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PRECIS

Overview and Objectives

Geriatric syndromes are clinical conditions common in older adults that are multifactorial in origin and involve
several organ systems.! The co-occurrence of multiple syndromes within the same patient is prevalent and
associated with adverse health outcomes.? Older patients are likely to experience new onset of geriatric syndromes
during hospitalization. Patients discharged from the hospital to skilled nursing facilities (SNF), which comprises
1.7 million Medicare beneficiaries per year, are a particularly high risk group for loss of independence.* * Recent
data show that only 28% of SNF patients are living at home 100 days after SNF discharge.> We report novel
preliminary data that patients discharged from the hospital to SNF, and ultimately SNF to home, experience an
average of two geriatric syndromes in both care settings, with 57% experiencing three or more. Unfortunately,
there is little recognition of these syndromes in each setting. Effective management of geriatric symptoms across
this continuum could improve outcomes in SNF patients.

There is a dearth of evidence related to efficacious interventions to manage geriatric syndromes because it is
difficult to implement a multifactorial intervention that addresses all of the syndromes experienced by an older
patient. An alternative approach is to intervene on a common factor contributing to multiple geriatric syndromes.
Our preliminary data, as well as the published literature, strongly suggests that one common factor is
polypharmacy. Polypharmacy and a variety of drug indices that quantify drug burden® 7 are associated with the
development of long-term cognitive impairment,®!° delirium,'! 2 falls,'*-!8 frailty,'®?° urinary incontinence,?'-*
and weight loss.?*?¢ The number of syndromes related to polypharmacy supports our hypothesis that
polypharmacy is a common mechanistic cause of multiple geriatric syndromes.

Although the published literature has strongly associated polypharmacy with geriatric syndromes, it is unknown if
deprescribing, as defined by medication dose or number reductions, leads to improvements in geriatric
syndromes. We prospectively collected data on 904 Medicare patients discharged to SNF and found that 98% met
criteria for polypharmacy (> 5 medications) with an average 14 and15 medications at hospital and SNF discharge,
respectively. A systematic review was then conducted by clinicians and pharmacists of all discharge medications
for 156 of these patients using explicit review criteria to link medication side effects with geriatric syndromes. An
average of 5.9 discharge medications per patient was determined to be associated with one or more geriatric
syndromes in these patients. We also pilot-tested a patient-centered deprescribing intervention (‘“Shed-Meds”)
wherein we successfully engaged patients and providers to reduce the number or dose of medications prior to
hospital discharge. Based on these preliminary data, we propose a randomized, controlled trial to evaluate the
effects of the Shed-Meds deprescribing intervention on polypharmacy, geriatric syndromes, and other outcomes
during the care transitions from hospital to SNF to home. Our overarching hypothesis is that reducing medications
for older patients across the continuum of care will favorably impact geriatric syndromes is at home.

Specific Aim 1: Implement a patient-centered deprescribing intervention (Shed-Meds) that spans the continuum
of hospital and post-acute care to reduce the total number of medications patients are prescribed in each care
setting and at home after SNF discharge.
Hypothesis 1a: The Shed-Meds intervention will result in a significant increase in the total number of
medications deprescribed, as defined by termination or dose reductions, at hospital discharge, SNF
discharge and 90 days after SNF discharge.
Hypothesis 1b: Shed-Meds will result in a significant reduction in the number of potentially inappropriate
medications (PIMs) and medications associated with geriatric syndromes at hospital discharge, SNF
discharge and 90 days after SNF discharge.
Hypothesis 1¢: Shed-Meds will result in a significant decrease in the anticholinergic and sedative drug
burden of prescribed medications at hospital discharge, SNF discharge and 90 days after SNF discharge.



Specific Aim 2: Document the effects of the patient-centered deprescribing intervention (Shed-Meds) on geriatric
syndromes, medication adherence, and health status.
Hypothesis 2a: Shed-Meds will result in a significantly lower prevalence and severity of geriatric
syndromes 90 days after SNF discharge.
Hypothesis 2b: Shed-Meds will result in a significant improvement in medication adherence and self-
rated health status after SNF discharge.

Study Design and Outcomes
Overview of Design

Figure 1. Schematic of Study Design
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Study Setting

Vanderbilt University Medical Center (VUMC) is a private, non-profit, tertiary care teaching organization
located in Nashville, Tennessee. We will work with patients discharged to 22 post-acute care (PAC) facilities
within a nine-county radius of VUMC.

Interventions and Duration

There are two phases to the intervention: in-hospital and during post-acute care (PAC) stay (Figure 1: Phases 2
& 3). The hospital phase of the intervention includes identification of medications for deprescribing, a patient
preference interview, and discussion with patients’ primary treatment teams (outpatient and inpatient). At the
point of hospital discharge, the intervention continues at the PAC facility via warm hand-off and weekly
monitoring calls by the study team. The intervention ends at PAC discharge, and participants will be contacted
for follow-up assessments at 7, 60, and 90 days after PAC discharge.

Study Population and Sample Size

The eligible patient population is patients age > 50 with polypharmacy as defined by > 5 medications based on
the pre-hospital admission; able to self-consent or has a proxy; home residence within the nine-county radius
of VUMC:; does not reside in long-term care and is not hospice eligible. All eligible patients will be
approached for consent. We anticipate enrolling approximately 144 patients per year, or 576 across all four
years of enrollment. Among those, we estimate that 27.5% will either die or become unreachable prior to 90-
day follow up. Thus, across all four years of enrollment, 420 patients will contribute measurements at 90 days.
Although 567 is the expected enrollment, we conservatively use 420 to estimate the statistical power



associated with our hypotheses based on overall completion rate, rather than enrollment rate, to account for
attrition.

BACKGROUND AND SIGNIFICANCE

Background on Condition, Disease, and Primary Study Focus

Geriatric syndromes represent clinical conditions that share underlying causative factors and involve multiple
organ systems.! The most commonly cited geriatric syndromes include incontinence, depression, cognitive
impairment, delirium, weight/appetite loss, mobility impairment, pressure ulcers and falls. However, there are no
published studies that include measurements of all these conditions in one patient population.

The presence of multiple syndromes is common in older adults and predictive of poor health outcomes, even
when controlling for age and illness severity.? For example, approximately 50% of hospitalized patients aged 65
and older experience two or more syndromes, with one or more syndromes either developing or worsening during
the acute care episode.?’!

Patients discharged from the hospital to SNF are at higher risk for loss of independence relative to patients
discharged to home, and our preliminary data showed that 57% of patients discharged to SNF had three or more
syndromes. We also report data that each patient had an average of 5.9 medications associated with one or more
geriatric syndromes. Thus, we propose that polypharmacy represents a common factor contributing to multiple
geriatric syndromes. These data provide a strong rationale for our overarching hypothesis that reducing
medications for older patients across the continuum of care will favorably impact geriatric syndromes.

Polypharmacy is common among older patients. The epidemiology differs according to the definition and the
population to which it is applied. Among hospitalized patients, polypharmacy has been commonly defined as five
medications'***34 to as many as 10 or more, sometimes described as, “hyper-polypharmacy”.*>*7 In published
studies, about 45% of older hospitalized patients are discharged on five or more medications.***° Older patients
have an increased prevalence of multi-morbidity; thus, it is not surprising polypharmacy is common. However, a
substantial number of medications prescribed to these patients may be unnecessary. Studies have found that >
90% of inpatients are taking at least one inappropriate medication.*'***> Several studies have shown that up to
43%* 4 of medications taken by older patients lacked a clear indication. In addition, 5% to 11% of medications
may be unintentionally prescribed for the same indication.*":* Even when a clear indication exists, medications
may be inappropriate when considering drug-drug interactions** * or drug-disease interactions.*** These
medications, also known as potentially inappropriate medications (PIMs), have been defined by multiple explicit
criteria such as the Beer’s list,** %’ the Screening Tool of Older Persons’ potentially inappropriate Prescriptions
(STOPP)*- % and variations of STOPP.*® Beyond medical appropriateness, some medications may be costly or
may have inconvenient dosing® that decreases adherence.** Finally, prescribed medications may be
inconsistent with a patient’s goals of care.’!:2

The prevalence and inappropriateness of polypharmacy is of major concern and leads to multiple harmful
outcomes among older community-dwelling and hospitalized populations. Outcomes include, but are not limited
to, decreased medication adherence,> increased adverse drug events,*>> and increased health care utilization and
costs.’>? Polypharmacy and a variety of drug indices that quantify drug burden® 7 have additionally been found to
be associated with the development of geriatric syndromes. Notably, polypharmacy is associated with long-term
cognitive impairment,®!° delirium,'" 2 falls,'*"!® frailty,'®?° urinary incontinence,?'"* and weight loss.?* The
number of syndromes related to polypharmacy supports our hypothesis that polypharmacy is a common
mechanistic cause of multiple geriatric syndromes.

Study Rationale
Interventions to Deprescribe Medications and Knowledge Gaps



In recognition of the potential harms of polypharmacy, numerous studies have evaluated efforts to improve
medication prescribing for older patients.®* ®! Most interventions have applied the use of explicit criteria to reduce
inappropriate prescribing with tools such as the Beers list or STOPP criteria, while a few considered other patient-
centered factors (e.g., drug-disease interactions, cost, convenience, life expectancy). Trials commonly use
pharmacists, physicians or inter-disciplinary teams to implement deprescribing protocols.®* However, there are
several important gaps in knowledge, which this proposal will address. First, few interventions have been initiated
in the hospital setting, and no interventions have deprescribed across the continuum of acute and post-acute care.
Second, few trials have incorporated patient preferences into the decision-making process. These latter trials have
been disease-focused on deprescribing anticoagulants and acid suppressive medications for the treatment of atrial
fibrillation and reflux disease.®* % Finally, although most of the trials reported improvements in medication
appropriateness,® there has been no study to date to evaluate the effects of deprescribing on health outcomes,
such as geriatric syndromes.

Preliminary Data

Our interdisciplinary research team has performed innovative, critical preliminary work which supports the
rationale and feasibility of the proposed study. In preparation for this project, we implemented a structured
patient-centered intervention protocol (Shed-Meds) to reduce the total number of medications prior to hospital
discharge. As part of the pilot intervention, both groups received a standardized medical record review by a
research team physician or pharmacist to identify medications for potential deprescribing (i.e., stop or dose
reduction). However, only intervention patients received a structured interview about their medication
preferences, and only intervention patients received deprescribing recommendations based on those preferences.
Any deprescribing in the control group was conducted by the hospital team as part of routine care. Both groups
were assessed for the following outcomes at hospital discharge, which correspond to the hypotheses of the present
proposal: total number of medications, PIMs, medications associated with geriatric syndromes, anticholinergic
and sedative burden using the Drug Burden Index.

Across both groups, the research team identified an average of 12.75 (+ 6.08) medications per patient for potential
deprescribing based on initial chart review. Team reviewers were able to achieve agreement on all deprescribing
recommendations following discussion. The standardized patient preference interview (intervention patients only)
resulted in an average of 10.2 (£ 4.5) changes (e.g., adjustments in dose) to the initial deprescribing
recommendations based on chart review only. The large number of changes in recommendations demonstrates the
importance of involving the patient in the decision process. Recommendations were communicated to the hospital
team and other prescribers (outpatient providers) for the intervention group only.

The Shed-Meds pilot resulted in an average of 12.6 total deprescribed medications in the intervention group
(P<.001), which included 6.1 pre-hospital medications. The control group had an average of 6.5 total deprescribed
medications as part of routine hospital care, of which 4.0 were pre-hospital medications. The number of PIMs was
reduced for both groups from hospital enrollment to discharge, although the reduction was greater in the
intervention group. Both the number of medications associated with geriatric syndromes and the DBI showed a
significant reduction in the intervention group relative to the control group.

Innovation

There are several innovative aspects of this study:
1) The Shed-MEDS study reflects one of the first controlled intervention trials to improve post discharge
outcomes for the high-risk population of older patients transitioning from hospital to SNF to home.
Medicare costs are increasing faster for this group relative to any other Medicare population, and they are
at high risk for medication-associated complications and newly acquired geriatric syndromes.
2) Although the number of medications is strongly associated with increases in geriatric syndromes,** it is
unknown whether reducing medications will improve geriatric syndromes. This trial will specifically
evaluate the impact of medication reduction on health outcomes.



3) Several expert groups have requested the development of interventions to simultaneously address
multiple chronic conditions in older patients. The proposed intervention will determine the feasibility and
efficacy of addressing multiple geriatric syndromes within one intervention framework.

4) The intervention is one of the first to explicitly incorporate patient preferences into deprescribing
efforts, which is consistent with patient-centered care initiatives. Moreover, we have preliminary evidence
that incorporating patient preferences significantly changes these clinical decisions.

STUDY DESIGN

The study is a 5-year, randomized controlled clinical intervention trial at a singular academic medical center.

Primary Outcomes are change in total number of medications including the number of potentially
inappropriate medications, number of medications associated with geriatric syndromes, and medications that
contribute to anticholinergic and sedative drug burden.

Secondary Outcome is the impact of deprescribing on prevalence and severity of geriatric syndromes,
medication adherence, and functional health status.

Eligible patient population is aged 50 years or older, experiencing polypharmacy as defined by 5 or more
home medications, and hospitalized at VUMC with a referral to partner post-acute care facility.

Exclusion criteria include limited life expectancy (less than 6 months), non-English speaking, no telephone,
homeless or incarcerated, enrolled in another drug trial, and expected to discharge from VUMC in less than 48
hours.

The primary study setting is Vanderbilt University Medical Center (VUMC), a private, non-profit, tertiary care
teaching organization located in Nashville, Tennessee. The medical center is a principal referral center for
physicians and patients throughout the Southeast, and it serves a diverse population in terms of income,
geography, and education level. We will work with patients discharged to 20 SNFs and 2 IPRs within a nine-
county radius of Nashville. The target PACs are all for-profit and comparable to PACs in the middle TN area
based on publicly reported staffing and quality indicators (www.medicare.gov).

The timeline for the study is 5 years with enrollment beginning in March 2017 and enrollment closing at the
end of October 2020.

The Shed-MEDS intervention is a multistep deprescribing protocol which considers patient and disease
factors, life expectancy, goals of care, and appropriate treatment targets. Medication-specific factors such as
drug-drug interactions, drug-disease interactions, and drug-specific safety profiles are also incorporated.
Finally, patient preferences and primary prescriber input are key to final deprescribing actions by identifying
the medications patients are willing to deprescribe and seeking their primary prescriber’s agreement. In this
intervention, deprescribing is defined as either stopping a medication or reducing the dose/frequency of a
medication.

PARTICIPANT RECRUITMENT AND ENROLLMENT

Eligibility Screening and Recruitment

Vanderbilt Institutional Review Board (IRB) permits a record review to screen patients for research studies,
similar to a limited HIPAA waiver. Screening is conducted every weekday by the project coordinator, data



manager, or research assistant. The screening process begins with a structured query of the medical record system
(EMR). The physical therapy department (PT) developed a report specifically for the Shed-MEDS team that
queries every patient in Vanderbilt University Hospital (regardless of ‘inpatient’ or ‘observation’ status) aged 50
and over who has been evaluated by PT and recommended for SNF placement. All new patients on this report are
added to a screening panel in the EMR and subsequently reviewed for the following inclusion and exclusion
criteria:

Inclusion Criteria: (1) we confirm that all patients are over the age of 50. The original criteria included patients 65
years and older, but the age limit was lowered to age 50 after four months of initial study enrollment due to a
large proportion of hospitalized patients aged 50-64 meeting all eligibility criteria. (2) Next the “Prior to
Admission List” in the EMR is reviewed to confirm the patient has five or more medications administered via
oral, sublingual, nasal, inhaled, ophthalmic, transdermal, subcutaneous, rectal, intramuscular, intravenous, and
peg tube routes. (3) The patient’s county of home residence appears on the screening panel, and they must reside
in one of nine surrounding counties.

Exclusion Criteria: (1) The patient’s primary language is listed on the patient screening panel; any patient with a
primary language other than English is excluded. (2) The patient’s case management or social work intake
assessment is reviewed to confirm the patient has a valid telephone number and is not homeless, incarcerated or a
long-term care resident of a nursing home. In the instance the EMR is unclear, the patient’s social worker or case
manager is contacted to confirm. (3) The EMR is reviewed for life expectancy of less than 6 months by searching
key terms ‘hospice’ and ‘stage 4’ to find referrals to hospice care or notes indicating the patient has a stage 4
metastatic cancer, which would exclude them from participation. (4) The ‘research’ tab of the EMR is reviewed to
determine if the patient is on another drug trial that excludes them. (5) Finally, the chart is reviewed for any
indication the patient will be discharged in less than 48 hours (i.e., presence of transfer orders, etc.), which would
not allow the study team sufficient time to complete assessments or the intervention.

After it is determined the patient meets all of the above inclusion criteria and is demographically eligible, the
study team reviews the social work referral system (AllScripts or AIDEN) to determine if the patient has a referral
to one of the 22 partner SNFs or IPRs. If the patient has no referrals, the coordinator will continue to monitor in
case a partner referral is made.

For patients who have multiple hospitalizations during the trial period, they are re-screened at each admission to
determine eligibility for enrollment unless they were previously enrolled in the trial.

Enrollment Procedures

All patients who meet eligibility criteria are approached for consent. Eligible patients can be approached by
any study team personnel but are typically approached by a study team nurse practitioner (NP) who provides
an overview of the study and intervention in lay terminology. Emphasis is made that data collection will be for
research purposes and refusal to participate will have no effect on a patient’s routine hospital or outpatient care
provided by Vanderbilt or the PAC facility. The patient and/or surrogate is offered time to review an IRB
approved brochure and the consent document. Study personnel answer patient and/or surrogate questions and
provide contact information if the patient wants to discuss with a family member or friend before enrolling.
The consent process also includes a release of information form to allow study team members access to
participant’s health records at other institutions to monitor and assess safety of the intervention.

As we are enrolling older hospitalized patients, we expect that many patients will be incapable of providing
informed consent due to cognitive impairment secondary to their severity of illness, underlying comorbid
conditions (e.g., advanced dementia), or use of psychoactive medications (e.g., active use of benzodiazepines).
When a patient is unable to provide informed consent, we will seek consent from the patient’s legally authorized
representative, per the healthcare decision-maker policy at VUMC. To determine capacity to sign the consent
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form, all patients will complete a “standardized evaluation to sign an informed consent”, as done in prior studies,
wherein a research team member provides a hard copy of the consent form and also offers to read the consent
form aloud to the patient and then asks five structured questions to determine their level of understanding of study
procedures (e.g., “What is one potential risk of being in this study?”’; “What would you do if you decided you no
longer wanted to participate?””). A patient must answer all questions correctly to be deemed capable of informed
consent. Otherwise, their assent is sought along with their permission to contact their surrogate for consent. In the
case that a patient’s inability to consent is temporary (e.g., delirium, drug effects), the patient will be asked to
provide verbal assent in the trial once they are deemed competent to consent (via our standardized evaluation
form). Research subjects will have full disclosure of who provided surrogate consent for their participation and
retain the right to re-consent or withdraw at the time that they are able to consent for themselves.

The patient consent process will be supplemented with the use of a REDCap-based electronic consent form.
The hardcopy consent form has been recreated in the HIPAA-compliant REDCap, and similar to the hardcopy
form, it is reviewed and approved annually by the IRB. Additionally, it has embedded videos of a study team
NP explaining each portion of the consent form. Potential participants will participate in the consent process
by —

1. Being approached in-person at Vanderbilt University Medical Center and reviewing a hardcopy
consent form with key study personnel. During the in-person consent process, patients or their
surrogates will be consented by a member of the study team (First Preference).

2. [If apatient is interested in participation but unable to pass the evaluation to self-consent and a
surrogate is not present at the hospital, with the patient’s permission, key study personnel will call
the surrogate to explain the study and address any questions. A member of the study team will
send the surrogate a link to the REDCap consent form for the surrogate to review and sign. The
surrogate will also be provided with key study personnel contact information in case they have
additional questions. Upon completion of e-consent, surrogates will be able to download a pdf
copy of the consent, and key study personnel also print a copy of the signed e-consent and deliver
to the patient’s room.

3. During COVID-19 restrictions, the electronic consent process was used for patients who were on
isolation precautions.

All enrolled patients have an alert placed in their medical record to identify them as a study participant, along
with a brief study description and contact information for the study personnel (e.g., study coordinator and PI).
Additionally, the study team enters an Informed Consent note utilizing VUMC’s EMR template to indicate
time of consent, IRB number, staff member consenting, patient or surrogate who signed consent, and who
witnessed the consent. Upon enrollment, the participant is added to an EMR panel for enrolled patients.

Following enrollment, patients will be randomized into the intervention or usual care control group (see
Randomization in the Data Analysis section) using the REDCap randomization feature wherein the
randomization schedule is uploaded then automatically assigns allocations to authorized users. Participants
will be randomized in a 1:1 ratio using permuted blocks of two or four, where the size for each block is
selected uniformly at random. This type of randomization ensures balance across the intervention and control
groups after every second or fourth randomization (depending on the size of the current block). This
randomization scheme will be generated by computer using the Mersenne-Twister pseudo random number.

STUDY PROCEDURES

Data collection includes patient descriptive data as well as three groups of outcomes: geriatric syndromes,
medications and health status, safety and healthcare utilization. Table 1 shows a summary of the study
timepoints along with the corresponding assessments. Upon enrollment, hospitalized participants complete
interviewer-administered questionnaires, which require approximately 45 minutes per participant. Following
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discharge to SNF, facility staff is required to assess all residents upon SNF admission and discharge using the
standardized Minimum Data Set (MDS), which includes an assessment of these same geriatric syndromes
using similar scales. The baseline hospital questionnaires are repeated by research staff via telephone 7-10
days after PAC discharge and in-person in the participant’s place of residence at 90-days after PAC discharge.
(During the COVID-19 pandemic, the VUMC IRB allowed the 90-day visits to be completed as telephone calls
or using Vanderbilt’s HIPAA compliant video technology to limit exposure risks to both participants and
staff). A telephone interview is also conducted at 60-days post SNF discharge to assess medications and
health-related measures. If a participant has a follow-up outpatient visit scheduled at VUMC during any of
these time frames, an effort is made to conduct the interview in-person during that visit, if they prefer. For
assessments completed in-person, the study team provided hearing and visual aids if necessary (e.g., hearing
amplifiers and large font printed response cards with Likert scale categories). Both the intervention and control
groups will be monitored using the same data collection schedule and measures. All interview assessments are
completed by trained research personnel on our multidisciplinary team which includes a social worker,
geriatric nurse practitioners, clinical pharmacists, geriatrician, hospitalist, and psychologist.

In the event a participant is unable to complete assessments due to delirium or cognitive impairment, their
designated surrogate or caregiver (e.g., child, spouse, assisted living facility nurse) is interviewed to complete
assessments which are validated for use with surrogates. Assessments that can be completed by surrogates
include the ICIQ (urinary incontinence), Determine, falls, pressure ulcers, medication history, and
demographics.

Patients are compensated upon completion of the baseline (hospital) interview ($10) and again upon
completion of the in-residence follow-up interviews ($40). Due to home visits being stopped during COVID-
19, participants were still compensated the appropriate amount, but they received a pre-paid gift card in the
mail as opposed to cash.

Schedule of Assessments
Table 1. Data Collection Schedule

Baseline Post SNF Discharge
Measures . *

Hospital 7-Days  60-Days  90-Days

Descriptives Telephone Telephone  In-
Person

Demographics and Length of Stay X X
Charlson Comorbidity Index X
Adverse Drug Event Risk Score X
Walter Index (Life Expectancy) X
Patient Attitudes Toward Deprescribing X
(PATD)
Primary Outcome — Medications
Total number of Routine & PRN X X X X X
Medications
Total number of potentially inappropriate X X X X X
medications (PIMs) and medications
associated with geriatric syndromes (MAGS)
Drug Burden Index (DBI) X X X X X
Secondary Outcomes — Geriatric Syndromes, Adherence, Functional Health
Cognitive Impairment (BIMS) X X X X
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Delirium (BCAM) X X X
Depression (PHQ-9) X X X X
Urinary Incontinence (ICIQ-UI SF) X X X X
Unintentional Weight Loss (DETERMINE) X X X X
Pain (Brief Pain Inventory, BPI-short form) X X X X
Falls X X X X X
Pressure Ulcers X X X
Medication Behavior (ARMS) X X X
Functional Health Status (VES-13) X X X
Safety and Healthcare Utilization Outcomes

Unplanned Healthcare Utilization X X X X
(Hospitalizations, emergency room Vvisits)

Adverse Drug Withdrawal Events & X X X X X
Adverse Drug Events

Status: Long-Term Care, Hospice, Death X X X X

*Secondary outcome measures at SNF phase were assessed by SNF personnel as part of their routine MDS
assessments

Descriptions of Assessments

Demographic and Administrative Data: The sociodemographic data collected during this investigation is obtained
from multiple sources, including subjects (or proxies) directly via standardized interview protocols and medical
records review. Utilizing a standardized form to abstract information from the electronic medical record, a
member of the project team collects age, gender, race/ethnicity, home address/telephone contact information,
insurance status, outpatient providers and pharmacies, brief health literacy score, and highest education level. We
also abstract from the site immediately prior to hospital admission, hospital admission and discharge dates (length
of stay), admission diagnoses, hospital service/team, and discharge destination (SNF name/location). Social
security number is abstracted and recorded to process the participant payment. These data are verified with the
patient or surrogate during the bedside baseline interview. We also track SNF discharge date and length of stay.

Charlson Comorbidity Score’” ranges from 0 to 31, with a higher score indicating more comorbid illness. There is
an additional one-unit increase in the weighted score for every decade starting from age 50. Data sources for
comorbidities are the ICD-9 and ICD-10 diagnostic criteria from the 12 months prior to hospital discharge found
on the patient’s Problem List in the EMR.”®

GerontoNet Adverse Drug Event risk assessment calculates the older patient’s risk for an adverse drug event.
The components of the risk assessment include certain medical diagnoses or comorbidities (e.g., chronic
kidney disease), which are assessed through ICD-10 codes, notations on patient’s problem list, and patient’s
medical history on their hospital intake and assessment form. The other component is a previous adverse drug
reaction, which is included in the bedside baseline interview.

Walter Index is a prognostic tool to predict one-year mortality among older adults after hospital discharge with
a higher score indicating a greater likelihood of mortality. The comorbidities and lab values are abstracted
from the medical record review, and the activities of daily living assistance is completed based on both
medical record review and patient interview.

Patients’ Attitudes Toward Deprescribing (PATD) is a 15-item survey of which the first 10 items are part of a
S-point Likert scale ranging from ‘strongly agree’ to ‘strongly disagree.” Examples include: “I feel that I am
taking a large number of medicines” and “I believe that all my medications are necessary.” The remaining five
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questions are related to patient’s perception of their total number of medications, history and comfort level
with stopping a medication. If the patient is unable to answer, the questionnaire can be administered to the
surrogate.

Primary Outcomes - Medications

Total number of Medications: Data sources include the participant’s VUMC ‘pre-hospital medication list’,
patient/family interview, pharmacy refill records, Controlled Substance Monitoring Database (CSMD), and
outside hospital/PAC medical records. We include both prescription and over-the-counter medications (OTC)
(vitamins, herbal supplements also included) administered by the following routes: oral, intravenous,
intramuscular and ophthalmologic medications. All participants and/or their surrogates receive a baseline
structured interview and chart review to determine any medication that has the potential to be continued at the
time of hospital discharge to including pre-hospital medications and active in-hospital medications not on the pre-
hospital medication list. Pre-hospital medications are confirmed by patient/ family interview and pharmacy refill
records (including mail-order pharmacies) for the three months prior to hospitalization. Patient/surrogate are
given specific prompts if they report no OTC usage, for example, asking them if they take anything for sleep
disturbances, constipation, or allergies. If a patient is admitted from SNF or an outside hospital, we will request a
copy of the MAR for the past 30 days. Current medications are defined as those taken within 30 days prior to
hospitalization.” At PAC discharge, the discharge medication list serves as the outcome data source. During
follow-up calls at 7 and 60 days, study team asks the patient or surrogate for the status of each medication on the
enrollment medication list to determine if and how they are taking it. Then the study team prompts for any new
medications the patient may be using. In preparation for the 90-day visit, the study team completes a pharmacy
record review similar to enrollment. At the 90-day visit, the study PharmD or NP reviews all the medication
bottles in the home and asks the patients if and how they are using each.

PIMs are defined by previously published lists including the recently updated Beers criteria,*’ the STOPP
criteria,”® * as well as the RASP list,” for which there is a large degree of overlap. The total number of PIMs
is the sum of medications that are found on any of these explicit lists. The total number of medications related
to geriatric syndromes will be based on the detailed lists of specific medications we developed in preparation
for this proposal. We also sought to determine the total number of medications that may be contributing to or
exacerbating geriatric syndromes in this patient population. To enable this, we developed a unique Shed-Meds
knowledge base. Our research team consisted of: PhD Gerontologists, Geriatricians, Hospitalists, Pharmacists,
Geriatric Nurse Practitioners, and Specialists (e.g., Urologist, Geriatric Psychiatrist). Based on an extensive
literature review, we first compiled a list of all medications potentially contributing to the following six
geriatric syndromes: cognitive impairment, delirium, depression, urinary incontinence, unintentional weight
loss/appetite decrease and falls. Next, we held a series of team meetings to review each medication list in the
context of each syndrome with the goal of reaching consensus based on the following criteria: (1) evidence-
based recommendations (randomized controlled trials, meta-analysis, systematic review articles); (2) expert
clinical opinion (care practice guidelines, expert consensus, review articles); (3) associated with > 5% side
effect incidence per the Lexicomp Online® database and/or FDA approved package inserts; and, (4) the
potential for over-prescribing in this population.

Drug Burden Index (DBI): A DBI score is calculated separately for anticholinergic (DBIlac) and sedative
medications (DBIs), which have been strongly linked to functional impairment,® 7168 falls®>*7 and delirium.®*-*>
The drug burden is the sum of each individual anticholinergic/sedative medication’s prescribed daily dose divided
by the sum of the minimum effective dose (as estimated by the FDA minimum recommended dose) and the
patient’s daily dose. The DBI includes over-the-counter medications. We will calculate the DBI at the time of
randomization, hospital discharge, PAC discharge, and all follow-up timepoints. Importantly, the DBI captures
reductions in dose, even when total number of medications is not reduced.
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Secondary Outcomes - Geriatric Syndromes, Medication Adherence, Functional Health Status
Delirium: The Brief Confusion Assessment Method (bCAM) is a brief screening tool for delirium and has
been validated among hospitalized, older patients.®”- ®® If the participant screens positive for delirium, no other
participant interviews are conducted at that time. Research personnel continue to re-assess delirium daily
during hospitalization; and, when the participant screens negative for delirium via the bCAM, the remaining
assessments are administered to the participant. If delirium continues throughout the hospital stay or the
participant is otherwise unable or unwilling to complete the assessments, the surrogate is approached for a sub-
set of the geriatric syndrome assessments (i.e., incontinence, nutrition and fall history). The bCAM is not
repeated by research personnel at 7-day follow-up because it has limited validity when administered via the
telephone; thus, it is repeated only at 90-day follow-up during the in-person home visit. Additionally, PAC
personnel use the CAM (i.e., the Confusion Assessment Method, [CAM]), which is a modified version of the
bCAM, to assess delirium during the PAC stay via the MDS assessment.

Cognitive Impairment: The Brief Interview for Mental Status (BIMS) is a short, validated assessment of
cognitive impairment with a total score range from 0 to 15 (0-7: severe impairment; 8-12: moderate
impairment; 13-15: cognitively intact).5> % The BIMS is routinely used in the SNF care setting as part of
required MDS assessments for all SNF patients upon admission and discharge and following a hospitalization
event.

Depression: The Patient Health Questionnaire (PHQ)" is a validated tool to assess depression symptoms and
severity. Each item is scored from 0 (“not at all”’) to 3 (“nearly every day”) to yield a total score range from 0
(no depressive symptoms) to 27 (severe depression). In the event that a participant reports severe depression or
thoughts of self-harm, the study team elicits more information to evaluate their immediate safety then contacts
the primary treatment team to address this with the participant. The PHQ-9 is routinely used in the SNF care
setting as part of required MDS assessments.

Urinary Incontinence: The International Consultation on Incontinence Questionnaire - Urinary Incontinence
Short Form (ICIQ-UI SF)* consists of four items that assess the symptoms, frequency and impact of urinary
incontinence on quality of life. This tool has well established reliability (Crohnbach’s alpha = .95) and
validity, including sensitivity to treatment.® The MDS has one item for incontinence frequency scored 0
‘always continent’ to 3 ‘always incontinent’.

Unintentional Weight Loss and Poor Appetite: We use the same structured interview used in our prior study to
assess recent changes in weight and/or appetite in addition to the 10-item “Determine Your Nutritional Health
checklist”, which yields a total nutritional risk score of: 0-2 (“low”), 3-5 (“moderate”), or > 6 (“high”). The
DETERMINE checklist has been validated in a longitudinal study of community-dwelling older adults.’! If the
participant endorses a weight change of 10 pounds or more on the DETERMINE item, a structured follow-up
question is posed to clarify whether the weight change reflects a gain versus a loss. The MDS has one item for
unintentional weight loss, defined as 5% or more in 30 days or 10% or more in 180 days.

Pain: Pain will be assessed using the Brief Pain Inventory (BPI) Short-Form, which is a validated instrument for
assessing pain location, severity, and interference with daily activities among older adults.?> 33 Pain severity is
based on four questions wherein participants use a 0 (no pain) to 10 (worse pain imaginable) scale to rate their
pain in the last 24-hours under four conditions: at its worst, at its least, on average, and now. Pain is assessed in
the PAC setting via the MDS, which includes items related to pain frequency, effect on function and intensity.

Falls: The patient/surrogate is asked if the patient has fallen in the last month or since the previous timepoint
during the follow-up phase. If the response is ‘yes,’ then the patient is asked how many times they have fallen,
and that number is recorded. Finally, the study team asks if any of the falls led to either an emergency room
visit or hospitalization.
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Pressure Ulcers: The presence of pressure ulcers (Stages 0 — 4) will be abstracted from the hospital medical
record (flowsheets) at baseline and confirmed via direct interview with the patient and/or family. Similarly,
this same information will be, again, abstracted from the PAC medical record and confirmed via patient/family
interview during an in-person visit 7 and 90-days post PAC discharge.

Adherence to Refills and Medications Scale (ARMS): The ARMS consists of 12 items to assess overall
medication adherence, with a total score range of 12 to 48. A lower score is indicative of better medication
adherence.’! Example questions include: “How often do you forget to take your medicines?”, “How often do
you miss taking your medicines when you feel better?”, and “How often do you put off refilling your
medicines because they cost too much money?” Response options are on a 4-point Likert scale that ranges
from “none of the time” to “all of the time.”

Vulnerable Elders Survey (VES-13) is a functional measure of health status that assesses a patient’s cognitive,
physical and self-care activities and which also includes an item for self-rated health status. Scores range from
1 to 10, with lower scores indicative of better health.’* %3

Safety and Healthcare Utilization Outcomes

Unplanned Healthcare Utilization and Patient Status: We will request a release of healthcare information as part
of our consent, which will provide permission to track healthcare utilization (ER visits, hospitalizations) at
VUMC or elsewhere during the study period. We will contact the PAC care providers weekly during each
participant’s PAC stay to track their status and will follow-up 7, 60, and 90 days after PAC discharge with each
participant. If a participant has been moved to hospice care, they will be withdrawn from the study.

Adverse Drug Withdrawal Events (ADWESs): Any unplanned healthcare utilization event (i.e., acute
hospitalization, emergency room visit) will be assessed by blinded physician co-investigators for ADWEs. This
assessment will include validated scales such as the Naranjo. A detailed description of the adjudication
procedures can be found in the Safety Assessments section of this protocol.

STUDY INTERVENTION

Our deprescribing protocol is based on a conceptual framework by Holmes that considers patient and disease
factors, goals of care, appropriate treatment targets, and the duration of treatment required for benefit (Figure 2).%
We also incorporated medication-specific factors from Scott’s framework for minimizing inappropriate
medication use, such as drug-specific safety profiles and drug-drug and drug-disease interactions.”! Finally,
patient preferences were viewed as a key component that informs final deprescribing actions by identifying
medications the patient is willing to deprescribe (e.g., due to lack of efficacy, poor compliance, side effects, or
cost burden) as well as potential barriers to deprescribing (e.g., concerns about worsening of symptoms).
Specifically, our goal was to identify opportunities for deprescribing wherein clinical evidence aligned with
patient preferences.

Conceptual Model
Figure 2. Deprescribing Framework
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The intervention has five steps after the initial medication history is collected during baseline assessments. Each

step is described in detail below, and the Figure 3 shows the order of the intervention. While patients randomized

to the intervention group receive this protocol, patients randomized to the control group receive usual care from
the hospital and PAC treatment teams.
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Pre-Review (Target Medications for Deprescribing)

Following the baseline patient/surrogate interview, a study clinical

. . L .. - . Figure 3. Deprescribing
reviewer (pharmacist, geriatric nurse practitioner, or physician) receives

the reconciled total enrollment medication list. Using medical record data Protocol

only such as the history and physical, lab values, physician notes, etc., ( M; cjicGaatitg:er )
reviewers will first identify a Medication — Indication pairing for each

medication (i.e., clinical reviewers try to establish an indication diagnosis — Till’get

or symptom which the medication treats). If an indication does not exist,
“no indication indicated” is specified. For each medication recommended
for deprescribing, the reviewer chooses one of the following actions: (1)

Medications for
Deprescribing

Stop prior to hospital discharge without need for monitoring; (2) Stop
prior to hospital discharge with symptoms/physiologic monitoring; (3)
Stop at specified time point following hospital discharge; (4) Reduce
over time with monitoring until medication is stopped; (5) Reduce to
lower dose without need for monitoring; (6) Reduce to lower dose with v A 4
symptoms /physiologic monitoring. Then the clinician selects a de-
prescribing rationale, and they may select more than one rationale (i.e.,

choose all applicable rationales) from Table 2.

All medications, both prescription and OTC including vitamins and
herbal supplements, are reviewed for potential deprescribing. Select

2b. Incorporate
Patient
Preferences

2c. Qutpatient
Provider Input

2c. Inpatient
Team Input

Z2d. Finalize
Deprescribing
Actions

medication classes will not be under consideration for active +

deprescribing, which include the following:

e Anti-rejection medications for organ/ bone-marrow

transplantation

Ge. SNF HandoveD

e Chemotherapeutic medications for the treatment of known solid organ or hematologic malignancy.
The above medications may be deprescribed during the study period; however, it would solely be under the
direction and recommendation of the primary treatment team or primary prescriber of the medication.

Table 2. Deprescribing Rationale

A. No indication for medication / Indication not clear
B. Wrong dose or directions for medication
C. Inappropriate for current indication due to:

1. Indication has resolved

2. Patient is below treatment threshold

3. Treating guidelines have changed, medication

no longer indicated

4. Wrong Indication for medication
D. Medication is ineffective as evidenced by no
change in symptom or condition
E. Duplicate medication for same indication

F. High risk medication based on:

1. Potential drug-drug interaction

2. Potential drug-disease interaction (e.g. associated
with geriatric syndrome)

3. On Explicit list of PIMs (i.e., Beer’s list*’, STOPP
list** %, and/or RASP list*)
G. Medications are inconsistent with goals of care
H. Risk > benefit given patients limited life
expectancy
1. Evidence of poor adherence or high risk of poor
adherence (directions impractical, high cost)
J. Medication currently indicated, however is time-
limited and expect indication to resolve

Although any rationale may be appropriate for deprescribing medications, clinician-reviewers will establish a
priority level of 1 (low) to 10 (high) for discussing deprescribing recommendations. Priority will take into
consideration the potential harm of the medication and their relation and potential effect on geriatric syndromes.
Deprescribing prioritization will be performed for several reasons. First, in some circumstances, it may be
inappropriate to deprescribe multiple medications simultaneously; thus, prioritization may guide the deprescribing




order. Second, the above rationales may not have equal influence on deprescribing decisions and prioritization
provides an opportunity to weigh the potential value.

Incorporate Patient Preferences

Following medication targeting (Figure 3. 2a) intervention participants or their surrogates receive a structured
interview by the intervention pharmacist (PharmD) or nurse practitioner (NP) to elicit their preferences regarding
medications identified for deprescribing. Surrogates are included in the conversation if the patient’s cognitive
deficits preclude their ability to fully participate, if the patient prefers to have the surrogate involved in decision
making, or if the surrogate has a role in the patient’s medication management. The following is assessed for each
targeted medication: medication adherence, possible side effects, perceived benefit (or harm) of the medication,
cost, and agreement/ disagreement to stopping or reducing the medication. As part of this interview the PharmD
or NP may need to provide patient education about individual medications (e.g., side effects, risk-benefit, current
evidence) and address any questions or concerns before asking if the patient agrees to deprescribe. If the patient
raises a concern about a medication which the study team did not target for deprescribing, the PharmD or NP
should still address these concerns and note them in communications with the treatment team. Finally, if a patient
agrees to deprescribe a medication for which they have refills, the PharmD or NP informs them that we will be
canceling the refills if their provider agrees.

Study clinicians take field notes during the interview in which they detail the patient’s general comments about
medications and prescribers as well as the rationale for the patient’s agreement/disagreement with each
deprescribing recommendation. After the interview these comments are coded into pre-set barriers and enablers
(e.g., appropriateness, fear, process, influences, pragmatic, and dislike) from an established framework. Patient/
surrogate comments can align with more than one category for each medication and should be coded as such. A
second study team member, usually the study coordinator or data manager, independently reviews the interview
comments and coded for agreement. If there is disagreement related to categorization, the team discuss the theme
assignment until a consensus is reached.

Outpatient Provider Input

Intervention PharmDs or NPs inform patients and in-hospital providers of our intent to engage primary prescribers
(Figure 3. 2¢) in the deprescribing decisions and ensure they have the final medication list at the time of PAC
discharge to incorporate into their medical records for continued medication management. The goal of these
conversations is to obtain provider feedback about the proposed changes and facilitate medication updates in the
medical record. Additionally, these conversations will hopefully lead to sustained deprescribing by engaging the
primary provider early in the process.

Study team clinicians can contact VUMC providers through the EMR messaging service or by paging their clinic.
Outside providers are engaged via telephone. In either case, the study clinician provides a brief description of the
study, the medication for deprescribing and the rationale, and finally explains the patient’s willingness to
deprescribe. Much like the patient preference interview, the study PharmD or NP documents the original
prescriber’s agreement/disagreement and rationale for their decision. These field notes are coded into pre-set
barrier and enabler categories (e.g., inertia, self-efficacy, feasibility) from a published framework.

Inpatient Provider Input

The inpatient treatment team is responsible for the final deprescribing actions of the hospital phase of the
intervention. The study team PharmD pages the treatment team at enrollment to notify them that the study team
will contact them to provide medication recommendations. After contacting outpatient providers, the study
PharmD or NP contacts the inpatient team and explains the recommendations and rationales Figure 3. 2¢). Again
agreement/disagreement and provider reasoning are documented and classified in the same manner as with
outpatient providers.
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Final Hospital Deprescribing Actions

The final in-hospital phase of the deprescribing protocol requires that the study PharmD or NP assimilate the data
from all three phases (Figure 3. 2a, 2b, 2c¢) to finalize deprescribing actions. Deprescribing can begin at any time
after randomization and following step 2a — 2c. All deprescribing actions are executed by the inpatient treatment
team using recommendations from the study PharmD or NP. Recommendations include input from the
intervention team, patient, inpatient treatment team, and the original prescriber(s) when available.

We anticipate that there will be disagreement between clinical reviewers, inpatient teams, primary prescribers and
patients. The incidence and nature of the disagreement will be monitored closely. In anticipation of disagreement
the following guidelines will be in place. First, deprescribing of pre-hospital medications will not be
recommended to the treatment team (acute or post-acute) without patient agreement. Deprescribing of
medications will be recommended against a patient’s preferences when there is a clear indication of imminent
safety threats as determined by the intervention pharmacist / NP, inpatient clinical team, or primary prescriber.
Otherwise, we will first counsel the patient regarding the rationale for the deprescribing recommendation and seek
consensus. If disagreement continues, we will monitor the medication throughout the intervention phase for side
effects. In addition, we will highlight this medication at discharge for follow-up by the primary prescriber. All
final deprescribing actions will be carried out by the inpatient treatment team.

PAC Handover and Ongoing Deprescribing at PAC Facility

Within 24-hours of transition to PAC, a study pharmacist or NP has a phone conversation with a designated PAC
provider with prescribing authority (NP or physician) to review the Transfer Medication List, highlight
deprescribed medications and the need for medication-specific monitoring. In addition, all medications
recommended for deprescribing may not be stopped prior to hospital discharge in the interest of first monitoring
symptoms and ensuring safety or due to delayed contact and input from the outpatient prescriber. Medications for
additional deprescribing at the PAC may be highlighted during this initial handover and discussed again in weekly
follow-up calls while the patient remains in PAC (Phase 3).

Following PAC handover, we initiate a weekly conversation via telephone with the designated PAC provider to
review intervention participants’ medication administration record (MAR) and any drug withdrawal events.
Reasons for modifying the Transfer Medication List during the PAC stay will be discussed and intervened upon
as necessary. The intervention also will continue for participants readmitted to VUMC directly from PAC
(estimated 20%) and continue upon transfer back to the PAC. The study PharmD or NP may also continue to
communicate with the original prescriber/ outpatient provider during the PAC stay to confirm their agreement
with medication changes. At the time of discharge from the PAC facility, a final reconciled medication list will be
sent to the patient’s primary outpatient providers along with suggestions for continued medication management
and deprescribing as well as any explanations for other medication changes made.

For analytical and feasibility purposes, the intervention ends at the point of discharge to home. If a patient
discharges to home instead of a partner PAC facility, they will be withdrawn from the study and only considered
to have one phase of the intervention. For safety reasons, the study team provides their outpatient provider with
the final discharge medication list highlighting any symptom monitoring required.

SAFETY MONITORING AND ASSESSMENTS

We have established a system to report and track adverse events (AEs) including adverse drug withdrawal events
(ADWESs), serious adverse events (SAEs), and Suspected Unexpected Serious Adverse Reaction (SUSARs). In
this study, an AE is defined as any unplanned healthcare utilization or unexpected death (i.e., patient not receiving
hospice services at time of death). These AEs are considered SAEs if they include any untoward medical outcome
that results in the following: inpatient hospitalization or prolongation of existing hospitalization, life threatening
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condition with immediate risk of loss of life (including escalation of hospital care to Intensive Care Unit), or
unexpected death. A SUSAR is an SAE that is suspected to be secondary to the drug withdrawal and is
unexpected. Study personnel will monitor the safety of subjects and follow them until the event resolves or is
explained.

Methods and Timing for Assessing, Recording, and Analyzing Safety Parameters

Notification of Unplanned Healthcare Utilizations and Deaths

Unplanned healthcare utilization (intensive care unit transfers, emergency department visits and/or
hospitalizations) and deaths are monitored throughout all study phases for each participant. Both the study
coordinator and the data manager have access to a study patient panel in the electronic health record. As such, any
time a participant is admitted to the VUMC Emergency Room, VUMC Inpatient Services, or the participant’s
medical record is updated to indicate death, the coordinator and data manager receive a notification. To determine
if a participant had an unplanned healthcare utilization at an outside hospital (OSH), the participants are asked at
each follow-up time point if they have been to an emergency room or had an inpatient stay, and if so, at what
facility. The study coordinator and data manager are responsible for requesting medical records from OSHs (and
SNFs) relevant to the utilization.

Review of Unplanned Healthcare Utilizations and Deaths

Any unplanned healthcare utilization (e.g., hospitalization, ER visit) or unplanned death (e.g., patient not
receiving hospice care) is reviewed to determine if it was an adverse event that was serious, related to the study,
and unexpected (SUSAR). Once all necessary records have been obtained and collated by the study coordinator,
the case is assigned to a physician co-investigator (adjudicator) blinded to group assignment. Through a structured
review protocol of all relevant medical records from both within and outside of VUMC (e.g., admission
medication lists, discharge lists, SNF MAR, available outpatient notes, laboratory results, etc.), the adjudicator
uses an established methodology to determine the presence of serious medication errors.

Clinician-adjudicators will decide whether the unplanned healthcare utilization is related to medication
withdrawal (i.e., ADWE) using the 10-question Drug Withdrawal Probability Scale,’® a scale based on the
Naranjo algorithm,’” which is a validated scoring system to assess causality of adverse drug events. ADWE will
be coded as definite (>8), probable (5-8), possible (1-4), and doubtful (<1). For all ADWEs, clinician-
adjudicators will then determine whether it was avoidable by any change in management. Differences between
adjudicators will be resolved through discussion or, when necessary, the involvement of a third adjudicator.

After review by the clinician-adjudicator, the case is sent to the Principal Investigator to review. Both the Pl and a
co-investigator appointed by the DSMB review to determine if the event was unexpected and/or study related.
Should the event be determined as SUSAR (serious, unexpected, and study related) it will be reported as such to
the DSMB and IRB as outlined below.

Serious Adverse Events and Reporting Procedures

To ensure proper and timely reporting of adverse events, the following communication plan is utilized. The
project coordinator is responsible for reporting adverse events to the NIA/DSMB and the IRB in a timely manner
and in accordance with each group’s guidelines. Our procedures are as follows:

1. NIA/DSMB: The NIA project officer and chair of the DSMB will receive a monthly listing of all adverse
events, including a brief synopsis, by type of event and group. The NIA project officer will receive a
semi-annual report with enrollment updates, attrition numbers, and adverse events data (i.e., group
comparisons, individual case listings), which he then distributes to DSMB members in advance of the
semi-annual meeting. The project officer will be notified of all participant deaths, regardless of study
relatedness, within 48 hours of PI notification of the death.

2. IRB: PIs will notify the IRB of any Serious, Unexpected, Study Related Adverse Event within 7 days of
PI notification of the event. Any noncompliance with the IRB approved protocol that increases the risk or
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affects the patient’s rights, safety, or welfare also need to be reported within one week. At the time of the
IRB annual continuing review, the IRB receives copies of the reports generated from DSMB meetings. If
the DSMB meeting report identifies a new risk to or a change in the risk benefit ratio, the IRB will be
notified within 10 days of PIs receipt of the report.

STATISTICAL CONSIDERATIONS

Sample Size and Randomization

Figure 1 illustrates the flow of participants through the study and estimated total sample sizes during each study
phase based on prior data. The overall effectiveness of the intervention will be evaluated based on the primary
outcome measure, which is total medication count. Based on current enrollment rate, we estimate that
approximately 144 patients per year will enroll in the study, or 576 across all four years of enrollment. Among
those, we estimate that 27.5% will either die or otherwise be lost from the study prior to the 90-day post PAC
discharge follow up period. Thus, across all four years of enrollment, an estimated 420 patients will contribute
measurements at 90 days. Although 567 is the expected total enrollment, we conservatively use 420 to estimate
the statistical power associated with the assessment of overall effectiveness (i.e., overall completion rate) rather
than enrollment rate, to account for estimated attrition across all study phases.

Preliminary data is available for the effect of deprescribing on the reduction in the counts of total medications.®’
Our pilot intervention (N=40) was associated with roughly a 50% reduction in the count of total medications from
enrollment to hospital discharge, whereas a roughly 25% reduction was observed in the control group receiving
routine hospital care. Using these preliminary data and mixed-effects Poisson regression methods, we
implemented a simulation-based power analysis wherein we assumed that this effect would be attenuated by 20%
at SNF discharge, and again by 20% at the 90-day follow up. Using a sample size of 420, there is greater than
95% power to detect a 50% versus 25% reduction in total medications. There is approximately 90% power to
detect a 30% versus 25% reduction in total medications, and 80% power to detect a 27.5% versus 25% reduction
in total medications. Thus, the target sample size provides some protection against effects that are substantially
smaller than that observed in our preliminary data.

Participants will be randomized in a 1:1 ratio using permuted blocks of two or four, where the size for each
block is selected uniformly at random. This type of randomization ensures balance across the intervention and
control groups after every second or fourth randomization (depending on the size of the current block). This
randomization scheme will be generated by computer using the Mersenne-Twister pseudo random number.

Interim analyses and Stopping Rules

Interim analyses will be conducted to evaluate safety endpoints but will not be conducted to evaluate conditional
power (futility) or to assess efficacy.

Safety is evaluated by examining group differences in death and serious adverse events semi-annually in
conjunction with scheduled DSMB meetings to evaluate the safety of the study intervention, and the associated
risk-to-potential benefit ratio. The Principal Investigators will address study efficacy only at the end-of-study, and
thus will not consider terminating the trial early on the basis of conditional power (futility) or evidence of
efficacy. This is because firm evidence will be required to change current clinical practice, and because trials that
have stopped early for efficacy often report implausibly large effect sizes (and therefore should be considered
with skepticism).*! At the conclusion of each DSMB meeting, the Board should take into account the statistical
evidence (as summarized by the relative hazard of safety endpoints and the corresponding 95% confidence
interval) as well as practical and clinical considerations to make one of the following recommendations based on
safety:

1. Suspend enrollment due to safety concerns secondary to study intervention including:
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a. A difference in all-cause mortality between patients randomized to the deprescribing intervention
versus usual care such that the DSMB deems the difference to be study-related and excessive.
b. A difference in drug related SAEs between patients randomized to the deprescribing intervention
versus usual care such that the DSMB deems the difference to be study-related and excessive.
2. Continue enrollment

Outcomes

Hypotheses 1a-1b: The effect of the intervention on the total number of medications, PIMs, and medications
associated with geriatric syndromes at hospital discharge, SNF discharge, and at 90-days following SNF
discharge will be assessed using mixed effects Poisson regression, allowing for overdispersion (more or less
variability than is expected under the Poisson regression model), and adjusting for measurement time point (as a
categorical covariate) and the total number of medications at participant enrollment. The within-subject
correlation among repeated measurements will be modeled using a random intercept term, indexed by subject.
The intervention effect at each time point will be summarized using a Wald-type 95% confidence interval.
Statistical significance will be indicated if the 95% confidence interval excludes the value zero (i.e., the Poisson
regression intervention effect under the null hypothesis). Model fit will be assessed by examining the associated
Pearson residuals and using other graphical methods. Alternative regression techniques may be used in the case of
poor fit, for example, negative-binomial regression.

Hypothesis 1c: The effect of intervention on the anticholinergic and sedative medication drug burden scores at
hospital discharge, SNF discharge, and 90-days following SNF discharge will be assessed using linear mixed
effects regression, adjusting for measurement time point, and using a random intercept term indexed by subject.
Intervention effects will be summarized using 95% confidence intervals. Model fit will be assessed using residual
diagnostics and graphical methods. Due to the constrained nature of the score values (0-1 for anticholinergic and
sedative drug burden scores), an alternative method may be required, such a ‘beta’ regression, which is suitable
when such scores frequently occur at a boundary (0 or 1).

Hypothesis 2a: The prevalence and severity of geriatric syndromes will be analyzed at each time point following
SNF discharge. The effects of intervention on the prevalence of each type of geriatric syndrome will be assessed
using mixed-effects logistic regression, adjusting for measurement time point (categorical). The severity of each
geriatric syndrome is measured on an ordinal scale. Thus, severity will be analyzed using mixed-effects
proportional odds logistic regression, also adjusting for measurement time point. For either method, the
correlation among repeated measures will be modeled using a random intercept term indexed by subject. The
effects of intervention at each time point will be summarized using the odds ratio with Wald-type 95% confidence
intervals. Statistical significance will be indicated when the 95% confidence interval excludes the value one (i.e.,
null hypothesis value for both types of logistic regression). Model fit diagnostics and alternative analysis
strategies will be considered as described for Hypotheses 1a-1c.

Hypothesis 2b: Patient medication adherence will be measured using selected questions from the ARMS, based
on an ordinal scale. Functional health status will be measured using the VES-13 total score, which is also an
ordinal outcome. The effects of intervention on these outcomes will be assessed at 7 and 90-days following SNF
discharge using mixed-effects logistic regression or proportional odds logistic regression in a manner that is
analogous to that described for Hypothesis 2a.

Safety Analyses

All-cause mortality will be quantified by the count of deaths per person-months (28 days) of observation by
intervention/usual care group. These values will be computed overall and stratified by study phase. Thus, the
maximum follow-up period for mortality (and other safety outcomes) is 90 days after SNF discharge. Cox
proportional hazards regression will be used to quantify statistical uncertainty about the effect of intervention on
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the hazard of death (overall and separately within study phase), which will be summarized using the hazard ratio
and corresponding Wald-type 95% confidence interval.

The incidence and timing of (potentially recurrent) adverse events will be quantified, for each type of event both
overall and stratified by study phase, by counting the number and fraction of affected participants, by tabulating
the number of events per participant, and the total number of events per person-months. The effect of the
intervention on the hazard of each adverse event type (overall and separately within study phase) will be
quantified using Cox proportional hazards regression in a recurrent events (frailty) configuration, which accounts
for between-subject heterogeneity in the baseline hazard of recurrent events. In other words, this approach
accounts for the within-subject correlation among recurrent event times. The hazard ratio will be summarized
using a Wald-type 95% confidence interval.

If there are sufficiently many events, the Nelson-Aalen estimator of the baseline hazard will be used in
conjunction with the estimated hazard ratio to estimate median survival with Wald-type 95% confidence interval,
for each type of adverse event. Graphical regression diagnostics will be used to evaluate model fit and modeling
assumptions of the Cox proportional hazards method.

Data Analyses

Missing Data: We have extensive preliminary data describing attrition due to mortality which should not differ
between the intervention and control groups. However, we cannot exclude the possibility that missing data will be
associated with intervention. We will examine the incidence of missing data by group. If imbalances are found,
we will implement a series of sensitivity analyses, using multiple imputations, to assess the degree of bias that
might be induced by missing data.

Randomization, intent-to-treat, and safety outcomes: Participants will be assigned to the usual care control group
or the intervention group in a completely randomized fashion (i.e., without blocking or stratification). The
effectiveness of randomization will be assessed by summarizing the balance of baseline demographic and clinical
factors across randomization groups. The sample mean, standard deviation, and five-number summary will be
used to summarize continuous variables. The count and proportion will be used to summarize categorical
variables. All randomized patients who complete Phase 2 (i.e., discharged to a partner SNF) will be included in
analyses. We will implement both intent-to-treat and per-protocol analyses.

Repeated measures: Barring study withdrawal or death, each participant will be assessed at multiple time points.
We anticipate that such repeated measurements will exhibit correlations across time points. Our statistical plan
takes full advantage of this information by using a mixed-effects framework for each analysis. In the event that a
mixed-effects technique cannot be implemented, an alternative method will be used and the standard errors of
effect estimates will be adjusted using the Huber-White ‘sandwich’ method.

Limitations: The proposed intervention will be implemented during hospitalization and will continue during the
patient’s SNF stay because there is a high probability that new medications, including PIMs, will be added during
these care transitions. However, we acknowledge that new medications also might be added after PAC discharge;
thus, we have incorporated intervention components that should, at least partially, mitigate this problem.
Specifically, we will communicate with pharmacies and known community providers so that they are aware of the
patient’s preferences and final discharge medication list. We also will determine during the 7-day post PAC
follow-up if intervention patients are taking medications that were previously stopped but which are still in the
home. We will assess changes in medications for both intervention and control patients for 90 days post PAC
discharge and, thus, be able to determine if intervention components need to be extended past PAC discharge.

The randomization of patients prior to hospital discharge, as opposed to randomization by PAC discharge
location, has numerous advantages and is necessary because it is not possible to determine which PAC a patient
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will ultimately go prior to implementing the deprescribing intervention. This approach does, however, increase
the risk of contamination because both intervention and control group participants will be discharged to the same
PAC:s; thus, there is a possibility that PAC providers will change their medication practices for control
participants as a result of our active monitoring of medication changes for the intervention participants. We will
be able to detect such contamination effects by comparing changes in the medication lists from hospital to PAC
discharge for both intervention and control groups, with the expectation of fewer changes in the intervention
group. We believe the risk for contamination is minimal as there was no evidence of contamination effects in our
pilot intervention, and PAC providers will not be asked to actively deprescribe beyond following the
deprescribing actions recommended by the research team, many of which will be initiated prior to hospital
discharge. Finally, PAC and hospital providers may not be equipped to overcome many of the barriers to
deprescribing that will be addressed with our Shed-MEDS protocol.

DATA COLLECTION AND QUALITY ASSURANCE

Data Collection Forms

Data is obtained from multiple sources including subjects (or surrogates) directly via standardized interview
protocols, electronic medical records (both hospital and PAC), hospital databases, and pharmacy records. All
patient assessments, both interviews and medical record reviews, are recorded on paper forms stamped by the
Vanderbilt IRB. Hardcopy forms should use the participant’s randomly assigned ID number. Utilizing case report
forms allows for quality assurance reviews of data entered in the electronic (REDCap) databases.

Data Management & Storage

All paper case report forms are maintained in a secure and locked file cabinet in a secure and locked office. Data
collected from patient assessment and medical records are entered directly into Research Electronic Data Capture
(REDCap) databases on the Vanderbilt username/password protected server. Use of REDCap outside the
Vanderbilt server is allowable; however, it requires two factor authentication for security purposes. Assessment
and interview forms are entered within the same week of data collection, and if possible, the same day.

Study coordinators will maintain SPSS databases for study tracking purposes. These databases along with data
exported from REDCap for reporting and analysis purposes are maintained on a password protected VUMC
secure server, which is only accessible to key study personnel registered with the IRB. Information in the
REDCap databases and the secure server will be stored for an indefinite period of time to allow for subsequent
data analysis and future reference.

Quality Assurance

No quality assurance training or metrics are required beyond IRB training and VUMC confidentiality standards.
To reduce data entry errors, the REDCap databases have been created in a longitudinal model to match the paper
case report forms and including branching logic and automated syndrome scoring. Additionally, to ensure
integrity of the data, the project coordinator and data manager conduct weekly data reviews to check for both
completion and accuracy.

PARTICIPANT RIGHTS AND CONFIDENTIALITY

Shed-MEDS deprescribing intervention meets the criteria for human subjects research and, as such, is subject to a
standard review by the institution’s review board. All protocols, consent forms, and research materials were
submitted to the Vanderbilt IRB as part of the pilot intervention and were approved. The study is subject to annual
review by the IRB. In accordance with VUMC policy, all key study personnel complete human subjects training
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annually and Good Clinical Practice training every three years. Below is a description of the key human subjects
materials submitted to the IRB.

Rationale for studying a potentially vulnerable population

Patients with cognitive impairment or dementia represent a population at potentially increased risk for worsened
outcomes associated with polypharmacy. Thus, it is important to understand the effect of deprescribing on this
vulnerable population. Patients with moderate impairment will likely need a surrogate to provide consent and
complete some study measures. Patients with mild impairment may (not) need a surrogate to provide consent. We
will complete a “standardized evaluation to sign informed consent” for all eligible patients with cognitive
impairment based on the BIMS (see Recruitment and Informed Consent Procedures). Based on the distribution of
BIMS scores, we may examine intervention effects by cognitive status via sub-group analyses.

Patients with a history of seizures on and off antiepileptics who otherwise meet study eligibility criteria will be
considered eligible for enrollment. Antiepileptic medications are commonly used in the treatment of non-
epileptic conditions. Although, the presence of a seizure disorder will not be a contraindication to deprescribing,
patients who are currently on a therapy specifically for this indication will be continued on antiepileptic
medications and managed by the medical team, as per usual care practice.

Approach to potential risks of the proposed study

The potential risks of deprescribing medications include, but are not limited to, adverse drug withdrawal
reactions, pharmacokinetic and pharmacodynamic changes in other medications, and return of a medical
condition.

Physiologic Drug Withdrawal: In retrospective studies of medication cessation, 1 in 5 older outpatients
experienced an adverse withdrawal reaction, however only 12% of these reactions were assessed to be
physiological reactions to medication withdrawal. These included B-blockers, benzodiazepines, clonidine,
nortriptyline, and prednisone.’® The only risk factor for ADWE found in this study was the number of medications
stopped (OR =1.90, 95% CI 1.33 to 2.67). All reactions occurred within 30 days of discontinuation. Patient age,
baseline comorbidities, and number of baseline medications were not associated with ADWEs. A separate study
showed that only 1% of unplanned emergency department visits were due to withdrawal reactions.” We will
mitigate the potential for physiologic withdrawal by identifying those medications with the highest likelihood of
physiological withdrawal, including benzodiazepines, opiates, B-blockers, alpha blockers, and tricyclic
antidepressants. Any medication believed to have increased potential for physiologic withdrawal will undergo a
prescribed drug taper, where the identified drug will not be reduced by more than 25% during any 1 week interval
when a patient is receiving greater than the minimum therapeutic dose. In addition to staged tapering of the
medication, patients will be receiving continued care in a post-acute care facility, where patients are observed
daily by licensed nurses for vital sign and symptom changes. Medications can be restarted or increased at any
time should a physiologic drug withdrawal effect be detected.

Pharmacokinetic and Pharmacodynamic Changes: Medication cessation may additionally alter pharmacokinetic
and pharmacodynamic profile of medications. This may include medications that inhibit or potentiate the
cytochrome P450 enzyme inhibitor, thus alerting clearance of specific medications. Alternatively, some
medications may have opposing effects on blood pressure or electrolytes (e.g., potassium). All deprescribing
actions will be made by a trained pharmacist and clinicians. In the case that there is believed to be a potential
change in pharmacokinetics or pharmacodynamics, deprescribing pharmacists / NPs will alert the primary
medical team and make recommendations for surveillance of symptoms, signs (e.g., vital signs), labs (e.g.,
electrolytes, INR), or follow-up tests (e.g., EKG). Medications can be restarted or increased at any time should
adverse pharmacokinetic or pharmacodynamics effects be detected.

Medical Condition Exacerbation: The most expected side effect of deprescribing is the return of the condition for
which the medication was initially prescribed. A medication may be intentionally reduced or discontinued in the
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absence of symptoms or signs to determine if the medication is still required to maintain control of a medical
condition. In the Graves et al. study, 88% of all ADWEs were due to medical condition recurrence. Published
data, however, does suggest that medication deprescribing for specific conditions (e.g., hypertension,
osteoporosis, hyperlipidemia, angina) can be done without serious adverse effects.”1> A strength of this trial is
that we will be able to monitor for exacerbations of medical conditions in a post-acute care setting (mean length
of stay = 26.9 days), where monitoring of vital signs and symptoms are done daily by licensed nurses. In
addition, during the “SNF handover” process, all discontinued medications will be clearly delineated along with
any expected signs or symptoms that may be expected to return. In addition, any necessary laboratory or
diagnostic study follow-up will be recommended, as necessary. Medications can be restarted or increased at any
time should condition signs or symptoms recur.

In addition, our deprescribing intervention protocol is a carefully developed, multi-stage process that
includes the independent review by multiple clinicians, each of whom can stop a recommended deprescribing
action. This includes the study team pharmacist or nurse practitioner, the primary hospital team, the outpatient
prescribing clinician, as well as the patient/proxy. Each recommended medication for deprescribing will be
considered for its potential for physiologic withdrawal, pharmacokinetic/pharmacodynamic effects, and medical
condition exacerbation. For each medication for which any one of these is a potential concern, a medication
titration protocol will be recommended, rather than full drug withdrawal, with appropriate monitoring of signs and
symptoms. In addition, following the deprescribing intervention, explicit and systematic safety assessments and
data recording will occur during Phase 2 — 4.

Additional protections against risk include the nature of the informed consent process and safeguards built into
the intervention. As described above in Enrollment Procedures, the consent process enumerates the study risks in
lay terminology and reminds patients that they are under no obligation to participate and choosing not to
participate will not impact their routine care at VUMC or PAC. Additional protections for persons with cognitive
impairment and/or delirium exist in the informed consent process. To mitigate risks of the deprescribing
intervention, certain safeguards are built into the intervention protocols beginning with the well-grounded
conceptual framework and the input of a broad range of disciplines including geriatrics, gerontology,
pharmacology, hospital medicine, post-acute care medicine, psychiatry, and clinical trial methodologists. The
intervention protocol is general in its approach, however all deprescribing decisions are individualized to the
patient, after considering the input from the pharmacy/NP expert, the patient, the hospital care team, and
outpatient prescribers. Finally, robust monitoring of adverse events at both PAC stay and follow-up provide both
the study team and DSMB the data to determine if the risk benefit profile changes.

Participant Confidentiality

Research subjects’ identities will be kept confidential. Subject identifiers will never be revealed in publication,
presentation, or other scientific purpose. All data obtained with subject identifiers will be maintained in locked
file cabinets and locked offices on the VUMC campus. All study subjects will be assigned a unique study
identification number for use in computer database and analytic work. Linkage of patient study IDs to patient
identifiers will be maintained by the Pls and Project Coordinator only, with username/password protected access.
All electronic data is kept in password-protected computer files on secured VUMC servers.

Potential Benefits of the Proposed Research to the Subject and Others

The risks to study participants are reasonable in relation to the anticipated benefits. Although deprescribing is a
well-known concept, the safety of such practice has not been closely evaluated as will be done in this study,
which will advance our knowledge of how best to manage polypharmacy in clinical practice. In the absence of
this study, a hospital medical team may elect to deprescribe without consideration of withdrawal effects,
pharmacokinetic / pharmacodynamic changes or exacerbation of an underlying medical condition. We will
proactively consider these potential risks and actively mitigate risks with protocolized tapers of medication,
surveillance, and communication of changes to the next care provider. Because most polypharmacy goes
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unaddressed in routine care practice, patients who do not undergo active deprescribing would be the same as
receiving placebo (i.e., usual care). Thus, the risk is not greater than current standard practice.

Importance of Knowledge to Be Gained

Older patients are the fastest growing hospital demographic. Older patients are likely to experience new onset
and/or worsening of geriatric syndromes during hospitalization, and patients discharged from the hospital to SNF
(1.7 million Medicare beneficiaries per year) are a particularly high risk group for loss of independence and other
poor clinical outcomes. Recent data shows that only 28% of SNF patents are living at home 100 days after SNF
discharge.5 Our data show that these patients also experience multiple geriatric syndromes (e.g. delirium,
cognitive impairment, falls, incontinence). A number of these syndromes are acquired during the hospitalization
and continue to be acquired during the post-acute care stay. We have shown that patients discharged from the
hospital to SNF, and ultimately SNF to home, experience an average of two geriatric syndromes across both care
settings, with 57% experiencing three or more syndromes. The majority of these patients admitted to the hospital
and discharged to SNF are experiencing polypharmacy, and our preliminary data showed that patients are
discharged with average of 14 medications from the hospital and 15 medications from the SNF. This practice
occurs despite well documented associations between polypharmacy and geriatric syndromes. This is, in large
part, due to the lack of evidence to suggest that the act of deprescribing improves outcomes. Although more
medications are associated with geriatric syndromes, it is unclear if fewer medications are associated with clinical
health benefits, including reductions in the number and/or severity of geriatric syndromes. This study will answer
this important question, with major implications for future clinical practice and future trials in medication
management among older patients.

Data and Safety Monitoring Plan

The DSMB is independent, and acts in an advisory capacity to the NIA Director to monitor participant safety,
data quality and evaluate the progress of the study. Monthly safety reports are submitted to NIA and semi-annual
DSMB meetings are held to review safety data. The NIA Program Official or designee attend each meeting. An
emergency meeting of the DSMB may be called at any time by the Chair or by the NIA should participant safety
questions or other unanticipated problems arise. In the case of a serious adverse event that results in death, the
Principal Investigators are required to inform the NIA within 48 hours of notification (see Serious Adverse Events
and Reporting Procedures above).

DSMB Membership

The DSMB consists of five members, and 3 members constitute a quorum. Members were selected by an NIA
Program Official in consultation with the investigators, and the NIA Director approved the composition of the
DSMB and its membership. The DSMB includes experts in the fields of relevant clinical expertise in geriatrics,
clinical trial methodology, and biostatistics. Membership consists of individuals who have no financial, scientific,
or other conflict of interest with the trial. Collaborators or associates of the investigators are not eligible to serve
on the DSMB. Written documentation attesting to the absence of a conflict of interest is required and each
DSMB member will sign a Conflict of Interest Statement. The DSMB members are responsible for notifying the
PI of any changes in their Conflict of Interest. If there are new potential significant conflicts of interest as
determined by the NIA Program Official or the Principal Investigators, the DSMB member will have to resign
from the DSMB. In 2019, two new members were added to the DSMB due to a new conflict of interest as noted
below.

1. Rosanne M. Leipzig MD, PhD [Chairperson]
Gerald and May Ellen Ritter Professor
Vice Chair, Education
Brookdale Dept. of Geriatrics and Palliative Medicine
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Icahn School of Medicine at Mount Sinai
New York, NY 10029
rosanne.leipzig@mssm.edu

2. Michael Steinman, MD (2017-2019)
Professor of Medicine, Division of Geriatrics
University of California, San Francisco and the San Francisco VA Medical Center
San Francisco, CA 94121
mike.steinman@ucsf.edu

3. Noll L. Campbell, PharmD
Assistant Professor, Department of Pharmacy Practice
College of Pharmacy
Purdue University
West Lafayette, IN 47907
campbenl@purdue.edu

4. Cynthia Boyd, MD MPH (2017-2019)
Associate Professor of Medicine
Division of Geriatric Medicine and Gerontology
Center for Transformative Geriatric Research
Department of Medicine
Johns Hopkins University School of Medicine
Baltimore, MD 21224
CBOYD1@JHMILEDU

5. Heather G Allore, PhD
Professor
Director Yale Program on Aging Biostatistics Core
New Haven, CT 06511
heather.allore@yale.edu

6. Joseph Hanlon, PharmD (joined in 2019)
Professor & Health Scientist, Division of Geriatric Medicine
Department of Medicine
University of Pittsburgh
Pittsburgh, PA 15260
Jth14@pitt.edu

7. Jack Guralnik, MD, PhD (joined in 2019)
Professor, Epidemiology and Public Health
University of Maryland
jguralnik@som.umaryland.edu

Communications

To avoid the appearance of conflict of interests, neither the investigators nor the DSMB members should directly
communicate on any study-related issues. This includes any protocols, manual of procedures, reports,
recommendations and other study-related correspondence. All such communications should be conducted
exclusively through the NIA Program Official as described elsewhere. The only exception is that the Chairperson
should receive the monthly safety reports.
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Meeting Processes and Outcomes

Meetings are closed to the public because discussions may address confidential participant data. All Closed
Session Meetings have an open session attended by the Board members, study investigators and NIA Program
Official prior to and immediately following the Closed Session. The Closed Session will be attended by only the
Board members, NIA Program Official and unblinded study biostatistician. The DSMB also has an option to hold
an Executive Session attended exclusively by the DSMB members.

Following the initial meeting, the DSMB will meet at least twice a year to review blinded or unblinded data as
needed and appropriate, including data on recruitment, randomization, compliance, retention, protocol adherence,
intervention effects, gender and minority inclusion, and subject safety. The reports list and summarize safety data
(adverse events) and describe the status of the study (e.g., participants screened, enrolled, completed, and
discontinued). The DSMB is responsible for identifying problems related to safety (including all SAEs/SUSARs),
requesting additional data relevant to safety (including all SAEs/SUSARS), proposing analyses of safety
endpoints as needed, and considering the rationale for continuation of the study in light of safety data, progress of
randomization, retention, protocol adherence, and data management. Reports of SAEs and SUSARs for two
interim looks at the data will initially be provided to the DSMB in a blinded fashion (i.e., treatment group
assignment will not be revealed), but the DSMB will retain the right to request an unblinded report. Only DSMB
members will have access to unblinded data in order to preserve the integrity of data and minimize potential for
bias while maintaining appropriate safety monitoring.

After each DSMB meeting, the chairperson will provide a written report including any formal recommendations
to the PIs and the NIA program official. In turn, the PIs will provide all reports to the Vanderbilt IRB. Each
meeting must include a recommendation to continue or terminate the study and whether the DSMB has any
concerns about participant safety made by a formal DSMB majority or unanimous vote. A recommendation to
terminate the study may be made by the DSMB at any time by majority vote. The Chair should provide such a
recommendation to the NIA immediately by telephone and email.

30



REFERENCES

1. Inouye SK, Studenski S, Tinetti ME, Kuchel GA. Geriatric syndromes: clinical, research, and policy implications of
a core geriatric concept. J Am Geriatr Soc. 2007;55(5):780-91. doi: 10.1111/j.1532-5415.2007.01156.x. PubMed PMID:
17493201; PMCID: PMC2409147.

2. Kane RL, Shamliyan T, Talley K, Pacala J. The association between geriatric syndromes and survival. J] Am Geriatr
Soc. 2012;60(5):896-904. doi: 10.1111/j.1532-5415.2012.03942.x. PubMed PMID: 22568483.
3. Wang SY, Shamliyan TA, Talley KM, Ramakrishnan R, Kane RL. Not just specific diseases: systematic review of

the association of geriatric syndromes with hospitalization or nursing home admission. Arch Gerontol Geriatr. 2013;57(1):16-
26. doi: 10.1016/j.archger.2013.03.007. PubMed PMID: 23578847.

4, Burke RE, Juarez-Colunga E, Levy C, Prochazka AV, Coleman EA, Ginde AA. Rise of post-acute care facilities as
a discharge destination of US hospitalizations. JAMA Intern Med. 2015;175(2):295-6. doi:
10.1001/jamainternmed.2014.6383. PubMed PMID: 25437642.

5. Kramer A, Fish R, Min S-j. Community Discharge and Rehospitalization Outcome Measures (Fiscal Year 2011).
2013.
6. Hilmer SN, Mager DE, Simonsick EM, Cao Y, Ling SM, Windham BG, Harris TB, Hanlon JT, Rubin SM, Shorr

RI, Bauer DC, Abernethy DR. A drug burden index to define the functional burden of medications in older people. Arch
Intern Med. 2007;167(8):781-7. doi: 10.1001/archinte.167.8.781. PubMed PMID: 17452540.

7. Gnjidic D, Cumming RG, Le Couteur DG, Handelsman DJ, Naganathan V, Abernethy DR, Hilmer SN. Drug
Burden Index and physical function in older Australian men. Br J Clin Pharmacol. 2009;68(1):97-105. doi: 10.1111/.1365-
2125.2009.03411.x. PubMed PMID: 19660007; PMCID: PMC2732944.

8. Oyarzun-Gonzalez XA, Taylor KC, Myers SR, Muldoon SB, Baumgartner RN. Cognitive decline and
polypharmacy in an elderly population. J Am Geriatr Soc. 2015;63(2):397-9. doi: 10.1111/jgs.13283. PubMed PMID:
25688619; PMCID: PM(C4353494.

9. Gray SL, Anderson ML, Dublin S, Hanlon JT, Hubbard R, Walker R, Yu O, Crane PK, Larson EB. Cumulative use
of strong anticholinergics and incident dementia: a prospective cohort study. JAMA Intern Med. 2015;175(3):401-7. doi:
10.1001/jamainternmed.2014.7663. PubMed PMID: 25621434; PMCID: PMC4358759.

10. Cao YJ, Mager DE, Simonsick EM, Hilmer SN, Ling SM, Windham BG, Crentsil V, Yasar S, Fried LP, Abernethy
DR. Physical and cognitive performance and burden of anticholinergics, sedatives, and ACE inhibitors in older women. Clin
Pharmacol Ther. 2008;83(3):422-9. doi: 10.1038/sj.clpt.6100303. PubMed PMID: 17713474.

11. Hein C, Forgues A, Piau A, Sommet A, Vellas B, Nourhashemi F. Impact of polypharmacy on occurrence of
delirium in elderly emergency patients. ] Am Med Dir Assoc. 2014;15(11):850 el11-5. doi: 10.1016/j.jamda.2014.08.012.
PubMed PMID: 25405712.

12. Landi F, Dell'Aquila G, Collamati A, Martone AM, Zuliani G, Gasperini B, Eusebi P, Lattanzio F, Cherubini A.
Anticholinergic drug use and negative outcomes among the frail elderly population living in a nursing home. J Am Med Dir
Assoc. 2014;15(11):825-9. doi: 10.1016/j.jamda.2014.08.002. PubMed PMID: 25282629.

13. Best O, Gnjidic D, Hilmer SN, Naganathan V, McLachlan AJ. Investigating polypharmacy and drug burden index in
hospitalised older people. Intern Med J. 2013;43(8):912-8. doi: 10.1111/imj.12203. PubMed PMID: 23734965.
14. Lu WH, Wen YW, Chen LK, Hsiao FY. Effect of polypharmacy, potentially inappropriate medications and

anticholinergic burden on clinical outcomes: a retrospective cohort study. CMAJ. 2015;187(4):E130-7. doi:
10.1503/cmaj.141219. PubMed PMID: 25646290; PMCID: PMC4347788.

15. Fraser LA, Liu K, Naylor KL, Hwang YJ, Dixon SN, Shariff SZ, Garg AX. Falls and fractures with atypical
antipsychotic medication use: a population-based cohort study. JAMA Intern Med. 2015;175(3):450-2. doi:
10.1001/jamainternmed.2014.6930. PubMed PMID: 25581312.

16. Bennett A, Gnjidic D, Gillett M, Carroll P, Matthews S, Johnell K, Fastbom J, Hilmer S. Prevalence and impact of
fall-risk-increasing drugs, polypharmacy, and drug-drug interactions in robust versus frail hospitalised falls patients: a
prospective cohort study. Drugs Aging. 2014;31(3):225-32. doi: 10.1007/s40266-013-0151-3. PubMed PMID: 24452921.
17. Huang ES, Karter AJ, Danielson KK, Warton EM, Ahmed AT. The association between the number of prescription
medications and incident falls in a multi-ethnic population of adult type-2 diabetes patients: the diabetes and aging study. J
Gen Intern Med. 2010;25(2):141-6. doi: 10.1007/s11606-009-1179-2. PubMed PMID: 19967465; PMCID: PMC2837501.
18. Gnjidic D, Hilmer SN, Le Couteur DG. Optimal cutoff of polypharmacy and outcomes - reply. J Clin Epidemiol.
2013;66(4):465-6. doi: 10.1016/j.jclinepi.2012.10.007. PubMed PMID: 23337784.

19. Moulis F, Moulis G, Balardy L, Gerard S, Sourdet S, Rouge-Bugat ME, Lapeyre-Mestre M, Montastruc JL, Rolland
Y, Vellas B. Searching for a polypharmacy threshold associated with frailty. ] Am Med Dir Assoc. 2015;16(3):259-61. doi:
10.1016/j.jamda.2014.11.016. PubMed PMID: 2554803 1.

31



20. Lau DT, Mercaldo ND, Shega JW, Rademaker A, Weintraub S. Functional decline associated with polypharmacy
and potentially inappropriate medications in community-dwelling older adults with dementia. Am J Alzheimers Dis Other
Demen. 2011;26(8):606-15. doi: 10.1177/1533317511432734. PubMed PMID: 22207646; PMCID: PMC3298080.

21. Kashyap M, Tu le M, Tannenbaum C. Prevalence of commonly prescribed medications potentially contributing to
urinary symptoms in a cohort of older patients seeking care for incontinence. BMC Geriatr. 2013;13:57. doi: 10.1186/1471-
2318-13-57. PubMed PMID: 23758756; PMCID: PMC3684540.

22. Hall SA, Yang M, Gates MA, Steers WD, Tennstedt SL, McKinlay JB. Associations of commonly used medications
with urinary incontinence in a community based sample. J Urol. 2012;188(1):183-9. doi: 10.1016/j.juro.2012.02.2575.
PubMed PMID: 22591967; PMCID: PMC3523747.

23. Gormley EA, Griffiths DJ, McCracken PN, Harrison GM. Polypharmacy and its effect on urinary incontinence in a
geriatric population. Br J Urol. 1993;71(3):265-9. PubMed PMID: 8097424.
24. Jyrkka J, Enlund H, Lavikainen P, Sulkava R, Hartikainen S. Association of polypharmacy with nutritional status,

functional ability and cognitive capacity over a three-year period in an elderly population. Pharmacoepidemiol Drug Saf.
2011;20(5):514-22. doi: 10.1002/pds.2116. PubMed PMID: 21308855.

25. Jensen GL, Friedmann JM, Coleman CD, Smiciklas-Wright H. Screening for hospitalization and nutritional risks
among community-dwelling older persons. American Journal of Clinical Nutrition. 2001;74(2):201-5. PubMed PMID:
WO0S:000170129100010.

26. Heuberger RA, Caudell K. Polypharmacy and nutritional status in older adults: a cross-sectional study. Drugs
Aging. 2011;28(4):315-23. doi: 10.2165/11587670-000000000-00000. PubMed PMID: 21428466.

27. Covinsky KE, Kahana E, Chin MH, Palmer RM, Fortinsky RH, Landefeld CS. Depressive symptoms and 3-year
mortality in older hospitalized medical patients. Ann Intern Med. 1999;130(7):563-9. PubMed PMID: 10189325.

28. Covinsky KE, Pierluissi E, Johnston CB. Hospitalization-associated disability: "She was probably able to ambulate,
but I'm not sure". JAMA. 2011;306(16):1782-93. doi: 10.1001/jama.2011.1556. PubMed PMID: 22028354.
29. Covinsky KE, Fortinsky RH, Palmer RM, Kresevic DM, Landefeld CS. Relation between symptoms of depression

and health status outcomes in acutely ill hospitalized older persons. Ann Intern Med. 1997;126(6):417-25. PubMed PMID:
9072926.

30. Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun BT, Brummel NE, Hughes CG,
Vasilevskis EE, Shintani AK, Moons KG, Geevarghese SK, Canonico A, Hopkins RO, Bernard GR, Dittus RS, Ely EW,
Investigators B-IS. Long-term cognitive impairment after critical illness. N Engl J Med. 2013;369(14):1306-16. doi:
10.1056/NEJMoal301372. PubMed PMID: 24088092; PMCID: PMC3922401.

31. Jackson JC, Pandharipande PP, Girard TD, Brummel NE, Thompson JL, Hughes CG, Pun BT, Vasilevskis EE,
Morandi A, Shintani AK, Hopkins RO, Bernard GR, Dittus RS, Ely EW, Bringing to light the Risk F, Incidence of
Neuropsychological dysfunction in ICUssi. Depression, post-traumatic stress disorder, and functional disability in survivors
of critical illness in the BRAIN-ICU study: a longitudinal cohort study. Lancet Respir Med. 2014;2(5):369-79. doi:
10.1016/S2213-2600(14)70051-7. PubMed PMID: 24815803; PMCID: PMC4107313.

32. Steinman MA, Landefeld CS, Rosenthal GE, Berthenthal D, Sen S, Kaboli PJ. Polypharmacy and prescribing
quality in older people. J Am Geriatr Soc. 2006;54(10):1516-23. doi: 10.1111/§.1532-5415.2006.00889.x. PubMed PMID:
17038068.

33. Aparasu RR, Mort JR, Brandt H. Polypharmacy trends in office visits by the elderly in the United States, 1990 and
2000. Res Social Adm Pharm. 2005;1(3):446-59. doi: 10.1016/j.sapharm.2005.06.004. PubMed PMID: 17138489.

34, Gnjidic D, Hilmer SN, Blyth FM, Naganathan V, Waite L, Seibel MJ, McLachlan AJ, Cumming RG, Handelsman
DJ, Le Couteur DG. Polypharmacy cutoff and outcomes: five or more medicines were used to identify community-dwelling
older men at risk of different adverse outcomes. J Clin Epidemiol. 2012;65(9):989-95. doi: 10.1016/j.jclinepi.2012.02.018.
PubMed PMID: 22742913.

35. Gnjidic D, Hilmer SN, Blyth FM, Naganathan V, Cumming RG, Handelsman DJ, McLachlan AJ, Abernethy DR,
Banks E, Le Couteur DG. High-risk prescribing and incidence of frailty among older community-dwelling men. Clin
Pharmacol Ther. 2012;91(3):521-8. doi: 10.1038/clpt.2011.258. PubMed PMID: 22297385.

36. Haider SI, Johnell K, Weitoft GR, Thorslund M, Fastbom J. The influence of educational level on polypharmacy
and inappropriate drug use: a register-based study of more than 600,000 older people. J Am Geriatr Soc. 2009;57(1):62-9.
doi: 10.1111/5.1532-5415.2008.02040.x. PubMed PMID: 19054196.

37. Jyrkka J, Enlund H, Korhonen MJ, Sulkava R, Hartikainen S. Patterns of drug use and factors associated with
polypharmacy and excessive polypharmacy in elderly persons: results of the Kuopio 75+ study: a cross-sectional analysis.
Drugs Aging. 2009;26(6):493-503. doi: 10.2165/00002512-200926060-00006. PubMed PMID: 19591524.

38. Hajjar ER, Hanlon JT, Sloane RJ, Lindblad CI, Pieper CF, Ruby CM, Branch LC, Schmader KE. Unnecessary drug
use in frail older people at hospital discharge. J] Am Geriatr Soc. 2005;53(9):1518-23. doi: 10.1111/j.1532-
5415.2005.53523.x. PubMed PMID: 16137281.

32



39. Gamble JM, Hall JJ, Marrie TJ, Sadowski CA, Majumdar SR, Eurich DT. Medication transitions and polypharmacy
in older adults following acute care. Ther Clin Risk Manag. 2014;10:189-96. doi: 10.2147/TCRM.S58707. PubMed PMID:
24672243; PMCID: PMC3964163.

40. Cannon KT, Choi MM, Zuniga MA. Potentially inappropriate medication use in elderly patients receiving home
health care: a retrospective data analysis. Am J Geriatr Pharmacother. 2006;4(2):134-43. doi:
10.1016/j.amjopharm.2006.06.010. PubMed PMID: 16860260.

41. Hanlon JT, Artz MB, Pieper CF, Lindblad CI, Sloane RJ, Ruby CM, Schmader KE. Inappropriate medication use
among frail elderly inpatients. Ann Pharmacother. 2004;38(1):9-14. doi: 10.1345/aph.1D313. PubMed PMID: 14742785.
42. Morandi A, Vasilevskis EE, Pandharipande PP, Girard TD, Solberg LM, Neal EB, Koestner T, Torres R, Thompson

JL, Shintani AK, Han JH, Schnelle J, Fick DM, Ely EW, Kripalani S. Inappropriate medications in elderly ICU survivors:
where to intervene? Arch Intern Med. 2011;171(11):1032-4. doi: 10.1001/archinternmed.2011.233. PubMed PMID:
21670372; PMCID: PMC3575737.

43. Schmader K, Hanlon JT, Weinberger M, Landsman PB, Samsa GP, Lewis I, Uttech K, Cohen HJ, Feussner JR.
Appropriateness of medication prescribing in ambulatory elderly patients. ] Am Geriatr Soc. 1994;42(12):1241-7. PubMed
PMID: PMC7983285.

44, Hines LE, Murphy JE. Potentially harmful drug-drug interactions in the elderly: a review. Am J Geriatr
Pharmacother. 2011;9(6):364-77. doi: 10.1016/j.amjopharm.2011.10.004. PubMed PMID: 22078863.

45. Dechanont S, Maphanta S, Butthum B, Kongkaew C. Hospital admissions/visits associated with drug-drug
interactions: a systematic review and meta-analysis. Pharmacoepidemiol Drug Saf. 2014;23(5):489-97. doi:
10.1002/pds.3592. PubMed PMID: 24616171.

46. Beers MH. Explicit criteria for determining potentially inappropriate medication use by the elderly - An update.
Archives of Internal Medicine. 1997;157(14):1531-6. doi: DOI 10.1001/archinte.157.14.1531. PubMed PMID: 9236554
47. American Geriatrics Society Beers Criteria Update Expert P. American Geriatrics Society updated Beers Criteria for

potentially inappropriate medication use in older adults. J] Am Geriatr Soc. 2012;60(4):616-31. doi: 10.1111/j.1532-
5415.2012.03923.x. PubMed PMID: 22376048; PMCID: PMC3571677.

48. Gallagher P, O'Mahony D. STOPP (Screening Tool of Older Persons' potentially inappropriate Prescriptions):
application to acutely ill elderly patients and comparison with Beers' criteria. Age Ageing. 2008;37(6):673-9. doi:
10.1093/ageing/afn197. PubMed PMID: 18829684.

49, Gallagher P, Baeyens JP, Topinkova E, Madlova P, Cherubini A, Gasperini B, Cruz-Jentoft A, Montero B, Lang
PO, Michel JP, O'Mahony D. Inter-rater reliability of STOPP (Screening Tool of Older Persons' Prescriptions) and START
(Screening Tool to Alert doctors to Right Treatment) criteria amongst physicians in six European countries. Age Ageing.
2009;38(5):603-6. doi: 10.1093/ageing/afp058. PubMed PMID: 19435757.

50. Van der Linden L, Decoutere L, Flamaing J, Spriet I, Willems L, Milisen K, Boonen S, Tournoy J. Development
and validation of the RASP list (Rationalization of Home Medication by an Adjusted STOPP list in Older Patients): A novel
tool in the management of geriatric polypharmacy. European Geriatric Medicine. 2014;5(3):175-80. doi:
10.1016/j.eurger.2013.12.005.

51. Geijteman EC, van Gelder T, van Zuylen L. Sense and nonsense of treatment of comorbid diseases in terminally ill
patients. JAMA Intern Med. 2015;175(3):346. doi: 10.1001/jamainternmed.2014.7592. PubMed PMID: 25621763.

52. Holmes HM, Hayley DC, Alexander GC, Sachs GA. Reconsidering medication appropriateness for patients late in
life. Arch Intern Med. 2006;166(6):605-9. doi: 10.1001/archinte.166.6.605. PubMed PMID: 16567597.

53. Col N, Fanale JE, Kronholm P. The role of medication noncompliance and adverse drug reactions in hospitalizations
of the elderly. Arch Intern Med. 1990;150(4):841-5. PubMed PMID: 2327844.
54. Steinman MA, Lund BC, Miao Y, Boscardin WJ, Kaboli PJ. Geriatric conditions, medication use, and risk of

adverse drug events in a predominantly male, older veteran population. ] Am Geriatr Soc. 2011;59(4):615-21. doi:
10.1111/.1532-5415.2011.03331.x. PubMed PMID: 21410446; PMCID: PMC3104498.

55. Onder G, Petrovic M, Tangiisuran B, Meinardi MC, Markito-Notenboom WP, Somers A, Rajkumar C, Bernabei R,
van der Cammen TJ. Development and validation of a score to assess risk of adverse drug reactions among in-hospital
patients 65 years or older: the GerontoNet ADR risk score. Arch Intern Med. 2010;170(13):1142-8. doi:
10.1001/archinternmed.2010.153. PubMed PMID: 20625022.

56. Flaherty JH, Perry HM, 3rd, Lynchard GS, Morley JE. Polypharmacy and hospitalization among older home care
patients. J Gerontol A Biol Sci Med Sci. 2000;55(10):M554-9. PubMed PMID: 11034227.

57. Morandi A, Bellelli G, Vasilevskis EE, Turco R, Guerini F, Torpilliesi T, Speciale S, Emiliani V, Gentile S,
Schnelle J, Trabucchi M. Predictors of rehospitalization among elderly patients admitted to a rehabilitation hospital: the role
of polypharmacy, functional status, and length of stay. ] Am Med Dir Assoc. 2013;14(10):761-7. doi:
10.1016/j.jamda.2013.03.013. PubMed PMID: 23664484; PMCID: PMC4100936.

33



58. Gnjidic D, Hilmer SN, Hartikainen S, Tolppanen AM, Taipale H, Koponen M, Bell JS. Impact of high risk drug use
on hospitalization and mortality in older people with and without Alzheimer's disease: a national population cohort study.
PloS One. 2014;9(1):e83224. doi: 10.1371/journal.pone.0083224. PubMed PMID: 24454696; PMCID: PMC3890276.

59. Sganga F, Landi F, Ruggiero C, Corsonello A, Vetrano DL, Lattanzio F, Cherubini A, Bernabei R, Onder G.
Polypharmacy and health outcomes among older adults discharged from hospital: results from the CRIME study. Geriatr
Gerontol Int. 2015;15(2):141-6. doi: 10.1111/ggi.12241. PubMed PMID: 24467719.

60. Tjia J, Velten SJ, Parsons C, Valluri S, Briesacher BA. Studies to reduce unnecessary medication use in frail older
adults: a systematic review. Drugs Aging. 2013;30(5):285-307. doi: 10.1007/s40266-013-0064-1. PubMed PMID: 23475597.
61. Patterson SM, Cadogan CA, Kerse N, Cardwell CR, Bradley MC, Ryan C, Hughes C. Interventions to improve the

appropriate use of polypharmacy for older people. Cochrane Database Syst Rev. 2014;10:CD008165. doi:
10.1002/14651858.CD008165.pub3. PubMed PMID: 25288041.

62. Saltvedt I, Spigset O, Ruths S, Fayers P, Kaasa S, Sletvold O. Patterns of drug prescription in a geriatric evaluation
and management unit as compared with the general medical wards: a randomised study. Eur J Clin Pharmacol.
2005;61(12):921-8. doi: 10.1007/s00228-005-0046-2. PubMed PMID: 16307267.

63. Reeve E, Andrews JM, Wiese MD, Hendrix I, Roberts MS, Shakib S. Feasibility of a patient-centered deprescribing
process to reduce inappropriate use of proton pump inhibitors. Ann Pharmacother. 2015;49(1):29-38. doi:
10.1177/1060028014558290. PubMed PMID: 25385826.

64. Bajorek BV, Krass I, Ogle SJ, Duguid MJ, Shenfield GM. Optimizing the use of antithrombotic therapy for atrial
fibrillation in older people: a pharmacist-led multidisciplinary intervention. ] Am Geriatr Soc. 2005;53(11):1912-20. doi:
10.1111/j.1532-5415.2005.53564.x. PubMed PMID: 16274372.

65. Chodosh J, Edelen MO, Buchanan JL, Yosef JA, Ouslander JG, Berlowitz DR, Streim JE, Saliba D. Nursing home
assessment of cognitive impairment: development and testing of a brief instrument of mental status. J] Am Geriatr Soc.
2008;56(11):2069-75. doi: 10.1111/j.1532-5415.2008.01944.x. PubMed PMID: 19016941.

66. Saliba D, Buchanan J, Edelen MO, Streim J, Ouslander J, Berlowitz D, Chodosh J. MDS 3.0: brief interview for
mental status. J] Am Med Dir Assoc. 2012;13(7):611-7. doi: 10.1016/j.jamda.2012.06.004. PubMed PMID: 22796362.

67. Han JH, Wilson A, Vasilevskis EE, Shintani A, Schnelle JF, Dittus RS, Graves AJ, Storrow AB, Shuster J, Ely EW.
Diagnosing delirium in older emergency department patients: validity and reliability of the delirium triage screen and the
brief confusion assessment method. Ann Emerg Med. 2013;62(5):457-65. doi: 10.1016/j.annemergmed.2013.05.003.
PubMed PMID: 23916018; PMCID: PMC3936572.

68. Han JH, Wilson A, Graves AJ, Shintani A, Schnelle JF, Dittus RS, Powers JS, Vernon J, Storrow AB, Ely EW.
Validation of the Confusion Assessment Method for the Intensive Care Unit in older emergency department patients. Acad
Emerg Med. 2014;21(2):180-7. doi: 10.1111/acem.12309. PubMed PMID: 24673674; PMCID: PMC4034173.

69. Hoyl MT, Alessi CA, Harker JO, Josephson KR, Pietruszka FM, Koelfgen M, Mervis JR, Fitten LJ, Rubenstein LZ.
Development and testing of a five-item version of the Geriatric Depression Scale. J] Am Geriatr Soc. 1999;47(7):873-8.
PubMed PMID: 10404935.

70. Rinaldi P, Mecocci P, Benedetti C, Ercolani S, Bregnocchi M, Menculini G, Catani M, Senin U, Cherubini A.
Validation of the five-item geriatric depression scale in elderly subjects in three different settings. J] Am Geriatr Soc.
2003;51(5):694-8. PubMed PMID: 12752847.

71. Scott IA, Gray LC, Martin JH, Mitchell CA. Minimizing inappropriate medications in older populations: a 10-step
conceptual framework. Am J Med. 2012;125(6):529-37 e4. doi: 10.1016/j.amjmed.2011.09.021. PubMed PMID: 22385783.
72. Salanitro AH, Kripalani S, Resnic J, Mueller SK, Wetterneck TB, Haynes KT, Stein J, Kaboli PJ, Labonville S,

Etchells E, Cobaugh DJ, Hanson D, Greenwald JL, Williams MV, Schnipper JL. Rationale and design of the Multicenter
Medication Reconciliation Quality Improvement Study (MARQUIS). BMC Health Serv Res. 2013;13:230. doi:
10.1186/1472-6963-13-230. PubMed PMID: 23800355; PMCID: PMC3698100.

73. Reeve E, Wiese MD, Hendrix I, Roberts MS, Shakib S. People's attitudes, beliefs, and experiences regarding
polypharmacy and willingness to Deprescribe. ] Am Geriatr Soc. 2013;61(9):1508-14. doi: 10.1111/jgs.12418. PubMed
PMID: 24028356.

74. Linsky A, Simon SR, Bokhour B. Patient perceptions of proactive medication discontinuation. Patient Educ Couns.
2015;98(2):220-5. doi: 10.1016/j.pec.2014.11.010. PubMed PMID: 25435516.
75. Anderson K, Stowasser D, Freeman C, Scott I. Prescriber barriers and enablers to minimising potentially

inappropriate medications in adults: a systematic review and thematic synthesis. BMJ Open. 2014;4(12):¢006544. doi:
10.1136/bmjopen-2014-006544. PubMed PMID: 25488097; PMCID: PMC4265124.

76. Schuling J, Gebben H, Veehof LJ, Haaijer-Ruskamp FM. Deprescribing medication in very elderly patients with
multimorbidity: the view of Dutch GPs. A qualitative study. BMC Fam Pract. 2012;13:56. doi: 10.1186/1471-2296-13-56.
PubMed PMID: 22697490; PMCID: PMC3391990.

34



77. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in
longitudinal studies: development and validation. J Chronic Dis. 1987;40(5):373-83. PubMed PMID: 3558716.

78. Li B, Evans D, Faris P, Dean S, Quan H. Risk adjustment performance of Charlson and Elixhauser comorbidities in
ICD-9 and ICD-10 administrative databases. BMC Health Serv Res. 2008;8:12. doi: 10.1186/1472-6963-8-12. PubMed
PMID: 18194561; PMCID: PMC2267188.

79. Saliba D, DiFilippo S, Edelen MO, Kroenke K, Buchanan J, Streim J. Testing the PHQ-9 interview and
observational versions (PHQ-9 OV) for MDS 3.0. ] Am Med Dir Assoc. 2012;13(7):618-25. doi:
10.1016/j.jamda.2012.06.003. PubMed PMID: 22796361.

80. Avery K, Donovan J, Peters TJ, Shaw C, Gotoh M, Abrams P. ICIQ: a brief and robust measure for evaluating the
symptoms and impact of urinary incontinence. Neurourol Urodyn. 2004;23(4):322-30. doi: 10.1002/nau.20041. PubMed
PMID: 15227649.

81. Buys DR, Roth DL, Ritchie CS, Sawyer P, Allman RM, Funkhouser EM, Hovater M, Locher JL. Nutritional risk
and body mass index predict hospitalization, nursing home admissions, and mortality in community-dwelling older adults:
results from the UAB Study of Aging with 8.5 years of follow-up. J Gerontol A Biol Sci Med Sci. 2014;69(9):1146-53. doi:
10.1093/gerona/glu024. PubMed PMID: 24589863; PMCID: PMC4158410.

82. Keller S, Bann CM, Dodd SL, Schein J, Mendoza TR, Cleeland CS. Validity of the brief pain inventory for use in
documenting the outcomes of patients with noncancer pain. Clin J Pain. 2004;20(5):309-18. PubMed PMID: 15322437.

83. Eggermont LH, Leveille SG, Shi L, Kiely DK, Shmerling RH, Jones RN, Guralnik JM, Bean JF. Pain characteristics
associated with the onset of disability in older adults: the maintenance of balance, independent living, intellect, and zest in the
Elderly Boston Study. J Am Geriatr Soc. 2014;62(6):1007-16. doi: 10.1111/jgs.12848. PubMed PMID: 24823985; PMCID:
PMC4057984.

84. Gnjidic D, Le Couteur DG, Abernethy DR, Hilmer SN. Drug burden index and beers criteria: impact on functional
outcomes in older people living in self-care retirement villages. J Clin Pharmacol. 2012;52(2):258-65. doi:
10.1177/0091270010395591. PubMed PMID: 21292625.

85. Nishtala PS, Narayan SW, Wang T, Hilmer SN. Associations of drug burden index with falls, general practitioner
visits, and mortality in older people. Pharmacoepidemiol Drug Saf. 2014;23(7):753-8. doi: 10.1002/pds.3624. PubMed
PMID: 24723335.

86. Dauphinot V, Faure R, Omrani S, Goutelle S, Bourguignon L, Krolak-Salmon P, Mouchoux C. Exposure to
anticholinergic and sedative drugs, risk of falls, and mortality: an elderly inpatient, multicenter cohort. J Clin
Psychopharmacol. 2014;34(5):565-70. doi: 10.1097/JCP.0000000000000195. PubMed PMID: 25133790.

87. Wilson NM, Hilmer SN, March LM, Cameron ID, Lord SR, Seibel MJ, Mason RS, Chen JS, Cumming RG,
Sambrook PN. Associations between drug burden index and falls in older people in residential aged care. ] Am Geriatr Soc.
2011;59(5):875-80. doi: 10.1111/5.1532-5415.2011.03386.x. PubMed PMID: 21539525.

88. Rothberg MB, Herzig SJ, Pekow PS, Avrunin J, Lagu T, Lindenauer PK. Association between sedating medications
and delirium in older inpatients. J] Am Geriatr Soc. 2013;61(6):923-30. doi: 10.1111/jgs.12253. PubMed PMID: 23631415.
89. Campbell N, Perkins A, Hui S, Khan B, Boustani M. Association between prescribing of anticholinergic

medications and incident delirium: a cohort study. J Am Geriatr Soc. 2011;59 Suppl 2:S277-81. doi: 10.1111/j.1532-
5415.2011.03676.x. PubMed PMID: 22091573; PMCID: PMC3234117.

90. Han L, McCusker J, Cole M, Abrahamowicz M, Primeau F, Elie M. Use of medications with anticholinergic effect
predicts clinical severity of delirium symptoms in older medical inpatients. Arch Intern Med. 2001;161(8):1099-105.
PubMed PMID: 11322844,

91. Pisani MA, Murphy TE, Araujo KL, Slattum P, Van Ness PH, Inouye SK. Benzodiazepine and opioid use and the
duration of intensive care unit delirium in an older population. Crit Care Med. 2009;37(1):177-83. doi:
10.1097/CCM.0b013e318192fcf9. PubMed PMID: 19050611; PMCID: PMC2700732.

92. Pandharipande P, Shintani A, Peterson J, Pun BT, Wilkinson GR, Dittus RS, Bernard GR, Ely EW. Lorazepam is an
independent risk factor for transitioning to delirium in intensive care unit patients. Anesthesiology. 2006;104(1):21-6.
PubMed PMID: 16394685.

93. Svarstad BL, Chewning BA, Sleath BL, Claesson C. The Brief Medication Questionnaire: a tool for screening
patient adherence and barriers to adherence. Patient Educ Couns. 1999;37(2):113-24. PubMed PMID: PMC14528539.
94, Saliba D, Elliott M, Rubenstein LZ, Solomon DH, Young RT, Kamberg CJ, Roth C, MacLean CH, Shekelle PG,

Sloss EM, Wenger NS. The Vulnerable Elders Survey: a tool for identifying vulnerable older people in the community. J] Am
Geriatr Soc. 2001;49(12):1691-9. PubMed PMID: 11844005.

95. Mohile SG, Bylow K, Dale W, Dignam J, Martin K, Petrylak DP, Stadler WM, Rodin M. A pilot study of the
vulnerable elders survey-13 compared with the comprehensive geriatric assessment for identifying disability in older patients
with prostate cancer who receive androgen ablation. Cancer. 2007;109(4):802-10. doi: 10.1002/cncr.22495. PubMed PMID:
17219443.

35



96. Graves T, Hanlon JT, Schmader KE, Landsman PB, Samsa GP, Pieper CF, Weinberger M. Adverse events after
discontinuing medications in elderly outpatients. Arch Intern Med. 1997;157(19):2205-10. PubMed PMID: 9342997.

97. Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA, Janecek E, Domecq C, Greenblatt DJ. A method
for estimating the probability of adverse drug reactions. Clin Pharmacol Ther. 1981;30(2):239-45. PubMed PMID: 7249508.
98. Marcum ZA, Pugh MJ, Amuan ME, Aspinall SL, Handler SM, Ruby CM, Hanlon JT. Prevalence of potentially
preventable unplanned hospitalizations caused by therapeutic failures and adverse drug withdrawal events among older
veterans. J Gerontol A Biol Sci Med Sci. 2012;67(8):867-74. doi: 10.1093/gerona/gls001. PubMed PMID: 22389461;
PMCID: PMC3403866.

99. Kutner JS, Blatchford PJ, Taylor DH, Jr., Ritchie CS, Bull JH, Fairclough DL, Hanson LC, LeBlanc TW, Samsa
GP, Wolf S, Aziz NM, Currow DC, Ferrell B, Wagner-Johnston N, Zafar SY, Cleary JF, Dev S, Goode PS, Kamal AH,
Kassner C, Kvale EA, McCallum JG, Ogunseitan AB, Pantilat SZ, Portenoy RK, Prince-Paul M, Sloan JA, Swetz KM, Von
Gunten CF, Abernethy AP. Safety and benefit of discontinuing statin therapy in the setting of advanced, life-limiting illness:
a randomized clinical trial. JAMA Intern Med. 2015;175(5):691-700. doi: 10.1001/jamainternmed.2015.0289. PubMed
PMID: 25798575.

100. Black DM, Schwartz AV, Ensrud KE, Cauley JA, Levis S, Quandt SA, Satterfield S, Wallace RB, Bauer DC,
Palermo L, Wehren LE, Lombardi A, Santora AC, Cummings SR, Group FR. Effects of continuing or stopping alendronate
after 5 years of treatment: the Fracture Intervention Trial Long-term Extension (FLEX): a randomized trial. JAMA.
2006;296(24):2927-38. doi: 10.1001/jama.296.24.2927. PubMed PMID: 17190893.

101. Ekbom T, Lindholm LH, Oden A, Dahlof B, Hansson L, Wester PO, Schersten B. A 5-year prospective,
observational study of the withdrawal of antihypertensive treatment in elderly people. J Intern Med. 1994;235(6):581-8.
PubMed PMID: 8207364.

102. George J, Kitzis I, Zandorf D, Golovner M, Shapira I, Laniado S, Roth A. Safety of nitrate withdrawal in angina-
free and hemodynamically stable patients with coronary artery disease. Chest. 2003;124(5):1652-7. PubMed PMID:
14605030

36



