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Abstract

Objective: To test the impact of a multicomponent behavioral intervention to reduce the use of 

high-risk anticholinergic medications in primary care older adults.

Design: Cluster-randomized controlled trial.

Setting and Participants: Ten primary care clinics within Eskenazi Health in Indianapolis.

Intervention: The multicomponent intervention included provider- and patient-focused 

components. The provider-focused component was computerized decision support alerting of 

the presence of a high-risk anticholinergic and offering dose- and indication-specific alternatives. 

The patient-focused component was a story-based video providing education and modeling an 

interaction with a healthcare provider resulting in a medication change. Alerts within the medical 

record triggered staff to play the video for a patient. Our design intended for parallel, independent 

priming of both providers and patients immediately before an outpatient face-to-face interaction.
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Measurement: Medication orders were extracted from the electronic medical record system 

to evaluate the prescribing behavior and population prevalence of anticholinergic users. The 

intervention was introduced April 1, 2019, through March 31, 2020, and a preintervention 

observational period of April 1, 2018, through March 31, 2019, facilitated difference in difference 

comparisons.

Results: A total of 552 older adults had visits at primary care sites during the study period, with 

mean age of 72.1 (SD 6.4) years and 45.3% African American. Of the 259 provider-focused alerts, 

only three (1.2%) led to a medication change. Of the 276 staff alerts, 4.7% were confirmed to 

activate the patient-focused intervention. The intervention resulted in no significant differences in 

either the number of discontinue orders for anticholinergics (intervention: two additional orders; 

control: five fewer orders, p = 0.7334) or proportion of the population using anticholinergics 

following the intervention (preintervention: 6.2% and postintervention: 5.1%, p = 0.6326).

Conclusion: This multicomponent intervention did not reduce the use of high-risk 

anticholinergics in older adults receiving primary care. Improving nudges or a policy-focused 

component may be necessary to reduce use of high-risk medications.

Editor’s Notes

Overprescribing of drugs with anticholinergic activity to older adults has been a concern for nearly 

four decades. Anticholinergic burden continues to plague older adults resulting in adverse effects 

and contributing to the prescribing cascade. Numerous tools and interventions have been devised 

to reduce anticholinergic burden with variable success. The study by Campbell and colleagues 

employed interventions targeting both providers and patients in an effort to increase the rate 

of anticholinergic deprescribing. Despite the intervention’s low acceptance rate and resultant 

negligible change in anticholinergic prescribing, the trial is worth publishing despite its “negative” 

results. The literature is rich with articles documenting the prescribing of potentially inappropriate 

medications to older adults; intervention trials are less common. This trial has value to other 

investigators designing interventions to deprescribe potentially inappropriate medications to older 

adults.

—Todd Semla, MS, PharmD, AGSF

Keywords

anticholinergic; clinical decision support; deprescribing

INTRODUCTION

Older adults continue to use high-risk medications,1–3 defined as those with the potential 

for more risks than benefits.4 Lists of high-risk medications have been available for nearly 

30 years with periodic updates,4 and despite recommendations from expert organizations 

and stakeholders such as the American Geriatrics Society (AGS), Centers for Medicare and 

Medicaid Services, and the National Committee for Quality Assurance, their use continues 

with similar frequency.1,2 Data from the Medical Expenditure Panel Survey has shown that 

42% of older adults were prescribed at least one potentially inappropriate drug from the 

2012 AGS Beers Criteria.3
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Anticholinergics represent one type of high-risk medication and have been associated 

with a decline in cognitive and physical function in multiple studies.5–11 Two studies 

including more than 2000 community-dwelling adults with mean age over 70 years 

found that anticholinergic users had lower cognitive performance than those not using 

these medications.12,13 In multiple large international observational studies, anticholinergic 

use has been associated with an increased risk of cognitive decline and incident 

dementia.6–9,14,15 Although these studies focus on the long-term effect of anticholinergics, 

prior research has shown that these medications can cause delirium and shorter-term 

cognitive dysfunction.5,16,17 Reducing the use of high-risk anticholinergic medications in 

older adults may represent an opportunity to reduce unnecessary harm, costs, and resource 

utilization.18

Attempts to reduce prescribing of anticholinergics through provider-focused computerized 

decision support have not had success in prior clinical trials. We previously reported 

results from three randomized clinical trials that failed to significantly reduce exposure to 

high-risk anticholinergics in the inpatient setting.19–21 These trials employed interventions 

focused only on provider prescribing behavior, with progressive levels of computerized 

and human-based decision support. Alternatively, two trials emerged providing support for 

patient-focused interventions to reduce high-risk medications in older adults.22,23

Our objective in the current study was to deploy a multicomponent approach that 

included both provider- and patient-focused interventions to reduce exposure to potentially 

inappropriate anticholinergic medications among older adults receiving care in a 10-site, 

community-based primary care network operating as a Federally Qualified Health Center 

(FQHC).

METHODS

Design and development of the multicomponent intervention

To develop and test the intervention, we employed a systems engineering approach to 

problem solving, comprising problem analysis, design, development, implementation, and 

evaluation.24 In the problem analysis phase, we conducted stakeholder interviews to 

understand decisions and demands for the use of anticholinergics from the perspectives of 

the patient, provider, and pharmacist. Findings included a lack of awareness of the long-term 

risks of anticholinergics among patients, demand from patients for symptom control in 

the present, and future risks discounted by providers.25 Poor awareness of recommended 

alternatives was also identified as a reason for persistent use. Additionally, the majority of 

older adults believed their provider was the primary decision-maker regarding prescription 

medication use.

Because the problem of high-risk anticholinergic use in primary care older adults is 

infrequent (approximately 20–25% of older adults use one such medication annually), 

the potential for harm is delayed, and the decision to titrate to an alternative treatment 

is complex, deprescribing these medications can be viewed as a behavior that may be 

responsive to principles of behavioral economics or “nudge” techniques.26 Therefore, our 

design of the multicomponent intervention incorporated “nudge” techniques such as priming 
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for both patients and providers, incorporating influential messengers and setting defaults and 

norms.26

The intervention also addressed the realities identified in the problem analysis, while 

remaining implementable within the boundaries of routine clinical care, often referred to 

as pragmatic approaches.27 We designed and developed interventions targeting the primary 

agents responsible for both supply (providers) and demand (patients) in the process of 

prescribing anticholinergics. Our premise was that independent parallel priming of both 

providers and patients immediately before their face-to-face interaction, patient-focused 

videos focused on risks and norms of anticholinergic use, and provider-focused support in 

the form of defaults and titration aids would increase the chance that a high-risk medication 

would be discontinued and changed to a safer alternative.

Based on our local review of anticholinergic dispensing volume and risk attributed to certain 

classes of anticholinergics,6,7 we focused the intervention on anticholinergics from two 

classes: tricyclic antidepressants and urinary antispasmodics, which investigators determined 

to hold the highest potential risk, highest prevalence, and availability of safer pharmacologic 

alternatives.

The provider-focused intervention component was designed to alert providers to the 

presence of a target anticholinergic, provide a brief statement of alignment with 

organizational priorities, and offer easy navigation to titration plans for safer alternatives. 

We developed a “Best Practice Alert” (BPA) as a standard method for provider alerting in 

the EPIC® ambulatory electronic medical record system (see File S1 and Figure S1). Alerts 

were triggered each time a patient record was opened on the day of an outpatient visit among 

patients aged 65 years and older who were current users of one of the target anticholinergics. 

New orders for target anticholinergics in older adults also triggered an alert during outpatient 

visits.

If the provider chose to make a change in the medication, autopopulated fields for cross-

tapering to an alternative treatment were generated (see Figure S2), making it as easy as 

possible to safely discontinue the target, high-risk anticholinergic medications. Although no 

previously published deprescribing or titration guideline was available, recommendations 

were based on evidence where available and expert local opinion in an effort to minimize 

adverse withdrawal reactions or recurrence of symptoms, which are rare in general, though 

more likely if abrupt changes are made. The autopopulated fields were customizable to 

personalize the discontinuation or taper schedule as needed. The design and programming 

of the BPA followed standardized formatting and delivery offered by the EPIC® suite of 

interventions.

The patient-focused intervention component included animated awareness videos that were 

written and produced by the investigators working with a digital storyteller and graphic 

illustrator. Each of three videos tells the story of an older adult (with variation in sex, race, 

and Hispanic origin) who learns about the risks of a specifically referenced anticholinergic 

medication, consults with a provider or pharmacist about their personal risk and safer 

alternatives, and replaces the anticholinergic with an alternative medication. The videos 
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ranged in duration from 3.5 to 4.5 minutes and were displayed on a tablet device attached 

to a mobile stand. Medical assistants received a noninterruptive BPA during rooming 

procedures (see Figure 1 and File S1), directing them to play one of three videos (Figure 

S3), selected to best match each patient’s medication and demographic characteristics. 

Spanish language videos were available for Spanish-speaking patients.

Setting and study participants

The design, development, and implementation of the intervention were conducted 

in collaboration with patients, providers, and administrators of the Eskenazi Health 

organization in Indianapolis, IN. The intervention was endorsed by the Chief Medical 

Officer, Chief Nursing Officer, and Director of Pharmacy through written and verbal 

communication, in alignment with system-level priorities for safe medication use. We 

presented the goals and rationale for the study in group meetings with the leadership of 

the primary care sites and sought feedback for pragmatic changes to improve outcomes. 

Eskenazi Health provides care to the underresourced and underserved population of Greater 

Indianapolis. Care is provided in 10 community-based health centers strategically located 

around the Greater Indianapolis area to optimize access to more than 5000 adults aged 65 

years and older. The intervention was activated for adults aged 65 years and older with either 

an existing or new medication order for a target anticholinergic.

Design, measures, and analytic plan

We conducted a cluster-randomized trial nested within 10 primary care clinics at Eskenazi 

Health Primary Care. Clinic sites were randomized to intervention or control in a 1:1 

ratio. The intervention period was 12 months, from April 1, 2019, through March 31, 

2020. To evaluate the aim of reducing the number of users of high-risk anticholinergics 

in primary care older adults, we extracted medication orders from the electronic medical 

records system, reflecting prescribing behavior as an intended target of the intervention. 

The proportion of anticholinergic orders prescribed as discontinuation orders in the 

preintervention and postintervention periods were used as a primary outcome measure. 

We also compared the population prevalence of anticholinergic use in the 12 months 

before the intervention and the intervention period. We included any patient and visit 

data within the pre- or postintervention time period. Descriptive statistics and a difference 

in difference analysis were conducted to evaluate differences by group and time. Mixed 

effect logistic regression models were used to comparatively examine the probabilities 

of an anticholinergic discontinuation in the two groups, as well as before and after the 

implementation of the treatment. In these analyses, we included in the models random clinic 

effects to account for the potential correlations among patients seen at the same clinic. As 

a quality improvement project developed and conducted in partnership with the Eskenazi 

Health system, patients did not provide consent to the study, but ethical approval for data 

collection and reporting was obtained from the Indiana University Institutional Review 

Board in Indianapolis. Statistical analyses were performed using SAS, version 9.4 (SAS 

Institute, Inc., Cary, NC).

Campbell et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

A total of 552 older adults were included in the evaluation (see Figure 2), with 254 

unique participants in the intervention group and 298 in the control group contributing 

data for evaluation. The overall mean age was 72.1 (SD 6.4) years, and 45.3% were African 

American. Table 1 describes those receiving care at one of the five intervention sites were 

slightly younger (p = 0.0026), more likely to be African American (p < 0.0001), and less 

likely to be depressed (p = 0.0019) than those receiving care at one of the five control sites.

The intervention resulted in no significant change in the number of discontinue orders for 

target anticholinergics between the preintervention and postintervention period (intervention: 

increase of two orders and control: reduction of five orders; p = 0.7334 for the probability 

an anticholinergic is discontinued in the preintervention compared with the postintervention 

period) (Table 2). The intervention did not result in a change in the proportion of the 

population using target anticholinergics in the preintervention versus postintervention period 

(preintervention: 6.2% and postintervention: 5.1%; p = 0.6326 for the probability of a 

target anticholinergic being discontinued in the preintervention period compared with the 

postintervention period) (Table 3). Similarly, mixed effect logistic regression models showed 

no differences in anticholinergic orders between sites (p = 0.6535) or the prevalence 

of anticholinergic users between sites (p = 0.0610). Given findings that no significant 

difference in medication use was identified by the intervention, no assessment of safety was 

pursued as it is unlikely to show differences attributable to the intervention.

Alerts directed toward providers were triggered 259 times, with 94% of alerts firing for 

existing medications and only 6% for new orders of target anticholinergics. Alerts were fired 

among 113 patients, with a mean of 2.3 alerts per patient, whereas 141 patients did not 

receive an alert due to the lack of a visit with their primary care provider. Among the alerts 

triggered, autopopulated order sets were opened by providers 39 times (15% of all alerts), 

yet only three (1.2% of all alerts) led to a discontinuation. Thus, three discontinuation orders 

were generated from the alerts and 20 discontinuation orders were generated outside of 

the alerts (Table 2). Reported differently, the number needed to remind28 to discontinue a 

high-risk anticholinergic medication was 86.3, meaning 86 alerts need to fire to result in one 

new discontinue order for a high-risk anticholinergic in a primary care older adult.

Alerts to medical assistants were triggered 276 times among 52 patients for a mean of 5.3 

alerts per patient throughout the intervention period. Alerts were not fired in 202 patients 

due to the lack of a visit or missing information in the EMR required to trigger an alert. 

Among the 276 alerts, confirmation that a video was shown was recorded by medical 

assistants in only 13 instances of the alert firing, or 4.7% of all alerts.

DISCUSSION

Our deprescribing nudge targeting both providers and patients was not able to produce 

a significant reduction in the proportion of older adult patients using anticholinergics. 

With 85% of alerts to providers and 95% of alerts to medical assistants not reaching the 

intended target, we cannot conclude that independently priming patients and providers is an 
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ineffective deprescribing approach. Rather, we have identified a need to improve interaction 

rates or demand for computerized deprescribing alerts (a nudge for a nudge).

A recent review of computerized decision support for deprescribing suggests a reduction in 

the number of high-risk medications can be achieved; however, a variety of alert designs 

have been employed, and statistically significant differences were often not achieved.29 Two 

recent computerized decision support tools intending to deprescribe high-risk medications 

provided recommendations to providers and showed mixed results, with little overall change 

in medications.30,31 Neither provider- nor patient-focused alerts employed in our study 

forced a decision but were noninterruptive or passive in nature, potentially explaining the 

low rate of acceptance. Interruptive alerts that force an interaction, for example, default to a 

change in medication or require a justification for refusal carries ethical considerations that 

limit use but may be more effective in provoking change.32

In addition to considerations of interruptive and non-interruptive alerts, our results may have 

been attributed to other characteristics of alerts or deprescribing processes in primary care. 

First, given the low acceptance rate of alert recommendations, the BPA may have been 

poorly designed. More creative design may be necessary to increase provider and medical 

staff interest, attention, and interaction with alerts. The low rates of interactions between 

our alerts and the intended recipients were due to missed or absence of visits and missing 

information required to trigger the alerts. Second, despite our attempted priming, there may 

be a low rate of demand for deprescribing support in the clinical environment. We intended 

to increase demand for deprescribing by priming patients and providers. However, there are 

alternative approaches for increasing demand, including more effective nudges than those 

employed in our intervention. Providers may have viewed deprescribing as an unplanned or 

low-priority activity.32 Until the practice of deprescribing is normalized in routine clinical 

care, or timing of alerts can be improved with contextual awareness, deprescribing alerts 

may continue to be unsuccessful.

The development and implementation of our intervention was supported by the chief 

medical officer and shared with medical leadership during provider business meetings 

at which opportunities for improvement were discussed. The chief nursing officer 

also approved the patient-focused intervention that targeted clinic staff and supported 

implementation activities. Additionally, the director of pharmacy reviewed and approved 

the alternative suggestions for the target anticholinergics. Our study was conducted in an 

environment in which a number of services and prior research supporting best practices 

in the care of older adults have been conducted. First, as noted previously, the study site 

has conducted research identifying the risks of anticholinergics for several years9,15,33 and 

previously failed to reduce exposure to anticholinergics and other high-risk medications in 

clinical trials.19–21 Second, before the trial, the site was a partner for a geriatric workforce 

enhancement program that provided intermittent education to primary care sites about the 

risks of certain medications in older adults. This program provided intermittent, face-to-face 

education on the risks of anticholinergic and other high-risk medications in older adults to 

primary care staff and providers, as well as pocket cards to aid in recognition during routine 

clinical care. Taken as a whole, neither the clinical trials nor educational programs were able 

to demonstrate a significant reduction in anticholinergic use.
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Other considerations for our findings include a sample size that may have been too small 

for a cluster-randomized design. Other clustered trials of interventions targeting prescribing 

behavior utilized more than 150 sites per arm to identify group differences, suggesting the 

effect size of computerized decision support to reduce high-risk medications is small.34,35 

Second, the duration of the intervention may have been insufficient. One study utilizing 

computerized decision support suggests differences in clinical outcomes may occur after 

1 year of implementation.34 In support of this finding, Alagiakrishnan showed that alerts 

were triggered on average 5.8 times before a user interaction was achieved, and the alert 

success was similar to our results at 1.2%, with a similar number needed to remind (82.8).36 

By comparison, Einbinder reported number needed to remind of approximately 2.0 for 

reminders guiding providers to quality metrics for diabetes mellitus and cardiovascular 

care.28 Although we pilot-tested our intervention before implementation, only the technical 

aspects of the alerts were evaluated rather than acceptability and fidelity with respect to 

behavior change. Thus, it is unknown whether improving the rate of interaction with the 

alerts or the alert content would be needed to improve efficacy to reduce the sample size or 

duration required to measure an effect. Third, a differential effect of CDS interventions 

on prevalent compared with incident prescriptions may exist; Tamblyn and colleagues 

showed no impact of a CDS on existing prescriptions, though new prescriptions of high-

risk medications were reduced among the 12,560 patients.37 Lastly, attempts to reduce or 

discontinue anticholinergics may not have been captured in the medical record order until 

the result of the attempt was known; therefore, medication orders may have underestimated 

the impact of the intervention.

Further explanation for our findings should consider that deprescribing anticholinergics 

possibly requires human-intensive approaches. Conversations about risks and benefits; 

identification of appropriate alternatives; and monitoring symptoms before, during, and after 

titration plans are required and lack high-quality evidence directing such activities. Other 

studies have found human or expert-intensive approaches to deprescribing anticholinergic 

medications have been successful in reducing use of these medications, often by as much as 

73%; however, the clinical impact of such changes has yet to be shown.38–40 Additionally, 

policy-based restrictions on high-risk medications may be required to raise demand for 

deprescribing to drive behavior change and prevent adverse outcomes, as in the case of 

opioid prescribing.41,42 A combination of effective nudges and policy may be required to 

reduce use of high-risk medications in older adults.

CONCLUSION

This multicomponent intervention targeting both providers and patients did not reduce 

the use of high-risk anticholinergics in older adults receiving primary care. Although 

this was a multicomponent intervention providing alternative medication options, a larger 

sample size or longer duration of alerts over time might have demonstrated clinical effects. 

Interventions with improved nudge characteristics or stronger policy-focused components 

may be necessary to reduce use of high-risk medications in vulnerable populations.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• We incorporated principles of behavioral economics into the design of a 

coordinated, multicomponent deprescribing intervention that was built within 

the electronic medical record and tested in a pragmatic clinical trial.

• The intervention targeted both providers and patients with the goal of 

increasing the rate of deprescribing high-risk anticholinergics in primary care 

older adults.

• A low rate of acceptance of the alert-based approach did not allow the 

intervention to penetrate the target audience, and no change in deprescribing 

high-risk anticholinergics was realized.

Why Does this Paper Matter?

The electronic medical record offers a scalable opportunity to support deprescribing; 

however, our results contribute to the evidence requiring improvements in the design 

of interventions and demand for deprescribing before widespread adoption of electronic 

interventions.
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FIGURE 1. 
Example best practice advisory intended for medical assistants
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FIGURE 2. 
Flow of patients by year and site. Given the change in eligible population over time, the 

analysis is based on unique users contributing data to preintervention and postintervention 

years. Participants may have contributed data in the preintervention, postintervention, or 

both years. Among the 380 anticholinergic users at intervention sites, 254 unique patients 

were included in the analysis, and among the 439 anticholinergic users at control sites, 298 

unique patients were included in the analysis
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