




ABSTRACT
Background: As chronic diseases become increasingly treatable, the American population continues to experience longer lifespans. These longer lifespans place further burden on federally funded healthcare programs, including Medicare. Established by the Affordable Care Act, the Hospital Readmissions Reduction Program (HRRP) was created to address hospitals with excessive readmissions. The 30-day All-Cause Hospital Readmission measure objectively evaluates the level of care and identifies areas in need of improvement within hospitals. The goal of the measure is to provide better quality care to patients and reduce 30-day readmissions. In this study, we aimed to investigate the influence of polypharmacy on 30-day readmissions among Medicare patients.  

Methods: Gateway Health Medicare members with at least one inpatient hospital discharge during 2016 was the target population for this investigation. To be included in the study, members were required to have been continuously enrolled in a Gateway Health Medicare plan for at least one year prior to their first admission, and for at least thirty days after being discharged. 9,414 Gateway Health Medicare members, including both disabled and aged beneficiaries, met the study eligibility requirements. Multivariate logistic regression analysis was used to determine the relationship between polypharmacy (concurrent use of 5 or more medication) and 30-day readmission, adjusting for age, race/ethnicity, gender, Significant Persistent Mental Illness (SPMI) flag, and the location the member was discharged to after the inpatient hospital admission.

Results: Polypharmacy use (OR 2.0, 95% CI 1.7 – 2.2), discharge to Home Healthcare (HHC) (OR: 1.4, 95% CI: 1.2, 1.6), discharge to Skilled Nursing Facility (SNF) (OR: 1.9, 95% CI: 1.7, 2.2), and a SPMI flag (OR: 1.9, 95% CI: 1.5, 2.4) were associated with a higher risk of 30-day readmission. 

Conclusion: The results of this study indicate several characteristics which, in addition to polypharmacy, increase an individual’s risk of 30-day readmission. Polypharmacy individuals often have complex medical conditions and comorbidities which pose unique challenges to recovery. Addressing individuals’ medication burden prior to discharge, improving HHC, and expanding mental health services could lead to a reduction in 30-day readmissions in this vulnerable population. By focusing on a non-traditional barrier to care, hospitals can provide better care for their patients and improve public health in the surrounding communities. 
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preface
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1.0  Introduction

With the continuous development of new technologies, pharmaceuticals, and medical treatments, the American population is experiencing longer lifespans and managing chronic illnesses which were once untreatable. As the population continues to age, the increased burden becomes placed on federally funded healthcare programs, including Medicare. In 2013, total Medicare benefit payments reached $583 billion, $139.9 billion or 24 percent of which was spent directly on hospital inpatient services [1]. 30-day readmissions continue to make up a significant portion of inpatient hospital expenses with charges ranging from $6,600 to $13,400 per 30-day readmission [2]. If changes in spending do not occur, the Medicare hospital trust fund is expected to have insufficient funding by 2030 [1]. 

Defined by the Centers for Medicaid and Medicare (CMS) as “admission to a subsection (d) hospital within 30 days of a discharge from the same or another subsection (d) hospital”, hospital 30-day readmissions remain a large contributor to Medicare spending [3].  Section 3025 of the Affordable Care Act (ACA) addresses 30-day readmissions by establishing the Hospital Readmissions Reduction Program (HRRP). Since 2012, HRRP has implemented a series of policies aimed to cut readmissions by reducing payments to inpatient prospective payment system (IPPS) hospitals with excessive readmissions [3, 4].  Initially, concern arose that HRRP would cause the number of observational unit stays to increase [5, 6]. While a small rise in observational stays after the introduction of HRRP occurred, subsequent studies indicated the increase was not significantly related to the decrease in readmissions [7]. 
In 2008, Medicare and Medicaid patients eighteen and older had the highest rate of readmission compared to both privately insured and uninsured individuals [8]. After the introduction of the ACA in 2010, Medicare readmission rates decreased while Medicaid readmission rates had a slight increase; however, both Medicare and Medicaid readmission rates remained above those for privately insured and uninsured individuals[9]. As hospitals and insurance companies continue to strive for a reduction in 30-day hospital readmissions, additional factors must be examined.  

Previous studies have sought to understand how patient demographics and various aspects of the inpatient stay impact readmission. Communication among providers, communication between healthcare providers and their patients, health literacy, compliance, difficulty understanding discharge instructions, and the absence of a support system have been identified as factors associated with re-hospitalization10. While hospitals address many of these obstacles through the use of care managers, simplified discharge instructions, teach-back methods, patient-centered protocols, and encouraging patients to follow-up sooner with their primary care providers (PCP), readmission rates still remain higher than desired [10, 11]. By exploring non-traditional barriers, such as polypharmacy, discharge location, and medication adherence, hospitals and insurance companies can gain a better understanding of the issues driving 30-day readmissions amongst the Medicare population.   

Polypharmacy has begun to gain attention as the American population continues to grow more reliant on prescription medications. Most commonly defined as either the concurrent use of multiple medications by a patient to treat usually coexisting conditions or as the potentially inappropriate use of a medication, polypharmacy, especially among the elderly, is a growing problem facing the American population [12, 13]. As individuals age, chronic diseases become more prevalent, each with its accompanying specialist and medications. When the number of medications increase, adverse drug events, functional decline and lack of adherence ensue, resulting in hospitalizations [13]. This study aims to examine the relationship between polypharmacy usage prior to hospital admission and 30-day readmission among the Medicare population. 

2.0  Study Data and Methods

2.1 Study Setting

Research was conducted using Medicare insurance data provided by Gateway Health. Gateway Health is a managed health care plan (MCO) with two products, Medicaid and Medicare, which currently serves approximately 550,838 individuals across Pennsylvania, Ohio, Kentucky, North Carolina, Delaware, and West Virginia. The Medicare product serves approximately 58,000 individuals residing in Pennsylvania, Ohio, Kentucky, and North Carolina. The Gateway Health Medicare product includes Medicare Advantage, Dual Eligible Special Needs Plans (D-SNP), and Chronic Special Needs Plans (C-SNP); availability of each line of business varies by state. 

The timeframe of interest for this study focused on inpatient hospital discharges from January 1, 2016-December 31, 2016. The timeframe for 30-day readmissions extended to January 31, 2017. The additional month captured patients who may have had a 30-day readmission from a December discharge. 
2.2 Selection of Participants

Gateway Medicare members of any age, gender, race/ethnicity, and state of residence were eligible for the study. To be included in the study, members had to meet two inclusion criteria. First, members must have had at least one inpatient hospital discharge between January 1, 2016-December 31, 2016. Second, members were required to have been continuously enrolled in a Gateway Health Medicare plan for at least one year prior to their first admission and at least thirty days after being discharged. The additional thirty days after discharge allowed capture of any 30-day readmissions that may have occurred. 

2.3 Polypharmacy

The definition of polypharmacy varies throughout research and medical literature. For this study, polypharmacy is defined as five or more prescription medications taken on a regular basis. This definition was based on past research studies that have looked at a similar patient population 
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[14-17]
. Pharmacy claims from October 1, 2015, through December 31, 2016, were screened to capture pharmacy usage 90-days prior to admission. The data collected from the pharmacy claims dataset was used to generate a drug count for each member; the drug count was based on medication name and did not reflect unique pharmaceutical ingredients. A medication was considered to be taken on a regular basis if a prescription was for at least a 30-day supply and had been filled at least once in the 90-days prior to hospital admission. These guidelines prevented acute drugs, such as antibiotics and short-term steroids, from being factored into the drug count. Members with a drug count of five or greater were classified as polypharmacy. Members with a drug count less than five were classified as non-polypharmacy.

If at any point during the study period the member met the definition for polypharmacy, the member was considered to be polypharmacy for the entire duration of the study, helping control for members who may have had extended hospital stays where they missed filling prescriptions for one month.  

2.4 Readmission

For this study, we are interested in 30-day readmission. Readmission is defined by CMS’s HRRP as an admission to a subsection (d) hospital within 30 days of a discharge from the same or another subsection (d) hospital. To determine whether the member had a hospital stay and subsequent 30-day readmission during the given time frame, a combination of processed claims and member demographic information obtained from the enterprise data warehouse was used.  The information collected from claims and demographic information is used to create a dataset which is updated at the conclusion of each calendar month. This dataset will hereafter be referenced as the hospital readmission dataset.  The hospital readmission dataset provided the length of stay, demographic information, and discharge status. Members with at least one readmission during the study period were assigned to the readmission group.

After reviewing a similar study, it was determined that multiple admissions from the same member would fail to be statistically independent and may skew the results of the analysis [18].  The hospital readmission dataset was sorted by member ID, allowing all admissions for each member within the study period to be grouped together. Admissions for each unique member ID were sorted chronologically and all admissions except the last admission were deleted to prevent the same member from being represented multiple times.  

2.5 Demographics 
State of residence, age (continuous), and sex of each member was identified from insurance claims and demographics provided by Gateway Health. Primary language was defined as the preferred language as identified by the Gateway Health member, and was not included in the final model due to homogeneity of the member population.
White, Black/African American, and Hispanic/Latino were coded accordingly. Due to the sample homogeneity and the low number of members who identified as Asian/Pacific Islander (n=43) and American Indian/Alaskan (n=10), these racial groups were combined with members who had identified as other/system default (n=318) and were coded as “Other” (n=371). Members were coded as “Missing” if members had not provided a race or ethnicity (n=49).
2.6 Discharge Status

Where a member is discharged to following a hospital admission has a profound effect on the level and type of care the individual receives. Discharge status is defined as the location the member resides after discharge from an inpatient hospital admission. The discharge status was determined from the discharge code listed on the hospital readmission dataset. Discharge codes are a set of standardized discharge status codes provided by the Research Data Assistance Center (ResDAC), a CMS contractor

(2016)
. 

Discharge codes 01 (discharged to home/self-care), 07 (left against medical advice or discontinued care), or 81 (Discharged to home or self-care with a planned acute care hospital readmission) were categorized as discharged to “home”. Discharge codes 03 (Discharged/transferred to skilled nursing facility (SNF) with Medicare certification in anticipation of covered skilled care), 64 (Discharged/transferred to a nursing facility certified under Medicaid but not under Medicare), or 83 (Discharged/transferred to a skilled nursing facility (SNF) with Medicare certification with a planned acute care hospital inpatient readmission) were categorized as discharged to a “skilled nursing facility” (SNF). Discharge codes 06 (Discharged/transferred to home care of organized home health service organization), 50 (Hospice – home), or 86 (Discharged/transferred to home under care of organized home health service organization with a planned acute care hospital inpatient readmission) were categorized as discharge to “home health care” (HHC). Discharge codes 04 (Discharged/transferred to intermediate care facility), 09 (Admitted as an inpatient to this hospital), 21 (Discharged/transferred to Court/Law Enforcement), 93 (Discharged/transferred to a psychiatric hospital/distinct part unit of a hospital with a planned acute care hospital inpatient readmission), 94 (Discharged/transferred to a critical access hospital (CAH) with a planned acute care hospital inpatient readmission), 95 (Discharged/transferred to another type of health care institution not defined elsewhere in this code list with a planned acute care hospital inpatient readmission) were categorized as discharged to “other”. 

2.7 Serious Persistent Mental Illness Flag

Due to the high prevalence of serious persistent mental illnesses (SPMI) and the association between SPMI and hospital admissions, SPMI was included as a covariate. The SPMI flag was generated using the Pennsylvania Department of Human Services’ definition of SPMI. The categories and corresponding ICD-10 codes in the SPMI definition include: schizophrenic disorders (F20-schizophrenia, F25-schizoaffective disorders), episodic mood disorder (F30- manic episode, F31-bipolar disorder, F32- major depressive disorder, single episode, F33-major depressive disorder, recurrent), other nonorganic psychoses (F29- unspecified psychosis not due to a substance or known physiological condition), and borderline personality disorder (F60.3-borderline personality disorder). The SPMI flag was attached to a member’s profile by Gateway Health if the member had an insurance claim which contained one of the above-mentioned ICD-10 codes.
2.8 Statistical Analysis

Statistical analysis was performed using SAS Enterprise Guide statistical software. The primary study outcome is 30-day readmission following discharge from an inpatient hospital admission. Multivariate logistic regression analysis was used to model the relationship between polypharmacy and 30-day readmission, adjusting for age, race/ethnicity, gender, SPMI flag, and the location the member was discharged to after the inpatient hospital admission (home, HHC, SNF, other). We did not stratify or adjust based on income or education because we did not have access to these characteristics during the study. 

The logistic procedure in SAS was used to analyze potential two-way interactions between variables. If a plausible relationship existed between a dependent variable and our variable of interest, polypharmacy, we tested for a statistically significant interaction. The two-way interaction between polypharmacy and SPMI flag (p-value=0.0207) and between polypharmacy and gender (p-value= 0.0059) were determined to be valid interactions and were included in the multivariate logistic analysis. 
A secondary analysis was performed to examine the relationship between polypharmacy status and the number of inpatient hospital admissions. Ordered logistic regression was used to determine the significance of the relationship.  Again, the logistic procedure in SAS was used to test for plausible two-way interactions.  The procedure did not yield any statistically significant interactions for the secondary analysis.
3.0  Results

3.1 Participant Characteristics

The final cohort for this study included 9,414 members who met the study eligibility requirements. As summarized in Table 1, the study cohort had a median age at discharge of 63.0 years. 94.5% reported English and 5.1% reported Spanish as their preferred language; 0.42% reported another language as their preferred language, but the language was not specified. 1,997 (21.1%) members were readmitted within 30-days, of which 80.9% (n=1,615) were members who were considered polypharmacy. 
Compared to non-polypharmacy members, polypharmacy members were more likely to be older (64.0 vs 60.0 median age), female (63.0% vs 52.6%), white (69.7% vs 64.2%), to be readmitted within 30-days (24.1% vs 14.1%), to have a SPMI flag (47.0% vs 41.8%), to have a higher median drug count (9.0 vs 2.0 prescriptions), to reside in Pennsylvania (94.0% vs 92.8%) or Kentucky (1.4% vs 1.1%), to be discharged to HHC (26.4% vs 19.4%), and to have Spanish (5.6% vs 3.9%) or “other” (0.5% vs 0.3%) as their primary language. The median number of admissions (1.0 vs 1.0 admissions) and the length of stay (4.0 vs 4.0 days) were equal in the non-polypharmacy and polypharmacy groups.
3.2 Outcomes
Both the univariate logistic regression model and the multivariate logistic regression model resulted in a similar outcome and indicated a statistically significant relationship between polypharmacy status and 30-day readmissions (Table 2). In the univariate model, polypharmacy members were more likely to experience a 30-day readmission (OR: 2.0, 95% CI: 1.7, 2.2) compared to non-polypharmacy members. Factors associated with a statistically significant higher 30-day readmission include discharge to HHC (OR: 1.4, 95% CI: 1.2, 1.6), discharge to SNFs (OR: 1.9, 95% CI: 1.7, 2.2), and SPMI flag (OR: 1.4, 95% CI: 1.2, 1.5). Female gender was associated with a statistically significant lower likelihood of 30-day readmission (OR: 0.9, 95% CI: 0.8, 1.0). While the race/ethnicity category was statistically significant overall, only the “other” category was significant individually (OR: 0.6, 95% CI: 0.5, 0.8); Black/African American (OR: 1.0, 95% CI: 0.9, 1.1), Hispanic/Latino (OR: 0.8, 95% CI: 0.6, 1.0), and “not provided” (OR: 0.8, 95% CI: 0.4, 1.8) were not statistically significantly different between polypharmacy and non-polypharmacy members.

The multivariate logistic regression analysis indicated a statistically significant relationship between polypharmacy status and 30-day readmissions (Table 2). The multivariate analysis controlled for gender, age, race/ethnicity, SPMI flag, length of stay, discharge status, and the interaction between polypharmacy and SPMI flag and between polypharmacy and gender. Language and state of residence were not included in the analysis because of homogeneity within the study population.
Polypharmacy members were more likely to experience a 30-day readmission (OR: 2.0, 95% CI: 1.6, 2.5) compared to non-polypharmacy members. Factors associated with a statistically significant greater likelihood of 30-day readmission include discharge to HHC (OR: 1.4, 95% CI: 1.2, 1.6), discharge to SNFs (OR: 1.9, 95% CI: 1.7, 2.2), SPMI flag (OR: 1.9, 95% CI: 1.5, 2.4), and length of stay (OR: 1.0, 95% CI: 1.0, 1.0. Factors associated with a statistically significant lower likelihood of 30-day readmission include age (OR: 1.0, 95% CI: 1.0, 1.0) and female gender (OR: 0.6, 95% CI: 0.5, 0.8). While the race/ethnicity category was statistically significant overall, only the “other” category was significant individually (OR: 0.6, 95% CI: 0.5, 0.8); Black/African American (OR: 1.0, 95% CI: 0.9, 1.1), Hispanic/Latino (OR: 0.8, 95% CI: 0.6, 1.0), and “not provided” (OR: 0.8, 95% CI: 0.4, 1.8) was not statistically significantly different between polypharmacy and non-polypharmacy members.

The secondary analysis utilized ordered logistic regression to determine the relationship between polypharmacy status and the number of admissions accrued by the member (Table 3). Unlike in the primary analysis, this model did not control for the interactions between polypharmacy and the SPMI flag and polypharmacy and gender as the interactions were not significant. After adjusting for age, race/ethnicity, gender, length of stay, discharge status, and SPMI flag, there was a statistically significant relationship between polypharmacy status (OR: 2.6, 95% CI: 2.4, 2.9) and the number of admissions (p-value=<.0001). Factors associated with a greater number of admissions include discharge to HHC (OR: 1.4, 95% CI: 1.2, 1.5), discharge to a SNF (OR: 1.6, 95% CI: 1.4, 1.9), and SPMI flag (OR: 1.4, 95% CI: 1.3, 1.5). Factors associated with a lower number of admissions include age (OR: 1.0, 95% CI: 1.0, 1.0 and female gender (OR: 0.9, 95% CI: 0.8, 0.9). While the race/ethnicity category was statistically significant overall, only the “other” category was significant individually (OR: 0.7, 95% CI: 0.6, 0.9); Black/African American (OR: 1.1, 95% CI: 1.0, 1.2), Hispanic/Latino (OR: 0.9, 95% CI: 0.7, 1.1), and “not provided” (OR: 1.2, 95% CI: 0.7, 2.1) was not statistically significantly different between polypharmacy and non-polypharmacy members. Additionally, there was not a statically significant difference in length of stay between polypharmacy and non-polypharmacy members (OR: 1.0, 95% CI: 1.0, 1.0). 

4.0  Discussion

While Act 3025 of the ACA has contributed to a decrease in 30-day readmissions, the rates among Medicare members still remain steadily above the privately insured and uninsured population. Previous 30-day readmission studies concerning the Medicare population have attempted to understand how socioeconomic status influences readmissions have reported mixed results 
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. For this study, we sought to address a different aspect of the member profile, polypharmacy.

We identified two variables which, in addition to polypharmacy, contributed the most to an increase in 30-day readmission: discharge status and SPMI flag. Of the various discharge locations in our study, polypharmacy members discharged to HHC, SNF, or “other” had increased odds of being readmitted compared to their non-polypharmacy member counterparts.  Individuals discharged to the HHC and SNF settings are likely to have more complex health needs and barriers to care than individuals discharged to home. By addressing non-traditional aspects of care, such as polypharmacy, there is potential to have a large public health impact.

Some barriers to care, such as transportation, are more obvious than others and may or may not be covered by an individual’s Medicare plan. Gateway Health, for example, provides its members with 36 one-way (18 round) non-emergent trips per calendar year [22]. Other obstacles, such as medication adherence and patient error, which directly impact polypharmacy individuals, may not be as apparent. Individuals taking five or more medications were 3.1 times more likely to report an adverse drug event directly related to patient error [23]. By addressing these challenges and understanding how to best care for members discharged to home and HHC, insurers and hospitals can decrease future 30-day readmissions and improve health outcomes.  

The second factor associated with increased odds of 30-day readmission is SPMI flag which was not surprising. According to a 2015 HCUP report, 37% of disabled Medicare members had a diagnosed mental illness [24]. Other studies have demonstrated an increased risk for readmission in individuals with SPIM [25]. An earlier analysis of the potential interactions between variables indicated a statistically significant interaction between polypharmacy and SPMI. Individuals with a SPMI are prescribed multiple medications, often with harsh side effects, to help treat the symptoms of their disease. The effectiveness of psychiatric medications can vary widely from patient to patient and individuals often must try several medications before finding the best fit. Patients with a SPMI flag may benefit from more frequent and more detailed evaluation of their medications to ensure the medication listed on file is an accurate representation of their current medications.
Strengths of this study include the large sample size, a diverse medical history within the study population. and minimal bias. No Gateway Health Medicare members were excluded from the study on the basis of a health condition. Since the hospital readmission dataset for this study comes from insurance and pharmacy claims, minimal opportunity exists for recall bias to occur. 

A major limitation of this study is the limited heterogeneity of the study population in regard to race and language. The study population was limited to the states in which Gateway Health is available. This resulted in minority races, other than Black/African American and Hispanic/Latino, and languages being underrepresented within the study population. Because race and ethnicity are self-reported by the member there is potential for reporting bias which may have led to an underestimation of the number Hispanic/Latino and other minority race groups.  Additionally, Gateway Health does not currently have the option for members to identify as multiple race and ethnic categories. This could lead to an underestimation of various racial and ethnic groups if members must identify as only one group. 

In 2012, the mean, inflation-adjusted, hospital costs of an inpatient admission were $12,200 for Medicare members. This is a $400 increase from 2008 and $1200 increase from 2003 [26]. While the increase in costs slowed between 2008 and 2012 compared to 2003 and 2008, based on current spending, we can expect the costs to continue to rise. Since Medicare individuals had the highest hospital costs per stay compared to Medicaid, privately insured, and uninsured, it is crucial to gain control over readmissions as our population ages to ensure funding remains available for future generations. 

Future research on this population should identify methods to better manage polypharmacy among Medicare members and should address issues with mental health treatment. One method of addressing polypharmacy among Medicare members is by using services which prepackage pills. Pharmacy chains and various other pharmacy companies collect all of a patient’s prescriptions and fill them into individually packaged pill packs. Each pack has the date and approximate time the individuals should take the medication clearly labeled on the front.  

There are many benefits associated with this service. The primary benefit is improved medication adherence and decreased costs. Nonadherence can be caused by out of pocket cost, adverse side effects, or medication misuse and can lead to additional adverse drug reactions and hospitalizations [27, 28]. If a single pharmacy has all of an individual’s prescriptions, pharmacists can identify potential drug interactions, drug overlaps, generic equivalents, and unnecessary prescriptions. Second, the medications are delivered via mail preventing missed dosages and removing the need for the Medicare member to drive to the pharmacy. Third, having a pharmacy prepackage the pills eliminates the potential error associated with the Medicare individual filling their own pillboxes. Finally, the service is usually available for free through various large chain pharmacies and individual companies. Enrolling a patient in the service prior to leaving the hospital could be a cheap and effective way to improve adherence, decrease adverse drug events, and reduce 30-day readmissions. 

While addressing polypharmacy is more straightforward, correcting problems surrounding mental health care remains much more complex.  Issues with mental health care involve lack of access to mental health services, timeliness of the services, and better education of the psychiatric drugs themselves. Gaining a better understanding of shortages in mental health services, especially in rural areas, could help in creating programs in these regions. 
Further analysis on this study should consider more complex aspects of the dataset.  First, changes that may occur to a member’s polypharmacy status following a hospital admission need to be considered. Second, the original analysis based drug count on drug name. By focusing on unique ingredients, we can gain a better understanding of the prescriptions a member is on.  Third, adjusting for multiple admissions and using general risk score such as Elixhauser or the Charleston Comorbidity Score can provide insight on the overall health status of a member.  

Plaguing hospital systems across the United States, 30-day readmissions remain a problem regardless of geographical location and socioeconomic status. HRRP addressed care-related aspects of readmissions, but readmissions still remain high among Medicare members. Addressing a non-traditional aspect of care such as polypharmacy has the potential to positively impact public health and improve the quality of life of those living with chronic illnesses.

APPENDIX: TABLES
Table 1: Characteristics of Member Population

	
	Total
	Non-Polypharmacy
	Polypharmacy
	p-value

	
	(n=9414)
	(n=2719)
	(n=6695)
	

	Age at discharge, median (IQR)
	63.0 (20.0)
	60.0 (25.0)
	64.0 (18.0)
	<.0001

	Female, n (%)
	5651 (60.0)
	1431 (52.6)
	4220 (63.0)
	<.0001

	Language, n (%)
	
	
	
	0.0016

	     English 
	8895 (94.5)
	2605 (95.8)

	6290 (94.0)
	

	     Spanish
	479 (5.1)
	106 (3.9)
	373 (5.6)
	

	     Other
	40 (0.4)
	8 (0.3)
	32 (0.5)
	

	Race/Ethnicity, n (%)
	
	
	
	<.0001

	     White
	6414 (68.1)
	1746 (64.2)
	4668 (69.7)
	

	     Black/African American
	2220 (23.6)
	734 (27.0)
	1486 (22.2)
	

	     Hispanic/Latino
	360 (3.8)
	101 (3.7)
	259 (3.9)
	

	     Other
	371 (3.9)
	118 (4.3)
	253 (3.8)
	

	     Missing
	49 (0.5)
	20 (0.7)
	29 (0.4)
	

	State of Residence, n (%)
	
	
	
	0.0097

	     Pennsylvania
	8817 (93.7)
	2523 (92.8)
	6294 (94.0)
	

	     Ohio
	304 (3.2)
	102 (3.8)
	202 (3.0)
	

	     Kentucky
	127 (1.4)
	31 (1.1)
	96 (1.4)
	

	     North Carolina
	166 (1.8)
	63 (2.3)
	103 (1.5)
	

	Discharge status, n (%)
	
	
	
	<.0001

	     Home
	5621 (59.7)
	1742 (64.1)
	3879 (57.9)
	

	     HHC
	2296 (24.4)
	527 (19.4)
	1769 (26.4)
	

	     SNF
	1429 (15.2)
	425 (15.6)
	1004 (15.0)
	

	     Other
	68 (0.7)
	25 (0.9)
	43 (0.6)
	

	Readmitted with 30 days, n (%)
	1997 (21.1)
	382 (14.1)
	1615 (24.1)
	<.0001

	Length of stay, median (IQR)
	4.0 (5.0)
	4.0 (5.0)
	4.0 (5.0)
	0.1103

	SPMI flag, n (%)
	4282 (45.5)
	1136 (41.8)
	3146 (47.0)
	<.0001

	Number of admissions, median (IQR)
	1.0 (1.0)
	1.0 (0.0)
	1.0 (1.0)
	<.0001

	Drug count, median (IQR)
	7.0 (6.0)
	2.0 (2.0)
	9.0 (6.0)
	<.0001


Bold indicates p<0.05
Table 2: Results of univariate and multivariate logistic regression analyses of the contribution of polypharmacy status to 30-day readmission
	
	Model 1a
	Model 2b

	
	OR (95% CI)
	p
	OR (95% CI)
	p

	Polypharmacy
	
	
	
	

	    No
	1.00
	
	1.00
	

	    Yes
	2.0 (1.7, 2.2)
	<.0001
	2.0 (1.6, 2.5)
	<.0001

	Gender
	
	
	
	

	    Male
	1.00
	
	1.00
	

	    Female
	0.9 (0.8, 1.0)
	0.0068
	0.6 (0.5, 0.8)
	0.0001

	Age
	1.0 (1.0, 1.0)
	0.0100
	1.0 (1.0, 1.0)
	0.0098

	Race/Ethnicity 
	
	
	
	

	    White
	1.00
	0.0153
	1.00
	0.0183

	    Black/ African American
	1.0 (0.9, 1.1)
	
	1.0 (0.9, 1.1)
	

	    Hispanic/Latino 
	0.8 (0.6, 1.0)
	
	0.8 (0.6, 1.0)
	

	    Other 
	0.6 (0.5, 0.8)
	
	0.6 (0.5, 0.8)
	

	    Not Provided 
	0.8 (0.4, 1.8)
	
	0.8 (0.4, 1.8)
	

	Discharge status
	
	
	
	

	    Home
	1.00
	<.0001
	1.00
	<.0001

	    HHC
	1.4 (1.2, 1.6)
	
	1.4 (1.2, 1.6)
	

	    SNF
	1.9 (1.7, 2.2)
	
	1.9 (1.7, 2.2)
	

	    Other
	1.6 (0.9, 2.7)
	
	1.6 (0.9, 2.7)
	

	SPMI flag
	
	
	
	

	    No
	1.00
	
	1.00
	

	    Yes
	1.4 (1.2, 1.5)
	<.0001
	1.9 (1.5, 2.4)
	<.0001

	Length of Stay
	1.0 (1.0, 1.0)
	0.0200
	1.0 (1.0, 1.0)
	0.0266


Bold indicates p<0.05

a: unadjusted univariate logistic regression

b: multivariate logistic regression
Table 3: Results of ordered logistic regression analysis of contribution of polypharmacy status and the number of admissions
	
	OR (95% CI)
	p-value

	Polypharmacy 
	
	

	    No
	1.00
	

	    Yes
	2.6 (2.4, 2.9)
	<.0001

	Gender
	
	

	    Male
	1.00
	

	    Female     
	0.9 (0.8, 0.9)
	0.0011

	Age
	1.0 (1.0, 1.0)
	<.0001

	Race/Ethnicity 
	
	

	    White
	1.00
	

	    Black/African American
	1.1 (1.0, 1.2)
	0.0059

	    Hispanic/Latino
	0.9 (0.7, 1.1)
	

	    Other
	0.7 (0.6, 0.9)
	

	    Not Provided
	1.2 (0.7, 2.1)
	

	Discharge status
	
	

	    Home
	1.00
	

	    HHC
	1.4 (1.2, 1.5)
	<.0001

	    SNF
	1.6 (1.4, 1.9)
	

	    Other
	1.0 (0.6, 1.6)
	

	SMPI flag
	1.4 (1.3, 1.5)
	<.0001

	Length of stay
	1.0 (1.0, 1.0)
	0.0764


Bold indicates p<0.05
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