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ABSTRACT

Introduction: Information is limited about the effectiveness of best practice alerts
(BPAs) for potentially inappropriate medications (PIMs) in improving clinical outcomes in
older adults.

Objective: To assess clinical outcomes of 11 BPAs for PIMs in older adults in the ambula-
tory setting.

Methods: A retrospective cohort study was conducted at an integrated health care
delivery system with computerized provider order entry. Patients aged 65 years and older
were included if they had a BPA triggered when a prescriber attempted to order a sedating
PIMin the ambulatory setting. Patients were categorized into dispensed and nondispensed
groups if they did and did not, respectively, have the study PIM for which the BPA was
triggered dispensed within 30 days of the alert. Rates of fall, fracture, or other injury and
cognitive impairment were measured during 180-day follow-up.

Results: A total of 2704 patients were included: 1373 (50.8%) and 1331 (49.2%) in the
dispensed and nondispensed groups, respectively. The dispensed group had a lower unad-
justed rate of fall/fracture/injury (3.4% vs 5.3%, p = 0.019), but this difference was attenuated
with multivariable adjustment (adjusted odds ratio = 0.77, 95% confidence interval = 0.51-
1.13).There was no difference in the rate of cognitive impairment between groups (4.6% vs
4.4%, adjusted odds ratio = 1.40, 95% confidence interval = 0.95-2.05).

Conclusion: No association was identified between PIM dispensing after a prescriber was
alerted with a BPA and reduced rates of falls/fractures/injuries and cognitive impairment.

INTRODUCTION

The goal of the 2015 American Geri-
atrics Society (AGS) Beers Criteria for
Potentially Inappropriate Medication
(PIM) Use in Older Adults is to improve
care in older adults by reducing their ex-
posure to PIMs (eg, anticholinergic and
psychotropic medications).! The Beers
Criteria recommend that any PIM with
strong sedating effects be avoided in older
adults because of the increased risk of
injury and impaired cognition.?® Despite
these recommendations, PIM use in older
adults continues to be widespread.®

Health information technology, includ-
ing clinical decision support (CDS) tools
for computerized provider order entry
(CPOE), is available that uses a best
practice alert (BPA) to warn prescribers
of a PIM being ordered for a vulnerable
patient (eg, an older patient).” When a
prescriber attempts to order a PIM, a
BPA is triggered and a dialog box with
an alert appears on the prescriber’s screen.
The BPA warns of the PIM’s potential
adverse effect or effects, provides alternate
medication recommendations, and allows

the prescriber to choose to override the
BPA (ie, continue the PIM order), stop
the PIM order, and/or order an alternate
medication.

Although CDS tools have a demon-
strated benefit in reducing PIM prescrib-
ing,® literature is mixed on whether they
help improve patient outcomes. Brenner
and colleagues,” who conducted a meta-
analysis of 69 studies of CDS tools in the
clinical setting, reported that 25 studies
found benefit on outcomes, 43 studies
found nonsignificant or mixed findings,
and 1 study found a detrimental effect.
Gurwitz and colleagues' reported that
a CDS tool did not reduce the adverse
drug event rate in their randomized clini-
cal trial in the long-term care setting and
noted that alert burden may have affected
the efficacy of the CDS tool. A cost-ef-
fectiveness analysis of CPOE CDS tools
in a midsized multidisciplinary medical
group identified that use of the tools was
a cost-effective strategy to improve medi-
cation safety.!!

These mixed results are further limited
by a dearth of information on the clinical

outcomes of CDS tools in the ambulatory
and older patient populations.” Thus, the
purpose of this study was to assess the
clinical outcomes of PIM BPAs in older
adults in the ambulatory setting. Results of
this study provide practitioners and policy
makers additional information on the ef-
fectiveness of BPAs in an understudied
population.

METHODS
Study Design and Setting

'This was a retrospective cohort study of
adults aged 65 years and older receiving
care in an ambulatory setting who had a
PIM BPA triggered during computerized
medication order entry. The study was
conducted at Kaiser Permanente Colo-
rado (KPCO), an integrated health care
delivery system providing care to more
than 660,000 patients in Colorado at 31
medical offices. KPCO uses an electronic
health record that provides e-prescribing
capabilities and has a BPA (Figure 1) for
11 PIMs with sedation effects. The study
BPA was triggered when a prescriber at-
tempted to order a PIM for a patient aged
65 years or older (no matter the patient’s
health history). A BPA could be overrid-
den (by clicking “Keep” on the alert win-
dow) or canceled (by clicking “Remove”
on the alert window) for the current pre-
scription, with the override in effect for
the specific PIM for 1 year unless canceled
earlier. A BPA would be triggered if a dif-
ferent PIM was attempted to be ordered
at any time. If the BPA was overridden,
the prescription was sent to a pharmacy
to be filled. There was no PIM BPA in the

electronic pharmacy informatics system.
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An index date was assigned to each
patient on the trigger date of his/her
PIM BPA during the study period. If a
patient had multiple BPAs triggered dur-
ing the study period, only the first eligible
PIM BPA was included. Patients were
tollowed-up for as long as 180 days to as-
sess for a study outcome.

All KPCO medical offices have a phar-
macy that dispenses subsidized prescription
medications to KPCO members. Informa-
tion on prescriptions dispensed from these
pharmacies is maintained in a KPCO ad-
ministrative database. Coded and free-text
medical, laboratory, Emergency Depart-
ment, hospitalization, and membership
data from within the delivery system, as
well as from other contracted and affiliated
facilities, are captured in KPCO’s admin-
istrative and claims databases. The KPCO
institutional review board reviewed and
approved all study activities. Because this
was a retrospective evaluation, informed
consent was not required.

Study Population

All KPCO patients aged 65 years and
older who had a PIM BPA triggered
between January 1, 2016, and May 31,

2017, were eligible for inclusion. The
PIMs with anticholinergic and sedat-
ing effects included were amitriptyline,
chlorzoxazone, cyclobenzaprine, doxepin
at a dosage greater than 6 mg/d, hydroxy-
zine, imipramine, metaxalone, metho-
carbamol, nortriptyline, orphenadrine,
and promethazine.! Patients had KPCO
membership during the 6 months before
the index date (to allow for assessment of
potential confounders) and 30 days after
the index date (to allow for assessment
of PIM dispensing). Patients who had
the prescription written to a non-KPCO
pharmacy, for an in-office administration,
or for a compounded PIM were excluded.
Patients were categorized into dispensed
and nondispensed groups if they did
and did not, respectively, have the study
PIM for which the BPA was triggered
dispensed within 30 days of the index
date. Patients in the dispensed group
were followed-up from the study PIM
dispensing date until 180 days from the
index date, study outcome date, KPCO
membership termination date, or death
date, whichever came first. Patients in
the nondispensed group were followed-
up from the index date until 180 days,

study outcome date, KPCO membership
termination date, or death date, which-
ever came first.

Outcome Measures

The primary outcome measure was a
fall, fracture, or other injury during the
180 days after the index date (follow-up
period). Falls, fractures, and injuries were
identified from diagnoses recorded in both
the ambulatory and inpatient settings.
Secondary outcome measures included
cognitive impairment resulting in a medi-
cal office visit, Emergency Department
visit, or inpatient stay during follow-up.
Injuries were defined as damage to the
body caused by external force. Cognitive
impairment was defined as confusion, al-
tered mental status, delirium, or memory
status changes that were not related to
progressive diseases (eg, dementia, Par-
kinson disease), electrolyte abnormalities,
or infections.

All clinical outcomes were validated
by manual review of the electronic health
record by a clinician referee blinded to the
study group. The referee was instructed not
to assess information about medication
use unless the potential outcome was an
actual event based on the written notes of
a physician or midlevel prescriber (ie, nurse
practitioner, physician’s assistant) from the

Critical (1)

»

encounter. The notes were copied verbatim
into a spreadsheet. Any potential outcome
event with encounter information that did
not support the diagnosis or had missing
encounter information was deemed a non-
validated event. Any other potential event
with ambiguous information regarding
the event was reviewed by another referee.
Only validated events were included in
the final analysis. Multivariable logistic
regression models were constructed on
the outcomes to adjust for potentially
confounding factors and to identify factors
associated with increased likelihood of an
outcome. Subanalyses were performed for
patients who did and did not have a dis-
pensing of the study PIM during baseline
(180 days before the index date).

@ Do NOT prescribe Amitriptyline in people 65+ because of its potent sedative and anticholinergic properties

It is associated with confusion, constipation and acute urinary retention. If strong anticholinergic properties are desired then reasonable to
continue with original order.
ACTION:
« Select safer alternative, then click "Accept”
TCA risk talking points:
« 200-400% increased risk of mild cognitive impairment or dementia
* Upto 1in 3 patients on a highly anticholinergic TCA fall in a year, and risks include fracture, brain bleed, and loss of independence.

Remove the following orders?

Remove

Consider taking these recommended actions after addressing this advisory:
Consider ordering:
Consider ordering:
Consider ordering:
Consider ordering:
Consider ordering:
Consider ordering:
Consider ordering:

137 Amitriptyline (ELAVIL) 50 mg Oral Tab
Take 1 tablet by mouth daily at bedtime for sleep or chronic pain 50 mg - Oral - EVERY
BEDTIME, starting 5/13/2019 - Disp-90 tablet, R-PRN « Normal « Long-term

Keep

{2 Pain - Duloxetine 30 mg cap: titrate to 60mg QD

{2 Pain - Duloxetine 60 mg cap: QD

2y Pain - Gabapentin 100 mg cap: titrate to 600mg/day
{2 Sleep - Trazodone 50 mg tab: 25-50mg QHS

{2 Sleep - Mirtazapine 15 mg tab: 7.5mg QHS

2 Headache - Propranclol 20 mg tab: BID

1) IBS - Peppermint Oil (Pepogest) - 1-2 caps TID

Acknowledge Reason

Benefits outweigh risks  No good alternative | Defer Alert for 1 year and reassess  Defer Alert for today

Data Collection and Analysis

Data were collected from queries of
KPCO’s electronic, integrated, adminis-
tration databases. Information on patients

who had a BPA triggered was obtained

+ Accept

Figure 1. Example of a best practice alert for an order for amitriptyline in an older adult.
BID = twice daily; IBS = irritable bowel syndrome; PRN = as needed; QD = every day; QHS = every night at bedtime; TCA = tricyclic
antidepressant; TID = 3 times a day.
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from the electronic health record. Infor-
mation on study outcomes and patient
characteristics was obtained using the
International Classification of Diseases
Ninth and Tenth Revisions codes (codes
available on request). Data on patient
characteristics were collected during the
180 days before the index date (baseline).

Because this was a naturalistic, obser-
vational study, no a priori sample size or
power calculations were performed. Thus,
all patients meeting the inclusion crite-
ria and not having the exclusion criteria
were included. Age was calculated as of
the index date. Patients were categorized
into dispensed and nondispensed groups.
A chronic disease score, a measure of
a patient’s chronic illness burden, was
calculated from ambulatory medication
dispensings during baseline.’? A Charl-
son Comorbidity Index was calculated

from diagnoses that were recorded dur-
ing baseline.’

Percentages of fall, fracture, or other
injury and cognitive impairment issues
were determined by summing all vali-
dated respective outcomes during the
study period and dividing this value by
the number of study participants in each
group. A patient could contribute only 1
fall, fracture, or injury and 1 cognitive im-
pairment to the outcomes. Patient charac-
teristics and outcomes were summarized
using descriptive statistics: Means (stan-
dard deviation) for continuous variables
and percentages for categorical variables.
Comparisons were performed between
groups using y? tests of association for
categorical variables and either indepen-
dent samples 7-tests or Wilcoxon signed
rank tests, as appropriate, to compare
continuous variables.
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Because of differences between the
nondispensed and dispensed groups in
patient characteristics and potentially
confounding covariates, multivariable lo-
gistic regression models were constructed
to adjust the validated outcomes. Covari-
ates were selected on the basis of having
a p value less than 0.2 in the univariate
analysis or on the basis of clinical judg-
ment and the presence of atleast 5 patients
in both groups with the exposure. Covari-
ates included in the models were age; sex;
baseline dispensings of an antidepressant,
benzodiazepine, narcotic, and skeletal
muscle relaxant medication; chronic dis-
ease score; Charlson Comorbidity Index;
white race; Hispanic ethnicity; baseline
diagnoses of delirium, depression, fall/
fracture/injury, and cognitive impairment;
and Medicaid insurance status. Analyses
were performed with statistical analysis

Table 1. Baseline characteristics overall and by medication dispensing group (N = 2704)

Nondispensed PIM Dispensed PIM
Characteristic Overall (n=1331) (n=1373) p value
Mean age, y (SD)? 71.9 (6.4) 72.9 (6.8) 71.0 (6.0) <0.001
Women (no., %) 1797 (66.5) 885 (66.5) 912 (66.4) 0.970
White race (no., %) 2158 (79.8) 1015 (76.3) 1143 (83.3) <0.001
Hispanic ethnicity (no., %) 283 (10.5) 152 (11.4) 131 (9.5) 0.007
Mean chronic disease score (SD) 45(3.6) 4.6(3.6) 4.3(3.6) 0.042
Mean Charlson Comorbidity Index (SD) 1.8(24) 2.0 (2.5) 1.6 (2.3) <0.001
Comorbidities,” no. (%)
Delirium 71(2.6) 45 (3.4) 26 (1.9) 0.016
Dementia 74 (2.7) 50 (3.8) 24 (1.8) 0.001
Parkinson disease 22(0.8) 13 (1.0) 9(0.7) 0.353
Alzheimer disease 12(0.4) 11(0.8) 1(0.1 0.003
Mean count of unique long-term medications (SD) 3.9(2.8) 4.1(2.9) 3.7(2.8) <0.001
Prior medication dispensing,® no. (%)
Anticonvulsant 461 (17.1) 227 (17.1) 234 (17.0) 0.994
Antidepressant 1496 (55.3) 779 (58.5) 717 (52.2) 0.001
Anti-Parkinson disease drug 92 (3.4) 44 (3.3) 48 (3.5) 0.785
Antipsychotic 99 (3.7) 44 (3.3) 55 (4.0) 0.333
Benzodiazepine 355 (13.1) 152 (11.4) 203 (14.8) 0.010
Narcotic 1093 (40.4) 519 (39.0) 574 (41.8) 0.136
Antihistamine 32(1.2) 14 (1.1) 18 (1.3) 0.533
Skeletal muscle relaxant 192 (7.1) 73 (5.5) 119 (8.7) 0.001
Antispasmodic 49 (1.8) 21 (1.6) 28 (2.0) 0.368
History of fall, fracture, or injury® (no., %) 203 (7.5) 109 (8.2) 94 (6.9) 0.185
History of cognitive impairment® (no., %) 131 (4.8) 80 (6.1) 51(3.7) 0.005
Medicaid beneficiary (no., %) 117 (4.3) 68 (5.1) 49 (3.6) 0.049
High-deductible health plan (no., %) 18 (0.6) 6(0.5) 12(0.9) 0.176

2 As of best practice alert trigger date (index date).
® Recorded 6 months before the index date.

PIM = potentially inappropriate medication; SD = standard deviation.
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Table 2. Unadjusted study outcomes overall and by medication dispensing group (N = 2704)
Nondispensed PIM, Dispensed PIM,

Outcome Overall, no. (%) no. (%) (n=1331) no. (%) (n = 1373) p value
Fall, fracture, or injury 17 (4.3) 70 (5.3) 47 (3.4) 0.019
Cognitive impairment 122 (4.5) 59 (4.4) 63 (4.6) 0.842
PIM = potentially inappropriate medication.
Table 3. Adjusted odds ratios by study outcomes

Fall, fracture, or injury Cognitive impairment
Variable Adjusted odds ratio | 95% confidence interval | Adjusted odds ratio | 95% confidence interval
Dispensed PIM group 0.77 0.51-1.13 1.40 0.95-2.05
Age 1.05 1.02-1.07 1.04 1.01-1.07
Women 1.19 0.78-1.81 1.20 0.79-1.82
White race 1.49 0.77-2.91 0.83 0.47-1.48
Hispanic ethnicity 1.18 0.52-2.68 0.75 0.35-1.62
Chronic disease score 1.03 0.97-1.14 1.02 0.97-1.08
Mean Charlson Comorbidity Index 1.05 0.97-1.14 1.10 0.97-1.18
Delirium comorbidity 1.85 0.88-3.91 249 1.25-4.95
Baseline antidepressant dispensing 1.41 0.92-2.15 1.69 1.11-2.57
Baseline benzodiazepine dispensing 0.88 0.49-1.93 0.94 0.55-1.61
Baseline narcotic dispensing 1.28 0.86-1.93 1.25 0.84-1.83
Baseline skeletal muscle relaxant dispensing 0.75 0.32-1.78 0.54 0.21-1.39
History of fall, fracture, or injury 2.74 1.67-4.50 1.30 0.74-2.28
History of cognitive impairment 112 0.55-2.28 3.56 2.09-6.09
Medicaid beneficiary 0.50 0.24-1.03 0.97 0.40-2.35

PIM = potentially inappropriate medication.

software (SAS version 9.4, SAS Institute,
Cary, NC). The o was set at 0.05.

RESULTS

A total of 2704 patients had at least
1 PIM BPA triggered during the study
period. Of these, 1373 patients (50.8%)
had the PIM dispensed within 30 days
and 1331 (49.2%) did not have the PIM
dispensed (Table 1). The most common
PIMs to trigger a BPA were nortripty-
line (28.4%), cyclobenzaprine (26.4%),
amitriptyline (11.8%), and hydroxyzine
(11.0%). Overall, patients were primar-
ily women and white and had a moderate
burden of chronic disease.

Patients in the nondispensed group
were older (p < 0.001) and had a higher
burden of chronic disease and mean count
of unique chronic disease medications
(p < 0.001; Table 1). In addition, they
were more likely to have had a comorbid-
ity of delirium, dementia, and Alzheimer
disease; baseline dispensing of an anti-
depressant and skeletal muscle relaxant;
and previous cognitive impairment (all
p < 0.05). Patients in the dispensed group

were more likely to be white (p < 0.001)
and have had a baseline benzodiazepine
dispensing (p < 0.05).

Although patients in the dispensed
group had a lower unadjusted percentage
of fall, fracture, or injury (3.4% vs 5.3% in
nondispensed group, p = 0.019; Table 2),
this difference was not statistically sig-
nificant with multivariable adjustment
(adjusted odds ratio [AOR] = 0.77, 95%
confidence interval [CI] = 0.51-1.13;
Table 3). There was no statistically sig-
nificant difference between the groups
in the rate of cognitive impairment in
unadjusted analyses (4.6% vs 4.4%) or
adjusted analyses (AOR = 1.40, 95%
CI =0.95-2.05).

In the subanalysis between patients
in the dispensed (n = 419) and nondis-
pensed (n = 510) groups who did have a
prior dispensing of a study PIM during
baseline, results identified no difference
in outcomes (4.5% vs 6.3%, p = 0.247 for
fall, fracture, or injury and 5.0% vs 4.9%,
p = 0.939 for cognitive impairment).
Similarly, in the subanalysis between
dispensed (n = 954) and nondispensed

(n = 821) group patients who did not
have a prior dispensing of a study PIM
during baseline, the results identified no
difference in outcomes (2.9% vs 4.5%,
p = 0.079 for fall, fracture, or injury and
4.4% vs 4.0%, p = 0.689 for cognitive
impairment).

Factors independently related to an in-
creased likelihood of fall, fracture, or inju-
ry included increasing age (AOR = 1.05,
95% CI = 1.02-1.07) and a fall, fracture,
or injury during baseline (AOR = 2.74,
95% CI = 1.67-4.50; Table 3). Factors
independently related to an increased
likelihood of cognitive impairment
included increasing age (AOR = 1.04,
95% CI = 1.01-1.07) and delirium
(AOR = 2.49, 95% CI = 1.25-4.95),
antidepressant dispensing (AOR = 1.69,
95% CI = 1.11-2.57), and history of
cognitive impairment (AOR = 3.56,95%
CI = 2.09-6.09) during baseline.

DISCUSSION
In this retrospective study of the
clinical effectiveness of PIM BPAs in

older adults, we identified no statistically
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significant association between PIM dis-
pensing after a BPA was triggered and
an adverse outcome. Our findings are
important because although there is lit-
erature demonstrating that BPAs reduce
ambulatory prescribing of PIMs in older
adults, little data are available that have
examined clinical outcomes associated
with BPAs for PIM prescribing in older
adults.”!

Systematic reviews provide limited
supporting evidence for health informa-
tion technology in the ambulatory set-
ting on patient outcomes. Brenner and
colleagues’ assessed the effectiveness
of health information technology (eg,
CPOE, CDS) in 10 studies in ambula-
tory settings, and they identified only 1
study® that demonstrated a decrease in
adverse effects (ie, a significant decrease
in asthma exacerbations). Iankowitz
and colleagues' performed a systematic
review of 5 studies of CDS for PIM
prescribing at hospital discharge and
subsequent unplanned Emergency De-
partment visits or hospital readmissions
in community-dwelling older adults. Al-
though they found that CDS reduced the
rate of PIM prescribing, they identified
no studies with a decrease in unplanned
Emergency Department visits or hospital
readmissions.

It is plausible that prescribers in our
study were more comfortable prescribing
a PIM to patients for whom they believed
the PIM would be tolerated. This is prob-
ably because patients in the dispensed
group were younger and healthier. We
were unable to assess prescribers’ com-
fort levels with their patients’ ability to
tolerate the PIM. If there was differential
prescribing, we would expect additional
outcomes without the BPA because pre-
scribers would not be alerted to the risk.
We identified that only increasing age
and a history of fall, fracture, or injury
were related independently with a follow-
up fall, fracture, or injury in multivariable
regression modeling. Similarly, increasing
age, delirium comorbidity, antidepressant
dispensing during baseline, and a history
of cognitive impairment were related in-
dependently with cognitive impairment
at follow-up. Neither of the health risk
scores (ie, chronic disease score, Charlson
Comorbidity Index) was associated with

either outcome, suggesting that sicker
patients are at no higher risk of one of
these outcomes. These findings do not
negate any positive effects of a BPA in
alerting prescribers to the risk of pre-
scribing a PIM.

In clinical practice with older adults,
our findings highlight the importance
of the prescriber tailoring a medication
regimen, including a medication review
and modification, for each patient. In
addition, the identification and mitiga-
tion of other risk factors (eg, concurrent
medication use, environmental hazards,
gait or vision impairment, hypotension,
sedentary lifestyle, age-related decline in
balance) can prevent falls and injuries.'
Furthermore, advising older adults and/
or their caregivers on the benefits of cog-
nitive training and physical exercise (eg,
resistance training) can aid in preventing
cognitive decline.””

A follow-up of 30 days to assess if the
PIM was dispensed limited our study.
Although this would be a rare event, it
is possible that patients had their PIMs
dispensed later than 30 days and were
misclassified into the nondispensed
group. We attempted to control for po-
tential confounding medications and
disease states in our regression modeling;
however, unknown confounding still may
have been present. In addition, we were
unable to assess whether the dispensed
PIM was ingested. Furthermore, we could
not assess for study outcomes that did
not come to the attention of the health
care system. These outcomes were likely
minor events that could not be identified
without surveying patients directly.

CONCLUSION

This retrospective evaluation of older
adults in the ambulatory setting identi-
fied no statistically significant association
between the dispensing of a PIM after
the PIM prescriber was alerted to the
anticholinergic and sedating effects of the
PIM and reduced fall/fracture/injury and
cognitive impairment. Although a PIM
BPA at the time of medication ordering
can be a tool to aid prescribers in making
safer clinical decisions for their patients,
our findings suggest that the relationship
between PIM use and adverse events
is complicated and deserves additional

ORIGINAL RESEARCH & CONTRIBUTIONS

Effectiveness of Best Practice Alerts for Potentially Inappropriate Medication Orders in Older Adults in the Ambulatory Setting

research to elucidate. Our study find-
ings do not support the use of PIMs or
advise against BPA use in older adults
but do buttress the need for evaluating
the patient holistically before initiating
a PIM order. <
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