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Abstract

Background: We sought to examine the effectiveness of the Enhancing the Quality of 

Prescribing Practices for Older Adults Discharged from the Emergency Department (EQUiPPED) 

medication safety program in three emergency departments (EDs) within the largest health system 

in Rhode Island (RI) with funding through a quality incentive payment by a private insurance 

partner.

Methods: This study utilized a quasi-experimental interrupted time series design to implement 

EQUiPPED, a three-prong intervention aimed at reducing potentially inappropriate medication 

(PIM) prescriptions to 5% or less per month. We included clinicians who prescribed medications 

to older ED patients during the pre- and post-intervention periods from July 2018 to January 2021. 

We determined the monthly rate of PIM prescribing among older adults discharged from the ED, 

according to the American Geriatrics Society Beers Criteria, using Poisson regression.

Results—247 ED clinicians (48% attendings (n=119), 27% residents (n=67), 25% advanced 

practice providers (n=61)) were included in EQUiPPED, of which 92% prescribed a PIM during 

the study period. In the pre-implementation period (July 2018 – July 2019) the average monthly 

rate of PIM prescribing was 9.30% (95% CI: 8.82%, 9.78%). In the post-implementation period 

(October 2019 – January 2021) the PIM prescribing rate decreased significantly to 8.62% 

(95% CI: 8.14%, 9.10%, p <0.01). During pre-implementation, 1,325 of the 14,193 prescribed 

medications were considered inappropriate, while only 1,108 of the 13,213 prescribed medications 
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in post-implementation were considered inappropriate. The greatest reduction was observed 

among antihistamines, skeletal muscle relaxants, and benzodiazepines.

Conclusions: EQUiPPED contributed to a modest improvement in PIM prescribing to older 

adults amongst clinicians in these RI EDs even in the midst of the COVID-19 pandemic. The 

quality incentive funding model demonstrates a successful strategy for implementation and, with 

greater replication, could shape national policy regarding health care delivery and quality of care 

for older adults.
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INTRODUCTION

Polypharmacy, or regular use of at least five medications,1 is a growing concern among 

the older adult population, which is projected to nearly double by 2060 in the United 

States (US).2 Specifically, four in ten older adults ages 65 and older in the US take more 

than five medications and two in ten take more than ten medications, making excessive 

medication use among this population a nationwide problem.3 Older adults who have 

polypharmacy are at increased risk for adverse drug events,4–6 which cost an estimated 

$3.8 billion each year to payors,3, 4, 7 primarily Medicare. While older adults often have 

multiple comorbidities justifying the need for complex pharmaceutical regiments, 34% of 

these patients are prescribed potentially inappropriate medications (PIM).8 Deprescribing, or 

stopping medications, is a potential solution and a complementary approach. However, an 

alternative approach, which we focus on in this study, is to avoid starting medications that 

are potentially harmful.

Approximately 40% of older Americans receive a prescription upon emergency department 

(ED) discharge,9 and even a short course of a PIM increases the risk of adverse drug 

events,10 including delirium, falls, and organ dysfunction. Adverse drug events can be 

associated with ED recidivism, hospitalization, and death.11–13 The Enhancing the Quality 

of Prescribing Practices for Older Adults Discharged from the Emergency Department 

(EQUiPPED) intervention14–18 which uses a three-prong approach – geriatric education, 

academic detailing, and electronic health record (EHR) clinical decision support – to assist 

prescribers in choosing safer medications for older adults, is an evidence-based approach 

to addressing this problem. Although this quality initiative has already been successful in 

multiple academic and Veterans Affairs (VA) hospitals throughout the country,14, 19, 20 the 

cost of implementing the program has been primarily funded through grants, limiting the 

scalability. Health plans, however, can contribute to clinical research by directly funding 

projects and in turn, disseminating findings to physicians and patients.21 We present an 

alternative funding source to public grant coverage, a private payor quality initiative through 

Blue Cross & Blue Shield of Rhode Island (BCBSRI), thus highlighting the potential for 

other funding mechanisms to continue this work.

In this paper, we discuss a novel partnership with a private payor to support the 

implementation of EQUiPPED as a quality initiative in the largest health system in the 
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state, encompassing three acute care hospitals. We hypothesized that EQUiPPED could 

be successful in reducing the rate of PIM prescribing among older adult patients being 

discharged from the ED.

STUDY DATA AND METHODS

This is a quality improvement study using a quasi-experimental interrupted time series 

design with a staggered intervention at three hospitals within the same health system. Data 

were extracted electronically each month from the health system’s clinical data warehouse. 

We followed SQUIRE (Standards for Quality Improvement Reporting Excellence) 2.0 

reporting guidelines, which aim to improve the reporting of quality improvement work, 

in the creation of this manuscript.22 This study was approved by the hospital’s institutional 

review board.

Study Setting

The EQUiPPED intervention was instituted in three acute care hospitals comprising the 

largest health system in Rhode Island:

1. Rhode Island Hospital, an urban academic hospital, and the only level I trauma 

and tertiary referral center in the state, which receives 100,000 annual ED visits.

2. The Miriam Hospital, an urban academic hospital with 80,000 ED visits, which 

cares for predominantly older individuals.

3. Newport Hospital, a community hospital with 27,000 annual ED visits.

In addition to the three hospitals in this study, grand rounds lectures were also provided at 

others throughout the state to educate prescribers in various specialties about the EQUiPPED 

model. These other hospitals, however, were not part of this study; and other components of 

the EQUiPPED intervention were not implemented nor were outcome data collected at these 

sites.

All three study sites share the same EHR and are staffed by one emergency medicine 

clinician group. Most clinicians work at all or two of the three study sites and the same 

approach was used to implement EQUiPPED across all three sites, thus data on prescribing 

was aggregated under the clinician and not the site where they worked that particular day. 

Thus, we did not aim to look at performance differences across the three hospitals.

Procedures

Intervention material and components—EQUiPPED, an intervention which aims 

to reduce PIMs prescribed among older adults discharged from the ED, takes place in 

three-prongs: 1) medication order sets, 2) academic detailing and clinician feedback, and 3) 

geriatric education. The EQUiPPED intervention has previously been described in greater 

detail.23

1. Medication order sets

The principal investigator (PI)(EG) worked in collaboration with an EQUiPPED 

mentor (CV), a geriatrician, to obtain a list of medications deemed potentially 
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inappropriate based on the American Geriatrics Society Beers Criteria,15 as well 

as the order set templates used during prior implementation studies at the VA 

hospital (using the Computerized Patient Record System EHR) and non-VA 

hospital (using Epic EHR) sites.

2. Academic detailing and clinician feedback

The medication order sets were used to develop monthly prescribing reports 

sent to clinicians (academic detailing) which showed them their personal rate of 

inappropriate prescribing in that month and overall, since the intervention started 

compared to their peers across the health system. Additionally, they were used to 

generate the EHR clinical decision support (reminders that pop up during clinical 

care).

3. Geriatric education

To perform the geriatric teaching, the study team obtained educational material 

to present during grand rounds, including several PowerPoint presentations on 

geriatric prescribing principles, as well as EQUiPPED laminated reminder cards 

which listed the top five PIMs. Reminder cards were affixed to the prescriber 

workstations in all three hospitals at the beginning of the intervention period.

Funding acquisition—The PI presented the EQUiPPED model at BCBSRI Medical 

Expense Trend Summit. The purpose of this summit was for community clinicians to present 

cost and quality improvement initiatives to providers within the insurers’ network that could 

improve the Triple Aim24 – quality, cost, and patient experience – of BCBSRI’s enrollees. 

As a winner of the summit competition, the PI met several times with representatives of the 

insurance company which resulted in a quality incentive payment to perform EQUiPPED 

within the health system and to promote and assist with implementation of the program at 

other sites within the state.25 Representatives from BCBSRI played no role in the design, 

data analysis, interpretation, or reporting of results.

The implementation of EQUiPPED was funded through a lump sum quality payment to 

the emergency medicine physician group that staffs the three EDs where the study was 

implemented. Deliverables in the contract included providing Continuing Medical Education 

or grand round lectures to clinicians at the study sites and to other clinicians across the state 

and providing information on how to implement EQUiPPED to quality staff and directors 

at other EDs in the state. Additionally, the funding supported the time and effort of the PI, 

information technology staff, and a fidelity visit by the study’s EQUiPPED mentor (CV), 

who traveled from Georgia to Rhode Island to hold a grand rounds lecture on EQUiPPED 

and meet with local study staff. Payments were not used to reimburse individual clinicians 

for their prescribing changes.

Modifications to intervention components to adapt to local practices—After 

obtaining funding, the PI shared the order set templates with the Director of Antibiotic 

Stewardship, an infectious disease physician (CC), at the health system, who worked with 

the infectious disease specialist pharmacist to make recommendations to modify the order 

set based on the local resistance patterns. Emphasis was placed on recommending effective 
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antimicrobial therapy with low C.difficile and low resistance potential,26, 27 and listing 

appropriate dosing based on renal function. Antibiotics with low risk of side effects were 

also preferentially selected to minimize adverse events.

In addition, a geriatrician (NM) reviewed and modified the order set to align it with 

the current evidence-base and to ensure consistency with nationwide best practices. For 

instance, for some medications doses were decreased; trazodone changed from 50mg 

to 25mg when used for insomnia. Quetiapine 12.5 mg was added as an alternative 

to haloperidol for agitation in patients with Parkinson’s disease. First generation 

antipsychotics, like haloperidol, have high rates of extrapyramidal side effects such as acute 

dystonia and tardive dyskinesia due to dopamine receptor blockade, and should be avoided 

in Parkinson’s disease.28 Additionally, the stool softener senna with docusate was added 

because it is safe and more efficacious than docusate alone in geriatric populations.29, 30 

Thereafter, the order set was approved and validated by the health system’s pharmacy & 

therapeutics committee.

Electronic health record integration—To make the order set accessible to prescribers 

in the ED, the PI worked together with the EPIC design team to create a new disposition 

order set within the discharge workflow. Specifically, when ED prescribers opened the 

disposition screen for the patient they were planning to discharge, they could select the “ED 

Geriatric Order Set.” This order set enabled them to click on the indication (e.g., “urinary 

tract infection”), and several antibiotics deemed appropriate for the local antibiogram, and 

the patient’s renal function, could be selected. Other indications that prescribers could select 

from included cardiology, dermatology, diabetes mellitus, gastroenterology, neurology, pain, 

and pulmonary. All prescription information including dosage and length of days were 

preprogrammed to improve efficiency and safety. For some medications, additional guidance 

relating to use in geriatric patients was included (e.g., under urticaria, prescribers were 

advised to avoid diphenhydramine due to anticholinergic effects).

Once the intervention started, the discharge order set could be accessed during an ED shift 

by clinicians as they were discharging a patient from the ED. After completion of the 

discharge order set build, the PI presented the new order set and the EQUiPPED program 

to the ED attendings, fellows, residents, and advanced practice providers (APPs). These 

meetings were held at all three sites during the intervention period. Boosters were held at 

faculty meetings, clinical site meetings, resident orientation, and APP educational meetings 

in subsequent months.

Implementation—The PI also met with the ED informatics specialists to plan collection 

and analysis of the prescribing data prior to and after the intervention. Each month 

after the initial presentation about EQUiPPED, every ED attending, fellow, resident, and 

APP received a monthly e-mail report showing them their personal rate of inappropriate 

prescribing in that month and overall, since the intervention started, compared to their peers 

across the health system. The prescriber also received a list of the PIMs they prescribed in 

that month and overall. The PI audited the monthly results, contacting prescribers with the 

highest monthly PIM rates and responding to inquiries from individual prescribers desiring 

to improve their practices or discuss a specific patient encounter. When trends emerged in 

Goldberg et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the prescribing habits (e.g., meclizine and benzodiazepines were commonly prescribed for 

vertigo), targeted lectures and evidence-based material were delivered to inform clinicians 

of alternative treatment options to prescribing PIMs. During the COVID-19 pandemic, in 

person meetings with prescribers were avoided and most communication was via email or 

telephone. It was at the clinician’s discretion whether to read the monthly reports, use the 

discharge order set, or attend geriatric teaching sessions. Continuing medical education and 

resident conference credits were provided as incentives to engage with the content.

Emergency medicine clinicians

In response to concerns from attendings that high PIM prescribing rates were affected by 

the prescribing practices of supervised fellows, resident physicians, or APPs rather than by 

personal prescribing habits, the study team changed the monthly reports to disaggregate 

trainees from the supervising attendings and subsequently all prescribers received individual 

reports.

Statistical Analysis

Descriptive analyses were performed to describe the prescribers and medication use. We 

performed Poisson regression to compare the rate of PIMs prescribed in the 13 months 

before the EQUiPPED intervention with the 16 months of data after the intervention period. 

The natural log of the total number of prescriptions served as the offset term in the model, 

and a piecewise, non-linear regression model was used to evaluate the pattern of PIMs 

prescribed over time. The primary outcome, monthly rate of PIMs, was calculated from 

all PIMs prescribed to older patients (aged 65 and older) being discharged from the ED 

in each month (numerator) divided by the total number of medications prescribed to older 

patients in each month (denominator). The use of aggregate monthly rate of PIMs addressed 

the potential for overdispersion. Statistical analysis was conducted using SAS (version 9.4, 

Cary, NC).

RESULTS

247 ED clinicians (48.2% were attending physicians (n=119), 27.1% were resident 

physicians (n=67), 24.7% were APPs (n=61) were included in EQUiPPED (Table 1) across 

all three hospital sites, of which 92.3% (n=228) prescribed a PIM during the study period. 

See Figure 1. for a pictogram which highlights the different stages of the study. Among 

clinicians prescribing a PIM during the study period, 184 (80.7%) in the pre-implementation 

and 187 (82%) in the post-implementation period provided a prescription to older adults in 

one of the three hospitals.

Change in prescribing over time

In the pre-implementation period (July 2018 – July 2019), the average monthly rate of PIM 

prescribing to older adults was 9.30% (95% CI: 8.82% – 9.78%). In the post-implementation 

period (October 2019 to January 2021), the PIM prescribing rate decreased significantly to 

8.62% (95% CI: 8.14% – 9.10%, p <0.01) (Figure 2, Table 2). In the pre-implementation 

period 1,325 of the 14,193 prescribed medications were considered inappropriate, while 
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only 1,108 of the 13,213 prescribed medications in the post-implementation period were 

considered inappropriate (Supplementary Table S1).

The results of the piecewise, non-linear regression model evaluating the pattern of PIMs 

prescribed over time are shown in Table 2. The incidence rate ratios comparing the 

difference in PIMs at various study time points were statistically significant. PIMs at 

the pre-implementation compared to the post-implementation time periods had a rate 

1.11 times greater (95% CI: 1.03–1.21, p < .01). The pre-implementation slope had an 

estimate of −0.0011 (95% CI: −0.015–0.013), p = 0.88 and post-implementation slope 

had an estimate of 0.0081 (95% CI: −0.0043–0.02), p = 0.20. Both pre-implementation 

and post-implementation slopes were not significantly different suggesting that the pre- 

to post-implementation change in PIMs represents a significant change in level with no 

significant change in slope. The change in level indicates a change in the intercept, i.e., there 

is a significant change in the mean following the intervention. The slope pre-intervention 

is non-significant, indicating an overall consistency in the intercept, on average, and the 

post-intervention slope is non-significant indicating that the rate of change in the intercept 

does not significantly change over the months of observation. PIMs at the implementation 

compared to the post-implementation period (results not shown) had a rate 1.23 times 

greater (95% CI: 1.07–1.41). We conducted a sensitivity analysis excluding the pandemic 

period (March 2020 – January 2021) from the post-implementation period, and the original 

results held. In the modified analysis excluding “COVID months” had an odds ratio estimate 

of 1.21 (95% CI: 1.09–1.36). The modified analysis excluding “COVID months” had a slope 

of −0.031 (95% CI: −0.1005 – 0.0389).

What drug classes were most impacted by EQUiPPED intervention?

The change in PIM rate by drug class can be seen in Figure 3. The greatest change from 

pre-implementation to post-implementation was in antihistamines (3.36% to 3.01%; Δ = 

−0.35%; 95% CI: −0.42% – −0.28%), skeletal muscle relaxants (3.08% to 2.36%; Δ = 

−0.72%; 95% CI: −0.82% – −0.62%) and benzodiazepines (1.91% to 1.30%; Δ = −0.61%; 

95% CI: −0.70% – −0.62%). Antispasmodic (0.32% to 0.25%; Δ = −0.07%; 95% CI: 

−0.10% – −0.04%) and NSAID (0.32% to 0.26%; Δ = −0.06%; 95% CI: −0.09% – −0.03%) 

prescribing also improved, though less so. A full list of medications and their relative 

changes can be viewed in Supplementary Figure S1.

DISCUSSION

In this quality improvement project among 247 prescribers in the largest health system in 

Rhode Island, we found the EQUiPPED intervention modestly contributed to a reduction in 

PIM prescribing to older adults discharged from the ED. Our results are similar to those seen 

in other VA and academic health systems;14, 19 however, our implementation was unique as 

it was conducted among the largest number of clinicians of any EQUiPPED implementation 

site, supported by a payor through a quality incentive program, included attendings, trainees, 

and APPs (vs. attendings only), and occurred during a pandemic.

Prior studies of EQUiPPED instituted in VA hospitals demonstrated a significant reduction 

in PIM prescribing from 9.4 +/− 1.5% before the intervention to 4.6 +/− 1.0% after initiation 
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of EQUiPPED (p<0.001)23 and that these improvements were sustained for months after the 

completion of the intervention. Our study showed comparable directionality of prescribing 

rates prior to and after the intervention, but the magnitude of change, while significant, 

was much lower in our study (0.7% v. 4.8%). When EQUiPPED was first implemented 

outside of the VA at academic medical centers, only one of the three implementation sites 

demonstrated significant reduction in PIMs,31 which was thought to be due to lower baseline 

PIM proportions when compared to the VA (5.6%−7.3% vs. 7.4%−11.9%). There may be 

other factors at academic medical centers that yield less significant reductions, such as a 

large amount of prescribing being initiated by rotating trainees. Additionally, COVID cause 

marked disruption of clinical care in the ED and could have affected the potential for 

behavior change among clinicians. It is important to note, however, that existing findings 

in the literature, including this study, must be interpreted with caution, due to the usage of 

observational study designs. Future work could employ a randomized controlled trial (RCT) 

to better account for potential unmeasured confounders, but this design could be difficult 

to implement given that a different EHR build would be necessary for the intervention and 

control arm.

A critique of the EQUiPPED intervention includes that Beers medication may only account 

for a small percent of medications that cause adverse drug events.32 In a study by Shehab 

et al.7 Beers criteria medications were implicated in only 1.8% (95% CI, 1.5%−2.1%) of 

ED visits for adverse drug events, but other analyses have shown that medications on the 

Beers list are associated with significant adverse drug events.33, 34 We may have seen a 

less pronounced reduction in PIMs prescribing due to several factors: 1) the large number 

of rotating trainees in any given month in the ED that did not have full exposure to the 

intervention (e.g., only had access to the order sets), and 2) the COVID-19 pandemic 

significantly decreased ED volume system-wide, increased severity of illness, and may have 

made clinicians less responsive to quality initiatives.

While EQUiPPED focuses on reducing the prescribing of new PIMs at the point of ED 

discharge, there are several other ways to improve medication safety among older adult 

ED patients. For instance, a recent analysis of 168 non-cognitively impaired older ED 

patients (mean age = 65), revealed that only 23% could recall their medications accurately 

as compared to pharmacy-dispense records.35 Using multiple sources for recall (e.g., lists 

and caregiver help) improved recall, but emergency clinicians should be aware that recall 

errors are common in this population and could lead to prolonged harmful medication use. 

Additionally, medication not disclosed could be the inciting reasons for the ED visit or 

could interact with newly prescribed medication. ED-embedded pharmacists are becoming 

more prevalent in large health systems and could improve medication reconciliation, the 

identification of adverse drug events, and prevent future medication-related health events, 

such as falls.36, 37

Clinical and policy implications of this work include that working together with payors in a 

quality incentive program may reduce the need for longer timelines of funding acquisition 

and enhance the willingness of clinical departments to agree to large-scale changes in 

clinical practice.21 These projects are often burdensome and led by researchers that may 

have fewer interactions with clinical personnel, but receiving funding from a payor allows 
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for more buy-in from department leadership and medical directors, and therefore could ease 

implementation.

Limitations

Although findings may not necessarily be generalizable outside of Rhode Island, this study 

was conducted among the largest number of clinicians of any EQUiPPED implementation 

site and included attendings, trainees, and APPs (vs. attendings only), expanding the scope 

of previous work. Additionally, the absolute change in our findings was small, likely 

correlated with the effects of COVID-19 which included a significant decrease in health 

system wide ED volume, potentially more patients requiring hospice/palliative care, and yet 

unclear impacts on prescribing practices. However, we estimate that COVID-19 would make 

quality initiatives more challenging and yet we were able to achieve a modest reduction in 

the rate of PIM prescribing. Thus, without COVID-19 we suspect a greater rate of decline 

would have been observed.

CONCLUSIONS

Implementation of EQUiPPED through a payor supported quality incentive program in the 

largest health system in Rhode Island contributed to an improvement in PIM prescribing 

amongst clinicians in the ED. Payment models like these should be considered in other 

states and could shape national policy.

Supplementary Material

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

• EQUiPPED contributed to a modest reduction in the PIM prescribing rate 

at three acute care hospitals comprising the largest health system in Rhode 

Island.

• This project was funded through a private payor quality initiative, 

highlighting to utility of alternative payment methods to support quality 

improvement work.
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Why Does this Paper Matter?

Our findings demonstrate that the EQUiPPED intervention can contribute to reducing 

PIM prescribing to older adults being discharged from the ED; greater replication of 

this intervention and outsourcing for other means of funding, such as the private payor 

initiative described here, to support this project can influence national policy regarding 

quality of care for older adults.
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Figure 1: 
Pictogram of Study

NOTE: This figure was created by the authors of this paper and has not been reused.
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Figure 2: 
Rate of prescribing of potentially inappropriate medications (PIMs) per month

NOTE: The pre-implementation period data points are denoted by the blue dots and a 

solid orange line for the slope. The interruption (implementation period) is denoted by the 

red dots and the interruption point is depicted with a vertical dotted red line. The post 

implementation period is denoted by grey dots and a solid green line for the slope. The 

counterfactual slope is depicted with the dotted orange horizontal line, which was generated 

using the forecast function in excel based on data from the pre-implementation period.

NOTE: This figure was created by the authors of this paper and has not been reused.
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Figure 3: 
Change of potentially inappropriate medications (PIMs) rate by drug class between pre-

implementation (blue) and post-implementation (orange) periods

NOTE: This figure was created by the authors of this paper and has not been reused.
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Table 1.

Characteristics of clinicians (n=247)

Characteristic n (%)

Credentials

 Attending physician 119 (48.2%)

 Resident physician 67 (27.1%)

 Advanced Practice Provider 61 (24.7%)

Participated in intervention

 Yes 224 (90.7%)

 No 23 (9.3%)

Clinician prescribed at least one PIM

 Yes 228 (92.3%)

 No 19 (7.7%)

PIM by study period among clinicians prescribing at least one PIM

 Pre-implementation 184 (80.7%)

 Post-implementation 187 (82.0%)

NOTE: PIM= Potentially Inappropriate Medication
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Table 2.

Poisson regression assessing the effect of time on monthly PIMs rates

Effect Estimate (95% CI)

Intercept 0.084 (0.079–0.089) ***

Pre-Implementation
a
 vs. Post-Implementation

b 1.11 (1.03–1.21) **

Pre-implementation slope −0.0011 (−0.015–0.013

Post implementation slope 0.0081 (−0.0043–0.02)

NOTE: PIM= Potentially Inappropriate Medication

NOTE: CI = Confidence Interval

*
p < .05;

**
p < .01;

***
p < .001

Log likelihood: 8399.43; AIC: 245.10; BIC: 247.83

a
Pre-implementation period covers medication prescribing behaviors during the 13-months before program implementation

b
Post-implementation period covers medication prescribing behaviors during the 16-months after program implementation
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