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Background: The use of potentially inappropriate medications (PIM) has become more common
among nursing home residents (NHR). This study focused on drugs initially prescribed as pro re
nata (PRN) medications and pill burden in association with PIM among NHR. Methods: This ob-
servational cross-sectional study was conducted between March and April 2019 on 225 adult
NHR aged >60 years. Results: The prevalence of PIM was 47.6% among NHR according to the
Screening Tool of Older Persons' Prescriptions (STOPP) criteria version 2. The most frequent PIM
was the use of any drug prescribed without evidence-based clinical indication; most medication
errors were associated with PRN medications. The prevalence rates of PRN in non-PIM and PIM
users were 12% and 62.4%, respectively. PRN medications that most commonly caused PIM
were non-steroidal anti-inflammatory drugs and proton pump inhibitors. The cut-off value for
both medications and pills to correctly identify participants with PIM was 5.5. Pill burden had a
similar sensitivity to polypharmacy in identifying individuals with PIM. Conclusion: Medication
errors associated with PRN medications were overlooked as factors that increased the risk of
PIMs. The most common error related to PRN medications was the continued daily use despite

symptom resolution.
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INTRODUCTION

The use of potentially inappropriate medication (PIM) has recent-
ly become more common among nursing home residents (NHR).
Systematic reviews performed in long-term care facilities reported
that up to 91% of NHR regularly took more than four medications
and that the prevalence of PIM varied from 23.7% to 79.8%, ac-
cording to the Screening Tool of Older Persons' Prescriptions
(STOPP) criteria.”” Not all treatments are prescribed by one phy-
sician, and NHR in Turkey often consult more than one hospital
or physician. The number of prescribed medications had increased
with increasing comorbidity. In addition, pro re nata (PRN) pre-
scriptions contribute to an increase in the number of medications

taken. PIM may be associated with medication errors related to

PRN prescriptions.”” In addition, the overall prevalence of PIM
use and PRN prescriptions in nursing homes (NHs) increase with
extended lengths of stay.”” Therefore, PRN medication should be
considered when determining inappropriate medication prescrip-
tions in NHs.”

Pill burden (the number of pills taken per day) is an inconspicu-
ous cause of PIM that influences adherence in the treatment of
chronic diseases, especially HIV infection, cardiovascular disease,
and renal disease.”'” The pill burden may be underestimated, es-
pecially in the presence of comorbidities. To our knowledge, no
studies have compared the effects of pill burden and polypharma-
cy on the prevalence of PIM.

Two of the most commonly used criteria to define PIM are the
Beers Criteria and the STOPP/Screening Tools to Alert Doctors
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to Right Treatment (START) criteria.'” The START criteria are
one of the most frequently used tools for evaluating the use of PIM
in older people. In contrast to the Beers criteria, the STOPP/
START criteria do not include PRN medications. This study in-
vestigated the prevalence of PIM and the association of medica-
tions initially prescribed as PRN with PIM in NHR. This study fo-
cused on the association between pill burden, polypharmacy, and
PIM in NHR.

MATERIALS AND METHODS

Setting and Participants

This observational cross-sectional study was conducted between
March and April 2019 in an NH. The study participants were re-
cruited among adults > 60 years of age, with Katz activities of daily
living (Katz-ADL) scores of S or higher, and institutionalized in
NHs. No sampling was performed because this study planned to

include all eligible NHRs who provided written informed consent.

Procedure

Nursing staff members were interviewed using a structured ques-
tionnaire. The functional status of NHRs was assessed as de-
scribed below. NHR data on the number of chronic diseases and
prescribed medications, falls (in the last 12 months), the presence
of urinary and/or fecal incontinence, dizziness, visual impairment,
hearing loss, walking disability (the use of a cane, crutches, or
walking frame), nutritional support, amputation, having a pace-
maker, and admission to a hospital in the last 6 months were ob-
tained from their medical records. Information from the medical
records was verified by interviewing the attending nurse.

Definitions

Functional status

We evaluated the functionality of the NHR using the KATZ-ADL
score.” This score is used to measure the dependence of an indi-
vidual regardless of their disability status. This index assesses six
basic activities of daily living: eating, bathing, dressing, transfer-
ring, toileting, and continence. To prevent heterogeneity in disabil-
ity status among the study population, NHRs with KATZ-ADL

scores < 5 points were excluded.

Polypharmacy

Polypharmacy was defined as the daily use of five or more different

.. 13,14
medications. "

Pill burden
Pill burden was defined as the number of pills (tablets or capsules,
oral solid dosage forms) that a patient regularly consumed. The

number of pills taken in the last 30 days was included to calculate
the pill burden.

PIM

We defined PIM as the use of more medication than clinically nec-
essary or the use of potentially harmful medication for an individu-
al. The START criteria are a medication assessment tool intended
to identify drugs with a potentially higher risk when used in pa-
tients aged 65 years and over.”” The START criteria were initially
published in 2008 and revised in 2014."' We applied the STOPP
criteria version 2 (STOPP-2) to evaluate the presence of PIM."'”
Each medical history was obtained from the medical records and
daily medication lists in the nurse desks. The STOPP-2 criteria
checklist was applied to all NHR medical histories of currently

used medications.

PRN prescriptions

PRN prescription refers to the administration of prescribed medi-
cation “when required” or “as needed”. PRN medication was deter-
mined through the examination of clinical records, including drug,
dose, indications for use, and maximum daily dose. Each prescrip-
tion was assessed with the attending nurse in terms of “is this med-
icine used as a PRN?” and “are there written instructions such as ‘as
needed’?” The US Food Drug Administration (FDA) defines
medication error as “a preventable event that may cause or lead to
inappropriate medication use or patient harm while the medica-
tion is in the control of the healthcare professional, patient, or con-
sumer.”'” The daily administration of PRN prescriptions to pa-
tients with no symptoms was considered a medication error and
PIM as “to use any drug prescribed without an evidence-based
clinical indication” FOKK and ET reviewed the medication lists of
these NHRs.

Ethics Approval
The study was approved by the Human Research Ethics Commit-
tee of Ege University (No. 18-11T/16-99166796-050.06.04) and
received approval from the Ministry of Family, Labor, and Social
Services of the Republic. Informed consent was obtained from all
the participants included in the study. This study was performed in
accordance with the principles of the Declaration of Helsinki.
Also, this study complied the ethical guidelines for authorship
and publishing in the Annals of Geriatric Medicine and Research."”
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Statistical Analyses

Data analyses were performed using IBB SPSS Statistics for Win-
dows, version 25.0 (IBM Corp., Armonk, NY, USA). Normality
was assessed using Kolmogorov-Smirnov tests. Non-normally dis-
tributed quantitative variables were expressed as medians and min-
imum-maximum values. Qualitative variables were expressed as
frequencies and percentages. Chi-squared (x*) and Fisher exact
tests were used to analyze the qualitative variables. Mann-Whitney
U tests were used to analyze quantitative variables. Multiple logis-
tic regression analysis was performed for multivariate analysis. We
applied a logistic regression model to variables that showed signifi-
cant relationships in the univariate analysis. Multivariable logistic
regression analysis was used to calculate the adjusted odds ratios
(ORs) and 95% confidence intervals (CI) of variables for PIM in
different models adjusted for potential confounders. For the multi-
variable logistic regression analyses, Model 1 was adjusted for
medication number, pill number, and number of comorbidities,
while Model 2 additionally adjusted for the presence of PRN. The
optimal cut-off values for variables were determined using receiver
operating characteristic (ROC) curve analysis. ROC curve analy-
sis was also used to evaluate the ability of the number of pills (pill
burden) and number of medications (polypharmacy) to predict
PIM use. Differences with p <0.05 were considered statistically
significant.

RESULTS

We assessed the functional status of 268 NHR based on KATZ-
ADL scores. Of these NHR, 225 had Katz-ADL scores of S or
higher. To prevent heterogeneity in disability status among the
study population, this cross-sectional study included data on the
activities of daily living of 225 independent residents.

The median age of the study population was 76 years (range,
61-96 years), including 123 (54.7%) men and 102 (45.3%) wom-
en. Only 15 (6.7%) participants were married and had a living
spouse. A total of 210 (93.8%) participants had been staying in the
institution for > 6 months. Among the NHRs, 19.4% had diabetes
mellitus, 10.1% had arrhythmia, 27.2% had cardiovascular disease,
7.4% had heart failure, 58.5% had hypertension, and 6.9% had
cerebrovascular disease. Various medications were used by the
NHRs. Proton pump inhibitors (PPIs) were administered to one-
third of NHRs. Moreover, almost half of the NHRs were taking
antiplatelet medication. The most commonly used medication
classifications are presented in Table 1.

In this study, 107 NHR were on PIM, corresponding to a PIM
prevalence of 47.6% according to the STOPP-2 criteria. The most
frequent PIM was the use of “any drug prescribed without an evi-
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Table 1. The most used medication classes of all residents (n=225)

Medication classification n (%)
Gastrointestinal system
Proton pump inhibitors 81(36)
Cardiovascular system
Antiplatelet drugs 97 (43.1)
ACE inhibitor or ARB 99 (44)
Diuretic 91 (40.4)
Beta blocker 67(29.8)
Calcium channel blocker 44 (19.6)
Vasodilator 41(182)
Lipid lowering drugs 27 (12)
Piracetam 25(11.1)
Anticoagulant drugs 14(62)
Respiratory system
Inhaler beta mimetic 43(19.1)
Inhaler steroid 40(17.8)
Inhaler ipratropium 31(13.8)
Central nervous system & psychotro-
pic drugs
SSRI/SNRI 40 (17.8)
Antipsychotics 24(10.7)
Atypical anti-depressant 15(6.7)
Donepezil 15(6.7)
Endocrine system
Thyroid therapy 31(13.8)
Metformin 24(10.7)
DPP4 inhibitor 15(6.7)
Musculoskeletal system
NSAIDs 14(6.2)
Calcium-vitamin D 11(4.9)
Urogenital system
Alpha blocker 40(17.8)
Non-classified drugs
Anticholinergic 39(17.3)
Vitamin supplement 45(20.1)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
SSRI, selective serotonin reuptake inhibitors; SNRI, serotonin and nor-
epinephrine reuptake inhibitors; DPP-4, dipeptidyl peptidase-4; NSAIDs,
non-steroidal anti-inflammatory drugs.

dence-based clinical indication.” Most occurred as medication er-
rors associated with PRN medications. The detailed PIM subclass-
es are shown in Table 2.

PIM users had higher numbers of medications; numbers of pills;
PRN use; polypharmacy prevalence; and comorbidity prevalence
such as chronic obstructive pulmonary disease (COPD), constipa-
tion, muscle-skeletal disease, dizziness, visual impairment, and uri-
nary incontinence compared to non-PIM users. We observed no
significant differences in terms of the length of stay in the institu-

Ann Geriatr Med Res 2022;26(3):233-240



236 Fatma f)zge Kayhan Kocak et al.

Table 2. PIM prevalence according to drug classes described in STOPP criteria version 2

Drug classes

Number of residents

Any drug prescribed without an evidence-based clinical indication.

89

Any drug prescribed beyond the recommended duration, where treatment duration is well defined. 47

Any duplicate drug class prescription, e.g,, two concurrent NSAIDs, SSRIs, loop diuretics, ACE inhibitors, anticoagulants S
(optimization of monotherapy within a single drug class should be observed prior to considering a new agent).

Beta-blocker in combination with verapamil or diltiazem (risk of heart block).

Loop diuretic as first-line treatment for hypertension (safer, more effective alternatives available).
Loop diuretic for treatment of hypertension with concurrent urinary incontinence (may exacerbate incontinence).

Aspirin plus clopidogrel as secondary stroke prevention, unless the patient has a coronary stent(s) inserted in the previous 12

D = W N

months or concurrent acute coronary syndrome or has a high grade symptomatic carotid arterial stenosis (no evidence of added

benefit over clopidogrel monotherapy).

Antiplatelet agents with vitamin K antagonist, direct thrombin inhibitor or factor Xa inhibitors in patients with stable coronary, 1
cerebrovascular or peripheral arterial disease (no added benefit from dual therapy).

NSAID with concurrent antiplatelet agent(s) without PPI prophylaxis (increased risk of peptic ulcer disease).

Anticholinergics/antimuscarinics in patients with delirium or dementia (risk of exacerbation of cognitive impairment).

Neuroleptics as hypnotics, unless sleep disorder is due to psychosis or dementia (risk of confusion, hypotension, extra-pyramidal

side effects, falls).

First-generation antihistamines (safer less toxic antihistamines now widely available). 9

Prochlorperazine or metoclopramide with Parkinsonism (risk of exacerbating Parkinsonian symptoms).

PPI for uncomplicated peptic ulcer disease or erosive peptic esophagitis at full therapeutic dosage for > 8 weeks (dose reduction or 23

earlier discontinuation indicated).

Drugs likely to cause constipation (e.g., antimuscarinic/anticholinergic drugs, oral iron, opioids, verapamil, aluminum antacids) 2
in patients with chronic constipation where non-constipating alternatives are available (risk of exacerbation of constipation).

Antimuscarinic drugs with dementia, or chronic cognitive impairment (risk of increased confusion, agitation) or narrow-angle 6
glaucoma (risk of acute exacerbation of glaucoma), or chronic prostatism (risk of urinary retention).

Selective alpha-1 selective alpha blockers in those with symptomatic orthostatic hypotension or micturition syncope 3

risk of precipitating recurrent syncope).
precip g yncop!

PIM, potentially inappropriate medication; NSAIDs, non-steroidal anti-inflammatory drugs; SSR], selective serotonin reuptake inhibitors; ACE, angioten-

sin-converting enzyme; PP, proton pump inhibitor.

tion, cerebrovascular disease, peripheral vascular disease, walking
disability, nutritional support, peptic ulcer disease, hypertension,
malignancy, asthma, cardiovascular disease, arrhythmia, chronic
prostatism, hearing loss, depression, diabetes mellitus, amputa-
tion, number of hospital admissions in the last 6 months, and hav-
ing a pacemaker between the groups with and without PIM
(p>0.0S). The p-values, numbers, and percentages for the de-
scriptive statistics for the PIM users and non-PIM users are shown
in Table 3.

The prevalence rates of PRN in non-PIM and PIM users were
12% and 62.4%, respectively. PRN medications that most com-
monly cause PIM are non-steroidal anti-inflammatory drugs
(NSAIDs), PPIs, and betahistine dihydrochloride. Except for
two residents, those NHR using piracetam were taking it as a
PIM. Univariate analysis showed that PPIs, anticholinergic
drugs, antiplatelet drugs, alpha-blockers, and inhaler beta mimet-
ics were significantly associated with PIM prescription (Tables 4,
5). PPIs, betahistine dihydrochloride, and NSAIDs were initiat-
ed as PRN medications. However, there are no written instruc-
tions for the administration of PRN medication. These medica-

Table 3. Descriptives according to existence of PIM

PIMusers  Non-PIM users

(n=107) (n=115)  Pvalue

Age (y) 77 (61-110)  75(62-96)  0.240
Sex, male 59 (55.1) 64 (54.2) 0.892
Length of stay in institution (mo)

0-6 6(5.6) 8(69) 0.730

>6 100 (94.3) 110(93.2)
Medication number 7(1-17) 4(0-13) <0.001*
PRN 67 (62.6) 15(12.7) <0.001*
Pill number 8 (0-25) 5(0-17)  <0.001*
Pill burden 83 (77.6) 62(52.5) <0.001*
Polypharmacy 83 (77.6) 58(49.2) <0.001*
Comorbidities 4(1-8) 2(0-7) <0.001*
COPD 29 (27.1) 14(11.9) 0.004*
Urinary incontinence 21(19.6) 7(5.9) 0.002*
Dizziness 23(21.5) 7(5.9) 0.001*
Vision impairment 37 (34.6) 20(16.9) 0.002*
Muscle-skeletal disease 20(18.7) 7(5.9) 0.003*
Constipation 10(9.3) 2(1.7) 0.011*

Values are presented as median (min-max) or number (%).

PIM, potentially inappropriate medication; PRN, pro re nata; COPD, chronic
obstructive pulmonary disease.

*p<0.05.
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tions were administered daily to NHRs as long-term medications
without the knowledge of PRN. In multivariable logistic regres-
sion analysis, piracetam and anticholinergic medications were
significant in both models, whereas PPI was significant in Model
1 only. The logistic regression results are presented in Tables 4
and 5.

The results of the univariate ROC analysis are presented in
Table 6. ROC analysis of the pill numbers showed an AUC of
0.692 with a cutoff value of 5.5, above which PIM could be diag-
nosed.

DISCUSSION

This study investigated the association of medications initially pre-
scribed as PRN with PIM in NHR patients who were independent
according to KATZ-ADL scores. As this study did not include
NHRs with a score Katz-ADL scores < 5, we excluded the effect
of dependency. We found that PRN medications were adminis-
tered daily to asymptomatic NHRs. Poor understanding of PRN
administration also led to medication errors. PRN also refers to the
use of a medication without an evidence-based clinical indication,
which is a PIM. We found that the prevalence of PIM increased

Table 4. Effect of some variables on PIM for the whole group (logistic
regression results from the univariate analysis)

Varisble Univariate

OR %95 CI p value
Medication number 1.264 1.151-1.388 0.000*
Pill number 1.156 1.080-1.237 0.000*
Comorbidities number 1.607 1.332-1.940 0.000*
Piracetam 15.881 3.644-69.204 0.000*
PPI 2.671 1.523-4.685 0.000*
Anticholinergic 5.609 2.445-12.867 0.000*
Antiplatelet 1.777 1.043-3.028 0.035*
Inhaler beta mimetic 2434 1.218-4.863 0.012*
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due to this medication error. Another important finding of this
study was the observation that pill burden had similar sensitivity to
polypharmacy for predicting PIM use.

The groups did not differ significantly in terms of the length of
hospital stay. In addition, PIM users and non-PIM users did not
differ significantly in terms of the rate of hospital admission. We
noticed that PRN medications were administered daily to NHRs
after nursing home transition. Dorks et al.” reported that 74.9% of
the NHRs received at least one PRN medication. PRN medica-
tions can reduce the workload of nursing staff, and directions for
use “as needed” should be noted on the prescription. Therefore,
prescribers should regularly reconsider the need for each PRN
medication.

The most common cause of PIM was the use of any medication

prescribed without an evidence-based clinical indication. In this

Table S. Effect of some variables on PIM for the whole group (logistic
regression results from the multivariate analysis)

S Multivariate
OR 95% CIL p-value
Model 1
Medication number 1.106 0.854-1.433 0.445
Pill number 0.943 0.793-1.122 0.508
Comorbidities number 1.249 0.947-1.648 0.115
Piracetam 19.304 4.160-89.586 0.000*
PPI 2.320 1.181-4.556 0.015*
Anticholinergic 5.196 2.112-12.786 0.000*
Antiplatelet 1.576 0.822-3.022 0.171
Inhaler beta mimetic 2.050 0.808-5.203 0.205
Model 2
PRN 10.631 4.914-22.999 0.000*
Piracetam 31.310 6.355-154.266 0.000*
PPI 1.602 0.761-3.372 0.215
Anticholinergic 4.889 1.835-13.025 0.002*
Antiplatelet 2.118 1.049-4.279 0.036*
Inhaler beta mimetic 2.480 1.005-6.123 0.049*

PIM, potentially inappropriate medication; OR, odds ratio; CI, confidence
interval; PP, proton pump inhibitor.
*<0.05.

PIM, potentially inappropriate medication; OR, odds ratio; CI, confidence
interval; PPI, proton pump inhibitor; PRN, pro re nata.
*p<0.05.

Table 6. Receiver operating characteristic analysis for thresholds of pill burden and polypharmacy to predict PIM use

Cut-off value Sensitivity Specificity ROCAUC (95% CI) Asymptotic significance (p)

Polypharmacy” 25 0972 0.364 0.698 0.000

5.5 0.673 0.619 (0.630-0.766)
Pill burden” 2.5 0.925 0.347 0.67 0.000

55 0.692 0.593 (0.601-0.740)
PIM, potentially inappropriate medication; AUC, area under ROC curve; CI, confidence interval.
YNumber of drugs.
YNumber of pills.
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study, 74% of PRN medications continued to be used regularly,
despite symptom resolution. These findings demonstrated the
misuse of PRN medications by nurses and NHR. In addition, the
prescription cascade increased if PRN medication was used regu-
larly rather than “as needed””

Medications for gastrointestinal problems are frequently used in
the long-term care units.”"” The third most common cause of
PIM was PPI use at full therapeutic dosage for > 8 weeks for the
treatment of uncomplicated peptic ulcer disease or erosive peptic
esophagitis. Additionally, based on our observations, PPI was the
most prescribed medication without an evidence-based clinical in-
dication or beyond the recommended duration, where the treat-
ment duration is well defined. PPI was prescribed as a PRN medi-
cation after receiving treatment for an adequate period. However,
it was administered daily as a long-term scheduled medication de-
spite the absence of symptoms and not as a PRN medication. Phy-
sicians and patients are generally afraid of symptom relapse after
discontinuing PPI treatment, although on-demand therapy is rec-
ommended for gastroesophageal reflux disease and chronic gastri-
tis. Therefore, PPI prescribed as a PRN medication but erroneous-
ly used daily was a common cause of PIM."?)

‘We observed medication errors associated with the use of anti-
psychotics and anticholinergics. Although PRN antipsychotic
medications are used for the acute control of agitation, the re-
scheduling of antipsychotic doses has been overlooked. Prescribers
should record the indication and duration of use of PRN medica-
tion, especially to avoid misuse.”” Although the use of anticholin-
ergics has decreased significantly, it continues to increase in the
presence of chronic diseases, such as dementia and depression, in
long-term care settings.” " Similarly, Kose et al.”” reported signifi-
cantly increased anticholinergic use during stroke rehabilitation.
First-generation antihistamines may be used inappropriately as
hypnotics in patients with behavioral and psychological symptoms
of dementia or delirium.

Another notable medication among PIM users was piracetam.
Piracetam is prescribed short-term to patients with peripheral ver-
tigo.m However, piracetam was frequently used in this study for
forgetfulness and vertigo of unknown origin. Most NHRs did not
show a significant benefit from the use of piracetam. Furthermore,
evidence supporting its effectiveness remains inadequate.

The most common definition of polypharmacy is the regular
use of at least five medications. Polypharmacy has been associated
with the risk of geriatric syndromes and the use of PIM, and lists of
PIM are widely used to reduce the prevalence of geriatric syn-
dromes.”*” The number of pills taken by an individual can in-
crease, even if the number of medications used is lower, a situation

that is oven overlooked. Therefore, we investigated the pill burden
and threshold number of pills, which resulted in an increased risk
of PIM similar to polypharmacy. In our study, the cutoft value for
the number of pills to predict PIM use was similar to the number
of medications used. The most sensitive cut-off value for the num-
ber of pills based on ROC analysis was 2.5. Pill burden had similar
sensitivity and specificity to polypharmacy in identifying individu-
als with PIM. We found that neither definition was superior in
identifying participants with PIM. Studies to date have demon-
strated the association of a reduced pill burden and reduced PIM
use with increased medication adherence. To our knowledge, this
is the first study conducted in NHs to investigate the cut-off value
for the number of pills taken to predict the presence of PIM. Final-
ly, although the number of pills was insufficient to show the PIM
arithmetically, it can still be used as an important risk factor for
PIM."”

This study was conducted at a single center, thus resulting in a
relatively small sample size. Some of the STOPP-2 criteria could
not be applied owing to the requirement for laboratory assessment.
As not all confounding factors, such as comorbidity and START
criteria, were considered, medication error may not be associated
solely with PRN or pill burden. We were unable to assess the med-
ications that were necessary for use based on comorbidities ac-
cording to the START criteria.

In conclusion, an improperly explained prescription of PRN can
result in medication errors. Due to patient misunderstanding of
the indication or duration of use, PRN may cause PIM as the use
of “any drug prescribed without an evidence-based clinical indica-
tion.” Older people who use PRN medications should be fol-
lowed-up more closely. Ultimately, identifying the presence of
PIM and PRN is important for identifying barriers to adherence
and enhancing patient understanding of the indications and prop-
er use of medications. To prevent the use of PIM caused by errors
related to PRN medication, patients should be questioned at each
visit regarding the use of each medication and prescribers should
critically review the medication list.

An approach should be developed to reduce the pill burden, in-
cluding reducing or stopping medications that are potentially
harmful or no longer beneficial, using fixed-combination products,
and reducing dose frequency. The number of pills taken is often
not the same as the number of medications used and is usually
more than the number of medications. Increasing the number of
pills could reduce medication adherence, which, in turn, can lead
to increased side effects, adverse drug reactions, or loss of efficacy.
This indirectly leads to increased PIM use. Therefore, the numbers
of pills and medications are important in terms of PIM use.
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