyi
number of other clinical conditions, serious meiltaéss, alcohol abuse, substance abuse, tobag;o u
polypharmacy, county level variables including: edbigh school education density (quartiles),
unemployment density (quartiles), poverty dendityaftiles), metro status, primary care shortaga,are
mental health shortage area, primary care prowvdasity (quartiles), hospital beds density (quasjil
psychiatric hospital, pulmonologist density andd@alogist density.

OR: Odds Ratio;  AOR: Adjusted Odds Ratio; CI: Gdefce Interval; Sig: Significance

©% p<.0017* .001<p <.01;* .01<p<.05
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Table5
Mean, Standard Deviation and Parameter Estimates from Generalized Linear Models on
Total and Type of COPD-specific Healthcare Expenditures
among M edicaid Beneficiarieswith Newly Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Total COPD-expenditures

Unadjusted M odel Fully-adjusted M odel
M ean (SD) Median beta SE Sig beta SE Sig
TOTAL
Intercept 2872.0 180.1 *** 7.47 0.19 ***
Inflammation-related M ultimor bidity
Physical Only 3481.7 (14115.1) 312.7 609.8 221*2 -0.07 0.03 *
Mental Only 2588.3 (8163.0) 340.4 -283.7 390.1 00.2 0.05 ***
Both 3317.6 (9517.5) 390.9 445.6 271.3 -0.26 0.0%
None 2872.0 (11710.8) 314.0
COPD-gpecific I npatient Expenditures (Among Inpatient Users; n = 998)
TOTAL
Intercept 8418.11 739.50 *** 7.98 0.39 ***
Inflammation-related M ultimor bidity
Physical Only 7180.7 (13391.5) 4340.0 -1237.40 2P8. -0.18 0.07 **
Mental Only 5888.8 (7417.5) 4472.0 -2529.30 1546.77 -0.37 0.11 ***
Both 6373.8 (6093.9) 4200.0 -2044.30 1093.20 -0.26 0.09 **
None 8418.1 (12037.3) 4876.0
COPD-specific Outpatient Expenditures (Among Outpatient Users; n = 16, 480)
TOTAL
Intercept 440.28 24.10 *** 6.76 0.15 ***
Inflammation-related M ultimor bidity
Physical Only 425.4 (1376.6) 1334 -14.83 29.80 090. 0.03 ***
Mental Only 372.3 (1362.0) 142.7 -67.98 52.17 -0.19 0.04 ***
Both 421.5 (1635.4) 147.0 -18.77 36.55 -0.15 0.03¢
None 440.3 (1852.4) 141.6

Note: Based on data of 19,060 Medicaid Beneficiariet wéwly diagnosed COPD obtained from Medicaid
Analytic eXtract files observed during 2005-2008tékisks represent significant group differencesxpenditures
by inflammation-related multimorbidity comparedth® reference group (None) obtained from Unadjuatet
Adjusted Generalized Linear Model with Log-Link aBdamma Distribution.

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, povertybdlityi, number
of other clinical conditions, serious mental illegalcohol abuse, substance abuse, tobacco ugphpainacy,
county level variables including: above high schediication (quartiles), unemployment density (tjles),
poverty density (quartiles), metro status, primang, mental health shortage area, primary carégeodensity
(quartiles), hospital beds density (quartiles),ghgtric hospital, pulmonologist and cardiologisndity.

SD: Standard Deviation; Sig: Significance; SE: 8tad Errors
% p <.0017* .001<p<.01;* .01<p<.05
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CHAPTER 3: REAL-WORLD STUDY OF CLINICAL AND ECONOMIC OUTCOMES
OF STATIN MEDICATIONSAMONG MEDICAID BENEFICIARIESWITH NEWLY -
DIAGNOSED COPD

INTRODUCTION

Currently the treatment for Chronic ObstructiverRohary Disease (COPD) focuses on
reducing the frequency of acute exacerbations alnelymg the symptoms of COPD such as
shortness of breati{obal strategy for the diagnosis, management, @edention on chronic
obstructive pulmonary disease: 2013 upd2@é¢.3) through acute and maintenance
pharmacologic therapies as well as pulmonary rdiketion. To date, no therapeutic options,
which alter the prognosis of disease also knowtisesase modifying drugs for COPD treatment,
have been established. However, new insightstir@gathophysiology of the disease have
opened up opportunities to use therapeutic regirtietsare currently available for circulatory
diseases to treat COPD. (M. Cazzola, Ciaprini, P&ddatera, 2007; Fabbri & Rabe, 2007)

The main pathophysiology of COPD revolves aroumgdays inflammation which limits
normal flow of air through the lungs. (Gorska, MegkVarzechowska, & Krenke, 2010; Rabe et
al., 2007) Inflammation in COPD can be caused b&xafilung exposure to risk factors such as
smoking and air pollution (indoor, outdoor and/ocapational) Global strategy for the
diagnosis, management, and prevention on chronstrottive pulmonary disease: 2013
update2013) As per the conventional theories inflammasbauld be limited only to the
pulmonary system. However, evidence has been ggoregarding the extra-pulmonary
inflammation also known as systemic inflammatiora{dta, Calzetta, Rinaldi, & Cazzola, 2012,
Nussbaumer-Ochsner & Rabe, 2011; Vogelmeier & Weu011) and COPD is also being
considered as a disease associated with systeflaicmation (P. J. Barnes & Celli, 2009;

Fabbri & Rabe, 2007; Sevenoaks & Stockley, 200¢3t&nic inflammation in COPD can be
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due to théspillover’ effect of high concentration of inflammatory medria in the lungs (P. J.
Barnes, 2010) or due to the high prevalence odmfhation-related multimorbidity among
individuals with COPD. (P. J. Barnes & Celli, 200/)r example, highly prevalent chronic
conditions such as cardiovascular diseases, musd@iédal disorders, depression and diabetes
mellitus have been linked to systemic inflammabaorside the lungs among individuals with
COPD. (P. J. Barnes, 2010; M. Cazzola, Bettonc®digsa, Cricelli, & Biscione, 2010; M.
Cazzola et al., 2012) Recently, it has been doctedehat individuals with COPD are more
likely to have certain chronic conditions with comminflammatory pathway as compared to
individuals without COPD. These conditions inclubtkpression (20.6% vs. 12.5%), coronary
heart disease (12.7% vs. 6.1%), congestive hahndq12.1% vs. 3.9%), and stroke (8.9% vs.
4.6%). (Schnell et al., 2012) Unfortunately, thereat acute and maintenance pharmacologic
therapies for COPD management do not specificaflyet the systemic inflammation. (M.
Cazzola et al., 2007; Matera et al., 2012) Theesfibiis important to evaluate the effects of other
inflammation reducing medications such as 3-hyd@®xygethylglutaryl coenzyme A reductase
inhibitors (HMG CoA reductase inhibitors) commoklyown as statins, that may alter the
disease prognosis among individuals with COPD.
Inability of Current Medications to Treat Systemlaoflammation

Medications commonly used for acute and mainten@@ED management include
bronchodilators and corticosteroid&l@bal strategy for the diagnosis, management, and
prevention on chronic obstructive pulmonary dise2€4.3 update013) Indirect evidence
exists that these medications are potent in trggtiimonary inflammation and thus may be
helpful in relieving symptoms of COPD. Some expemmts on animals have provided evidence
that currently available inhalation therapies cadiuce levels of systemic inflammatory

mediators. (Suda et al., 2011) However, thesetsewsdre not consistent with those observed in
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a large multicenter randomized controlled trialn(& al., 2008) Findings from this trial revealed
that the combination of inhaled corticosteroid &ty acting beta-2-agonist reduced pulmonary
inflammation leading to improvements in COPD sympgdout these medications did not reduce
systemic inflammation. It has also been suggestadinhalation therapies may have limited
systemic effects due to their mode of administrat{d. Cazzola et al., 2007; Vogelmeier &
Wouters, 2011) In this context, researchers haea k&ploring the potential utility of other
medications that may lead to reduction in systanflammation among individuals with COPD.
Statins and Anti-Inflammatory Properties

Statins, a class of cholesterol lowering drugs rdamaonstrated their effectiveness in
prevention and management of cardiovascular diseéBaigent et al., 2005) Based on the
review of in vitro as well as in vivo studies Schéok and Libby (Schonbeck & Libby, 2004)
concluded that statins also have anti-inflammatongtions. In a study conducted by Lee et al
(2005), it was found that the inflammation causgd&mmoking in lungs of rats was alleviated by
lipophilic statin, specifically simvastatin. (J. et al., 2005) In humans, researchers using a
randomized controlled trial have shown that praatas{hydrophilic statin) use significantly
reduced levels of inflammatory biomarkers. (T. Liee, & Chang, 2008) The evidence has also
been supported by preclinical models that havealedethe pleiotropic/anti-inflammatory
therapeutic benefits attributable to statins. (Tashi et al., 2008) These facts derived from
several mechanistic studies suggest that statihassemerged as a novel therapeutic
intervention for individuals with COPD. (Walsh, Z&)O
Statin use and Improved Outcomes among individuaith COPD

Since early 2000, evidence of beneficial impadttafins on outcomes among individuals
with COPD has become available. One randomizel(Trid_ee et al., 2008) and some

observational studies have been conducted (Blarabah, 2008; Huang et al., 2011; Ishida et
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al., 2007; Keddissi et al., 2007; Lawes et al.,20d examine the role of statins in COPD
management. Most of these studies have provideermrce of beneficial effects of statins in
improving lung function, (Keddissi et al., 2007)eecise time as a measure of health status (T.
Lee et al., 2008) and reducing COPD exacerbatiBlasr(oun et al., 2008) and COPD-related
hospitalizations (Mancini Huang), all-cause (Fréstersen, Tollestrup, & Skipper, 2007; Lawes
et al., 2012; Lawes et al., 2012; Mancini et 0@ Sgyseth et al., 2007; Sgyseth, Brekke,
Smith, & Omland, 2007)and COPD-specific mortal{yrost et al., 2007)

In retrospective cohort study using Veteran’s ABalata among individuals with COPD,
investigators have shown that statin use (includingvastatin, lovastatin, atorvastatin and

fluvastatin) was associated with improved lung tiorcas measured by slower decline

pulmonary function compared no statin use. (Keddisal., 2007) Similarly, investigators of a
randomized controlled trial among individuals w@€lWPD found that pravastatin use for 6
months significantly increased exercise time framdline as compared to placebo group
suggesting improvements in health staflis Lee et al., 2008)

Reductions in COPD exacerbatidmsve also been observed among statin users

compared to non-users. In a study based on hagpdaCOPD patients in a regional medical
center (n = 185), investigators reported that iithligls not receiving statins were approximately
twice as likely to experience COPD exacerbationj@sietd Odds Ratio (AOR): 2.35; 95% CI.
1.01-5.50) and 10 times as likely to require intidrafor exacerbation (AOR: 10.36; 95% CI:
2.77-38.76) compared to non-users of statins. (Blanet al., 2008) This study was limited by
its small sample size, inability to adjust for aiety of risk factors which may affect the
relationship between statin use and COPD-relatatttheutcomes such as co-morbidities.

Similarly, a study using Veterans Affairs hospjtatients (n = 418) with COPD revealed that
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individuals without statin use reported signifidgritigher mean of COPD exacerbations as
compared to those with statin use (0.17 £ 0.3D\sl + 0.26; p = 0.01). (Keddissi et al., 2007)

Likelihood of COPD-specific hospitalizatiolss been shown to be lower among users

of statins compared to non-users of statins. Fogglfrom a time-matched nested case-control
study on effects of statin use on elderly individuaOPD, indicated that compared to no statin
use, any statin use was associated with reducelthidod of COPD related hospitalization
irrespective of their cardiovascular risk (HI Cgki RR: 0.71; 95% CI: 0.56-0.91 and low CV
risk - RR: 0.71; 95% CI: 0.64-0.77). (Mancini et, 2006)These findings were consistent with
those obtained from nationwide cohort study in Teaiw(Huang et al., 2011)This study reported
that among 6,252 newly diagnosed individuals wid@RD statin use significantly decreased
hazards of COPD-related hospitalization (HR: 0% CI: 0.60—0.74) compared to no statin
use.
Need for the Study

COPD is generally considered as an irreversibleadie with current medications
focusing towards improving the symptoms associaii¢id COPD. (GOLD, young, matera)
Based on the healthy people goals for 2020 it leas Isuggested that improvements in COPD
management should include reducing hospitalizatamseciated with COPD. (Healthy people
2020: Goals for respiratory diseases.2013) Moredwespitalizations for COPD are considered
to be preventable and thus are used as a memea&sure quality of careQ(ality indicator user
guide: Prevention quality indicators (PQI) compesiheasures version 428.11) Current,
COPD medications have not been shown to alterrihgnosis of disease mainly because of their
inability to target and treat systemic inflammatidie healthy people 2020 goals for COPD
specifically mention the need for developing naveatments for COPD which can improve the

overall prognosis of disease. (Healthy people 2@fals for respiratory diseases.2013)
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Therefore, there is need to generate evidence el titerapies that may positively impact
systemic inflammation and therefore modify the seusf COPD.

In this contextStatins,due to their anti-inflammatory properties are eavaluated as a
novel therapy to manage COPD. (Young, Hopkins, 80&8a2009) However, evidence regarding
health outcomes such as healthcare utilizationeapenditures associated with statin therapy
among individuals with COPD is limited. In additighe currently available studies have several
limitations which restrict our ability to better derstand the relationship between statin therapy
and COPD-specific health outcomes. First, the stmhgucted to assess the impact of statin use
among veterans with COPD had limited sample size4t8) and only represented hospitalized
patients who were either former or current smokgfsddissi et al., 2007) The other studies that
evaluated the use of statins for improving COPDesjgeoutcomes had several shortcomings
such as non-generalizability to US population (Huabhal., 2011; Mancini et al., 2006) and
conducted on individuals with COPD and cardiovaactitk. (Mancini et al., 2006)

COPD is a disease associated with systemiammflation and therefore has been linked
with high rates of inflammation-related multimorityd Researchers using NHANES data have
reported that 96% of individuals with COPD havéeast one co-occurring conditions. (Schnell
et al., 2012) Therefore, while studying the effeicstatins on healthcare utilization among
individuals with COPD and generating evidence lmasthe novel therapies for individuals with
COPD, it is important to understand whether stiit@rapy can improve outcomes high-risk and
more vulnerable population i.e. those with inflantiorarelated multimorbidity.

This study is highly timely and innovative in prding important evidence on the
association between novel approaches (statin thefapCOPD management and COPD-

specific outcomes. In addition, randomized chihitials routinely exclude those with
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multimorbidity and therefore using data from readrld settings is required to generate
generalizable evidence for the management of iddals with multimorbidity. Our study is
hypothesis generating and will provide the necgsamdation for future research and perhaps
randomized clinical trials evaluating the effectiess of statin therapy among individuals with
COPD.

An important contribution of our study is providikRgowledge on the association
between statin therapy and COPD-specific outcomesg young adults, specifically Medicaid
beneficiaries. Enrollees in the Medicaid plans cosgpof high-risk vulnerable population that
have high rates of multimorbidity. In fact, Mediddeneficiaries with COPD have very high
rates of inflammation-related multimorbidity. Reszeers using the Maryland Medicaid
database have reported that beneficiaries with C@drDhigher prevalence of diabetes mellitus
(27.7%), congestive heart failure (17.9%) and cenadscular disease (10.7%). (Lin, Shaya, &
Scharf, 2010)Therefore, proving the benefits dfissaamong high-risk and vulnerable
population of Medicaid beneficiaries with COPD vatlengthen the evidence in the area of

COPD management.
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CONCEPTUAL FRAMEWORK

In this study we used an adaption of Economic €lhand Humanistic Outcomes Model

(ECHO). The ECHO model is described in the Figeiew.

Humanistic 4——.|> Humanistic Outcome

Intermediaries
T This part of the model
was not used dueto
unavailability of data
............................ OO BSOSO
Clinical Indicators- Clinical Outcomes
Severity
v
* Costs
Treatment Modifiers 1
(phasel)
v
v Economic
External Controls < > Treatment < » Outcomes
Alternatives

Figure 1: Description of ECHO Model
ECHO Model: ECHO model identifies, various pathways which aebe economic, clinical
and humanistic outcomes

The theoretical framework provided in the ECHO niddes been proposed by Kozma et al
(Kozma, Reeder, & Schulz, 1993) in 1993 and adaipt@dotocol development guideline for
observational comparative effectiveness researahgeyncy for Healthcare Research and
Quality. The model describes pathways which ase@ated with relationship between
treatments and health outcomes. This model alsetddpat that the choice of treatment
alternatives is affected by several external cdsitithese external controls include non-

modifiable factors such as race, gender, age antifisdae factors such as personal health
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practices such as tobacco, alcohol and drug ugemiddel indicates that disease (COPD) affects
clinical indicators and clinical outcomes (sucldesgase biomarkers, hospitalizations and
others). On the other hand presence of externataaffects treatment choices. Once the
treatment is provided through various pathwaygretment improves clinical outcomes and

can lead to reduction in healthcare expenditureséconomic outcomes).

METHODS
Study design

Retrospective longitudinal dynamic cohort desigimg data from administrative claims
of Medicaid beneficiaries was utilized. Multipleays of Medicaid Analytic eXtract (MAX) files
(2005-2008) provided by the Centers for Medicare sliedicaid Services (CMS) were used to
construct the study cohort. Individuals with COPPBrevidentified between 01/01/2006 and
12/31/2007Index date Identification PeriodRReceipt of statin medication and other baseline
characteristics were identified in thaseline periodvhich was defined as 12 months before the
index date. One year period after index date wasidered as the follow-up period. This period
was used to assess COPD-specific healthcare titlizsuch as COPD-specific hospitalizations,
COPD-specific ER visits and COPD-specific outpdtiasits. Total healthcare and COPD-

specific healthcare expenditures were also idewtifiuring this period.

Index date
I dentification period

Baseline period Follow-up period |
K (1 year prior toindex date) /K (1 year from end index date) J

01/01/2005 01/01/2006 12/31/2@( 12/31/2008
Figure: An example of description of study periods
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Data Source

Medicaid Analytic eXtract (MAX) (2005-2008)
Medicaid analytic extract (MAX) files prepared arrdquced by the Centers for

Medicare and Medicaid Services with the help ofdaesh and Data Assistance Center
(ResDAC) for performing research on healthcarezatilon and outcomes among Medicaid
beneficiaries were used for this study. The datdfedicaid beneficiaries is collected via
Medicaid Statistical Information System (MSIS). t8&administering the Medicaid program
report annual, person-level data for the Medicaiddficiaries to the CMS through MSIS. These
person level files provided information about bériafies’ eligibility, their healthcare utilization
and payment information. The quality of these filemaintained through series of initiatives
taken by the CMS and ResDAC. (CMS, 2011; Henndssynard, Palumbo, Newcomb, &
Bilker, 2007) We received five separate files (‘gmral summary (PS)”, “inpatient claims (IP)”,
“other therapy claims (OT)”, “prescription drug ictes (RX)” and “long-term care claims (LT)")
from CMS. For the purposed of this study we linkR&), IP, OT, RX files based on beneficiaries’
unique identification number. The PS files includigidrmation on eligibility, demographics,
managed care enrollment, and utilization summalng. dther three files provided information on
fee-for-service claims data for services used.example, the RX file included information
regarding utilization of prescription drugs by Meaid beneficiaries. This information includes,
date of prescription filled, days of supply, naabdrug code (NDC) which were used to identify
the receipt of statin therapy. We used data foebeiaries residing in the following states: New
York (NY), Texas (TX), lllinois (IL), and Califormi (CA). The primary reason behind using this
data was to obtain programs with lower Medicaid-ag@d care penetration rates so that more
utilization characteristics would be captured. Tgrngvided us the ability to obtain maximum
number of beneficiaries with fee-for-service emmahts.
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Area Resource File (ARF):

In addition to all the demographic characteriséind utilization variables obtained from
the MAX files, we also determined each Medicaiddd@mary’s contextual county level
variables using thArea Resource File (ARF)ARF is a comprehensive county-level dataset
compiled by the Health Resources Service Admirtising Bureau of Health Professions. ARF
contains more than 6000 variables providing infdromaabout nation’s counties. The
information contained within ARF includes type @dfth facilities in the various counties,
number and type health professions, resource sganelasures, health status, economic activity,
health training programs, and socioeconomic and@mwental characteristics. These files also
include county codes and descriptors that allowntsage with several secondary datasets such
as MAX. The type of variables that were obtainenfrARF included density of pulmonologist
in beneficiary’s residing county. We used the cguades and state information to link MAX
files with 2008 ARF file. All the ARF variables weepbtained from the baseline period.
Study Population

Medicaid Beneficiaries with COPD
Medicaid beneficiaries with diagnosed COPD weraiified using MAX IP and OT

files (physician office visits claims only). Bas®di period were used to identify Medicaid
Beneficiaries with COPD. Individuals with at leaste inpatient visit or two 14 days apart
outpatient visits (obtained using type of serviodes) for COPD based on International
Classification of Diseases, Ninth Revision, Clinididification (ICD-9-CM) codes for chronic
bronchitis (491.xx), emphysema (492.xx), or undjpetichronic airway obstruction (496.xx)
were considered to have diagnosed COPD. Thesedadimgeodes have been utilized in prior
published research (codes 491.xx, 492.xx and 49&xxlentify COPD and evaluate medical

treatment and health outcomes among individuals @®PD. (Dalal, Shah, D'Souza,
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Chaudhari, & Crater, 2012; Halpern et al., 2011k&)@utro, Paulose-Ram, Marton, & Mapel,
2012) Indeed, sensitivity and specificity of usi@p-9-CM codes to identify patients with
COPD has been established. (Cooke et al., 201%; &ershon et al., 2009) A study conducted
by Gershon et al reported that identifying COPIhgsi or more ambulatory claims and/or 1 or
more hospitalizations for COPD resulted in a deritsi of 85.0% (95% CI: 77.0t0 91.0) and a
specificity of 78.4% (95% CI: 73.6 to 82.7). Howeeyvwe will be used 1 inpatient or 2
outpatient claims to identify individuals with CORDorder to increase the specificity of the

algorithm.

Other inclusion criteria will included: a) 40-64are (among young adults this age group
is at highest risk of COPD); b) continuous eligtgiduring the baseline and follow-up period; c)
no dual Medicaid/Medicare coverage (dual eligipilitill represent high-cost and severe
beneficiaries); d) enrolled in fee-for-service @dahroughout the study observation period; €)

Alive during the study observation period; and akservices (inpatient or outpatient).

Dependent Variables

COPD-Specific Outcomes

Any healthcare claim with primary diagnosis of RlDidentified using ICD-9-CM codes
were considered within COPD-specific outcomes.dvalhg variables were identified as COPD-
specific outcomes: a) COPD-specific hospitalizati¢yes/no); b) COPD-specific emergency
room visits (yes/no); obtained from and inpatiemd autpatient claims; and c) COPD-specific
outpatient visits (low and high) derived by categiog the number of COPD-specific outpatient
visits greater than or equal to median and legss tina median value.

Total and COPD-specific Healthcare Expenditures
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We also measured Total and COPD- specific inpaiadtoutpatient expenditures.
COPD-specific expenditures were identified by idgmtg service claims with the primary
diagnosis of COPD (inpatient and outpatient). Tetadenditures were estimated by adding
Medicaid payment per claim (inpatient, outpatiamd @rescription drugs) for each person. To
account for medical services inflation, expendisure2006 and 2007 were converted to 2008
dollars using the annual consumer price index fedical care services available from the

Bureau of Labor Statistics. (BLS, 2013)

Key Independent Variable

Treatment Alternatives

1. Statin Therapy (Yes/No)

Statin therapy was identified in the baseline pertising National Drug Code (NDC). Any
Medicaid beneficiary with at least one prescriptadrstatin during the baseline period was
considered as receiving statin therapy.

2. Long-term statin therapy (Long-term/short-term/itatis therapy)

Individuals with long-term statin therapy were dintiated from those with short-term
statin therapy. Medicaid beneficiaries with newlgghosed COPD havingl20 days of statin
supply during the baseline period were consideseteeiving long-term therapy. Those with
<120 days of statin supply were categorized aviddals with short-term statin therapy and
those without any claim of statin were groupedarnb statin therapy.

Clinical Severity (Inflammation-related multimorbiiy)

We created indicator variables for the presenaetbfitis, CVD, depression, diabetes
and osteoporosis using the International Classifinaof Diagnosis —@ Revision- Clinical
Modification (ICD-9-CM) codes. Any Medicaid benaficy with COPD having greater than or

equal to one inpatient or one outpatient visitsth@se conditions were considered as having the
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disease. In addition indicator variables will beated for inflammation-related physical
conditions and inflammation-related mental conditidny Medicaid beneficiary having either
of the following conditions: arthritis, CVD, dialest and osteoporosis were grouped within
inflammation-related physical conditions. Similany individual with COPD and having
depression were considered as having inflammagtated mental condition.

Operational definition:

Medicaid beneficiaries included in our study popiolawere further grouped into one of the
four multimorbidity categories as mentioned below:

5) COPD + Inflammation-related Physical Conditions -aflammation-related Mental
Condition

6) COPD + Inflammation-related Physical Conditions

7) COPD + Inflammation-related Mental Condition

8) COPD only (without any chronic conditions).

To analyze the relationship between statin therpmgence of inflammation-related
multimorbidity and COPD-specific healthcare outcgmee created a variable with four
categories: a) statin therapy and inflammationteelanultimorbidity; b) no statin therapy and
inflammation-related multimorbidity; c) statin tlagy and no inflammation-related
multimorbidity and d) no statin therapy and noanfimation-related multimorbidity. This
variable was entered in the final logistic regressanalyses, which included adjustment for

baseline characteristics.
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Other Independent Variables (External Controls)

When examining the impact of treatment alternatoesglinical and economic outcomes,
external controls may bias the relationship. Thaeefwe adjusted for these external controls in
the regression analyses. These variables inclueadof diagnosis (2006 vs. 2007),
demographic characteristics such as gender (women), race (White, African Americans,
Others), age in years (40-49, 50-59, 60-64), pg\aigibility (yes, no), medical eligibility (yes,
no), number of other clinical conditions (none,, 43, >6), serious mental illness (yes, no),
alcohol abuse (yes, no), substance abuse (yedobafco use (yes, no) and polypharmacy (<10
drug classes, 20 drug classes). We additionally controlled fourty-level characteristics
obtained from the ARF. These variables includedtgaa for density of above high school
education, unemployment, poverty, primary care pleng, and specialist care providers were
created. Density of these county level charactesistas calculated by dividing total number of
each characteristic by the total county populatidns density was further converted into per
1000 people by multiplying 1000 with the densityh& ARF characteristics included
pulmonologist density (high vs. low), cardiologitgnsity (high vs. low), etc. In addition to these
variables, there is a possibility of bias in redaghip between statin therapy and COPD-specific
outcomes due to state policy variations. Therefaeeadjusted for fixed effects for state
variations using dummy variable for the states (RANY, TX) in our analyses.

Statistical Analyses

I nver se Probability of Treatment Weighting (IPTW) Technique

In order to account for selection bias due to olesdifferences in baseline characteristics
among individuals with and without statin therajmyerse Probability of Treatment Weighting
(IPTW) technique was used. This method allows wsatoulate weights that are essentially the

probability of an individual receiving the treatméne. exposure in a nonrandomized study)
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conditional on their observed stable covariateghkr weights are assigned to individuals who
are under-represented and vice-versa for individwdilo are over represented. We adjusted for
the probability weight that we obtained from thgistic/multinomial logistic regressions on
statin therapy and duration of statin therapy repely in order to control for the observed
selection bias. This created a balance in terntsstifibution of potential confounders across

treatment levels.

Bivariate Analyses

Subgroup differences in statin therapy and duratifcstatin therapy were tested using
Chi-square tests of independence. In addition riaitedifferences in COPD-specific healthcare
outcomes between those with and without statirafhewere also tested using Chi-square tests
of independence. F-tests were used to determineliwgonship between statin therapy and

continuous outcomes.

Multivariate Analyses

We used logistic regressions and multinomial legistgressions to examine the factors
associated with any statin and long-term statinajine respectively. Multivariable logistic
regressions with and without IPTW adjustment wasd®xl to determine the relationship
between statin therapy and COPD-specific outcontesswthe dependent variables are
categorical (example: COPD —specific hospitaliza)o For analyzing expenditure outcomes we
used multivariable GLM with log-link function an@mma distribution. As many Medicaid
beneficiaries did not have any COPD-specific health expenditures, we used two-part models.
The first part of the model predicted the prob&pihf having any COPD-specific utilization and

the second part of the model included GLM with liod-and gamma distribution on healthcare
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expenditures for beneficiaries who were usersthdlanalyses were conducted using SAS 9.3

(SAS Institute, Cary, NC).

RESULTS

After applying the eligibility criteria as shown gure 1, the analytic cohort included
19,060 Medicaid beneficiaries with newly-diagno€#dPD. Any statin therapy was observed in
30.3% (n = 5,771) of the Medicaid beneficiaries, @uvhich three quarters of beneficiaries had
long-term statin therapy defined a£20 days statin medication supply.

Factor s associated with Statin Therapy

Several demographic and clinical factors were aasstwith statin therapy and duration
of statin therapy among Medicaid beneficiaries wighwly-diagnosed COPD. Females (AOR:
0.92; 95% CI: 0.86, 0.99), African Americans (AQR56; 95% CI: 0.56, 0.67), younger adults
in 40-49 years (AOR: 0.52, 95% CI: 0.47, 0.57) &80eb9 years (AOR: 0.72, 95% CI: 0.66,
0.79) were less likely to receive statin therapmpared to males, whites, and older adults (60 —
64 years). Beneficiaries with inflammation-relapgd/sical condition only (AOR: 3.6, 95% CI:
2.85, 3.50) and those with both physical and magatitions (AOR: 2.75, 95% CI. 2.44, 3.10)
were approximately three times as likely to receitagins as compared to those with no
multimorbidity. Medicaid beneficiaries with the gence of life-style risk factors such as alcohol
abuse and substance abuse were less likely toseestitin therapy; whereas those with
polypharmacy (AOR:3.82, 95% CI: 3.52, 4.14) wergaeriikely to receive statins. Similar
results were observed from multinomial logisticressgions on duration of statin therapy (long-
term/short-term vs. no statin therapy) among Meadibaneficiaries with newly-diagnosed
COPD. Detailed results from these analyses arepted infable 1(a) and Table 1(b)

Statin Therapy and COPD-specific Outcomes
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As shown inTable 2 those with statin therapy had significantly lowates of COPD-
specific hospitalizations (4.7% vs. 5.2%; p<0.@QPPD-specific ER visits (13.4% vs. 15.4%;
p<0.001) and COPD-specific outpatient visits (41¥8644.7%; p<0.001) compared to adults
without statin therapy. Similarly, beneficiarieshvany duration of statin therapy (long-term or
short-term) had lower rates of COPD-specific heatl utilization. The reduction in COPD-
specific healthcare utilization was also obserweheafter controlling for baseline
characteristics. Beneficiaries with statin theragye 16% less likely to have COPD-specific
hospitalization (AOR: 0.84; 95% CI: 0.71, 0.98)% Jess likely to have COPD-specific
emergency room visit (AOR: 0.89; 95% CI: 0.81, (0.88d 14% less likely to have COPD-
specific outpatient visit (AOR: 0.86; 95% CI: 0.8092). Analyses with duration of statin-
therapy revealed that only long-term statin thenapg associated with lower COPD-specific
healthcare outcomes. Beneficiaries with long-tdmardpy of statin were less likely to have
COPD-specific hospitalizations (AOR: 0.81, 95% QIZ1, 0.99), COPD-specific emergency
room visits (AOR: 0.86; 95% CI: 0.77, 0.96) and @Dspecific outpatient visits (AOR: 0.84;
95% CI: 0.78, 0.92).

In order to control for selection bias in observadables, we conducted same regression
analyses after weighting with Inverse Probabilirgdiment Weights (IPTW) obtained from
logistic and multinomial logistic regressions oatst therapy and duration of statin therapy
respectively. These treatment weights were adjustetthe number of individuals in each
category of statin therapy and duration of stdterapy. The results from these analyses are
presented iTable 3 Even after using IPTW technique, individuals wsthtin therapy were
significantly less likely to have COPD-specific lthaare outcomes. In fact, the magnitude of

reduction and significance strength enhanced eftetrolling for selection bias using IPTW
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technique. Moreover, after using IPTW techniquertstesm statin therapy also showed
significant reduction in COPD-specific hospitalipats (AOR: 0.83; 95% CI: 0.75, 0.91).
However, association between short-term statirafnyeand COPD-specific emergency room
visits and COPD-specific outpatient visits remaimeignificant. We also conducted sensitivity
analyses using unadjusted IPTW technique (usingit®ithat were not adjusted for number of
individuals who received statins). The results fregnsitivity analyses were similar to those
observed with adjusted IPTW techniq(i@ata not represented in tabular form)

Statin Therapy, | nflammation-related M ultimorbidity and COPD-specific Healthcare
Utilization

An analysis of relationship between statin therapg COPD-specific healthcare
outcomes in presence of inflammation-related multhidity revealed that beneficiaries with
inflammation-related multimorbidity and statin tapy were less likely to have COPD-specific
specific healthcare outcomes as compared to thidkenilammation-related multimorbidity and
no statin therapy. For example, beneficiaries witlammation-related multimorbidity and statin
therapy were 18% less likely to have COPD-spebifispitalization (AOR: 0.82; 95% CI: 0.70,
0.97) as compared to those with inflammation-relaeiltimorbidity and no statin therapy.
Detailed results are presentedliable 4

Statin Therapy and Total and COPD-specific Healthcar e Expenditures

Findings from bivariate analyses on total and CQipBeific healthcare expenditures are
reported inTable 5 For the ease of representation we have calcutatedof means for overall
and subgroup expenditures for selected charaatsrigts shown in the table, individuals with
statin therapy were not significantly differentamerage total healthcare expenditures than those
without statin therapy ($36,215 vs. $35,724). Sy, there was no difference in COPD-

specific outpatient expenditures between benefasawrith or without statin therapy. However,
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average COPD-specific inpatient expenditures (anusags of inpatient services) were
significantly lower among those who received st#tgrapy when compared with adults who did
not receive statin therapy ($6,593 vs. $7,457; @0.Interestingly, among beneficiaries with
inflammation-related physical condition statin #y@y was associated with lower average
COPD-specific expenditures ($6,446 vs. $7,594; @s)0and higher average COPD-specific
outpatient expenditures ($451 vs. $409; p<0.01)

After controlling for baseline characteristics Iretregression analyses with log-link
function and gamma distributigitable 6) it was found that statin therapy was not sigaifitty
associated with lower average COPD-specific inpad outpatient expenditures.
Furthermore, long-term statin therapy was assatiatth higher average total healthcare
expenditures ($9,394 vs. $8,7%% 0.02; p<0.001), whereas short-term statin thevegs
associated with lower ($7,902 vs. $8,7p%; -0.10; p<0.001) average total healthcare

expenditures as compared to no statin therapy.

DISCUSSION

This retrospective observational study was conduidesvaluate the clinical and
economic outcomes associated with statin therapngrmdividuals with newly diagnosed
COPD in a real-world practice setting. Approximgat@0% of Medicaid beneficiaries with
newly-diagnosed COPD received statin medicatiomsduhe baseline period. In this study, we
found that even after controlling for baseline eltagristics and observed selection bias using
IPTW technique, beneficiaries with statin theraprev 24% less likely to have COPD-specific
hospitalizations, 19% less likely to have COPD-fpeER and 14% less likely to have COPD-
specific outpatient visits among individuals witkwly-diagnosed COPD. Our results are

consistent with findings from a handful of studilbat have evaluated effects of statins in terms
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of COPD-related hospitalizations and found benaffieffects. (Mancini et al, 2006; Huang et al,
2011) However, to the best of our knowledge thihésfirst study to examine the relationship
between statin therapy and COPD-specific outcom&ading both clinical and economic
outcomes. Furthermore, this is the only study g&ss the impact of duration of statin therapy
among individuals with newly-diagnosed COPD. Figdifirom this study indicate that
beneficial impact of statin is directly relateddration of statin therapy. Statistically signifita
reduction COPD-specific emergency room visits amigatient visits were only observed among
beneficiaries who hadl20 days of statin medication supply during theebas period.

In addition, our study findings also revealed thtatin therapy was beneficial for adults
with COPD and inflammation-related multimorbid(fiyable 4)as compared to those with
inflammation-related multimorbidity and no statiretapy. A plausible explanation could be
found in the anti-inflammatory properties of statwerapy. Biologically, statin therapy has
shown anti-inflammatory properties by reducinganiimatory biomarkers. (Forrester JS et al,
2007; Gross NJ et al, 2012) As COPD is being reieeghas disease of systemic inflammation
with high levels of inflammatory biomarkers (PBarnes & Celli, 2009; Fabbri & Rabe, 2007;
Sevenoaks & Stockley, 2006), the results from oalyses suggest that the biological benefits
of statin medications in reducing systemic inflantioramay be spilling over to reduce COPD-
specific complications.

Our results indicate that reduction in COPD-spedikalthcare outcomes with statin
therapy did not translate into statistically sigraht reduction in total or COPD-specific
inpatient or outpatient expenditures. It is plalesthat due to inclusion of prescription drug costs
in evaluating total expenditures may have offsgt@rst reduction due to lower healthcare

utilization. However, while assessing COPD-spe@fipenditures, prescriptions costs were not
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included. Future studies with longer follow-up pekiare required to ascertain whether statin
therapy is associated with any economic benefitsrgnhose with COPD.

Findings from this study complement the prior emckethat suggests statin use is
associated with improved lung function, COPD symma@nd exacerbations. (Blamoun et al.,
2008; Huang et al., 2011; Ishida et al., 2007; Keslcet al., 2007; Lawes et al., 2012)
Collectively, these findings warrant the evaluatidrstatin medications in randomized clinical
trials (RCT) setting to establish the efficacy aadety of statin use among individuals with
COPD. In fact, few randomized trials that were angavhen we conceptualized the study have
been recently completed. (Criner GJ et al, 20144,N2D14; UHA, 2014) Findings from one of
these large, prospective, multicenter randomizeatkton evaluating the efficacy of simvastatin
on reducing COPD exacerbations differ from the agsions of our study. (Criner GJ et al,
2014) This may be due to difference in the studyutation as the randomized controlled trial
included individuals with moderate to severe CORBdabetween 40-80 years, whereas our
study included newly diagnosed COPD patients batwi€e64 years of age. Moreover,
randomized controlled trial specifically evaluatdticacy of simvastatin. Therefore, more robust
evaluation of all statin medications is requiredath RCT and real-world practice settings with

longer follow-up to confirm the beneficial effedtstatins that we observed in our study.

STRENGTHSAND LIMITATIONS

This study is first real-world observational analy®f clinical and economic outcomes
associated with statin therapy among newly-diagh@@PD patients in a US setting which
increases the generalizability of our findings. Tin@or strength of our study includes the use of
administrative claims data which provided us thiéitglio identify all the medical conditions

using diagnosis codes. The data also consistecdication information with NDCs and days of
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medication supply information which helps in detarimg duration of statin therapy.
Furthermore, our study examines a high-risk andemainerable population in terms of
Medicaid enrollees. The current study is differeat any prior analyses as it evaluated the
effects of statin therapy on COPD-specific outcomes

This study has few limitations such as inabilityctmtrol for COPD-severity due to
unavailability of laboratory data. Our study popigda was determined using ICD-9-CM codes
rather than gold standard approach using spironfeigratory values. However, the sensitivity
and specificity of ICD-9-CM codes to identify COPIRas been established in previous studies.
The study only used data from only four states tvini@y not provide a full understating of
outcomes in overall Medicaid population. We alsoleded dual Medicare-Medicaid and
managed care enrollees from our population whiciitdithe overall generalizability. Finally,
our study is only generalizable to newly-diagno€€aPD patients and thus further research is

required to evaluate the effectiveness of staenapy among individuals with prevalent COPD.
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Tablel (a)

Number, Percentages, Adjusted Odds Ratio and 95% CI
from Logistic Regressions on Statin Therapy
among M edicaid Beneficiaries with Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

Statin Therapy

N Row % AOR 95% CI Sig

TOTAL 5771 30.3

Cohort Year
2005-2007 3,161 29.5 0.88 [0.82, 0.94] #***
2006-2008 2,610 31.3

Sex
Women 3,646 32.2 0.92 [0.86, 0.99] *
Men 2,125 27.5

Race/Ethnicity
White 2,935 31.7
African American 1,231 24.2 0.61 [0.56, Q.67 ***
Others 1,605 34.1 0.98 [0.90, 1.07]

Age (in years)
40-49 1,386 21.8 0.52 [0.47, 0.57] ***
50-59 2,942 31.9 0.72 [0.66, 0.79] ***
60-64 1,443 41.4

State
California 3,179 30.6
lllinois 1,257 30.6 1.07 [0.97, 1.19]
New York 854 32.7 1.22 [1.07, 1.38] **
Texas 481 24.8 0.87 [0.74, 1.02]

Poverty Eligibility
Yes 5,366 30.7 1.12 [0.95, 1.31]
No 405 25.6

Medical Eligibility
Yes 512 25.1 0.91 [0.79, 1.06]
No 5,259 30.9

Inflammation-related M ultimor bidity
Physical Only 3,639 39.1 3.16 [2.85, 3.50] ***
Mental Only 184 14.3 1.01 [0.84, 1.22]
Both 1,345 36.0 2.75 [2.44, 3.10] ***
None 603 12.7

(Continued)
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from Logistic Regressions on Statin Therapy

Tablel (a)
Number, Percentages, Adjusted Odds Ratio and 95% CI

among M edicaid Beneficiaries with Newly-Diagnosed COPD

Medicaid Analytic Extract, 2005-2008

Statin Therapy

N Row % AOR 95% ClI Sig
TOTAL 5771 30.3
Number of Other Clinical Conditions
None 74 15.6
1-3 835 23.5 1.23 [0.93, 1.63]
4-6 1,268 28.3 1.15 [0.87, 1.52]
>6 3,594 34.0 0.97 [0.74, 1.28]
Serious Mental IlIness
Yes 1,299 26.2 0.92 [0.85, 1.00]
No 4,472 31.7
Alcohol Abuse
Yes 318 17.4 0.58 [0.50, 0.67] ***
No 5,453 31.6
Substance Abuse
Yes 457 17.3 0.52 [0.46, 0.59] ***
No 5,314 324
Tobacco Use
Yes 675 26.6 0.98 [0.88, 1.10]
No 5,096 30.8
Polyphar macy
Yes 4,361 44.2 3.82 [3.52, 4.14] ***
No 1,410 15.3
ARF Variables (County Level)
Above HS Education Density
Q1 3,168 31.5
Q2 846 30.8 0.93 [0.81, 1.06]
Q3 1,116 29.0 0.88 [0.77, 1.01]
Q4 641 26.6 0.89 [0.75, 1.06]
Unemployment Density
Q1 4,248 30.0
Q2 804 31.3 1.00 [0.85, 1.17]
Q3 515 29.0 0.79 [0.64, 0.97] *
Q4 204 36.4 1.02 [0.75, 1.38]
(Continued)
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Tablel (a)

Number, Percentages, Adjusted Odds Ratio and 95% CI

from Logistic Regressions on Statin Therapy

among M edicaid Beneficiaries with Newly-Diagnosed COPD

Medicaid Analytic Extract, 2005-2008

Statin Therapy

N Row % AOR 95% CI Sig
TOTAL 5771 30.3
Poverty Density
Q1 423 26.7
Q2 758 28.1 1.03 [0.85, 1.23]
Q3 1,075 30.6 1.13 [0.95, 1.34]
Q4 3,515 31.2 1.02 [0.84, 1.23]
Metro
Yes 4,984 30.2 0.89 [0.77, 1.04]
No 787 31.1
PCP Shortage
Yes 5,561 30.4 1.03 [0.84, 1.25]
No 210 27.3
Mental Health Specialist Shortage
Yes 5,148 30.2 0.92 [0.80, 1.06]
No 623 31.1
PCP Density
Q1 261 32.5
Q2 1,025 31.9 0.99 [0.79, 1.24]
Q3 805 29.8 0.88 [0.69, 1.13]
Q4 3,680 29.8 0.79 [0.58, 1.06]
Hospital Beds Density
Q1 315 315
Q2 911 29.3 1.00 [0.82, 1.22]
Q3 3,306 30.9 1.08 [0.88, 1.33]
Q4 1,239 29.2 1.03 [0.83, 1.27]
Psychiatric Hospital
Yes 3,699 30.6 1.05 [0.92, 1.19]
No 2,072 29.8
Pulmonologist Density
High 3,979 29.7 1.10 [0.94, 1.29]
Low 1,792 31.6
Cardiologist Density
High 3,750 30.1 1.11 [0.95, 1.30]
Low 2,021 30.7
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Note: Based on 19,060 Medicaid Beneficiaries with negiggnosed COPD obtained from Medicaid
Analytic eXtract files observed during 2005-2008téxisks represent significant group differences in
likelihood of statin therapy, long-term vs. shatrh statin therapy by beneficiary characteristics
compared to the reference group (None) obtained fdjusted Logistic and Adjusted Multinomial
Logistic Regression Analyses respectively.

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state, poverty
eligibility, inflammation-related multimorbidity maber of other clinical conditions, serious mental
illness, alcohol abuse, substance abuse, tobaec@alypharmacy, county level variables including:
above high school education density (quartilesienaployment density (quartiles), poverty density
(quartiles), metro status, primary care shortaga,anental health shortage area, primary care geovi
density (quartiles), hospital beds density (quasjil psychiatric hospital, pulmonologist densitd an
cardiologist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Cdefice Interval; Sig: Significance

% p<.0017* .001<p<.01;* .01<p<.05
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Number, Percentages, Adjusted Odds Ratio and 95% ClI

Table1 (b)

from Multinomial Logistic Regressionson Duration of Statin Therapy

among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Long-term Statin therapy

Short-term Statin therapy

N RLZW AOR 9% Cl  Sg N RLZW AOR 9% Cl  Sig
TOTAL 4,343 228 1428 75
Cohort Year
2005-2007 2,377 222 0.87 [0.81, 0.94* 784 7.3 0.91 [0.81, 1.02]
2006-2008 1,966 23.6 644 7.7
Sex
Women 2,714 239 0.87 [0.80, 0.94]* 932 8.2 1.08 [0.96, 1.22]
Men 1,629 21.1 496 6.4
Race/Ethnicity
White 2,320 25.0 615 6.6
African American 818 16.1 052 [0.47, 0.58p** 413 8.1 0.92 [0.79, 1.07]
Others 1,205 256 092 [0.84, 1.02] 400 8.5 1.17 [1.01, 1.35] *
Age (in years)
40-49 973 153 0.45 [0.40, 0.50*** 413 6.5 0.76  [0.64, 0.90] **
50-59 2,199 238 0.67 [0.61, 0.73]** 743 8.0 0.95 [0.82, 1.11]
60-64 1,171 33.6 272 7.8
State
California 2,384 229 795 7.6
lllinois 917 22.3 1.10 [0.98, 1.23] 340 8.3 1.00 [0.84, 1.18]
New York 687 26.3 1.35 [1.17, 1.56]* 167 6.4 0.87 [0.70, 1.10]
Texas 355 183 0.86 [0.72, 1.03] 126 6.5 0.89 [0.68, 1.16]
Poverty Eligibility
Yes 4,061 23.2 121 [1.01, 1.46] * 1,305 7.5 0.90 [0.70, 1.17]
No 282 17.8 123 7.8
Medical Eligibility
Yes 367 18.0 0.92 [0.78, 1.09] 145 7.1 0.89 [0.70, 1.14]
No 3,976 234 1,283 7.5
Inflammation-related M ultimor bidity
Physical Only 2,778 29.8 356 [3.16, 4.02]* 861 9.3 235 [1.98, 2.78] ***
Mental Only 124 9.7 1.00 [0.80, 1.25] 60 4.7 1.04 [0.77, 1.41]
Both 1,033 27.7 3.12 [2.72, 3.59]** 312 8.4 2.01 [1.64, 2.45] ***
None 408 8.6 195 4.1
(Continued)
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Number, Percentages, Adjusted Odds Ratio and 95% ClI

Table1 (b)

from Multinomial Logistic Regressionson Duration of Statin Therapy

among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Long-term Statin therapy

Short-term Statin therapy

N RLZW AOR 9% Cl  Sg N RLZW AOR 9% Cl  Sig
TOTAL 4,343 228 1,428 75
Number of Other Clinical Conditions
None 51 10.8 23 4.9
1-3 623 17.6 1.32 [0.96, 1.83] 212 6.0 1.03 [0.66, 1.62]
4-6 947 21.2 1.22 [0.88, 1.69] 321 7.2 1.00 [0.64, 1.56]
>6 2,722 2538 1.03 [0.75, 1.42] 872 8.3 0.85 [0.54, 1.32]
Serious Mental 1lIness
Yes 998 20.1 0.98 [0.90, 1.08] 301 6.1 0.77 [0.67, 0.89] ***
No 3,345 237 1,127 8.0
Alcohol Abuse
Yes 209 11.5 0.51 [0.44, 0.61]*** 109 6.0 0.76 [0.61, 0.95] *
No 4,134 24.0 1,319 7.7
Substance Abuse
Yes 293 111 0.45 [0.39, 0.52]*** 164 6.2 0.70 [0.58, 0.84] ***
No 4,050 24.7 1,264 7.7
Tobacco Use
Yes 470 18.5 0.90 [0.80, 1.02] 205 8.1 1.21 [1.03, 1.43] *
No 3,873 234 1,223 7.4
Polyphar macy
Yes 3,355 340 419 [3.82, 459 1,006 10.2 3.00 [2.62, 3.44] ***
No 988 10.7 422 4.6
ARF Variables (County Level)
Above HS Education Density
Q1 2,327 23.1 841 8.4
Q2 638 23.2 095 [0.81, 1.10] 208 7.6 0.88 [0.70, 1.10]
Q3 876 22.8 095 [0.82, 1.10] 240 6.2 0.70 [0.55, 0.89] **
Q4 502 20.8 095 [0.78, 1.14] 139 5.8 0.75 [0.56, 1.01]
Unemployment Density
Q1 3,166 22.4 1,082 7.6
Q2 607 23.6 0.98 [0.82, 1.16] 197 7.7 1.07 [0.81, 1.42]
Q3 406 22.9 0.79 [0.63, 0.99] * 109 6.1 0.77 [0.54, 1.10]
Q4 164 29.3 1.02 [0.73, 1.42] 40 7.1 1.00 [0.59, 1.71]
(Continued)
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Table1 (b)
Number, Percentages, Adjusted Odds Ratio and 95% ClI
from Multinomial Logistic Regressionson Duration of Statin Therapy
among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Long-term Statin therapy Short-term Statin therapy
N RLZW AOR 9% Cl  Sg N RLZW AOR 9% Cl  Sig
TOTAL 4,343 228 1428 75
Poverty Density
Q1 339 214 84 5.3
Q2 577 214 097 [0.79, 1.18] 181 6.7 125 [0.90, 1.74]
Q3 827 23.6 1.09 [0.90, 1.32] 248 7.1 125 [0.91, 1.72]
Q4 2,600 23.1 1.00 [0.81, 1.23] 915 8.1 1.09 [0.77, 1.55]
Metro
Yes 3,720 225 0.86 [0.73, 1.02] 1,264 7.6 1.00 [0.77, 1.31]
No 623 24.6 164 6.5
PCP Shortage
Yes 4,188 22.9 1.16 [0.93, 1.44] 1,373 7.5 0.73 [0.53, 1.01]
No 155 20.1 55 7.1
Mental Health Specialist Shortage
Yes 3,864 226 094 [0.80, 1.09] 1,294 7.6 0.88 [0.69, 1.12]
No 489 24.4 134 6.7
PCP Density
Q1 205 255 56 7.0
Q2 770 240 096 [0.75, 1.22] 255 7.9 1.11 [0.75, 1.65]
Q3 629 233 0.89 [0.68, 1.17] 176 6.5 0.86 [0.56, 1.32]
Q4 2,739 222 081 [0.58, 1.12] 941 7.6 0.75 [0.45, 1.28]
Hospital Beds Density
Q1 242 24.2 73 7.3
Q2 704 226 1.04 [0.83, 1.29] 207 6.7 0.89 [0.63, 1.25]
Q3 2,431 227 1.08 [0.86, 1.36] 875 8.2 1.05 [0.74, 1.49]
Q4 966  22.8 1.05 [0.83, 1.32] 273 6.4 0.95 [0.66, 1.36]
Psychiatric Hospital
Yes 2,739 226 1.03 [0.89, 1.18] 960 7.9 1.12 [0.91, 1.38]
No 1,604 23.1 468 6.7
Pulmonologist Density
High 2,959 221 1.06 [0.89, 1.26] 1,020 7.6 1.23 [0.93, 1.62]
Low 1,384 244 408 7.2
Cardiologist Density
High 2,797 224 1.12 [0.94, 1.33] 953 7.6 1.08 [0.82, 1.42]
Low 1546 235 475 7.2
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Note: Based on 19,060 Medicaid Beneficiaries with negiggnosed COPD obtained from Medicaid
Analytic eXtract files observed during 2005-2008téxisks represent significant group differences in
likelihood of statin therapy, long-term vs. shatrh statin therapy by beneficiary characteristics
compared to the reference group (None) obtained fdjusted Multinomial Logistic Regression
Analyses respectively.

Adjusted Multinomial Logistic Regression Analysemtrolled for cohort year, sex, race, age, state,
poverty eligibility, inflammation-related multimoidity number of other clinical conditions, serious
mental illness, alcohol abuse, substance abusactoluse, polypharmacy, county level variables
including: above high school education density (tles), unemployment density (quartiles), poverty
density (quartiles), metro status, primary caratsige area, mental health shortage area, primaey ca
provider density (quartiles), hospital beds den@jtyartiles), psychiatric hospital, pulmonologist
density and cardiologist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Cdefice Interval; Sig: Significance

% p<.0017* .001<p<.01;* .01<p<.05
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Table 2

Number, Percentage, Adjusted Odds Ratio and 95% Confidence Interval from Logistic
Regr essions on COPD-specific Healthcar e Utilization among
M edicaid Beneficiarieswith Newly-Diagnosed COPD (n = 19, 060)
Medicaid Analytic Extract, 2005-2008

COPD-gpecific Hogpitalizations

N Row % Sig AOR 95% CI Sig
TOTAL 998 5.2
Statin therapy *
Yes 270 4.7 0.84 [0.71, 0.98] *
No 728 5.5
Duration of Statin therapy
Long-term 204 4.7 * 0.84 [0.71, 0.99] *
Short-term 66 4.6 0.81 [0.62, 1.05]
No Use 728 5.5
COPD-specific ER visits
TOTAL 2,824 14.8
Statin therapy K
Yes 775 134 0.89 [0.81, 0.99] *
No 2,049 154
Duration of Statin therapy ok
Long-term 564 13.0 0.86 [0.77, 0.96] **
Short-term 211 14.8 0.99 [0.85, 1.16]
No Use 2,049 15.4
COPD-gpecific Outpatient Visits
TOTAL 7,200 43.7
Statin therapy K
Yes 2,032 41.4 0.86 [0.80, 0.92] ***
No 5,168 44.7
Duration of Statin therapy ok
Long-term 1,515 41.2 0.84 [0.78, 0.92] ***
Short-term 517 41.8 0.90 [0.80, 1.02]
No Use 5,168 44.7

Note: Based on 19,060 Medicaid Beneficiaries with negibgnosed COPD obtained from
Medicaid Analytic eXtract files observed during 362008. Asterisks represent significant
group differences in likelihood of COPD-specificaltacare utilization by statin therapy and

duration of statin therapy compared to the refezegroup (None) obtained from Adjusted
Logistic Regression analyses.

Adjusted Logistic Regression Analyses controlleddohort year, sex, race, age, state,
poverty eligibility, inflammation-related multimoidity number of other clinical conditions,
serious mental illness, alcohol abuse, substanggeatobacco use, polypharmacy, county
level variables including: above high school edieeatlensity (quartiles), unemployment
density (quartiles), poverty density (quartilesgtro status, primary care shortage area,
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mental health shortage area, primary care prowddasity (quartiles), hospital beds density
(quartiles), psychiatric hospital, pulmonologisheity and cardiologist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Cdafice Interval; Sig: Significance

% p<.0017* .001<p<.01;* .01<p<.05
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Table3
Adjusted Odds Ratio and 95% Confidence Interval from Logistic Regressions on COPD-
specific Healthcar e Utilization
among M edicaid Beneficiaries with Newly-Diagnosed COPD (n = 19, 060)
I nver se Probability Treatment Weight Adjustment
Medicaid Analytic Extract, 2005-2008

COPD-gpecific Hogpitalizations

AOR 95% ClI Sig
Statin therapy
Yes 0.76 [0.66, 0.87] i
No
Duration of Statin therapy
Long-term 0.73 [0.66, 0.80] ok
Short-term 0.83 [0.75, 0.91] ok
No Use
COPD-gpecific ER visits
Statin therapy
Yes 0.81 [0.75, 0.89] ok
No
Duration of Statin therapy
Long-term 0.75 [0.67, 0.83] ok
Short-term 0.95 [0.81, 1.11]
No Use
COPD-gpecific Outpatient Visits
Statin ther apy
Yes 0.86 [0.80, 0.91] ok
No
Duration of Statin therapy
Long-term 0.84 [0.77, 0.90] ok
Short-term 0.89 [0.79, 1.00]
No Use

Note: Based on 19,060 Medicaid Beneficiaries with nedibgnosed COPD obtained from
Medicaid Analytic eXtract files observed during Z62008. Asterisks represent significant group
differences in likelihood of COPD-specific healtheatilization by statin therapy and duration of
statin therapy compared to the reference group ¢élNon

Adjusted Logistic Analyses controlled for cohortyesex, race, age, state, poverty eligibility,
inflammation-related multimorbidity number of othainical conditions, serious mental illness,
alcohol, substance abuse, tobacco use, polypharmagmgty variables including: above high
school education (quartiles), unemployment dgr{gitartiles), poverty density (quartiles),
metro status, primary care shortage area, menadthhghortage area, primary care provider
density (quartiles), hospital beds density (quesjil psychiatric hospital, pulmonologist density
and cardiologist density.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Cdafice Interval; Sig: Significance
% p <.0017* .001<p<.01;* .01<p<.05
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Table4
Adjusted Odds Ratio and 95% Confidence Interval from Logistic Regressions on COPD-specific
Healthcar e Utilization among M edicaid Beneficiaries with Newly-Diagnosed COPD (n = 19, 060)
Medicaid Analytic Extract, 2005-2008

COPD-specific Hospitalizations

AOR 95% ClI Sig
Inflammation-related M ultimor bidity/Statin therapy
MM and Statin therapy 0.82 [0.70, 0.97] *
MM and no Statin therapy
No MM and Statin therapy 0.98 [0.67, 1.46]
No MM and no Statin therapy 1.17 [0.98, 1.39]

COPD-specific Emer gency Room visits

Inflammation-related M ultimorbidity/Statin therapy

Statin and MM 0.90 [0.81, 0.99] *
No Statin and MM

Statin and no MM 0.99 [0.77, 1.27]

No statin and no MM 1.17 [1.05, 1.31] **

COPD-gspecific Outpatient Visits

Inflammation-related M ultimorbidity/Statin therapy

Statin and MM 0.85 [0.78, 0.92]  ***
No Statin and MM

Statin and no MM 0.88 [0.73, 1.05]

No statin and no MM 0.95 [0.87, 1.03]

Note: Based on 19,060 Medicaid Beneficiaries with negiggnosed COPD obtained from Medicaid
Analytic eXtract files observed during 2005-2008té¥isks represent significant group differences in
likelihood of COPD-specific healthcare utilizatibyg statin therapy/multimorbidity interaction
categories compared to the reference group (Nmstatl no multimorbidity) obtained from Adjusted
Logistic Regression analyses.

Adjusted Logistic regressions controlled for cohagar, sex, race, age, state, poverty eligibility,
inflammation-related multimorbidity number of othginical conditions, serious mental illness,
alcohol abuse, substance abuse, tobacco use, polgaby, county level variables including: above
high school education density (quartiles), unemmlent density (quartiles), poverty density
(quartiles), metro status, primary care shortaga,anental health shortage area, primary care
provider density (quartiles), hospital beds den@jtyartiles), psychiatric hospital, pulmonologist
density and cardiologist density.

MM: Inflammation-related multimorbidity; OR: OddsaRo; AOR: Adjusted Odds Ratio; ClI:
Confidence Interval; Sig: Significance

“% p<.0017* .001<p <.01;* .01<p<.05
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Table5
Mean, Standard Deviation, Ratio of M eans of Expenditures Between Statins
Usersand Non-User s (Selected Char acteristics)
among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Total Healthcare Expenditures

Statin therapy ~ No Statin therapy

M ean SD M ean SD ROM Sig
36,215 38,329 35,724 43,549 1.01

ALL

Inflammation-related M ultimor bidity

Physical Only 35,867 40,956 36,956 45,196 0.97
Mental Only 35,450 25,875 33,129 31,999 1.07
Both 39,610 35,451 41,955 51,163 0.94
None 28,120 24,660 28,224 33,538 1.00
COPD-specific Inpatient Expenditures
ALL 6,593 5,814 7,457 13,032 0.88 *

Inflammation-related M ultimor bidity

Physical Only 6,446 5,573 7,594 16,204 0.85 *
Mental Only 4,434 2,537 6,151 7,973 0.72
Both 6,958 6,417 6,143 5,969 1.13
None 7,556 6,761 8,535 12,590 0.89

COPD-specific Outpatient Expenditures
1,380 423 1,631 1.01

ALL 429

Inflammation-related M ultimor bidity
Physical Only 451 1,554 409 1,252 1.10 **

Mental Only 349 865 376 1,429 0.93
Both 405 1,082 431 1,878 0.94
None 377 968 450 1,948 0.84 **

Note: Based 19,060 Medicaid Beneficiaries with newlygdiased COPD
obtained from Medicaid Analytic eXtract files obged during 2005-2008.
Asterisks represent significant differences in agertotal and average COPD-
specific healthcare expenditures by statin therdyggined from unadjusted
GLM among those with positive expenditures.

SD: Standard Deviation; ROM: Ratio of Means Sigyrificance

% p <.0017* .001<p<.01* .01<p<.05
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Table 6
Description of Total and COPD-specific healthcar e expenditur esamong M edicaid
Beneficiarieswith Newly Diagnosed COPD
among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

Total Healthcare Expenditure

Adjusted SE Exp (B) Sig

I nter cept 9.08 0.11 8,739 ***
Statin therapy

Yes 0.03 0.02 8,979

No
I nter cept 9.08 0.11 8,759 ***
Duration of Statin therapy

Long-term 0.07 0.02 9,394 ***

Short-term -0.10 0.03 7,902 ***

No use

COPD-specific Inpatient Expenditures (n = 998)

Inter cept 8.00 0.39 2,966 ***
Statin ther apy

Yes -0.08 0.06 2,751

No
Inter cept 7.98 0.40 2,929 ***
Duration of Statin therapy

Long-term -0.09 0.07 2,684

Short-term -0.04 0.10 2,809

No use

COPD-specific Outpatient Expenditures

I nter cept 6.76 0.15 865 ***
Statin therapy

Yes -0.01 0.02 857

No
I nter cept 6.76 0.15 866 ***
Duration of Statin therapy

Long-term 0.02 0.03 882

Short-term -0.09 0.04 792 *

No use

Note: Based on 19,060 Medicaid Beneficiaries with nedibgnosed COPD obtained
from Medicaid Analytic eXtract files observed dugiB005-2008. Asterisks represent
significant group differences in expenditures tatisttherapy and duration of statin
therapy compared to the reference group (None)radatdrom Unadjusted and Adjusted
Generalized Linear Model with Log-Link and Gammatibution.
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GLM analyses controlled for cohort year, sex, ragg, state, poverty eligibility,
inflammation-related multimorbidity number of othdinical conditions, serious mental
illness, alcohol abuse, substance abuse, tobaes@olypharmacy, county level variables
including: above high school education density (tjles), unemployment density
(quartiles), poverty density (quartiles), metrastaprimary care shortage area, mental
health shortage area, primary care provider de(gitgrtiles), hospital beds density
(quartiles), psychiatric hospital, pulmonologishdiy and cardiologist density.

Exp: Exponentiation SE: Standard Error; Sig: Sigaifice;: Parameter Estimates

©% p<.,0017* .001<p < .01 .01<p<.05
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CHAPTER 4: ANTIDEPRESSANTS, INHALED CORTICOSTEROIDS, STATINSAND
NEW-ONSET DIABETESAMONG MEDICAID BENEFICIARIESWITH NEWLY -
DIAGNOSED COPD

INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) imammatory disease linked to
persistent and progressive airflow limitation. (6@, Maskey-Warzechowska, & Krenke, 2010;
Rabe et al., 2007) COPD is increasingly beinggeed as “chronic systemic inflammatory
syndrome” (Fabbri & Rabe, 2007). Individuals w@loPD have high levels of inflammatory
biomarkers that may be either due to the spill-@féxct from the pulmonary inflammation or
due to overall “systemic” inflammation caused bggance of inflammation-related chronic
conditions such as arthritis, cardiovascular dised€VD), depression, diabetes and
osteoporosis. (P. J. Barnes & Celli, 2009; FaklRabe, 2007)

COPD is primarily managed through pharmacolodiedtment. Therefore it is not
surprising that use of respiratory disease medinathas been growing. The global markets for
respiratory disease medications has been increasimh@s expected to grow at a compound
annual growth rate of 4.4% to reach $47.1 billigr2B17. (Lehr, 2012) Similarly, the use of
medications to treat inflammation-related multimdity among individuals for COPD has been
increasing. Statins used among individuals witldioasascular diseases and antidepressants used
among those with depression are the most prescecibedes of medication in the United States
(US). (Mann, Reynolds, Smith, & Muntner, 2008; Mdjai & Olfson, 2011; Olfson & Marcus,
2009; Paulose-Ram, Safran, Jonas, Gu, & Orwig, PEnhth these medications are extensively
used among younger adults as well. (Mann et all820Ifson & Marcus, 2009) There are many
reasons for multiple medication use among thoske GDPD. In general, medication use among

COPD has been increasing (Lehr, 2012) individuals @OPD are more likely to have
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multimorbidity compared to those without COPD ahd likelihood of multiple medication use
increases with presence of multimorbidity. (Scheekl., 2012) Using a cross-sectional study
among individuals with COPD (n = 126,283), researsthave reported that 98% of individuals
received at least one prescription of “non-respmatrugs”. In the same study, 64%
cardiovascular medication and 8% depression medicase was reported. (Anecchino et al.,
2007)

Although, generally regarded as safe, concernatadmverse effects have been raised
about some of these medications in recent yeaexifgpally, antidepressants, inhaled
corticosteroids (ICS) and statins have been linki#éd new-onset diabetes. (Bhattacharjee,
Bhattacharya, Kelley, & Sambamoorthi, 2013; O'Byenal., 2012; Sattar et al., 2010; Suissa,
Kezouh, & Ernst, 2010) New-onset diabetes has beke&d with medication use because some
of these medications can increase insulin resistand decrease insulin secretion and thereby
affecting the overall glucose metabolism. (Carvadhal., 2004; Colbert & Stone, 2012; Nielsen
et al., 2004)

General Biological Correlates of Medications and WeOnset Diabetes

Biological relationship between statin use and oEleveloping diabetes has been
poorly understood. Some investigators have suggéisée lipophillic statins like atorvastatin
and simvastatin may reduce insulin secretions atehpially affect glucose metabolism.
(Colbert & Stone, 2012) With respect to insuling@wity or insulin resistance, the statin effects
are different based on type of statins. (Kandaptga& Ichihara, 2003; Nakata et al., 2006),
simvastatin and lovastatin reduces insulin sensithy affect cholesterol synthetic pathway;
(Chamberlain, 2001; Koh, Sakuma, & Quon, 2011; Xakaal., 2006) however, pravastatin has

been shown the increase insulin sensitivity in aats thereby reducing insulin resistance.
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(Takagi et al., 2008) Additionally, muscle myopatssociated with statin use has also been
suggested to increase the risk of new-onset diab@@®elbert & Stone, 2012)

Similarly, antidepressants may also increasei#tkeof new-onset diabetes by changes in
body weight (Zimmermann, Kraus, Himmerich, Schéld?olimacher, 2003) and modifications
in the normal function of glucose homeostasis. Y@l et al., 2004; Fisfalen & Hsiung, 2003;
Levkovitz et al., 2007) Other mechanisms includpamment of insulin secretion and changes in
insulin sensitivity due to high affinity of antidegssants towards muscarinic receptors. (Jindal,
2009) Although, no biological relationship existtween the use of inhaled corticosteroids, the
use of oral corticosteroids has been shown to taffisalin resistance (Nielsen et al., 2004,
Tappy et al., 1994) and reducing glucose uptaketlzr@by affecting glucose metabolism.
(Rizza, Mandarino, & Gerich, 1982) Indeed someistitiave also suggested that inhaled
corticosteroid use is linked with higher serum gk levels. (Slatore, Bryson, & Au, 2009)
Therefore, ICS use may have similar effects that lead to hyperglycemia.

Medication Use and New-onset Diabetes: Existingdance

Antidepressants Use and New-onset Diabetes

Investigators from a large randomized controlléal trave reported that antidepressant
users had higher likelihood of developing diabemspared to non-users. (Rubin et al., 2008)
However, further studies have not conclusively deieed the role of antidepressants in causing
new-onset diabetes. Some evidence also indicadésatiner than antidepressants, presence of
depression is associated with new-onset diabe&&asaljamoorthi, Ma, Findley, & Rust, 2012;
Wilkins & Sambamoorthi, 2011) The growing prevalemdé depression among COPD patients
and potential use of antidepressants with otheafhies make them vulnerable to incident
diabetes. Therefore, while examining potential helverapies for COPD, it is important to

understand its safety issues in terms of new-atiabetes.
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Inhaled Corticosteroids Use and New-Onset Diabetes

Inhaled corticosteroids (ICS) have also been evatbaith regards to development of
type-2 diabetes among individuals with COPD duthé&oevidence related to hyperglycemia and
incident diabetes associated with systemic cotigrogls.(Blackburn, Hux, & Mamdani, 2002,
O'Byrne et al., 2012; Suissa et al., 2010) It heenlindicated that ICS levels in the systemic
circulations are low and thus may not cause theafsncident diabetes. However, the evidence
regarding the risk of new-onset diabetes associat#diCS use is inconclusive.

A nested case-control study using the data fromb@u&ealth insurance databases,
Suissa et al reported that among 388,584 indivgdwéth respiratory diseases, current ICS use
was associated with 34% higher risk of incidenbdtas compared to no current use of ICS (RR:
1.34; 95% CI: 1.29-1.39). (Suissa et al., 2010) Eoav, a major limitation of this study was the
combined evaluation of asthma and COPD patientss$a et al., 2010) It has been established,
that the risk of incident diabetes is different amandividuals with COPD than those with
asthma. (Rana et al., 2004) Recently, a retrospeanalysis of randomized controlled trials of
budosenide, an ICS, indicated no statistically ifigant difference between users and non-users
in terms of new-onset diabetes. (O'Byrne et all220herefore the relationship between ICS
use and new-onset diabetes remains uncertain. Hoyws&yme studies have also reported higher
blood glucose concentration with ICS use amongviddals with diabetes. (Slatore et al., 2009)
Therefore, while evaluating new-onset diabetes amadividuals with COPD it is important to

understand the role of ICS.

Statins Use and New-onset Diabetes

As per the USFDA labeling guidelines, statin metiozes may be linked with elevation

of blood sugar levels (hyperglycemia) and risk e¥eloping type-2-diabetes mellitus. (US FDA,
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2012) Investigators of several large scale randedhcontrolled trials have reported inconsistent
findings. For example, analysis of data from thgtification for the Use of Statins in Prevention:
an Intervention Trial Evaluating Rosuvastatin (JUER) trial revealed that among 17,802
individuals randomly assigned to rosuvastatin acebo, those in the rosuvastatin group had
significantly higher rates of physician-reportedident diabetes cases as compared to those in
the placebo group (3.0% vs. 2.4%; p= 0.01). (Ridkeal., 2008) This trial included individuals
with low cardiovascular risk but high levels oflathmatory mediator C-reactive protein, a
characteristic of smokers with COPD. (Ridker et2008) On the contrary, findings from the
large scale randomized trial of pravastatin (WOSSOGMest of Scotland Coronary Prevention
Study) suggested protective effects of pravastatreducing the risk of new-onset diabetes. The
researchers reported that among men aged betwe@h y¥ars, individuals randomized on
pravastatin therapy had 20% reduced hazard of dewvg new-onset diabetes as compared to
individuals on placebo (HR: 0.70; 95% CI: 0.50-0,9% 0.042). (Freeman et al., 2001)

These findings have raised substantial concerrezdey the use of statins. Therefore,
many meta-analyses of statin trials have been aiaduo better understand the effects of statins
on new-onset diabetes. Even though, these metgsasahave also yielded conflicting results, a
closer examination of the results in a recent r@\8aggests that the results from these studies
are highly dependent on data from the WOSCOPS S{Gabert & Stone, 2012) For example,
meta-analysis of 5 statin trials by Coleman endidated that statin use is not associated with
increased risk of incident diabetes (RR: 1.03; $594).89-1.19). However, the sensitivity
analysis results after removing data from the WOBSG@tudy revealed an increased risk of
incident diabetes (RR: 1.14; 95% CI: 1.02-1.28plétan, Reinhart, Kluger, & White, 2008)

Similarly, investigators of a meta-analysis conddan 2009 which additionally included results
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from the JUPITER trial suggested that statin ditlinorease the risk of incident diabetes (RR:
1.06; 95% CI: 0.93-1.25); however, removal of dadan WOSCOPS study revealed an
increased risk of incident diabetes with statin aseompared to placebo (RR: 1.13; 95% CI:
1.03-1.23). (Rajpathak et al., 2009) Recently, sv@her meta-analyses have been conducted
that included data from additional randomized calied trials. The findings from a meta-
analysis conducted in 2010, which included 13 majals’ data indicated a slightly higher risk
of incident diabetes among statin users comparéewiteiduals on placebo (RR: 1.09; 95% CI:
1.02-1.17). (Sattar et al., 2010) Subsequent methrses have confirmed these findings. (Mills
et al., 2011, Preiss et al., 2011)

These meta-analyses highlight the discrepancidifindings related to statin use and
new-onset diabetes. Moreover, the studies alse emi®ssential issue of studying the impact of
individual statins as compared to collectively assgy the relationship between statin use and
new-onset diabetes. Indeed, the subject of examiniividual statin data has been emphasized
in a recent review of literature on statin use aed-onset diabetes. (Colbert & Stone, 2012)

Some clinical trials of specific statins have asedghe risk of developing new-onset
diabetes with statin use. The results from tria#t tncluded Atorvastatin as investigational drug
have shown that atorvastatin is associated witteased risk of new-onset diabetes when
compared with placebo (Anglo-Scandinavian Cardiatc@mes Trial (ASCOT) (Sever et al.,
2003) and Stroke Prevention by Aggressive Reduaticd®holesterol Levels (SPARCL))
(Karam, Loney-Hutchinson, & McFarlane, 2008) but wben compared with an active control
(Treating to new targets trial (TNT) (LaRosa et 2005) and Incremental Decrease in End
Points Through Aggressive Lipid Lowering (IDEALusly). (Pedersen et al., 2005) As

mentioned earlier, rosuvastatin use has been assdavith increased risk of new-onset diabetes
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compared to placebo in the JUPITER trial; howethes,Controlled Rosuvastatin Multinational
Trial in Heart Failure (CORONA) (Kjekshus et alQ@Z) study did not indicate higher risk of
new-onset diabetes (RR: 1.13; 95% CI: 0.86 - 1.SDilarly, simvastatin trials have also not
indicated any relationship between drug use andent diabetes. By contrast, one pravastatin
trial (WOSCOPS) (Freeman et al., 2001) has indicptetective effects of pravastatin terms of
incident diabetes; whereas, another pravastasihdoincluded that there was not a statistically
significant relationship between pravastatin usegianident diabetes.

Overall, based on the current understanding of ca¢idin use and new-onset diabetes
suggests conflicting conclusions. Moreover, to aatestudy has examined the risk of new-onset
diabetes associated with multiple medication userenindividuals with COPD. Owing to the
higher incidence of diabetes among individuals W@@®PD, it is important to comprehensively
assess the safety of medications (new-onset dgbat@ong individuals with COPD is required.
Need for the Study

The prevalence of diabetes has been increasiagtauf) over 18 million Americans.
(Geiss, 2012) Diabetes is a preventable epiderhichacosts about $174 billion in direct
medical costs. A variety of avoidable risk factars associated with new-onset diabetes such as
multiple medication use. With the growing prevalkené¢ multimorbidity, (Schnell et al., 2012)
multiple medication use has become a reality (Aheaxet al., 2007) and it is essential to
comprehensively evaluate the relationship betweedication use and diabetes.

Recently, antidepressants, ICS and statin use e studied with respect to
development of diabetes. As the individuals withRIIDhave high prevalence of inflammation-
related multimorbidity, the use of these medicatiavery high among those with COPD.

Furthermore, the use of statins is also being ewatlfor its role in COPD management. While
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testing the effectiveness of statins as diseasefynaglitherapy for individuals with COPD, it is
important to examine any potential safety concerns.

There are several important reasons for assedsngsk of new-onset diabetes among
individuals with COPD. COPD is linked with chrorggstemic inflammation, which is being
recognized as a new risk factor for the developréttpe-2 diabetes. (Festa, D'Agostino,
Tracy, & Haffner, 2002; Pradhan, Manson, Rifai, iBgr & Ridker, 2001; Spranger et al., 2003)
Tobacco smoking is associated with higher levelaftdmmatory mediators which may lead to
other inflammation related diseases. Indeed, sewvemstigators have pointed out the impact of
pro-inflammatory cytokines on the pathogenesisietiiin resistance and type-2 diabetes. (Festa
et al., 2002; Hu, Meigs, Li, Rifai, & Manson, 200radhan et al., 2001; Spranger et al., 2003)
As the levels of these cytokines are elevateddividuals with COPD, the risk of developing
type-2 diabetes may be more among individuals @@PD. (P. J. Barnes, 2000; Renauld, 2001)
An analyses of data from prospective Nurses’ Healtldy indicated that among 103,614
females nurses, the risk of new-onset type-2 desbwas significantly higher among those with
COPD compared to those without COPD (RR: 1.8, 9694.1-2.8). (Rana et al., 2004) Due to
higher risk of new-onset diabetes among COPD patieve need to evaluate new-onset diabetes
as an important safety measure for all the medioatused by those with COPD.

This study provides important evidence regardingy@able risk factors for new-onset
diabetes. This study is timely because novel treatsisuch as statins are being evaluated for the
management of COPD. Therefore, the findings frommstudy provide evidence about safety of
statins in COPD as well as provide hypothesisuditure randomized controlled trials.

Furthermore, our study gives important policy irogtions in terms of management of

Medicaid beneficiaries with COPD. With the helptlos study, we evaluate the impact of
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multiple medication use. Therefore, evidence reiggrthe adverse impact of management of co-
occurring conditions may help in designing effeetand tailored disease management programs

for Medicaid beneficiaries with COPD.
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CONCEPTUAL FRAMEWORK

For the purposes of this study we used the conakframework delineating the

determinants of health. This model describes séviskafactors that lead to development of

chronic diseases. Thus it can be considered amaichdisease incidence model. Due to the non-

availability of certain factors specifically mentied in the original model, we used a modified

“determinants of health” model. The model that gdidis in determining the risk factors

associated with new-onset diabetes is mention&ure 1 below.
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Figure 1: Conceptual Framework for Deter minants of Health and Chronic disease incidence
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Figure 1 describes a comprehensive view of vanpaikways that can increase the risk
of new-onset diabetes. This model was originallsigieed as a chronic disease incidence model.
However, as our study population comprises of iigdials with a chronic disease (COPD), we
have adapted this model and operationalized basediorequirements. The Determinants of
Health and Chronic Disease Incidence model desctheerelationship between societal factors,
access to care variables, individuals’ health biglnapsychological factors and biological risk
factors. Individuals’ non-modifiable characteristalso play an important role in determining the
biological conditions. In our study an additionattor needs to be considered that these
individuals already have a chronic disease anddheisit a higher risk of other co-occurring
conditions. The interplay between these factousea disorders that require appropriate medical
treatment. However, long term-use of therapeutyimnens may affect the normal bodily
functions leading to further deterioration and sagisliness (for example in this study we will

be testing the association between statin use ewebnset diabetes).

METHODS
Study design

A retrospective longitudinal cohort design wasdusedetermine the relationship
between multiple medication use (antidepressa@ts,dnd statins) and new-onset diabetes. For
the purposes of this study data from administratiaens of Medicaid enrollees obtained from
the Medicaid Analytic eXtract (MAX) (2005-2008) ptided by the Centers for Medicare and
Medicaid Services (CMS) was used. Medicaid bereafies with newly-diagnosed COPD were
identified between 01/01/2006 to 12/31/2007. Th&t filate with any inpatient or outpatient
claim of COPD diagnosis was considered as the iddéx. One year prior to the index date was

considered as the baseline period which. Benesavith COPD or diabetes during this period
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were excluded from the analyses. New-onset dialveaesdentified during the follow-up period

which was defined as 1 year after the index date.

Index date
I dentification period

Baseline period Follow-up period |
\ (1 year prior toindex date) jk (1 year from end index date) J

01/01/2005 01/01/2006 12/31/2@( 12/31/2008
Figure: An example of description of study periods

Data Source

Medicaid Analytic eXtract (MAX) (2005-2008)
For the purposes of this study we utilized the diata the Medicaid analytic extract

(MAX). The files provided in the MAX administrativddaims data are prepared and produced by
the Centers for Medicare and Medicaid Services thiéhhelp of Research and Data Assistance
Center (ResDAC). The primary purpose of producirese files is to supply information
regarding healthcare utilization of Medicaid beaigfiies to researchers and policy maker.

The MAX files contain person-level data which #aned via Medicaid Statistical
Information System (MSIS) in which all the statesnanistering Medicaid have to supply the
information for the Medicaid beneficiaries to th®IE. These person level files provided
information about beneficiaries’ eligibility andein healthcare utilization and payment
information. Several initiatives are taken by tigercies to maintain and improve the quality of
these datasets. (CMS, 2011; Hennessy, LeonardnBallNewcomb, & Bilker, 2007) We
received separate files from CMS which were linkaded on beneficiaries’ unique
identification numbers. These files include enr@im(“personal summary”), inpatient and

outpatient medical claims, and pharmacy claims fite beneficiaries.
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The personal summary file provided information 6gileility, demographics (age,
gender, and race), managed care enrollment, gilizaummary and Medicaid payments. Three
other files were used to capture the informatiagarding beneficiaries’ fee-for-service claims.
From the “Other therapy” file we collected infornwat regarding claims for Medicaid services
provided at an outpatient level such as clinic isels; physician services, home health and lab
services. Enrollees’ information regarding servigesvsided during hospitalizations was
obtained from the “Inpatient file”. All the infornian regarding pharmacy or drug services was
captured from the “Prescription Drug” file. Thi¢efincluded information regarding utilization of
prescription drugs by Medicaid beneficiaries suslilate of prescription filled, days of supply,
national drug code (NDC).

We used data for beneficiaries residing in theoWaing states: New York (NY), Texas
(TX), lllinois (IL), and California (CA). The printg reason behind using this data was to obtain
programs with lower Medicaid-managed care penetnaates so that more utilization
characteristics would be captured. This providethasability to obtain maximum number of
beneficiaries with fee-for-service enrollments.

Area Resource File (ARF):

In addition to all the demographic characteriséind utilization variables obtained from
the MAX files, we also determined each Medicaiddfemary’s contextual county level
variables using thArea Resource File (ARE)ARF is a comprehensive county-level dataset
compiled by the Health Resources Service Admirtisinag Bureau of Health Professions. ARF
contains more than 6000 variables providing infdramaabout nation’s counties. The
information contained within ARF includes type @dfth facilities in the various counties,
number and type health professions, resource sganelasures, health status, economic activity,

health training programs, and socioeconomic and-@mwental characteristics. These files also
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include county codes and descriptors that allowntsage with several secondary datasets such
as MAX. The type of variables that were obtaineafrARF included density of pulmonologist
in beneficiary’s residing county. We used the cguades and state information to link MAX
files with 2008 ARF file. All the ARF variables wepbtained from the baseline period.

Study Population

Medicaid Beneficiaries with newly-diagnosed COPD

Medicaid beneficiaries with newly-diagnosed COPDenidentified using MAX IP and
OT files (physician office visits claims only). Bame period was used to identify Medicaid
Beneficiaries with newly-diagnosed COPD. Individualith at least one inpatient visit or two 14
days apart outpatient visits (obtained using tyfpgeovice codes) for COPD based on
International Classification of Diseases, Ninth R&n, Clinical Modification (ICD-9-CM)
codes for chronic bronchitis (491.xx), emphyseng2(¥x), or unspecified chronic airway
obstruction (496.xx) were considered to have diagddCOPD. These diagnosis codes have
been utilized in prior published research (codekx9 492.xx and 496.xx) to identify COPD
and evaluate medical treatment and health outcamesg individuals with COPD. (Dalal,
Shah, D'Souza, Chaudhari, & Crater, 2012; Halpeah. £2011; Make, Dutro, Paulose-Ram,
Marton, & Mapel, 2012) Indeed, sensitivity and speity of using ICD-9-CM codes to identify
patients with COPD has been established. (Cookk,&t011; A. S. Gershon et al., 2009) A
study conducted by Gershon et al reported thatifgerg COPD using 1 or more ambulatory
claims and/or 1 or more hospitalizations for CORBulted in a sensitivity of 85.0% (95% CI:
77.0 to 91.0) and a specificity of 78.4% (95% (3.67to 82.7). However, we will be used 1
inpatient or 2 outpatient claims to identify indluals with COPD in order to increase the

specificity of the algorithm.
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Other inclusion criteria will included: a) no CORIiagnoses during baseline period; b)
no diabetes diagnoses (ICD-9-CM: 250.x2) duringaageline period; c) 40-64 years (among
young adults this age group is at highest risk OPD); d) continuous eligibility during the
baseline and follow-up period; e) no dual Medidsliedicare coverage (dual eligibility will
represent high-cost and severe beneficiariespri)lied in fee-for-service plans throughout the
study observation period; g) Alive during the stwibgervation period; and use of services

(inpatient or outpatient).

Dependent Variable (New-onset diabetes)

New-onset diabetes was identified in the followpagpiod for beneficiaries who were
diabetes free in the year prior to baseline yeay. WMedicaid beneficiary who had at least 1
inpatient or 2 outpatient claims for diabetes basedCD-9-CM diagnosis (250.x2) were
considered as having new-onset diabetes
Key Independent variables

Multiple Medication Use
Antidepressants, ICS and statins were identifiedguslational Drug Codes (NDC) recorded

in pharmacy claims. Although, identifying medicatiose is difficult using administrative claims
data, any receipt of these medications was coresides use of medications.
3. Any Statin use (Yes/No)
Adults with at least one prescription of statimidg the baseline period were considered
as statin users.
4. Statin Type (Hydrophilic vs. Lipophilic Statins)
Statins were further grouped based upon their at@mature. Statins with lipophilic

characteristics (Atorvastatin, Cerivastatin, Fluatis, Lovastatin, Pitavastatin, and Simvastatin)
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were classified as lipophilic statins and thosénvlagdrophilic properties (Pravastatin,
Rosuvastatin) were grouped as hydrophilic statins.
5. Any ICS use (Yes/No)

ICS use was identified during the follow-up perasiour population consisted of
individuals with newly-diagnosed COPD and thus wekribt have many cases with ICS use in
the baseline period.

6. Any Antidepressants use (Yes/No)

Antidepressant prescriptions were identified dulageline.
7. Long-term use (Antidepressants and Statins)

Medicaid beneficiaries with newly-diagnosed COPDihg >120 days of supply for these
medications during the baseline period were comnstlas long-term users. Those with <120
days of supply were categorized as short-term wsetdhose without any use in the baseline
period were considered as non-users.

8. Inflammation-related multimorbidity:

We created indicator variables for the presenaatbfitis, CVD, depression, and
osteoporosis using the International ClassificatibBiagnosis — 9 Revision- Clinical
Modification (ICD-9-CM) codes. Any Medicaid benaficy with COPD having greater than or
equal to one inpatient or one outpatient visitsth@se conditions were considered as having the
disease. In addition indicator variables were e@#&br inflammation-related physical conditions
and inflammation-related mental condition. Any M=dd beneficiary having either of the
following conditions: arthritis, CVD, and osteopsi®were considered as having inflammation-
related physical condition. Similarly, any indivelwith COPD having depression were

considered as having inflammation-related mentatitamn.
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Operational definition:

Medicaid beneficiaries included in our study popiolawere categorized into one of the four
multimorbidity groups as mentioned below:

9) COPD + Inflammation-related Physical Conditions aflammation-related Mental
Condition (i.e. depression)

10)COPD + Inflammation-related Physical Conditions

11)COPD + Inflammation-related Mental Condition (i.alepression)

12)COPD only (without any chronic conditions).

Other Independent Variables
1. Individual Physical Makeup
These variables include demographic characteristich as age (will be grouped based
on data), gender (female/male), race/ethnicity faghiAfrican- Americans and Others).
2. Community resources
Community resources consist of variables regardomjoeconomic makeup of the
society in which the Medicaid beneficiaries resitleese include variables such as median
income at county level and county level educatiatus. All the county level information
was is obtained from the ARF. Variables includethis study were: Quartiles for density of
above high school education, unemployment and ppwesre created. Density of these
county level characteristics was calculated byding total number of each characteristic by
the total county population. This density was fartbonverted into per 1000 people by
multiplying 1000 with the densityseographical Location
Metro status was ascertained for each Medicaidflxeary. All the Medicaid
beneficiaries with COPD were categorized into nyatitan residents and non-metropolitan
residents based county level information obtaimechfthe ARF.

3. Access to care variables
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Access to care variables was identified as coweuglicharacteristics from the ARF.
These characteristics included density of primamg gproviders in the county (Quartiles);
density of specialist providers (Quartiles), prisnaare shortage area (yes/no) mental health
shortage area (yes/no); hospital beds densityr{gepliimonologist density (high/low) and
cardiologist density (yes/no)

4. Health behavior

Alcohal, illicit drug (substance abuse) and tobagse were identified as health
behaviors. These variables were identified using-82CM codes from Medicaid claims.
ICD-9-CM codes for these conditions were obtaimredifAHRQ's clinical classification
software.

5. Psychological Factor

Serious mental illness among Medicaid benefesawith COPD will be determined as
psychological risk factor. Conditions included wiitlserious mental iliness were
schizophrenia, bipolar disorder and psychoses. 3dEM codes for these conditions were
obtained from AHRQ'’s clinical classification softrea

6. Biological Risk Factors

Biological risk factor variables includes inflamnaat-related multimorbidity and other
co-occurring conditions identified as number ofestblinical conditions (categorized into: a)
None, b) 1-3; c¢) 4-6; d >6 conditions. All thesendtions were identified using ICD-9-CM
codes obtained from AHRQ’s clinical classificateoftware.

Statistical Analyses

Bivariate Analyses

Chi-square tests of independence were used tondieeesubgroup differences in

antidepressant, ICS and statin prescriptions andareset diabetes. Results from unadjusted
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logistic regressions are also presented for bettderstanding of bivariate relationship between

specific medication use categories and new-onséetis.

Multivariate Analyses

We used multivariable logistic regression to exanthe relationship between any
antidepressants, ICS and statins use and new-giafetes after controlling for comprehensive
set of risk factors as described in the Method@®cSAS v 9.3 (SAS Institute, Cary, NC) was

used for all the analyses.

RESULTS

Overall, 6.3% (n = 967) Medicaid beneficiaries wigwly-diagnosed COPD had new-
onset diabetes during the follow-up period. Inghely population, 47.8% individuals received
antidepressants, 24.3% received statins and 426@étved ICS. The bivariate differences in

medication use by selected beneficiary characiesiare presented ifable 1

Antidepressants, | CS, Statins, and New-Onset Diabetes

Table 2describes the unadjusted and adjusted relatiofstipeen any antidepressants,
statins and ICS use and new-onset diabetes. Rlatesveonset diabetes were not significantly
different between antidepressants users and nas-(&8% vs. 6.2%). However, beneficiaries
with statin use had significantly higher rates efwvronset diabetes compared to those without
statin use (9.2% vs. 5.4%; p<0.001). Similarly,iwdlals with ICS use had significantly higher
rates of new-onset diabetes compared to those witls use (7.4% vs. 5.5%; p<0.001). After
controlling for baseline characteristics benefigiamho received statins and ICS were 48%
(AOR: 1.48; 95% ClI: 1.27, 1.72) and 23% (AOR: 1.98% CI: AOR: 1.07, 1.47) more likely to

have new-onset diabetes as compared to their apante without these medications.
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In order to assess the relationship between caedmmedication categories and new-
onset diabetes, we created a variable with theviatlg categories: 1) all three medications; 2)
antidepressant/statins; 3) antidepressants/IC&atins/ICS; 5) statins only; 6) ICS only; and 7)
none of these medications. Findings from bivarsateé multivariate analyses with combined
medication categories are presentedable 3. Adults with all three medications were
significantly more likely to have new-onset dialsetAOR: 1.56; 95% CI: 1.18, 2.05) compared
to those without any of these three medicationduls who used statins combination with
antidepressants and ICS or only ICS were moreyliteehave new-onset diabetes compared to
those without any medications. Other combinatwhgh did not include statins were not

associated with new-onset diabetes.

Type of Statins and New-Onset Diabetes

The findings from analyses on new-onset diabetds type of statins are presented in
Table 4.As number of non-elderly Medicaid beneficiarieshaiew-onset diabetes in the “both
hydrophilic and lipophilic” was very small (n = 9ye removed individuals with “both
hydrophilic and lipophilic” from the analyses. Thtare, the analyses on type of statins included
15,128 Medicaid beneficiaries with newly-diagno€#aPD who did not receive both types of
statins. We observed no statistically significaatationships between types of statins and new-

onset diabetes.

Duration of Antidepressants, Statin Use and New-Onset Diabetes

Duration of medication use (antidepressants) dichawe a statistically significant
association with new-onset diabetes. Adults widthbong-term (AOR: 1.44, 95% CI: 1.22,
1.70) and short-term statin use (AOR: 1.58, 95%1(5, 1.99) were more likely to have new-

onset diabetes compared to those without any staé@n
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Secondary Analysis (Controlling for Selection Bias Statin Use)

As statin use was associated with new-onset digp@talso controlled for selection
bias in unobserved variables. For example, steténs may be different from non-users in
terms of genetic risk factors or presence of paelic condition. To control for this selection
bias, we conducted secondary analyses wwgtrumental variable regressioniVe used county-
level variables obtained from the ARF including pdy status (categorized into quartiles) and
density of pulmonologist in a county in selectiguation that predicted the presence/absence of
statin use. The model on new-onset diabetes indlalendependent variables mentioned in the
methods section. This analysis was conducted &IAJTA v. 11. The instrumental variable
approach revealed that statin use was not assoiie new-onset diabetes (parameter estimate

=0.15; p = 0.613).

DISCUSSION

Using a retrospective longitudinal dynamic cohasign, we examined the relationship
between commonly used medications such as antiskgits, ICS, and statins and new-onset
diabetes among Medicaid beneficiaries with newhgdiosed COPD. For the purposes of these
analyses we used Medicaid claims data from muliipke's (2005-2008). To the best of our
knowledge, this is the first observational studgxamine this relationship using Medicaid
claims data of non-elderly adults with newly-diaged COPD. Therefore, we cannot directly

compare the study results with any prior studies.

In our study, after controlling for baseline chaesistics, we did not observe a
statistically significant association between agpicessant use and new-onset diabetes. These
results are consistent with findings using datanfigeneral population (not specific to COPD).

For example, no significant association betweerdaptessants and new-onset diabetes was
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found in previous studies (Sambamoorthi, Ma, Find&eRust, 2012; Wilkins & Sambamoorthi,
2011; Bhattacharrya R, 2014). Recently, a reviewlanose metabolism and antidepressant
medications has suggested that the relationshipeeet antidepressant use and new-onset
diabetes may vary by type of antidepressants. Tdrexdt is plausible that deleterious effects of
non-adrenergic antidepressants are negated byitiaheffects of mono-amine oxidase
inhibitors with regards to glucose metabolism. (rlags JM, 2012) Therefore, further analyses
are required between type of antidepressant useemebnset diabetes. Moreover, to draw
conclusive evidence, randomized controlled trial®ag those with COPD are required to

determine the safety of antidepressant in ternmewf-onset diabetes.

As statins are being investigated as novel thetapagents among individuals with
COPD, we also examined the relationship betwedmstand new-onset diabetes. Our primary
analyses revealed that adults who had any statinvese more likely to have new-onset diabetes
compared to those without statins. However, onceamrolled for selection bias due to
unobserved characteristics the statistically sigaift association disappeared. Although, no
specific study has examined the risk of new-onsdietes among COPD patients, randomized
controlled trials and meta-analyses have yieldedlicting results. A meta-analysis including
the data from WOSCOPS study has shown that staéirdig not increase the risk of new-onset
diabetes. (Rajpathak et al., 2009) Whereas, ans#t®f analyses have reported that statin use
is associated with greater risk of new-onset desdbgSattar et al., 2010; Mills et al., 2011; Pyeis
et al., 2011) Therefore, more research is requirduigh-risk populations such as in our study to
strengthen the knowledge base of the safety oéthexlications. As statins are being
investigated for their use in COPD, clinical trigtsould include new-onset diabetes as a safety

outcome.
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We also tested for the relationship between ICSravd-onset diabetes among newly-
diagnosed COPD patients. However, as our populabosisted of only newly-diagnosed cases,
we could only test for exposure to ICS and new-bdsdbetes in the same follow-up period. We
did not find an association between ICS and nevedisibetes when we combined all three
medications and derived a combination variable Wittategories. Our findings are different
from those observed in a retrospective cohort stisityg Quebec Health Insurance database,
which included patients with any respiratory digegSuissa, 2010) The inconsistent findings

could be due to differences in study populations.

Overall, the findings from our study indicated thaéter controlling for baseline
characteristics and selection bias, medication@asedepressants, ICS and statins) was not
associated with increased risk of new-onset digbsteen compared to those who did not
receive any of these medications. However, as itieapence of diabetes is increasing and
individuals with COPD are at a greater risk of Im@vnew-onset diabetes due to systemic
inflammation, continuous glucose monitoring for dDpatients may be needed. In future,
long-term observational studies and randomizedrobed trials need to be conducted to

evaluate the safety of above mentioned medications.

STRENGTHSAND LIMITATIONS

There are many advantages to this study. Useealiddid claims data enabled us to
track individuals over two years and adopt a lamjital design. Clinical diagnoses with ICD9
codes provided information on medical conditioRsescription drug claims facilitated
identification of specific drugs and the precisediin which they were prescribed enabling us to
calculate duration of medication use. The study alaployed statistical tools that controlled for

selection bias due to unobserved characteristics.
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An important limitation of this study is lack oégeralizability, as we included only fee-
for-service claims of Medicaid beneficiaries livimgfour states. We only observed prescriptions
for specific medications and cannot determine dskese medications. Furthermore,
unavailability of laboratory data limited our abylito control for important confounders such as
cholesterol levels and baseline blood glucose $evedditionally we did not have the data for

body mass index which is an important predictonei/-onset diabetes.
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TABLES

Tablel
Number, Percentages of M ediation Use
among M edicaid Beneficiaries with Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

Any AD Use Any Statin Use Any ICSUse
N Row % Sig N Row % Sig N Row % Sig
TOTAL 7,313 47.8 3,720 24.3 6,554 41.4
Cohort *
2005-2007 4,148 48.0 2,041 23.6 3,746 43.4
2006-2008 3,165 47.6 1,679 25.3 2,808 42.2
Sex ok ok —
Women 4,853 54.6 2,299 25.9 4,209 47.4
Men 2,460 38.4 1,421 22.2 2,345 36.6
Race/Ethnicity K Fk i
White 4,121 53.9 2,005 26.2 3,372 44.1
African American 1,527 37.6 755 18.6 1,645 40.5
Others 1,665 46.6 960 26.9 1,537 43.0
Age (in years) K o
40-49 2,787 51.9 934 17.4 2,262 42.1
50-59 3,470 47.6 1,883 25.8 3,129 42.9
60-64 1,056 40.3 903 34.4 1,163 44.4
State ok —_— —
California 4,055 48.0 2,100 24.9 3,481 41.2
lllinois 1,548 48.0 764 23.7 1,455 45.1
New York 1,104 51.8 566 26.5 1,188 55.7
Texas 606 40.8 290 195 430 29.0
Income Eligibility o ok +
Yes 6,753 48.2 3,471 24.8 5,976 42.7
No 560 43.7 249 194 578 45.1
M edical Eligibility e
Yes 814 48.1 338 20.0 740 43.7
No 6,499 47.8 3,382 24.9 5,814 42.8
Inflammation-related M ultimor bidity ok i
Physical Only 2,601 40.0 2,087 32.1 2,787 42.8
Mental Only 1,011 78.8 184 14.3 567 44.2
Both 2,245 81.4 846 30.7 1,216 44.1
None 1,456 30.7 603 12.7 1,984 41.9
(Continued)
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Tablel

Number, Percentages of M ediation Use
among M edicaid Beneficiaries with Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

Any AD Use Any Statin Use Any ICSUse
N Row % Sig N Row % Sig N Row % Sig

TOTAL 7,313 47.8 3,720 24.3 6,554 41.4

Number of Other Clinical Conditions K o b
None 135 30.6 61 13.8 143 324
1-3 1,209 37.9 641 20.1 1,244 39.0
4-6 1,618 42.8 894 23.6 1,579 41.7
>6 4,351 55.3 2,124 27.0 3,588 45.6

Serious Mental IlIness ork o ik
Yes 2,514 62.2 856 21.2 1,403 34.7
No 4,799 42.7 2,864 25.5 5,151 45.8

Alcohol Abuse K ok i
Yes 828 53.4 217 14.0 569 36.7
No 6,485 47.2 3,503 25.5 5,985 43.6

Substance Abuse ork oo
Yes 1,286 57.3 295 13.1 950 42.3
No 6,027 46.2 3,425 26.3 5,604 43.0

Tobacco Use K o
Yes 1,176 56.7 439 21.2 922 445
No 6,137 46.4 3,281 24.8 5,632 42.6

Pol yph armacy *kk Fokk Fokk
Yes 4,559 65.2 2,629 37.6 3,720 53.2
No 2,754 33.2 1,091 13.1 2,834 34.2

ARF Variables (County Level)

Above HS Education Density ok i i
Q1 3,621 45.6 1,999 25.2 3,239 40.8
Q2 1,107 50.2 552 25.0 943 42.7
Q3 1,593 50.1 767 24.1 1,449 45.6
Q4 992 50.5 402 20.5 923 47.0

Unemployment Density K * ok
Q1 5,263 46.5 2,734 24.1 4,683 41.3
Q2 1,068 51.1 541 25.9 964 46.1
Q3 741 52.1 318 22.4 686 48.3
Q4 241 53.8 127 28.3 221 49.3

Poverty Density o o b
Q1 647 50.5 270 21.1 585 45.7
Q2 1,080 48.9 501 22.7 953 43.2
Q3 1,409 49.8 689 24.4 1,286 45.5
Q4 4,177 46.6 2,260 25.2 3,730 41.6
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Tablel

Number, Percentages of M ediation Use

among M edicaid Beneficiaries with Newly-Diagnosed COPD

Medicaid Analytic Extract, 2005-2008

Any AD Use Any Statin Use Any ICSUse
N Row % Sig N Row % Sig N Row % Sig

TOTAL 7,313 47.8 3,720 24.3 6,554 41.4
Metro o

Yes 6,222 47.0 3,202 24.2 5,673 42.9

No 1,091 53.3 518 25.3 881 43.0
PCP Shortage +

Yes 7,003 47.8 3,586 24.5 6,288 42.9

No 310 49.5 134 21.4 266 42.5
Mental Health Specialist Shortage K i

Yes 6,457 47.3 3,313 24.3 5,750 42.1

No 856 52.1 407 24.8 804 48.9
PCP Density ik ok

Q1 321 50.8 161 25.5 326 51.6

Q2 1,335 51.7 674 26.1 1,147 44.4

Q3 1,136 51.8 527 24.0 1,025 46.7

Q4 4,521 45.8 2,358 23.9 4,056 41.1
Hospital Beds Density K * K

Q1 432 53.9 203 25.3 401 50.1

Q2 1,230 49.2 560 22.4 1,092 43.6

Q3 3,983 46.4 2,168 25.2 3,440 40.0

Q4 1,668 49.2 789 23.3 1,621 47.8
Psychiatric Hospital ok

Yes 4,497 46.2 2,395 24.6 4,132 42.5

No 2,816 50.7 1,325 23.9 2,422 43.6
Pulmonologist Density K * ok

High 4,913 45.9 2,546 23.8 4,346 40.6

Low 2,400 52.3 1,174 25.6 2,208 48.1
Cardiologist Density ok b

High 4,601 46.1 2,401 24.1 4,094 41.0

Low 2,712 51.1 1,319 24.9 2,460 46.4

Note: Based on 15,287 Medicaid Beneficiaries with negibgnosed COPD and diabetes-free during
baseline period obtained from Medicaid Analytic Xt files observed during 2005-2008. Asterisks
represent significant group differences in benaficicharacteristics by medication use obtained from

chi-square test.

ICS: Inhaled Corticosteroids; HS: High School PERmary Care Providers; Sig: Significance

% p <.0017* .001<p<.01* .01<p<.05
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Table?2
Number, Percentage, Unadjusted, Adjusted Odds Ratio and 95% Confidence Intervals
from L ogistic Regressions on New-Onset Diabetes
among M edicaid Beneficiaries with Newly-Diagnosed COPD
M edicaid Analytic Extract, 2005-2008

New-Onset Diabetes

N Row % OR 95% CI Sig  AOR 95% CI Sig
TOTAL 967 6.3
Any Antidepressant Use
Yes 475 6.5 1.06 [0.93, 1.20] 0.91 [0.78 ,6].0
No 492 6.2
Any ICSUse
Yes 488 7.4 1.39 [1.22, 1.58] *** 1.23 [1.07, 1.47] **
No 479 5.5
Any Statin Use
Yes 344 9.2 1.79 [1.56, 2.05] *** 1.48 [1.27, 1.72] ***
No 623 5.4

Note: Based on 15,287 Medicaid Beneficiaries with nedibgnosed COPD who were diabetes-free during
baseline period obtained from Medicaid Analytic Xt files observed during 2005-2008. Asterisksaspnt
significant group differences in likelihood of nemset diabetes by antidepressant, ICS and stainarapared
to the reference group (None) obtained from Unddfliand Adjusted Logistic Regression Analyses.

Adjusted logistic regressions controlled for cohaar, sex, race, age, state, poverty eligibilitifammation-
related multimorbidity number of other clinical abtions, serious mental illness, alcohol abusestarite abuse,
tobacco use, polypharmacy, county level variabiekiding: above high school education density (tijea),
unemployment density (quartiles), poverty dengityaftiles), metro status, primary care shortage, anental
health shortage area, primary care provider defgitgrtiles), hospital beds density (quartilesychsatric
hospital, pulmonologist density and cardiologistgly in addition to medication use.

ICS: Inhaled Corticosteroids; OR: Odds Ratio; A@®justed Odds Ratio; Cl: Confidence Interval; Sig:
Significance

** p<.0017* .001<p <.01;* .01<p<.05
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Table3
Number, Percentage, Unadjusted, Adjusted Odds Ratio and 95% Confidence Intervals
from L ogistic Regressions on New-Onset Diabetes
M edicaid Beneficiaries with Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

New-Onset Diabetes

N Row % OR 95% CI Sig  AOR 95% CI Sig
TOTAL 967 6.3
M edication Use Categories
All three 107 10.0 2.17 [1.69, 2.77] *** 1.56 [1.18, 2.05] **
AD/Statin 79 7.9 1.67 [1.27, 2.19] *** 1.29 [0.96, 1.74]
AD/ICS 149 6.3 1.31 [1.05, 1.63] * 1.09 [0.86, 1.39]
Statin/ICS 90 12.4 2.74 [2.11, 3.57] *** 2.06 [156, 2.72] ***
AD only 140 4.9 0.99 [0.79, 1.24] 0.90 [0.71.14]
Statin only 68 7.3 1.54 [1.15, 2.04] ** 1.26 [0.94, 1.70]
ICS only 142 5.9 1.22 [0.98, 1.53] 1.11 [0.88.39]
None 192 4.9

Note: Based on 15,287 Medicaid Beneficiaries with nedibgnosed COPD who were diabetes-free during
baseline period obtained from Medicaid Analytic Xt files observed during 2005-2008. Asterisksaspnt
significant group differences in likelihood of nemset diabetes by multiple medication use categ@oenpared
to the reference group (None) obtained from Unadjfuand Adjusted Logistic Regression Analyses.

Adjusted logistic regressions controlled for coh@ar, sex, race, age, state, poverty eligibilitffammation-
related multimorbidity number of other clinical ahitions, serious mental illness, alcohol abusestuite abuse,
tobacco use, polypharmacy, county level variabiekiting: above high school education density (tiea),
unemployment density (quartiles), poverty dengityaftiles), metro status, primary care shortage, anental
health shortage area, primary care provider defgitgrtiles), hospital beds density (quartilesychsatric
hospital, pulmonologist density and cardiologistglty in addition to medication use.

AD: Antidepressants; ICS: Inhaled corticosteroid®: @dds Ratio; AOR: Adjusted Odds Ratio; Cl: Coafide
Interval; Sig: Significance

% p<.001* .001<p<.01;* .01<p<.05
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Table4
Number, Percentage, Unadjusted, Adjusted Odds Ratios and 95% Confidence Intervals
from L ogistic Regressions on New-Onset Diabetes with Type of Statin Use
M edicaid Beneficiarieswith Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

New-Onset Diabetes

N Row % OR 95% CI Sig AOR 95% CI Sig
TOTAL 958 6.3
Type of Statin Use
Lipophilic 292 9.5 1.06 [0.76, 1.48] 1.03 [8.7 1.44]
Hydrophilic 43 9.0
None 623 5.4 0.58 [0.42, 0.80]** 0.68 [0.49, 0.94] *

Note: Based on 15,128 Medicaid Beneficiaries with nedibgnosed COPD who were diabetes-free during
baseline period obtained from Medicaid Analytic kXt files observed during 2005-2008. Asterisksaspnt
significant group differences in likelihood of nemset diabetes by type of statin use comparecetoetierence
group (None) obtained from Unadjusted and Adjustegistic Regression Analyses.

Adjusted logistic regressions controlled for coh@ar, sex, race, age, state, poverty eligibilitffammation-
related multimorbidity number of other clinical abitions, serious mental illness, alcohol abusesturite abuse,
tobacco use, antidepressants use, Inhaled Cdgioids use, polypharmacy, county level varialbhetuding:
above high school education density (quartiles)enoployment density (quartiles), poverty densitya(djles),
metro status, primary care shortage area, mensdthhghortage area, primary care provider dengitrartiles),
hospital beds density (quartiles), psychiatric litaspoulmonologist density and cardiologist deypsit addition to
medication use.

OR: Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Cdafice Interval; Sig: Significance

% p<.0017* .001<p<.01;* .01<p<.05
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Table5
Number, Percentage, Unadjusted, Adjusted Odds Ratio and 95% Confidence Intervals
from L ogistic Regressions on New-Onset Diabetes
M edicaid Beneficiarieswith Newly-Diagnosed COPD
Medicaid Analytic Extract, 2005-2008

New-Onset Diabetes

N Row % OR 95% ClI Sig AOR 95% ClI Sig
TOTAL 967 6.3
Duration of AD Use
Long-term 357 6.5 1.06 [0.92, 1.22] 0.91 [0,72.07]
Short-term 118 6.4 1.04 [0.84, 1.28] 0.92 [0.74.14]
No Use 492 6.2
Duration of Statin Use
Long-term 247 9.1 1.75 [1.50, 2.05]** 1.44 [1.22, 1.70] ***
Short-term 97 9.7 1.89 [1.51, 2.36]** 1.58 [1.25, 1.99] ***
No Use 623 54

Note: Based on 15,287 Medicaid Beneficiaries with nediggnosed COPD who were diabetes-free during
baseline period obtained from Medicaid Analytic Xt files observed during 2005-2008. Asterisksaspnt
significant group differences in likelihood of nemset diabetes by duration of antidepressant artith stse
compared to the reference group (None) obtained fomadjusted and Adjusted Logistic Regression Asedy

Adjusted logistic regressions controlled for coh@ar, sex, race, age, state, poverty eligibilitffammation-
related multimorbidity number of other clinical ahitions, serious mental illness, alcohol abusestauite abuse,
tobacco use, ICS use, polypharmacy, county lewéhbkes including: above high school education @gns
(quartiles), unemployment density (quartiles), gty density (quartiles), metro status, primaryecsiiortage area,
mental health shortage area, primary care prowdasity (quartiles), hospital beds density (quesjil psychiatric
hospital, pulmonologist density and cardiologistglty in addition to medication use.

ICS: Inhaled Corticosteroids; OR: Odds Ratio; A@®justed Odds Ratio; Cl: Confidence Interval; Sig:
Significance

% p<.001* .001<p<.01;* .01<p<.05
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CHAPTER 5: SUMMARY AND CONCLUSIONS

STUDY SUMMARY

Chronic Obstructive Pulmonary Disease (COPD), atarezed by persistent and
progressive airflow limitation caused due to cheanflammation in the lungs affects more than
15 million Americans in the United States (CDC, 20&ord et al., 2013). COPD is being
increasingly recognized as a “chronic systemiamiinatory syndrome” due to presence of high
levels of systemic and local inflammation. (Bar&eS€elli, 2009) A recent study has established
high prevalence of inflammation-related multimortycamong individuals with COPD. (Schnell
et al, 2012) Existing evidence suggests that poesehmultimorbidity among individuals with
COPD may pose challenges to COPD management (&siig Kosmas, Van, & Tzanakis,
2013). However, no study till now had assesseunpact on COPD management, specifically
treatment patterns among individuals with COPDthemmore, only a few studies have
examined the role of co-existing chronic conditionsCOPD-specific outcomes. The findings
from these studies point towards negative impaachwtimorbidity on COPD-specific outcomes;
however, none of the studies until now had systealit evaluated the impact of inflammation-
related multimorbidity on COPD-specific outcomehislled to the rationale for the Aim1,
which examined the association between inflammatateted multimorbidity and COPD
treatment patterns and COPD-specific outcomes asi€@OPD-specific healthcare utilization
and healthcare expenditures among individuals methly-diagnosed COPD. We hypothesized
that individuals with newly-diagnosed COPD andaniimation-related multimorbidity will have

lower COPD-medication utilization and persistence.

Furthermore, due to the presence of systemic imlation among patients with COPD,

current pharmacologic management is unable to @lésoverall prognosis of the disease due to
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their local pulmonary exposure. (M. Cazzola et2007; Vogelmeier & Wouters, 2011) In this
context, some prior studies had examined the baakéffects of novel anti-inflammatory
therapies such as statins in improving lung fumgtieealth status and COPD-related
exacerbations among those with COPD. (Blamoun.e2@08; Huang et al., 2011, Ishida et al.,
2007; Keddissi et al., 2007; Lawes et al., 2012hé&of the studies were generalizable to US
population and no study has systematically stuthedole of inflammation-related
multimorbidity on statin use and COPD-specific ames and expenditures. Therefore, the
primary objective of Aim 2 was to examine the efifeeness of novel statin therapy in terms of

clinical and economic outcomes among individuahw@OPD in a real-world practice setting.

Finally, as patients with COPD and inflammatioratetl multimorbidity are at an
increased risk of developing new-onset diabetesgRa al., 2004), while examining
effectiveness of statin therapies for COPD managéntds important to establish its safety in
this population. Moreover, prior studies have sty that patients with COPD often take
multiple medications (Anecchino et al., 2007). Thegedications may include antidepressants,
inhaled corticosteroids (ICS) and statins that Hzeen associated with risk of new-onset
diabetes. (Bhattacharjee, Bhattacharya, KelleyagBamoorthi, 2013; O'Byrne et al., 2012,
Sattar et al., 2010; Suissa, Kezouh, & Ernst, 20Hjs, the primary objective of Aim 3 was to
evaluate the association between antidepress@8sand statins and new-onset diabetes among

individuals with newly-diagnosed COPD after coritng for comprehensive set of risk factors.

For the purpose of these objectives we used the Mat4 for years 2005 through 2008

and conducted retrospective longitudinal analyses
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SUMMARY OF FINDINGS

Medicaid beneficiaries with newly-diagnosed COPM kary high prevalence of
inflammation-related multimorbidity. Presence dfammation-related multimorbidity was
significantly associated with reduced COPD-medaratitilization and decreased persistence on
long-bronchodilators. Our study findings sugghsat COPD medication management may be
poor due to competing demands arising from thegmies of inflammation-related
multimorbidity. Medicaid beneficiaries with inflamation-related multimorbidity were less
likely to have COPD-specific utilization comparedthose without any inflammation-related
multimorbidity. These findings suggest that indivads with inflammation-related
multimorbidity may have a greater need for non-CQPBlBted care.

Furthermore, findings from Aim 2 indicate that astgtin use was associated with better
COPD-specific outcomes compared to no statin éseloser examination of the data revealed
that only those with long-term statin use havedseititcomes as compared to those with no
statin use. We also found that beneficiaries wiftammation-related multimorbidity and statin
use had better COPD-specific outcomes compardtbsetwith multimorbidity and no statin
use. These findings suggest that long-term stestnmay reduce COPD-specific adverse
outcomes. Furthermore, statin use may be partibaliaeficial for those with inflammation-
related multimorbidity. Our study found that altighustatin use was associated with the risk of
new-onset diabetes, the association was no lomg@fisant in analyses that controlled for
selection bias in unobserved characteristics. Tiese findings indicate that the medications

may be safe in terms risk of new-onset diabetes.
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STUDY LIMITATIONS

Our study had some limitations such as limited gaigbility due to inclusion of
beneficiaries with fee-for-service claims only. T8tady also used data from only four states
which may not provide a full understating of oveMeédicaid population. We also excluded
dual Medicare-Medicaid enrollees from our populatichich limits the overall generalizability.
Due to unavailability of laboratory data we were able to control for stage of COPD at
diagnosis or confirm the diagnosis of COPD. We aflgerved prescriptions for specific
medications and cannot determine use of these atexhis. Furthermore, unavailability of
laboratory data limited our ability to control fomnportant confounders such as cholesterol levels
and baseline blood glucose levels. Additionallydigenot have the data for body mass index
which is an important predictor of new-onset diaket

Despite these limitations, to the best of our kremlgle this the first study to extensively
examine the relationship between inflammation-eslahultimorbidity and comprehensive set of
COPD-specific outcomes. Therefore, the findingsfithis study may guide clinical and policy

decision making for management of COPD patienth wilammation-related multimorbidity.

UNIQUE CONTRIBUTIONS OF THE STUDY

Our study aimed to fill the knowledge gap and pdeuvieal-world patterns about current
pharmacologic management among those with inflanomaelated chronic conditions and
COPD. As there has been an increasing recognitioarfjanizing care around the individuals
rather than the disease (Kadam, 2012) an understpaotlhow care is delivered among
individuals with multimorbidity will have importanmplications for the overall healthcare

management of individuals with COPD. Our study @gmeered in the area of management of
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COPD and provided important evidence that will haldeveloping clinical practice guidelines
for those with COPD and multimorbidity.

Our study contributed to a better understanding i&lationship between inflammation—
related multimorbidity and COPD-specific outcom@&PD is often understood a disease with
local inflammation. Therefore, most pharmacologdisations used in treating COPD focuses
on reducing local inflammation and thereby imprgvanly symptoms and not changing the
course of disease progression. Recently, investigiditave begun to consider COPD as a disease
associated with systemic inflammation. By explagnine link between inflammation-related
multimorbidity and COPD-specific outcomes, we sgttien the current understanding about
inflammation in COPD and provide a novel targebg®y/stemic inflammation) to improve
COPD-specific outcomes.

In this context, our study is highly timely and avative as it examines the association
between novel approaches (statin use) for COPD gesnent and COPD-specific outcomes.
Another important significance of our study is tise of real-world data that will provide
information about individuals with multimorbiditysahese individuals are excluded from
randomized controlled trials. Our study is alspdthesis generating and will provide the
necessary foundation for future research and psrramlomized clinical trials evaluating the

effectiveness and safety of statin therapy amodiyiduals with COPD.

The use of data from the claims of Medicaid bengfies enhances the significance of
this study. Enrollees in the Medicaid comprise ighkrisk vulnerable population that have high
rates of COPD and allied multimorbidity. Therefgoegving the real-world evidence about

management of COPD and benefits and harms of duarehnovel therapies among high-risk
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and vulnerable population of Medicaid beneficiangh COPD will strengthen the evidence in

the area of COPD management.

IMPLICATIONS

Our study highlighted the high prevalence of inflaation-related multimorbidity among
non-elderly low-income adults with newly-diagno€e@PD. Our study findings confirm that
multimorbidity is common even among the non-eldarty clinical practice and research studies
need to examine multimorbidity across the entiedourse (Mercer SW, 2009)

This finding also has implications for healthcaranmagement of these individuals.
COPD patients with inflammation-related multimorbydvill have competing demands and
require care from multiple providers and specialgich as cardiologists, pulmonologists,
mental health specialists, endocrinologists andrsthFor individuals care needs to be organized
around the patient rather than the disease (Kadath®). Furthermore, for individuals with
multimorbidity, fee-for-service approach providdtd incentive to coordinate care across
multiple providers (Chronic Care: Making the Case®ngoing Care). Financial incentives to
physicians for coordinating care are warrantedthis context, Medicaid may want to adopt the
Medicare policy initiative of paying physicians wh@anage care of patients with multimorbidity
(DHHS, 2014). Under this new initiative, physicsanill be responsible for developing a
comprehensive care plan that includes patientsicaggsychological and social needs, monitor
medication adherence, and coordinate care acrolpl@yproviders (DHHS, 2014)

In this study, we found that beneficiaries whoereed long-term use of statin
medications were less likely to have COPD-speaificerse outcomes compared to no statin use.
This finding has implications regarding the longateadherence to therapies. There is

documented evidence of low-rates of long-term aeltne to therapies in Medicaid population
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(Kyanko, 2013). Therefore, to realize the benefitaovel therapeutic agents such as statins for
management of COPD, surveillance and programs toeleel in place for encouraging long-term
use of medications.

The current study also evaluated the safety ofleptessants, ICS, and stains with regard
to new-onset diabetes. Our study did not find esoeiation between these medications and risk
of new-onset diabetes once we controlled for sielediias in unobserved variables. Our study
had not included many risk-factors (e.g. obesawify history, and pre-diabetes). These
findings suggest the need to be cautious aboutrgakferences from observational data

without rigorous adjustments for selection bias.

Our study utilized Medicaid claims data on noneelgl adults with newly-diagnosed
COPD. This has implication for improving accessdce through expansion of Medicaid under
the affordable care act. In total, 27 states lzalapted expanding insurance coverage through
Medicaid expansion including California, lllinoisdNew York (states included in this study).
Under this expansion, low-income non-elderly adwits incomes below 133% of federal
poverty level are eligible to be enrolled in MeditaSuch expansion may include insurance
coverage of non-elderly adults over age 40, sinidahe population included in this study. As
these individuals are likely to have COPD, inflantiora related multimorbidity, absolute
number of individuals requiring care for these dbads will increase. Therefore, state Medicaid
programs will need to specifically examine and edhe issue of provider shortage that may be

created due to large influx of individuals with riorbidity.

DIRECTIONS FOR FUTURE RESEARCH
Our research utilized retrospective claims datayéars through 2005-2008, with

rigorous analytical methods to understand the mamagt of COPD among non-elderly adults
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with newly-diagnosed diabetes. Our research tmrierd to the nascent literature of
multimorbidity among individuals with a specificsgiase namely COPD. We documented the
poor COPD management of individuals with inflammatrelated multimorbidity and evaluated
the benefits and safety of novel therapeutic aganth as statins for COPD management.
However, future studies need to go beyond just ai@suing the existing problems in COPD
management. Randomized clinical trials are ctitca@stablish the efficacy, effectiveness, and
safety of novel therapeutic agents in manageme@QiD. Furthermore, future research needs
to focus on designing, developing and implemenéividence-based interventions for long-term
adherence on medical therapies and improving healitomes for individuals with COPD and

inflammation-related multimorbidity.
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