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Abstract

IMPORTANCE Older patients using many prescription drugs (hyperpolypharmacy) may be at
increased risk of adverse drug effects.

OBJECTIVE To test the effectiveness and safety of a quality intervention intended to reduce
hyperpolypharmacy.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial allocated patients 76 years or
older who used 10 or more prescription medications to a deprescribing intervention or to usual care
(1:1 ratio) at an integrated health system with multiple preexisting deprescribing workflows. Data
were collected from October 15, 2020, to July 29, 2022.

INTERVENTION Physician-pharmacist collaborative drug therapy management, standard-of-care
practice recommendations, shared decision-making, and deprescribing protocols administered by
telephone over multiple cycles for a maximum of 180 days after allocation.

MAIN OUTCOMES AND MEASURES Primary end points were change in the number of medications
and in the prevalence of geriatric syndrome (falls, cognition, urinary incontinence, and pain) from 181
to 365 days after allocation compared with before randomization. Secondary outcomes were use of
medical services and adverse drug withdrawal effects.

RESULTS Of a random sample of 2860 patients selected for potential enrollment, 2470 (86.4%)
remained eligible after physician authorization, with 1237 randomized to the intervention and 1233 to
usual care. A total of 1062 intervention patients (85.9%) were reached and agreed to enroll.
Demographic variables were balanced. The median age of the 2470 patients was 80 (range, 76-104)
years, and 1273 (51.5%) were women. In terms of race and ethnicity, 185 patients (7.5%) were African
American, 234 (9.5%) were Asian or Pacific Islander, 220 (8.9%) were Hispanic, 1574 (63.7%) were
White (63.7%), and 257 (10.4%) were of other (including American Indian or Alaska Native, Native
Hawaiian, or >1 race or ethnicity) or unknown race or ethnicity. During follow-up, both the
intervention and usual care groups had slight reductions in the number of medications dispensed
(mean changes, −0.4 [95% CI, −0.6 to −0.2] and −0.4 [95% CI, −0.6 to −0.3], respectively), with no
difference between the groups (P = .71). There were no significant changes in the prevalence of a
geriatric condition in the usual care and intervention groups at the end of follow-up and no difference
between the groups (baseline prevalence: 47.7% [95% CI, 44.9%-50.5%] vs 42.9% [95% CI,
40.1%-45.7%], respectively; difference-in-differences, 1.0 [95% CI, −3.5 to 5.6]; P = .65). No
differences in use of medical services or adverse drug withdrawal effects were observed.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this randomized clinical trial from an integrated care setting
with various preexisting deprescribing workflows, a bundled hyperpolypharmacy deprescribing
intervention was not associated with reduction in medication dispensing, prevalence of geriatric
syndrome, utilization of medical services, or adverse drug withdrawal effects. Additional research is
needed in less integrated settings and in more targeted populations.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT05616689
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Introduction

Hyperpolypharmacy, or the use of 10 or more prescription drugs, is prevalent in 5% to 15% of
patients 65 years or older.1,2 Hyperpolypharmacy has been associated with frailty, physical and
cognitive dysfunction, medication interactions, unfavorable benefit-risk trade-offs, and increased
health care costs.3 Deprescribing is the supervised withdrawal of drugs with the goal of providing
guideline-concordant care and improved outcomes.4 In recent years, health systems have started
bundling deprescribing of multiple drug classes into a single intervention.5,6 However, the safety and
effectiveness of these programs are unclear because of heterogeneity in study settings, designs of
tested interventions, and outcome definitions.6,7 Evaluations generally have focused on counts of
drugs and inappropriate medications and the rare outcome of death, with fewer examining adverse
drug effects (ADEs) or adverse drug withdrawal effects (ADWEs).8-19

Barriers to deprescribing in the primary care setting are numerous,20 and primary care
physicians could benefit from deprescribing in partnership with pharmacists. In our integrated care
system, leaders and front-line clinicians across administrative and clinical departments have worked
for several years to design an intervention to reduce unnecessary hyperpolypharmacy in older
primary care patients using a pharmacist-administered intervention. Guidance was developed with a
focus on the American Geriatrics Society Choosing Wisely recommendations21 and commonly used
medications that have relatively high harm-to-benefit ratio among older adults with
hyperpolypharmacy.

This report describes the intervention and the results of a randomized clinical trial that was
developed to evaluate safety and effectiveness. As detailed in later paragraphs, the 2 primary
effectiveness end points included mean within-person change in the number of medications
dispensed and the diagnosis of at least 1 component of geriatric syndrome, a composite measure of
ADEs. The number of health care encounters and ADWEs were examined as secondary end points.

Methods

Kaiser Permanente Northern California uses a Research Determination Committee to determine
human participants research status of proposed projects based on a written application. The
Research Determination Committee for the Kaiser Permanente Northern California region reviewed
this project’s application prior to its initiation and notified the project team in writing of its
determination that the quality improvement project did not meet the regulatory definition of
research involving human participants per 45 CFR 46.102(d) because the work was performed as a
quality improvement project that was being tested for effectiveness in the health plan membership
and not to create generalizable knowledge. The application included our intent to publish the
results.22 This study followed the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.
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Setting
Our health system provides care to persons 65 years or older largely through its capitated Medicare
Advantage program. The health system owns its pharmacies, and pharmacy information is integrated
into the electronic health record (EHR). More than 95% of patients use the health system’s
pharmacies to obtain their prescribed medications. Over-the-counter medications may be recorded
in the EHR when purchased in our pharmacies; however, patients often purchase them outside
the system.

Usual Care and Intervention
Regarding usual care, patients have deprescribing opportunities through several care pathways.
Pharmacists working in various settings have collaborative practice agreements with physicians to
provide deprescribing services at various touchpoints and transitions using single drug approaches
that are triggered through a variety of mechanisms. Pharmacists also provide deprescribing as part of
Medicare’s targeted Medication Therapy Management service. Physicians may deprescribe as well,
although they often lack time during clinical encounters.

The bundled hyperpolypharmacy deprescribing intervention was developed by the quality
department, specialty physicians, Adult and Family Medicine, and the Pharmacy and Therapeutics
Committee for primary care patients 76 years and older using at least 10 nontopical prescription
drugs. The intervention used physician-pharmacist partnership to identify safe and effective
deprescribing opportunities, including specific patient populations and drugs and drug classes that
were well suited to pharmacist-led deprescribing. It engaged the primary care physician to approve
patient selection, used collaborative drug therapy management, integrated pharmacist review of 27
drug classes into a single workflow, involved physician specialists when appropriate, and included
pharmacist follow-up to ensure monitoring with the option to restart prescriptions. The
deprescribing practice recommendations were standard of care for older, complex patients. For
example, the recommendation for glycemic controls among older adults were promulgated by the
American Geriatrics Society. Included drugs and drug classes were reviewed with subspecialty
clinician leaders to assess appropriateness, establish specific contraindications to discontinuation,
and identify potential adverse effects of discontinuation for monitoring.

Tools to support administration of the intervention included a detailed operational playbook, a
Hyperpolypharmacy Program Tool, drug-specific deprescribing protocols, workflow guidance, and
other resources. The tool (Figure 1) used the Agency for Healthcare Research and Quality SHARE
(seek your patient’s participation; help your patient explore and compare treatment options; assess
your patient’s values and preferences; reach a decision with your patient; and evaluate your patient’s
decision) approach for shared decision-making and the CEASE (confirm, estimate, assess, sort, and
eliminate) deprescribing framework.23-28 The deprescribing framework included medication
reconciliation; assessment of benefits, harms, and adverse effects; consideration of individual
factors; prioritization; changing, discontinuing, or adding medications; documentation of medication
problems29; communication with physicians; and monitoring. The intervention was administered by
ambulatory care pharmacists using collaborative drug therapy management, defined as a formal
partnership between the pharmacist and physician to allow the pharmacist to manage a patient’s
drug therapy as a physician extender.30

Design of the Randomized Clinical Trial
The clinical trial was designed during 2018 and 2019. Because we sought to evaluate the
effectiveness of an intervention in real-life routine practice conditions, we pursued a pragmatic
design.31 In late 2019, the protocol was critiqued by an external Stakeholder Advisory Committee.
The trial protocol is provided in Supplement 1. Accrual started on October 15, 2020, and ended on
July 14, 2021, with follow-up through July 29, 2022.

Eligibility was determined using the EHR and included patients 76 years or older with at least 12
months of continuous enrollment, prescriptions for at least 10 nontopical drugs filled at least 2 times
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in the past year, and the most recent fill occurring within the 6 months before accrual. Patients with
a transplant history, receiving dialysis, in hospice, with a new cancer diagnosis, with an oncology visit,
or under active cancer treatment during the 12 months before accrual were ineligible because these
complex conditions require frequent interventions by specialty care teams. Patients’ race and
ethnicity data as listed in the EHRs were included to demonstrate the diversity and generalizability of
the study population. We used translation services to include speakers of any language and included
those with cognitive impairment by working with caregivers.

Patients were eligible for randomization only after physician authorization was obtained. To
obtain physician authorization, a pharmacy technician sent a staff message to each eligible patient’s
primary care physician. Physicians who did not respond within 1 week received a second message.
The physician authorization process was closed at 2 weeks when the pharmacy technician sent a
patient list to the research data analyst (M.A.), who rechecked eligibility and used simple random
sampling to allocate physician-approved patients to intervention or usual care at a ratio of 1:1.

To enroll the patient, the pharmacy technician telephoned each patient to offer a medication
review by the pharmacist, which the patient could decline. If the technician did not reach the patient,
they followed up with a secure electronic message through the patient portal and placed another
telephone call 1 week later.

Prior to the encounter, the pharmacist reviewed current and past medications, including refill
history and any documentation of intolerance or ADEs, appropriate indications, and recent
encounters. During the encounter, the pharmacist performed a full medication review with the
patient, discussing medication adherence and the patient’s experience with the drug, including
ADEs. Next, they discussed the patient’s preferences and made a shared decision to prioritize
deprescribing. The patient was asked whether they wanted to accept or decline the specific
recommendation. Depending on appropriateness and patient understanding, medications were
deprescribed 1 or more at a time over a window of 180 days.

The pharmacist used their discretion to communicate with primary care and specialist
physicians if the medication change was outside the scope defined in the practice recommendations,
if the patient requested confirmation from the physician, or to confirm a treatment plan. Based on
the drug-specific practice recommendation, the pharmacist scheduled a follow-up appointment in 2
to 4 weeks to assess ADWEs, disease management, the results of laboratory monitoring, and disposal
of unused pills and to consider additional deprescribing.

Figure 1. Hyperpolypharmacy Program Tool
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Tool uses the US Agency for Healthcare Research and Quality (AHRQ) SHARE (seek your
patient’s participation; help your patient explore and compare treatment options; assess
your patient’s values and preferences; reach a decision with your patient; and evaluate

your patient’s decision) approach.23 Patients were able to decline or withdraw consent
for participation at any point. CEASE indicates confirm, estimate, assess, sort, and
eliminate.

JAMA Network Open | Pharmacy and Clinical Pharmacology Bundled Hyperpolypharmacy Deprescribing vs Usual Care Among Older Adults

JAMA Network Open. 2023;6(7):e2322505. doi:10.1001/jamanetworkopen.2023.22505 (Reprinted) July 10, 2023 4/14

Downloaded From: https://jamanetwork.com/ by a UCSF LIBRARY User  on 10/16/2023



All encounters between the pharmacist and study participants were documented as clinical
notes. Patients were discharged from the program when all possible deprescribing was completed
and when the patient and primary care physician received a written summary of medication changes
and a list of current medications.

Outcomes
Consistent with the pragmatic design, outcomes were obtained from clinical information routinely re-
corded from telephone and video encounters, as well as clinic, emergency department, and hospital
visits. The 2 primary effectiveness end points included mean within-person change in (1) the number of
medications dispensed and (2) the diagnosis of 1 or more components of geriatric syndrome (a compos-
ite measure of ADEs) recorded in the EHR from 181 to 365 days after allocation. Geriatric syndrome was
used as a concept based on the work of Inouye et al32 and Vasilevskis et al.33 It was defined simply as
the composite of falls, cognition, urinary incontinence, or pain, coded as any or none. These compo-
nents of geriatric syndrome were selected by clinicians and investigators with specialty expertise in
pharmacy, family medicine, geriatrics, cardiology, gastroenterology, and pulmonology. Operational
definitions of geriatric syndrome are provided in the trial protocol in Supplement 1.

Secondary end points included change in the number of outpatient visits, in the prevalence of 1
or more emergency department visits, and in the prevalence of 1 or more inpatient visits from 181 to
365 days after allocation. Adverse drug withdrawal effects possibly resulting from loss of disease
control included emergency department visits and hospital discharges for lower respiratory tract,
cardiovascular, and gastrointestinal tract disease; hyperuricemia; and elevated blood glucose level.
The internal Data Safety Monitoring Committee34 included a biostatistician (S.E.A.), cardiologist
(A.K.), gastroenterologist, and pulmonologist who met every 6 months to compare the rates of
ADWEs in the intervention and usual care groups.

Statistical Analysis
The trial was designed to accrue 1000 intervention and 1000 usual care patients, providing
statistical power to detect differences of 0.3 in the number of medications and 8% in the prevalence
of at least 1 component of geriatric syndrome. Differences in the 2 primary outcomes between the
usual care and intervention groups were evaluated using difference-in-differences models.35,36

Baseline status was computed from the information recorded in the EHR during the 180-day period
before allocation (baseline). Changes in outcomes were measured from 181 to 365 days after
randomization (with the intervention administered during days 1-180). Intention-to-treat analysis
included all randomized patients, including those who were not reached, had no deprescribing
recommendation identified, chose not to pursue deprescribing, or were represcribed medications
during follow-up. Because the intervention could have no effect on patients for whom no drug was
deprescribed, we also performed an analysis restricted to patients who received an intervention (as
treated) and a second analysis to those whose intervention resulted in deprescribing (accepted
deprescribing). After allocation, some patients continued their enrollment but did not fill their
medications in the health plan during their follow-up period. Patients who had no medications
dispensed during follow-up or who died or disenrolled were assumed to have no change in outcomes
between baseline and follow-up.

When assessing the statistical significance of the 2 primary outcomes, we used a Bonferroni
correction to account for testing 2 outcomes (α = .025). We further adjusted the α level for a single
interim analysis after the 500th intervention patient completed their follow-up. This analysis used
the O’Brien-Fleming bounds for sequential testing with a 2-sided test.37 The Bonferroni correction
with O’Brien-Fleming bounds results in a significant level of α = .0015 for the interim analysis and
α = .0244 for the final analysis. Consistent with the CONSORT reporting guideline for randomized
clinical trials, we did not adjust analyses based on statistically significant baseline differences that
were not clinically significant. All statistical analyses were performed using SAS, version 9.4 (SAS
Institute Inc).
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Results

The number of eligible patients at the start of the study was 10 012 (Figure 2). Of these, 2860
patients (28.6%) were sampled, of whom physician authorization was obtained for 2687 (94.0%).
The number of patients randomized was 2470, with 1237 allocated to the intervention and 1233 to
usual care. The median age of eligible patients was 80 (range, 76-104) years; 1197 (48.5%) were men
and 1273 (51.5%) were women. In terms of race and ethnicity as recorded in EHRs, 185 (7.5%) were
African American, 234 (9.5%) were Asian or Pacific Islander, 220 (8.9%) were Hispanic, 1574 (63.7%)
were White, and 257 (10.4%) were other (including American Indian or Alaska Native, Native
Hawaiian, or >1 race or ethnicity) or unknown. Nearly half (1153 [46.7%]) had a Charlson Comorbidity
Index score of 5 or more. Baseline characteristics of the usual care and intention-to-treat arms were
balanced, although intervention patients were slightly older (Table 1).

Among patients randomized to the intervention, 1144 (92.5%) were reached; of these, 1062
(92.8%) agreed to enroll (Figure 2). Of these 1062 patients, the number with at least 1 medication
discussed was 739 (69.6%), with 438 patients (41.2%) accepting at least 1 recommendation to
deprescribe for 752 medications and 25 (2.4%) later restarting their medication (eTables 1 and 2 in
Supplement 2). Regarding missing information and loss to follow-up among the intervention

Figure 2. Study Flow Diagram

11 731 Patients assessed for eligibility

10 012 Patients eligible (85%)

2860 Patients sampled

2687 Received physician authorization

2470 Maintained eligibility after
physican authorizationb

1237 Assigned to receive intervention 
and included in ITT analysis

93 Could not be reached
82 Refused to participate

1233 Assigned to usual care and 
included in ITT analysis

1719 Excludeda

99 Did not have a PCP on record

149 Transplant history
321 Active cancer treatment

654 In existing deprescribing program
287 In dialysis

166 Lost to follow-up after assigned 
control but included in the 
ITT analysis
124 Died
27 Disenrolled
15 Filled  no prescriptions

1062 Received intervention as 
assigned and included in 
as-treated analysis

1233 Received usual care as 
assigned and included in 
as-treated analysis

164 Lost to follow-up after assigned 
control but included in the 
ITT analysis
131 Died
23 Disenrolled
10 Filled  no prescriptions

2470 Randomized

ITT indicates intention to treat; PCP, primary care physician.
a Some patients were excluded for multiple reasons.
b Of the 2687 patients, a total of 216 lost eligibility after physician authorization: 202 reduced their medication count below 10, 24 had active cancer, 11 entered hospice, and 8 died,

with some patients excluded for multiple reasons.
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Table 1. Baseline Characteristics of Older Adults With Hyperpolypharmacy Allocated to Bundled
Hyperpolypharmacy Intervention or Usual Care

Characteristic in the 6
months prior to
recruitment

Treatment group, No. (%) of patientsa

Usual care Intervention

Intention to
treat
(n = 1233)

Missing and lost
to follow-up
(n = 166)

Intention to
treat
(n = 1237)

Reached,
agreed, treated,
and alive
(n = 1062)

Missing and lost
to follow-up
(n = 164)

Age, y

76-79 524 (42.5) 58 (34.9) 507 (41.0) 442 (41.6) 48 (29.3)

80-84 431 (35.0) 53 (31.9) 399 (32.3) 348 (32.8) 53 (32.3)

≥85 278 (22.5) 55 (33.1) 331 (26.8) 272 (25.6) 63 (38.4)

Sex

Men 605 (49.1) 88 (53.0) 592 (47.9) 515 (48.5) 78 (47.6)

Women 628 (50.9) 78 (47.0) 645 (52.1) 547 (51.5) 86 (52.4)

Race and ethnicity

African American 100 (8.1) 8 (4.8) 85 (6.9) 77 (7.3) 10 (6.1)

Asian or
Pacific Islander

121 (9.8) 11 (6.6) 113 (9.1) 88 (8.3) 13 (7.9)

Hispanic 108 (8.8) 13 (7.8) 112 (9.1) 93 (8.8) 11 (6.7)

White 780 (63.3) 118 (71.1) 794 (64.2) 695 (65.4) 116 (70.7)

Otherb 114 (9.2) NS 124 (10.0) 100 (9.4) 14 (8.5)

Unknown 10 (0.8) NS 9 (0.7) 9 (0.8) 0

Body mass indexc

≤18.4 9 (0.7) NS 20 (1.6) 15 (1.4) 6 (3.7)

18.5-24.9 253 (20.5) 52 (31.3) 227 (18.4) 195 (18.4) 45 (27.4)

25.0-29.9 363 (29.4) 46 (27.7) 350 (28.3) 298 (28.1) 47 (28.7)

≥30.0 441 (35.8) 53 (31.9) 465 (37.6) 409 (38.5) 47 (28.7)

Not recorded 167 (13.5) NS 175 (14.1) 145 (13.7) 19 (11.6)

Charlson Comorbidity
Index score

0 136 (11.0) 16 (9.6) 172 (13.9) 136 (12.8) 23 (14.0)

1-2 196 (15.9) 22 (13.3) 212 (17.1) 189 (17.8) 17 (10.4)

3-4 308 (25.0) 29 (17.5) 293 (23.7) 255 (24.0) 28 (17.1)

5-6 327 (26.5) 45 (27.1) 314 (25.4) 271 (25.5) 45 (27.4)

≥7 266 (21.6) 54 (32.5) 246 (19.9) 211 (19.9) 51 (31.1)

No. of drugs prescribed

10 451 (36.6) 57 (34.3) 457 (36.9) 397 (37.4) 49 (29.9)

11 320 (26.0) 42 (25.3) 317 (25.6) 271 (25.5) 34 (20.7)

12 197 (16.0) 25 (15.1) 203 (16.4) 172 (16.2) 39 (23.8)

≥13 265 (21.5) 42 (25.3) 260 (21.1) 222 (20.9) 42 (25.6)

No. of ambulatory visits

0-2 143 (11.6) 17 (10.2) 173 (14.0) 141 (13.3) 21 (12.8)

3-4 157 (12.7) 24 (14.5) 135 (10.9) 109 (10.3) 19 (11.6)

5-7 197 (16.0) 18 (10.8) 195 (15.8) 172 (16.2) 24 (14.6)

≥8 736 (59.7) 107 (64.5) 734 (59.3) 640 (60.3) 100 (61.0)

Prior emergency
department visit

No 782 (63.4) 80 (48.2) 791 (63.9) 686 (64.6) 78 (47.6)

Yes 451 (36.6) 86 (51.8) 446 (36.1) 376 (35.4) 86 (52.4)

Prior hospitalization

No 1031 (83.6) 124 (74.7) 1048 (84.7) 907 (85.4) 123 (75.0)

Yes 202 (16.4) 42 (25.3) 189 (15.3) 155 (14.6) 41 (25.0)

Abbreviation: NS, not shown.
a Small cell sizes (usually <6) have been omitted to

protect confidentiality.
b Includes American Indian or Alaska Native, Native

Hawaiian, or >1 race or ethnicity.
c Calculated as weight in kilograms divided by height

in meters squared.
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patients, 131 died, 23 disenrolled without a death report, and 10 had no medication dispensed during
follow-up (total, 164 [13.3%]). Among usual care patients, 124 died, 27 disenrolled without a death
report, and 15 had no medication dispensed during follow-up (total, 166 [13.5%]). Among those who
were lost to follow-up, intervention patients were older (aged �85 years: 63 [38.4%] vs 55 [33.1%])
and more likely to be women (86 [52.4%] vs 78 [47.0%]) and White (116 [70.7%] vs 118 [71.1%])
compared with usual care patients (Table 1).

At baseline, the mean number of medications was 13.6 (95% CI, 13.4-13.8) in the usual care and
intention-to-treat groups. After follow-up, the mean declined by 0.4 in each group (95% CI, −0.6 to
−0.3 in the usual care group and −0.6 to −0.2 in the intention-to-treat group; P = .71), so that in the
intention-to-treat analysis the difference-in-differences was 0.02 (95% CI, −0.3 to 0.3; P = .91)
(Table 2). Regarding the prevalence of at least 1 geriatric syndrome condition, at baseline,
intervention patients had a lower prevalence than usual care patients (42.9% [95% CI, 40.1%-45.7%]
vs 47.7% [95% CI, 44.9%-50.5%]). During follow-up, the prevalence was similar in the intervention
and usual care groups, with a difference-in-differences of 1.0 (95% CI, −3.5 to 5.6) that was not
statistically significant (P = .65) (Table 2). We observed no clinically or statistically significant
difference-in-differences in components of geriatric syndrome (eTable 3 in Supplement 2),
secondary outcomes (Table 2), or ADWEs (Table 3). Restriction to the as-treated and accepted
deprescribing groups altered these findings only negligibly (Tables 2 and 3). Finally, we found no
difference in the risk of death during follow-up between patients in the intervention and usual care
groups (eTable 4 in Supplement 2).

Discussion

We conducted a pragmatic randomized clinical trial of a quality improvement initiative to reduce
hyperpolypharmacy among older adults, observing no clinically important or statistically significant

Table 2. Association of Bundled Hyperpolypharmacy Deprescribing Intervention vs Usual Care With Primary and Secondary Outcomesa

Group

Primary outcomes Secondary outcomes

Mean No. of medications
(95% CI)

Prevalence of geriatric
syndrome, % (95% CI)

Mean No. of outpatient
visits (95% CI)

Prevalence of an inpatient
visit, % (95% CI)

Prevalence of an
emergency department
visit, % (95% CI)

Usual care (n = 1233)

Baseline 13.6 (13.4 to 13.8) 47.7 (44.9 to 50.5) 11.6 (11.1 to 12.2) 16.6 (14.6 to 18.7) 37.1 (34.4 to 39.8)

Difference −0.4 (−0.6 to −0.3) 1.9 (−1.4 to 5.1) −0.3 (−0.8 to 0.2) 0.0 (−2.5 to 2.5) 2.9 (−0.2 to 6.0)

Intention to treat (n = 1237)

Baseline 13.6 (13.4 to 13.8) 42.9 (40.1 to 45.7) 11.3 (10.7 to 11.8) 15.4 (13.4 to 17.4) 36.3 (33.6 to 38.9)

Difference −0.4 (−0.6 to −0.2) 2.9 (−0.3 to 6.1) 0.1 (−0.4 to 0.6) 1.6 (−0.9 to 4.1) 4.3 (1.0 to 7.6)

Difference-in-differences 0.02 (−0.3 to 0.3) 1.0 (−3.5 to 5.6) 0.4 (−0.3 to 1.1) 1.6 (−1.9 to 5.1) 1.4 (−3.1 to 5.9)

P valueb .91 .65 .26 .37 .55

As-treated (n = 1062)

Baseline 13.5 (13.3 to 13.7) 42.6 (39.6 to 45.5) 11.4 (10.8 to 11.9) 14.6 (12.5 to 16.7) 35.4 (32.5 to 38.3)

Difference −0.4 (−0.6 to −0.2) 3.2 (−0.3 to 6.7) 0.2 (−0.4 to 0.7) 2.2 (−0.6 to 4.9) 4.0 (0.4 to 7.7)

Difference-in-differences 0.1 (−0.2 to 0.3) 1.3 (−3.4 to 6.1) 0.5 (−0.3 to 1.2) 2.2 (−1.5 to 5.9) 1.1 (−3.6 to 5.9)

P valueb .64 .58 .22 .25 .64

Accepted deprescribing (n = 438)

Baseline 13.4 (13.1 to 13.7) 42.2 (37.6 to 46.9) 10.8 (10.0 to 11.7) 12.6 (9.5 to 15.7) 32.0 (27.6 to 36.3)

Difference −0.6 (−0.9 to −0.3) 0.7 (−4.8 to 6.2) 0.4 (−0.5 to 1.2) 2.2 (−2.0 to 6.6) 3.6 (−1.9 to 9.2)

Difference-in-differences −0.1 (−0.5 to 0.2) −1.2 (−7.6 to 5.2) 0.7 (−0.3 to 1.6) 2.2 (−2.6 to 7.2) 0.7 (−5.6 to 7.0)

P valueb .48 .72 .16 .37 .82

a Of the 1237 intervention patients, 1062 agreed to the deprescribing program, and 739 discussed a medication. For patients lost to follow-up (151 usual care and 154 intervention) or
missing (15 usual care and 10 intervention), we assumed that medication count on day 365 equaled the medication count on day 0. The difference-in-differences compared the
measure recorded during days 181 to 365 after allocation with the 180 days before allocation.

b The Bonferroni correction with O’Brien-Fleming bounds for the 2 primary outcomes was 2-sided α = .0244.
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differences in medication counts, ADEs, or ADWEs between intervention and usual care patients.
Since 2014, randomized clinical trials set in ambulatory populations in North America and
Europe13-16,18,19,38-44 have compared various deprescribing interventions with usual care.
Interventions have included education and training of patients and primary care clinicians,13,18

clinician-led medication review with or without shared decision-making,14,16,38-42 geriatric
assessment,43,44 and clinical decision support.15,19 These studies have reported an increase in the
number of pharmaceutical interventions to improve medication appropriateness38,43,45 and a
reduction in the number of potentially inappropriate medications14,17,44 with no change or a
reduction in the number of medications.13-15,17,19,40,42,44 Of 9 studies examining clinical outcomes
(death, falls, fractures, and cognition), 7 found no difference at 3 to 24 months.14,16,19,38,40,43,44 Of
the remaining 2, one focused on anticholinergic drugs, used medication review, and reported
improvement in sedative side effects and cognition at 3 months,41 while the other used medication
review by 3 experts per patient and found a reduction in falls at 24 months.39 Two studies16,43

reported improvement in self-reported health or quality of life but 2 others39,42 did not. Three
studies of use of health care services reported no differences associated with the intervention.14,16,40

Settings, study populations, interventions, and outcome definitions have been heterogeneous
across studies, and evidence is difficult to synthesize and limited. Last, it is important to note that
interventions have not been linked to increased ADWEs.40,42

We suspect that our health system’s several pharmacy programs and deprescribing programs—
which were designed for single drug classes, single diseases, and care transitions—minimized the
opportunity to further decrease hyperpolypharmacy in our membership. Also, although it is widely
believed that overprescribing is a problem, this may not be correct. The underlying medical condition

Table 3. Association of Bundled Hyperpolypharmacy Deprescribing Intervention vs Usual Care With Adverse Drug Withdrawal Effects

Group

Adverse drug withdrawal effect, % (95% CI)a

Lower respiratory tract Cardiovascular Gastrointestinal tract Hyperuricemia Elevated blood glucose level
Usual care (n = 1233)

Baseline 18.7 (16.5 to 20.8) 31.8 (29.2 to 34.4) 21.6 (19.3 to 23.9) 42.9 (31.7 to 54.3) 31.6 (21.9 to 41.4)

Difference-in-differences −0.3 (−2.7 to 2.0) 1.3 (−1.6 to 4.2) −1.4 (−3.8 to 1.1) 0.9 (−0.4 to 2.2) −0.2 (−1.2 to 0.9)

Intention to treat (n = 1237)b

Baseline 19.6 (17.4 to 21.8) 31.9 (29.3 to 34.5) 20.6 (18.3 to 22.9) 38.8 (28.0 to 49.5) 34.7 (24.5 to 44.9)

Difference 0.1 (−2.5 to 2.6) −0.3 (−3.4 to 2.8) 0.5 (−2.1 to 3.1) 0.5 (−0.7 to 1.7) 0.4 (−0.8 to 1.6)

Difference-in-differences 0.4 (−3.0 to 3.9) −1.6 (−5.9 to 2.7) 1.9 (−1.8 to 5.5) −0.4 (−2.2 to 1.4) 0.6 (−1.1 to 2.2)

P valuec .82 .46 .32 .66 .50

As treated (n = 1062)

Baseline 19.6 (17.2 to 21.9) 31.1 (28.4 to 33.9) 19.6 (17.2 to 22.0) 4.1 (3.0 to 5.3) 3.8 (2.6 to 4.9)

Difference 0.1 (−2.7 to 2.9) −0.6 (−3.9 to 2.8) 1.1 (−1.7 to 4.0) 0.4 (−1.0 to 1.8) 0.6 (−0.8 to 1.9)

Difference-in-differences 0.4 (−3.2 to 4.1) −1.9 (−6.4 to 2.6) 2.5 (−1.3 to 6.3) −0.5 (−2.4 to 1.4) 0.7 (−1.0 to 2.4)

P valuec .82 .42 .20 .60 .41

Accepted deprescribing (n = 438)

Baseline 18.7 (15.1 to 22.4) 28.1 (23.9 to 32.3) 17.6 (14.0 to 21.1) 2.7 (1.2 to 4.3) 2.9 (1.4 to 4.6)

Difference −1.4 (5.8 to 3.0) −1.1 (−6.3 to 4.1) 2.3 (−2.3 to 6.9) 1.4 (−0.5 to 3.3) 0.7 (−1.6 to 2.9)

Difference-in-differences −1.1 (−6.0 to 3.9) −2.4 (−8.4 to 3.5) 3.7 (−1.6 to 8.9) 0.5 (−1.8 to 2.8) 0.9 (−1.6 to 3.3)

P valuec .68 .42 .17 .69 .50

a Information was obtained from emergency department visits or hospital discharges with a relevant International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision diagnosis code for lower respiratory tract (J40-J47), cardiovascular (G45, I48, I49, I50, I63, I73, I74, R60, I10, I11, I16, I20-I25, R07.9, R00.0, I60, I61, I62, and I67), and
gastrointestinal tract disease (K21-29, K29.71, K31.80, K31.88, K63.80, K63.88, K91.80, K55.8, K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, K26.4, K26.6, K27.0, K27.2, K27.4, K27.6,
K28.0, K28.2K28.4K28.6, K92.2, K92.0, and K92.1); hyperuricemia (E79.0 and M10); and elevated blood glucose level (R73).

b Of the 1237 intervention patients, 1062 agreed to the deprescribing program and 739 discussed a medication. For patients lost to follow-up (151 controls and 154 intervention) or
missing (15 controls and 10 intervention), we assumed that medication count on day 365 equaled the medication count on day 0. The difference-in-differences compared the
measure from days 181 to 365 after allocation with the 180 days before allocation.

c The Bonferroni correction with O’Brien-Fleming bounds for the 2 primary outcomes was 2-sided α = .0244.
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of patients using 10 or more medications may be such that deprescribing is not feasible or
appropriate in some settings.

Limitations
Study limitations may have hampered our ability to find a difference. Most importantly, in our
integrated setting, few patients using 10 or more medications were identified by the pharmacists as
using a medication that was appropriate for deprescribing, and the measure of potential benefit of
the deprescribing program may have been reduced through the inclusion of these patients. It was for
this reason that we performed an analysis restricted to patients who received an intervention (as
treated) and a second analysis to those whose intervention resulted in deprescribing (accepted
deprescribing), which also showed no benefit of the intervention. The benefits and harms of
deprescribing may range from the short term to the long term, and misspecification of the timing of
the intervention effect may have resulted in a spurious negative finding if the benefit occurred
further out in time. However, given the broad range of drugs under study, it would be difficult to
select a single optimal period of measurement. The routinely recorded information in the EHR may
have lacked some specification for both geriatric syndrome and ADWEs, although this would not
affect medication counts. Additionally, dose reductions and switching to lower-risk regimens may
affect syndrome severity, but not necessarily ameliorate the syndrome completely, given that many
geriatric syndromes are multifactorial; however, reduction in severity likely would have been
reflected in outpatient visit counts, which we did not observe. Finally, we did not measure patient-
reported outcomes.

Conclusions

In this randomized clinical trial in an integrated care setting with various preexisting deprescribing
workflows, a bundled hyperpolypharmacy deprescribing intervention was not associated with the 2
primary outcomes of reduction in medication dispensing or prevalence of geriatric syndrome or with
secondary outcomes of use of health care services or ADWEs. It will be critical in future studies of
the effectiveness of hyperpolypharmacy deprescribing to provide detailed descriptions of study
characteristics. It may be possible to identify subpopulations, such as those with symptoms of
geriatric syndrome, for whom an intervention is more effective. However, given the evidence from
this study for lack of improvement over usual care, Kaiser Permanente Northern California has not
broadly implemented the bundled hyperpolypharmacy deprescribing intervention among its full
membership. We believe that the rigorous information gained from this study is generalizable to
other integrated settings that have well-established pharmacy management programs. However,
additional research is needed about the potential benefit and harms of bundled deprescribing in less
integrated systems with less developed pharmacy management capabilities.
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