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Purpose: To assess the prevalence and associated risk of potentially inappropriate prescrib-
ing (PIP) in older adults.

Methods: This was a national 3-year retrospective study of outpatient older adults exposed to
potentially inappropriate medication (PIM) or polypharmacy. We used the Beers Criteria 2019 list
to identify PIM to be avoided in older adults. We define moderate polypharmacy (MoP) and major
polypharmacy (MaP) as using 6—10 or >10 chronic medications, respectively. Determinants of PIP
included patients’ demographics, lab results, medications, comorbidities, and home healthcare
services. We used Chi-square (for categorical variables), Unpaired #-test and ANOVA (for con-
tinuous variables as applicable) to assess the association of these determinants with PIP. Univariate
followed by multivariate logistic regression models were used to get the crude and adjusted odds
ratios of exposure to PIM or polypharmacy within patients who had emergency department (ED)
admissions, bone fractures, falls, or constipation, compared to those who had not.

Results: 3537 patients were included. 62.6%, 40.4%, and 27.2% were exposed to PIM, MoP
and MaP, respectively. Determinants of PIP included age, gender, ethnicity, weight, kidney
function, sodium levels, hypertension, diabetes, heart failure, CAD, and home healthcare
services (all with p-value < 0.05). PIM was associated with risk of ED admission, bone
fracture and constipation with adjusted OR (p-values) of 1.27 (0.002), 1.33 (0.005), and 1.40
(<0.001), respectively. MoP was associated with the risk of ED admission, bone fracture, and
constipation, with adjusted OR (p-values) of 1.27 (0.012), 1.34 (0.019), and 1.47 (<0.001),
respectively. MaP was associated with a higher risk of ED admission, bone fracture, falls,
and constipation with adjusted OR (p-values) of 1.46 (0.001), 1.59 (0.002), 1.39 (0.023), and
2.07 (<0.001), respectively.

Conclusion: PIP is common and is associated with an increased risk of poor clinical
outcomes in older adults.
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Introduction
Background

It is well established that our world is aging. The population aged over 60 years is
increasing quicker than all younger age groups. By 2050, 16% of the world will be 65
years or over, compared to 9% in 2019." As an individual grows older, the routine of
prescribing medications increases due to the co-existence of multiple co-morbidities,
with each requiring one or more medication to be managed which led to the
emergence of the phenomenon called polypharmacy.”
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Polypharmacy can be clinically defined as using any
medication without appropriate indication. While for
research purposes, there is no single accepted numerical
definition. However, the use of more than 5 medications is
a widely accepted cutoff point.* Appropriate polyphar-
macy is the application of the related guidelines to patients
with multiple chronic issues. This exposes them to multi-
ple medications, increasing the chance for Drug-Drug
Interactions (DDI) and adverse drug reactions (ADRs).’
Recently, “inappropriate polypharmacy” expression used
to describe medications that introduce a significant risk of
ADRs when there are lower-risk and equally or more
effective alternatives available.® It also describes the use
of medicines at higher frequencies, for longer durations,
than clinically indicated, or the use of multiple medicines
that have recognized drug-disease interactions.” Similarly,
Potentially Inappropriate Medication (PIM) is the medica-
tion that increases the risk of ADRs when there is a safer
alternative available.® It is used to define the quality of the
prescribed medications rather than the accumulated
quantities.

Though PIP can be entirely appropriate in several cases
amongst the young adult population, safe and effective
prescribing in the elderly is challenging. This is mainly
because of the age-related pathophysiological changes as
enzymatic dysfunction and liver and kidney function
decline that is impacting the pharmacokinetics and phar-
macodynamics of medications.” In addition, the elderly
exhibits pronounced response to certain medications espe-
cially those affecting the central nervous system, so the
incidence of ADRs is expected to be higher compared to
the younger population.'” Having multiple chronic co-
morbidities, taking several medications from a variety of
physicians, and having age-related pathophysiologic
changes, older adults are at increased risks of accumulat-
ing polypharmacy and PIM and hence ADRs, DDIs, and

hospitalization,'''417-18

Generally, polypharmacy and
PIM representing two arms of Potentially Inappropriate
Prescribing (PIP) that may cause harm to older adults.
The appropriate prescription should maximize efficacy,
safety, minimize cost, and respect patients’ preferences.'”
In a retrospective national study (n= 338 801) in Ireland,
PIM represents 9% of the overall pharmaceutical cost in
patients >70 years in 2007.'® As a result, many screening
tools have been published to identify inappropriate pre-
scribing in the older population in the USA and Europe in
the past few decades. 46 assessment tools were available
worldwide between 1991 and 2013." One of the most

validated tools is “Beers Criteria” for PIM in older adults
that were started in 1991 and was prepared later in 2012,
2015 and 2019 by the American Geriatric Society.?’

Researches on PIM and polypharmacy among older
adults are common in the western world.?! However,
there are little researches in the Middle East, and particu-
larly nothing published in Qatar about community-dwell-
ing older adults. Population older than 60 years in Qatar is
expected to increase from 2.3% of the total population in
2015 to 19.8% in 2050.%* In addition, this study becomes
more feasible after years of using a national Electronic
Health Record (EHR) for all the governmental primary
and secondary healthcare centers and hospitals.

Objective

The objective of this study is to determine the prevalence
of both PIM and polypharmacy amongst the elderly popu-
lation followed-up in the main geriatric hospital in Qatar at
the outpatient clinics and explore their significant determi-
nants and associated risks in a period of 3 years.

Methods
Study Design

This was a national registry-based retrospective study of
outpatient older adults who exposed to PIP as compared to
those who did not expose for the last 3 years. The main
exposure was PIP which involved PIM and polypharmacy
in two independent analyses.

For the PIM evaluation, the sample was divided into
two groups depending on PIM exposure. However, for
polypharmacy, patients were categorized into three groups
according to the maximum number of chronic systemic
medications used simultaneously. Determinants of PIP
included patients’ age, gender, weight, Body Mass Index
(BMI), kidney function estimation, ethnicity, the number
of chronic systemic medications and comorbidities, hyper-
tension, diabetes, heart failure, Coronary Artery Disease
(CAD), schizophrenia/bipolar disorder, dementia, and the
need for home healthcare services.

A univariate logistic regression used to identify the asso-
ciation of PIP use with the incidence of Emergency
Department (ED) admission, bone fracture, falls, and consti-
pation. Then, the determinants were included in a multivariate
logistic regression model to get the adjusted odds ratio.

Setting And Participants
All the older adults attending geriatrics outpatient clinics in
the central geriatric hospital (Rumailah Hospital, Hamad

submit your manuscript

1890

Dove

Clinical Interventions in Aging 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Alyazeedi et al

Medical Corporation, Qatar) through 2018 are screened for
this study. Patients who did not complete the age of 65 years
by Jan 1, 2018, were excluded from the extracted report.
Patients demographics, medications, results, diagnoses and
admissions through the past 3 years since Jan. 2016, were
extracted from the EHR system (Cerner system™). The
extracted data were validated, de-identified and listed in
excel sheets by three healthcare professionals including med-
ical informatics specialist.

Variables And Data

The main exposures were PIM use and polypharmacy, which
were used as categorical variables. The medication was con-
sidered as PIM if it is found in the 2nd table of the 2019 Beers
list of medications that should be avoided in older adults
independent of their indication or patient comorbidities
(Supplementary Table S1). Our list of medications included

85 PIMs in Anticholinergic, Anti-infective, Cardiovascular,
Central nervous system, Endocrine, Gastrointestinal, Pain,
and genitourinary classes. Certain medications required special
criteria to be considered as PIM such as Nitrofurantoin
(if estimated Glomerular Filtration eGFR< 30 mL/min/m2),
Dronedarone (if permanent atrial fibrillation or severe or
recently decompensated heart failure), Digoxin (if dosages
>0.125 mg/day), Antipsychotics (if not for schizophrenia or
bipolar disorder, or for short-term use as antiemetic during
chemotherapy), Androgens/Growth hormone (if no confirmed
hormonal deficiency with clinical symptoms), Vaginal
Estradiol (if > 25 pg twice weekly) Metoclopramide (if no
gastroparesis), Proton-pump inhibitors PPI (if scheduled daily
> 56 days), and NSAIDs (if > 28 days and no gastroprotective
agent). All these criteria were applied by a geriatric healthcare
professional and reviewed by a geriatric clinical pharmacist
through screening of clinical notes for the patients using these
medications. The patient was considered in the PIM exposure
group if he used at least one medication from the previous
Beers list of medications between Jan 1, 2016, and Dec 31,
2018, otherwise, he was considered as unexposed to PIM.

We identified polypharmacy using chronic systemic
medications only. Therefore, we excluded medications
dispensed for less than 4 weeks through the study period,
used topically or duplicate orders. Patients who did not use
more than five chronic medications were considered
“without polypharmacy” while those who used 6-10 or
more than 10 chronic medications were considered as MoP
or MaP, respectively.

Patients’ characteristics extracted were age, nationality,
gender, weight, height, serum creatinine, medications,

Diagnoses, medical problems, and admissions. CAD identi-
fied as any form of angina or myocardial infarction. Chronic
kidney disease (CKD) stages were classified as per the
National Kidney Foundation system using eGFR which
was calculated using the 2009 Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.”>** We
considered dialysis patient as stage G5 regardless of the
serum creatinine level. BMI was calculated using the com-
mon formula of weight in kg divided by height in meters
squared (kg/m?) and classified into 6 categories.” Patients
from 53 countries were grouped into 6 ethnicities depending
on the geographical distribution as Gulf, North African,
Black African, Asian, Eastern Mediterranean, and white
ethnicities (Supplementary Table S2). Total anticholinergic

and CNS active medications used per patient identified
through the comprehensive lists mentioned in the 2019
Beers criteria.”’

Bias

CKD staging used only the value of eGFR which is a good
indicator for kidney function but it is not the only CKD staging
criteria. ED admission may result from comorbidities that are
causing polypharmacy, as patients who are taking fewer med-
ications are expected to be healthier. However, testing other
outcomes like falls, fractures, and constipation besides adjust-
ing our results to the most common comorbidities and disabil-
ities that can cause ED admissions, may show us the negative
health outcomes associated with using many medications. In
addition, falls documentation accuracy depends on many fac-
tors that are not monitored in this study such as the attending
physician specialty, patient socioeconomic factors, and sever-
ity of fall. This may explain the poor association that we found
between falls and PIM or MoP.

Study Size And Power

We used convenience sampling by including all patients
aged 65 years or more and visited any of the outpatient
clinics in our central geriatric hospital through 2018.
Using the included sample size of 3537, this study was
at least powered at 85.1% to detect an odds ratio of 1.25.
This was calculated using a Chi-square test for two-sample
proportions, assuming that 30% of the control group is
exposed to the risk and at an alpha level of 0.05 using a
two-sided confidence interval.

Statistical Methods
PIM prevalence was the percentage of patients using at
least one PIM in the total sample. The number of chronic
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medications was categorized into three categories of 0-5,
6-10 and > 10, so the prevalence of each polypharmacy
group is calculated separately.

The difference in PIP determinants was tested using the
chi-square test for categorical variables and summarized as
numbers and percentages. For continuous variables in the
two PIM groups #-test was used and summarized as mean
and standard deviation (Table 1) and the difference in
means was listed in the Supplementary Table S3.

ANOVA was used for continuous variables in the 3 poly-
pharmacy groups (Table 1). Bonferroni multiple-compar-
ison test was used after ANOVA if it resulted in significant
p-value to check for which groups were different
(Supplementary Table S4).

Continuous variables were used in their original con-
tinuous form, while age, BMI, eGFR, and sodium were
categorized into clinical subgroups as well. Numbers of
PIMs, chronic medications, comorbidities, CNS-active
medications, anticholinergics, and ED admissions treated
as continuous variables. Missing data count and percen-
tage are listed under each relevant variable in Table 1.

A univariate logistic regression used to identify the
association of PIP with emergency admission, bone frac-
ture, falls and constipation all as categorical outcomes
compared to those without PIP. Then, the determinants
found in the baseline characteristic results were included
in a multivariate logistic regression model to get the
adjusted odds ratio. The analysis was done initially using
complete case analysis approach, however, and because of
the expected missing data in lab results (weight, sodium,
and creatinine), a final multivariate regression model was
done after using multiple imputations (MI) to replace
missing observations. Multiple imputations included all
the available observations for the patient. We listed the
three odds ratios along with their 95% Confidence
Intervals (95% CI) and p-values in Table 2. STATA 15
was used for all the statistical work.

Results
Sample Characteristics And PIP

Determinants

In total, 3539 older adults visited the outpatient clinics
during 2018, identified by their unique medical record
number MRN and name, of them, only two patients were
excluded because of incomplete identifiers. Thus, 3537
patients have been included, 1947 (55.0%) out of them
were males. The average age was 72.8 years with 1464

(41.4%) aged 65-70, while 218 (6.2%) aged 85 years or
older. The average weight was 79.7 kg and BMI was 29
kg/m? with 1079 (30.5%) had obesity classes I-III. 1982
(56.0%) were Gulf ethnicity, 520 (14.7%) Asians, 541
(15.3%) Eastern Mediterraneans, 227 (6.4%) North
Africans, 170 (4.8%) Black Africans, and only 89 (2.5%)
were from White ethnicity. 859 (24.3%) classified as G3a-
G5 CKD stages with eGFR < 60 mL/min/1.73 m?. Every
patient had on average 2 comorbidities, 8 chronic medica-
tions, 1.4 anticholinergics, 1.3 CNS-active medications,
0.9 PIM, and 1.2 ED admissions. In addition, 2129
(60.2%) were diabetic, 2847 (80.5%) hypertensive, 440
(12.4%) with heart failure, 1008 (28.5%) with CAD, 381
(10.8%) with dementia, 27 (0.8%) with Schizophrenia or
bipolar disorder, 2366 (66.9%) had an infection, while 571

(16.1%) needed a special home healthcare service.

PIM

2215 (62.6%) of the total sample had at least one PIM,
39.3% of them aged 65—69 years compared to 6% aged 85
years or more, 50.7% males, 60.8% Gulf nationals, 35.1%
with obesity classes I-I1I, and 27.7% were G3a-G5 CKD
stages with eGFR < 60 mL/min/1.73 m?.

PIMs were more prevalent in females than males (68.7 vs
57.7%, p<0.001) and in patients aged 80-84 years (69.6%,
p=0.003) than other age groups without significant difference
in age per years (p=0.082). PIM prevalence increased persis-
tently over the BMI groups from 60.6% in the underweight
group to 77.4% in the class III obesity group with 2.6 kg
higher weight (95% CI 1.21-3.98) and 1.14 kg/m® higher
BMI (95% CI 0.63—-1.65) than those without PIM. In addition,
it increased persistently over the CKD stages from 61.8% in
the stage G1 to 76% in the stage G5 with 4.1 mL/min/1.73 m*
lower eGFR (95% CI 2.38-5.81) and 9.05 pmol/L higher
serum creatinine (95% CI 3.38-14.72) than those without
PIM. PIM was more common as 72.2% (p=0.013) in patients
with hyponatremia compared to 65.3 and 50% in patients with
normonatremia and hypernatremia, respectively. PIM preva-
lence in different ethnicities were 68.0, 61.9, 60.8, 55, 44.1,
and 36.0% (p<0.001) in the Gulf, Eastern Mediterranean,
North African, Asian, Black African and White groups,
respectively. Compared to undiagnosed patients, PIM was
more prevalent in patients diagnosed with diabetes (70.8 vs
50.2 %, p<0.001), hypertension (67.7 vs 41.9%, p<0.001),
heart failure (77.1 vs 60.6%, p<0.001), CAD (74.3 vs 58%,
p<0.001), infection (68.6 vs 51.0%, p<0.001) and patient
under home healthcare service (70.6 vs 61.1%, p<0.001),
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Table | Characteristics Of PIM And Polypharmacy Groups And Their Prevalence Within Different Determinants

Determinants PIM Polypharmacy Total
With Without p-value | 0-5 Meds 6-10 Meds | > 10 Meds p-value
n % n % n % n % n % n (%)
Total 2215 | 62.6 | 1322 | 374 1144 | 323 [ 1430 | 404 | 963 272 3537(100)
Age in years, y and SD 729 6.7 725 7.3 0.082 723 7.3 729 6.9 73.1 6.7 | 0.024 72.8 (6.9)
Age group, years 0.003 0.001
65-69 871 59.5 | 593 40.5 527 36 571 39.0 | 366 25.0 1464 (41.4)
70-74 564 644 | 312 35.6 275 314 | 363 41.4 | 238 272 876 (24.8)
75-79 382 64.0 | 215 36 175 293 | 236 395 | 186 312 597 (16.9)
80-84 266 69.6 | 116 30.4 95 249 | 169 442 | 118 30.9 382 (10.8)
285 132 60.6 | 86 395 72 33 9l 41.7 | 55 252 218 (6.2)
Gender <0.001 <0.001
Female 1092 | 68.7 | 498 31.3 443 279 | 66l 41.6 | 486 30.6 1590 (45.0)
Male 1123 | 57.7 | 824 423 701 36 769 395 | 477 245 1947 (55.0)
Weight in Kg, p & SD 80.5 178 | 77.9 16.8 | <0.001 76.2 16.7 | 78.9 164 | 83.6 19.1 | <0.001 79.7(17.6)
Missing 342 45.8 | 405 54.2 410 549 | 225 30.1 | 112 15 747(21.1)
Height in cm, p & SD 166 10 166 10.1 | 0.380 165 103 | 166 9.9 167 9.8 | 0.035 166(10.0)
Missing 91 429 | 121 57.1 126 594 | 66 31.1 | 20 9.43 212(6.0)
BMI (kg/m?), u & SD 29.4 6.6 283 6 <0.001 28 6 29 6 30 7.1 <0.001 29(6.4)
Missing 370 46.5 | 426 535 429 53.9 | 248 312 | 119 14.9 796 (22.5)
Classes, BMI range <0.001 <0.001
Underweight, <I9 40 60.6 | 26 394 29 439 | 23 349 | 14 212 66 (1.9)
Normal weight,19-24.9 431 64.0 | 242 36 197 293 | 296 440 | 180 26.8 673 (19.0)
Overweight, 25-29.9 597 64.7 | 326 353 249 27 409 44.3 | 265 28.7 923 (26.1)
Obese-Class |, 30-34.9 467 70.7 | 194 29.4 164 248 | 282 427 | 215 325 661 (18.7)
Obese-Class II, 35-39.9 190 722 | 73 27.8 52 198 | 117 445 | 94 357 263 (7.4)
Obese- Class Ill, 240 120 774 | 35 22.6 24 155 | 55 355 | 76 49.0 155 (4.4)
ethnicity <0.001 <0.001
Asian 286 55.0 | 234 45 231 444 | 186 358 | 103 19.8 520 (14.7)
Black African 75 44.1 | 95 55.9 78 459 | 64 377 | 28 16.5 170 (4.8)
Gulf 1347 | 68.0 | 635 32 522 26.3 | 828 41.8 | 632 319 1982 (56.0)
North African 138 60.8 | 89 39.2 80 352 | 94 414 | 53 234 227 (6.4)
Others 2 25.0 | 6 75 7 875 | 0.0 0.0 | 12.5 8(0.2)
Eastern Mediterranean 335 61.9 | 206 38.1 172 31.8 | 227 420 | 142 26.3 541 (15.3)
White 32 36.0 | 57 64 54 60.7 | 31 348 | 4 4.5 89 (2.5)
S. Creatinine, umol/l, pand SD | 100.7 | 829 | 91.7 62.5 | 0.002 838 | 458 | 974 79.7 | 110.7 | 91.4 | <0.001 97.6 (76.7)
eGFR, mL/min/1.73m? 70.4 238 | 745 21.9 | <0.001 779 20.1 | 722 229 | 656 24.8 | <0.001 71.8 (23.2)
CKD stage 0.002 <0.001
Gl, >90 472 61.8 | 292 382 265 347 | 332 435 | 167 21.9 764 (21.6)
G2, 60-90 979 65.1 | 524 349 453 30.1 | 645 42,9 | 405 27.0 1503 (42.5)
G3a,45-59 278 69.2 | 124 309 76 189 | 175 43.5 | I51 37.6 402 (11.4)
G3b, 3044 163 718 | 64 282 29 12.8 | 98 432 | 100 44.1 227 (6.4)
G4, 15-29 60 714 | 24 28.6 16 19.1 | 21 250 | 47 56.0 84 (2.4)
G5, <15 Il 76.0 | 35 24 23 158 | 60 41.1 | 63 432 146 (4.1)
Missing renal parameters 152 37 259 63 282 68.6 [ 99 24.1 | 30 7.3 411 (11.6)
(Continued)
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Table | (Continued).

Determinants PIM Polypharmacy Total
With Without p-value | 0-5 Meds 6-10 Meds | > 10 Meds p-value
n % n % n % n % n % n (%)

Sodium mEg/L, p and SD 1383 | 34 1388 | 3.5 <0.001 139.1 | 3.3 1386 | 3.3 137.7 | 3.6 <0.001 138.5 (3.4)
Sodium levels 0.013 <0.001

Hyponatremia < 135 267 722 | 103 27.8 68 184 | 142 384 | 160 432 370 (10.5)

Normonatremia 135-145 1770 | 65.3 | 941 347 767 283 | 1176 | 43.4 | 768 28.3 2711(76.6)

Hypernatremia >145 8 50 8 50 8 50 5 313 | 3 18.8 16 (0.5)

Missing sodium 170 386 | 270 61.4 301 684 | 107 243 | 32 7.27 440 (12.4)
Medications, p and SD 9.7 42 4.7 37 <0.001 2.6 1.9 79 1.4 13.7 2.8 - 8 (4.7)
PIMs, p and SD 1.5 0.8 0 0 - 0.4 0.6 | 0.9 1.5 | <0.001 0.9 (1)
CNS active meds, p and SD 1.67 2.6 0.7 1.8 <0.001 0.7 1.7 1.2 2 2.3 32 <0.001 1.3 (2.4)
Anticholinergics, p and SD 1.8 1.8 0.9 1.2 <0.001 0.9 1.2 1.4 1.5 2.1 2 <0.001 1.4 (1.7)
Comorbidities, p and SD 2.4 1.2 1.7 1.3 <0.001 1.3 1.2 23 | 29 1.1 <0.001 2 (1.3)
Diabetes mellitus <0.001 <0.001

No 707 50.2 | 701 49.8 817 58 465 33.0 | 126 9.0 1408 (39.8)

Yes 1508 | 70.8 | 621 29.2 327 154 | 965 45.3 | 837 393 2129 (60.2)
Hypertension <0.001 <0.001

No 289 41.9 | 401 58.1 504 73 152 220 | 34 49 690 (19.5)

Yes 1926 | 67.7 | 921 324 640 22.5 | 1278 | 449 | 929 32,6 2847 (80.5)
Heart failure <0.001 <0.001

No 1876 | 60.6 | 1221 | 394 1093 | 353 | 1291 | 41.7 | 713 23.0 3097 (87.6)

Yes 339 77.1 | 101 23 51 1.6 | 139 31.6 | 250 56.8 440 (12.4)
CAD <0.001 <0.001

No 1466 | 58 1063 | 42 1019 | 403 | 1014 | 40.1 | 496 19.6 2529 (71.5)

Yes 749 74.3 | 259 25.7 125 124 | 416 41.3 | 467 46.3 1008 (28.5)
Infection <0.001 <0.001

No 592 51 579 49.4 549 47 423 36.1 | 199 17 1171 (33.1)

Yes 1623 | 68.6 | 743 314 595 252 | 1007 | 42.6 | 764 323 2366 (66.9)
Dementia 0.106 0611

No 1962 | 62.2 | 1194 | 37.8 1029 | 32.6 | 1269 | 40.2 | 858 27.2 3156 (89.2)

Yes 253 66.4 | 128 33.6 115 30.2 | 161 423 | 105 27.6 381 (10.8)
Schizophrenia/bipolar 0217 0.942

No 2195 | 62.5 | 1315 | 375 1136 | 324 | 1419 | 404 | 955 27.2 3510 (99.2)

Yes 20 741 | 7 259 8 296 | 11 40.7 | 8 29.6 27 (0.8)
Homecare services <0.001 <0.001

No 1812 | 61.1 | 1154 | 38.9 1021 | 344 [ 1174 | 39.6 | 771 26.0 2966 (83.9)

Yes 403 70.6 | 168 29.4 123 21.5 | 256 448 | 192 33.6 571 (l6.1)
ED visits, p and SD 1.4 4 0.9 1.9 <0.001 0.7 1.6 1.2 2.8 1.8 5.3 <0.001 1.2 (3.4)

Notes: We used frequencies and percentages for categorical variables, otherwise the mean (u) and the Standard Deviation (SD) were specified in the most left column for
continuous and count variables. A dash was used if the test is not applicable.

Abbreviations: BMI|, Body mass index; ED, Emergency Department; CAD, Coronary Artery Disease; CKD, Chronic Kidney Disease; CNS, Central Nervous System; eGFR,
estimated Glomerular filtration rate; meds, medications; PIM, Potentially Inappropriate Medications; S, serum.
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Table 2 Crude And Adjusted Odds Ratios Of PIM And Polypharmacy Against Clinical Outcomes Before And After Ml

Exposure Cases Univariate Analysis N=(3537) | Multivariate Logistic Regression
Complete Case Analysis (N=2759) | After Ml (N=3537)

OR 95% CI P-value | aOR 95% ClI P-value aOR | 95% CI P-value
ED Admissions (N=1456)

PIM n (%)

No 448 (30.8) | | |

Yes 1008 (69.2) | 1.63 1.41 1.88 | <0.001 1.2 1.0l 1.43 0.04 1.27 1.09 | 1.48 | 0.002

Polypharmacy | n (%)

0-5 360 (24.7) | | |

6-10 606 (41.6) 1.6 1.36 1.89 | <0.001 1.2 0.97 1.49 0.095 1.27 1.05 | 1.54 | 0.012

>10 490 (33.7) 2.26 1.89 | 2.69 | <0.001 1.34 1.04 1.72 0.026 1.46 1.17 | 1.83 | 0.001
Bone fractures (N=629)

PIM n (%)

No 188 (29.9) | | |

Yes 441 (70.1) 1.5 1.24 1.8 <0.001 1.34 1.07 1.68 0.011 1.33 1.09 | 1.63 | 0.005

Polypharmacy | n (%)

0-5 163 (25.9) | | |

6-10 265 (42.1) 1.37 I.11 1.69 | 0.004 1.29 0.98 1.71 0.067 1.34 1.05 | 1.71 | 0.019

>10 201 (32) 1.59 1.26 1.99 | <0.001 1.45 1.05 2 0.023 1.59 1.19 | 2.12 | 0.002
Falls (N=615)

PIM n (%)

No 195 (31.7) | | |

Yes 420 (68.3) 1.35 .12 1.63 | 0.001 1.02 0.82 1.26 0.89 .13 [ 093 | 1.38 | 0.212

Polypharmacy | n (%)

0-5 156 (25.4) | | |

6-10 254 (41.3) 1.37 I.1 1.7 0.005 1.07 0.8l 1.4 0.651 .19 [ 093 | 1.52 | 0.174

>10 205 (33.3) 1.71 .36 | 2.15 | <0.001 1.16 0.85 1.6 0.352 1.39 1.05 | 1.85 | 0.023
Constipation (N=1176)

PIM n (%)

No 329 (28) | | |

Yes 847 (72) 1.87 1.61 2.17 | <0.001 1.31 1.08 1.58 0.005 1.4 1.18 | 1.66 | <0.001

Polypharmacy | n (%)

0-5 237 (20.2) | | |

6-10 492 (41.8) 2 1.68 | 2.4 <0.001 1.47 I.15 1.87 0.002 1.47 1.19 | 1.81 | <0.001

>10 447 (38) 332 | 274 | 401 <0.001 2.03 1.54 2.67 <0.001 2.07 1.62 | 2.64 | <0.001

Abbreviations: Cl, Confidence interval; MI, Multiple Imputations; OR, Crude Odds Ratio; aOR, Odds Ratio adjusted for age, gender, ethnicity, weight, serum creatinine,
sodium, infection, hypertension, diabetes, heart failure, coronary artery disease, Schizophrenia/bipolar disorder, cognitive impairment, and being under a home healthcare

service.
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while no significant difference was found with dementia or
schizophrenia/bipolar disorders.

PIM group also had 0.7 chronic comorbidities (95%
CI, 0.60 —0.77), 5 chronic medications (95% CI, 4.7-5.3),
1 CNS-active medication (95% CI, 0.8-1.1), 0.9 antic-
holinergic medication (95% CI, 0.8-1.0), and 0.5 ED
admissions (95% CI, 0.30—0.77) more than those without
PIM (Supplementary Table S3).

Polypharmacy

Overall 2393 (67.7%) of the total sample used > 5 chronic
medications, 1430 (40.4%) used 6—10 while 963 (27.2%)
used > 10 medications. 39.2% of the overall polypharmacy
aged 65-69 years compared to 6.1% aged 85 years or
more, 52.1% males, 61% Gulf nationals, 35.1% with obe-
sity classes I-III, and 29.9% were G3a-G5 CKD stages
with eGFR < 60 mL/min/1.73 m2.

MoP was slightly more prevalent in females than
males (41.6 vs 39.5%, p<0.001) and in patients aged
80—84 years (44.2%, p=0.001) than other age groups
without significant difference in age per years in the
Bonferroni post-ANOVA test. It was more prevalent in
obese-class II patients (44.5%, p<0.001), 2.7 kg higher
weight (p=0.002) and 0.9 kg/m? higher BMI (p=0.011)
than those without polypharmacy. Although there was a
fluctuating pattern of MoP over CKD stages, MoP
patients had 5.8 mL/min/1.73 m? lower eGFR (p<0.001)
and 13.6 umol/L higher serum creatinine (95% CI 3.38-
14.72) than those without polypharmacy. They had 0.5
mEq/L lower sodium (p= 0.004) than those without poly-
pharmacy (Supplementary Table S4). MoP was 42.0,
41.8, 41.4, 37.7, 35.8, and 34.8% (p<0.001) in the
Eastern Mediterranean, Gulf, North African, Black
and White respectively.
Compared to patients without polypharmacy, MoP was

African, Asian, groups,
more prevalent in patients diagnosed with diabetes (45.3
vs 33.0%, p<0.001), hypertension (44.9 vs 22%,
p<0.001), CAD (41.3 vs 40.1%, p<0.001), infection
(42.6 vs 36.1%, p<0.001) and patient under home health-
care service (44.8 vs 39.6%, p<0.001). MoP was less
prevalent in patients with heart failure (31.6 vs 41.7%,
p<0.001) while no significant difference was found with
MoP
group also had one chronic comorbidity (p<0.001), 0.6
PIMs (p<0.001), 0.5 CNS-active medications (p<0.001),
0.5 anticholinergic medications (p<0.001), and 0.4 ED
admissions (p<0.001) more than those without polyphar-

dementia and schizophrenia/bipolar disorders.

macy (Supplementary Table S4).

Major Polypharmacy (MaP) was more prevalent in
females than males (30.6 vs 24.5%, p<0.001) and in patients
aged 75-79 years (31.2%, p=0.001) than other age groups
with a significant increase of 0.8 years (p=0.034) than
patients without polypharmacy in the Bonferroni post-
ANOVA test. MaP prevalence increased persistently over
the BMI groups from 21.2% in the underweight group to
49.0% in the class III obesity group with 7.4 kg higher
weight (p<0.001) and 2.2 kg/m* higher BMI (p<0.001)
than those without polypharmacy. MaP increased persis-
tently over the CKD stages from 21.9 in the CKD stage
G1 to 56% in the stage G4 (then falls to 43.2 in the stage G5)
with 12.4 mL/min/1.73m? lower eGFR (p<0.001) and 26.9
umol/L higher serum creatinine (p<0.001) than those with-
out polypharmacy. The MaP was more common as 43.2%
(p<0.001) in patients with hyponatremia compared to 28.3
and 18.8% in patients with normonatremia and hypernatre-
mia, respectively with 1.3 mEqg/L (p<0.001) lower sodium
than those without polypharmacy. We found MaP in 31.9,
26.3, 23.4, 19.8, 16.5, and 4.5% (p<0.001) of the Gulf,
Eastern Mediterrancan, North African, Asian, Black
African and White groups, respectively. Compared to
patients without polypharmacy, MaP was more prevalent
in patients diagnosed with diabetes (39.3 vs 9.0%,
p<0.001), hypertension (32.6 vs 4.9%, p<0.001), heart fail-
ure (56.8 vs 23%, p<0.001), CAD (46.3 vs 19.6%,
p<0.001), infection (32.3 vs 17.0%, p<0.001) and patient
under home healthcare service (33.6 vs 26.0%, p<0.001).
No significant difference was found with dementia and
schizophrenia/bipolar disorders. MaP group also had 1.7
chronic comorbidities (p<0.001), 1.2 PIM (p<0.001), 1.6
CNS-active medications (p<0.001), 1.2 anticholinergic
medications (p<0.001), and one ED admission (p<0.001)
more than those without polypharmacy (Supplementary
Table S4).

Main Outcome Results

Although we found PIM, MoP and MaP significantly
associated with the four clinical outcomes in the crude
analysis, these results slightly changed after adjusting for
confounders that were expected to be associated with the
PIP and clinical outcomes (Table 2).

PIM

Before and after MI, PIM use was significantly associated
with ED admissions (Adjusted Odds Ratio “aOR” = 1.27,
95% CI: 1.09-1.48, p=0.002), bone fractures (aOR = 1.33,
95% CI: 1.09-1.63, p=0.005) and constipation (aOR = 1.40,
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95% CI: 1.18-1.66, p <0.001). On the other hand, there was
non-significant increase in PIM with falls (aOR = 1.13, 95%
CIL: 0.93-1.38, p=0.212).

Polypharmacy

After MI, Moderate Polypharmacy was significantly asso-
ciated with ED admissions (aOR = 1.27, 95% CI: 1.05-1.54,
p-value = 0.012) and bone fractures (aOR = 1.34, 95% CI:
1.05-1.71, p=0.019), while continued to be significantly asso-
ciated with constipation (aOR = 1.47, 95% CI: 1.19-1.81,
p<0.001). It was rendered insignificant for falls before and
after MI (aOR = 1.19, 95% CI: 0.93-1.52, p=0.174).

Before and after MI, Major Polypharmacy was associated
with significant increase in ED admissions (aOR = 1.46, 95%
CI: 1.17-1.83, p=0.001), bone fractures (aOR = 1.59, 95% CI:
1.19-2.12, p=0.002) and constipation (aOR = 2.07, 95% CI:
1.62-2.64, p<0.001). It was significant predictor for falls only
after MI (aOR = 1.39, 95% CI: 1.05-1.85, p=0.023).

Sensitivity Analyses

In total 778 (22%) out of 3537 records were incomplete
regarding variables included in our regression model.
Missing data were in weight (21.1%), serum creatinine
(11.6%), and sodium level (12.4%). 406 (11.5%) patients
out of the sample had missing data in the three variables.
Many patients with missing data had no observations as they
show up only for medication refills, and do not go through the
whole process of physical assessment. Those patients are
expected to be healthier with a low incidence of poor clinical
outcomes. Multiple imputations currently considered as a
first-line technique with better accuracy and power compared
to other missing data techniques. We used all the available
data including outcome variables in the multiple imputations
to create and analyze 20 multiply imputed datasets for each
variable with missing data. Incomplete data were imputed
using the default settings of the MICE 3.0 package of Van
Buuren and Groothuis-Oudshoorn 2011.%° We ran the multi-
variate logistic regression initially and after multiple imputa-
tions. PIM was an insignificant predictor for falls before and
after MI. However, it continued to be a significant predictor
for ED admissions, fractures, and constipation. MoP was
insignificant predictors for falls before and after MI as well.
However, it was a significant predictor for ED admissions
and bone fractures after MI and continued to be a significant
predictor for constipation. On the other hand, MaP was a
significant predictor of falls after M1, while continued to be a
significant predictor for ED admissions, bone fractures and
constipation after handling of missing data.

Discussion
Key Results

Our study found that older adults, who took at least one
medication recommended to be avoided in the 2nd table of
Beers 2019 list, are common and have significantly higher
odds to visit emergency, have bone fractures, or encounter
episodes of constipation. Moreover, patients with MoP (6-10
medications) or MaP (more than 10 meds) were associated
with significant risk for the four study outcome, except for
falls in the MoP group. There is a clear ascending risk of ED
admission, bone fracture and constipation form patients with
MoP to those with MaP. Significant determinants for PIP
included age, gender, ethnicity, weight, serum creatinine,
sodium, and comorbidities including infection, hypertension,
diabetes, heart failure, and CAD, besides being under home
healthcare services.

To our knowledge, this is the first study in Qatar which
investigates the relationship between PIP and poor clinical
outcomes, and the first worldwide to study falls, bone
fractures, constipation as potential outcomes to the use of
qualitative and quantitative PIP (PIM and MoP/MaP) in
such multiethnic older adults population.

Our results were consistent with reported associations
with poor outcomes in previous literature. A recent study in
the UK by Rawle and colleagues reported that “polyphar-
macy and excessive polypharmacy were associated with
poorer cognitive and physical capability, in which stronger
associations were found for excessive polypharmacy”.?’
Another study in 2015 identified:

a dose-response relation between polypharmacy and all-
cause hospital admission (5-9 drugs: OR 1.34, 95% CI
1.32-1.36; > 10 drugs: OR 1.98, 95% CI 1.94-2.03), and
the use of potentially inappropriate medications was asso-
ciated with a 27% increase in the risk of all-cause admission
to hospital (OR 1.27, 95% CI 1.25-1.28).%8

On the other hand, a recent systematic review reported no
association between regimen complexities measured by the
Medication Regimen Complexity Index (MRCI) and emer-
gency department visits.*’

The prevalence of inappropriate prescribing, and con-
sequently its associated poor outcomes, internationally
depends on the country conducting the research, and the
tool used for detecting the PIM. In Belgium, the PIM
screening with the Ghent Older People’s Prescription com-
munity Pharmacy Screening (GheOP>S) tool produced a

prevalence of 78% for PIM in community-dwelling older
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adults.*® Similarly in France, using La Roche list, 46.8%
of patients had at least one PIM.>' A Spanish Study using
START/STOPP criteria detected at least one PIM in 76.4%
of patients.*> A Danish study using MAI implicit criteria
detected at least one PIM in 94.3% of patients, while an
Austrian study using PRISCUS tool reported at least one
PIM in 37.3% of patients.’*** In Bahrain, PIM prevalence
was 34.1% in older adults with hypertension or Diabetes
mellitus.*> While in Qatar, one study reported a 35% PIM
prevalence in the home healthcare setting, using Beers
criteria 2012.3¢ The later prevalence may be lower than
our finding (PIM in 70.6% of patients under home health-
care services) because of using an older version of Beers
criteria and/or increased PIM prescribing.

Strengths

The essential strengths of this study are using both quali-
tative (PIM) and quantitative (polypharmacy) measures of
PIP, classifying polypharmacy into three levels depending
only on chronic systemic medications count, adjusting for
many important confounders, and using the most recent
version of Beers criteria 2019 to identify PIM. Measuring
PIP association with ED admission besides other expected
ADRs give us higher trust in the results. In addition, the
relatively large sample size enabled us to evaluate clinical
outcomes among different categories of PIP without com-
promising the power of the study or the significance of the
results. Patients’ records are completely electronic that
facilitate retrieval of accurate data and avoid the misinter-
pretation and misclassification of information.

Limitations

The impact of hidden confounding factors in considering
the relationship between PIP and clinical outcomes in
observational studies is a big challenge. Non-adherence
to the recorded medications is a common limitation in all
registry-based studies. The negative outcomes associated
with PIP outlined here maybe because of unmeasured
comorbidities, so further work is required to explore this.
In addition, our definition of polypharmacy was based on a
numerical count, which, although widely accepted, is not a
cutoff point in daily clinical practice.

Conclusion

PIM, moderate and major polypharmacy are quite com-
mon in community-dwelling older adults in Qatar and
associated with increased risk of ED admissions, bone
fractures, and constipation. This necessitates revising the

available safer alternatives in the formulary, customized
geriatric training for non-geriatric prescribers, effective
multidisciplinary team evaluation, and special prescribing
restrictions whenever applicable. Achieving the therapeu-
tic goals with the lowest number of medications and
implementing de-prescribing strategies may improve
older adults’ health outcomes. Beers criteria 2019 list of
PIMs may be linked to poor outcomes in older adults.
Further researches are required to identify other clinical
outcomes (including mortality risks) associated with dif-

ferent categories of PIMs and polypharmacy.
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