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Abstract
Older adults are the leading users of medications, where this can be associated with a high number of potentially inappropriate
medications (PIMs) and of potentially inappropriate prescribing (PIP) and consequent harm to health. No Brazilian study evaluating
potentially inappropriate prescribing in older patients with Alzheimer’s disease (AD) was found. This study determined and analyzed
the prevalence of PIP and PIM prescribed for older people with AD.
A cross-sectional study was carried out at the Specialty Drugs Pharmacy in the city of Sorocaba, São Paulo State, Brazil. The

MEDEX system provided the register in older people with AD and data were collected during interviews with patients and/or
caregivers between June and September 2017. The PIMs were identified according to the 2019 Beers Criteria. The association
between PIMs and independent variables was analyzed by Poisson regression.
This study included 234 older patients with AD. The prevalence of PIP prescribed was 66.7% (n=156). Of the 1073 medications

prescribed, 30.5% (n=327) were inappropriate with most affecting the central nervous system or cardiovascular, particularly
quetiapine (12.8%) and acetylsalicylic acid (11.6%), respectively. Around 45.2% of the PIMs should be avoided in older people,
especially sertraline (14.2%) and clonazepam (7.4%). After adjusted analysis, the PIMs were associated with the diagnosis of
depression (P = 0.010) and the number of comorbidities (P=0.005).
There was a high number of PIMs among older people, a substantial number of which should have been avoided in this population.

Health care professionals can apply these findings to improve safety in the use of medications for treating patients with AD.

Abbreviations: AD = Alzheimer disease, ATC Code = Anatomical Therapeutic Chemical Code, DRS-XVI = Regional Health
Department-XVI, ICD-10 = International Classification of Diseases code 10, MEDEX = Drugs of Exceptional Distribution, PIM =
potentially inappropriate medication, PIP = potentially inappropriate prescribing.
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1. Introduction

Alzheimer disease (AD) is a chronic neurodegenerative disorder
characterized by the gradual impairment of cognitive functions,
psychiatric and neuropsychiatric symptoms, and difficulty
performing activities of daily living. It is classified as early-onset
when it affects persons aged <65years and as late-onset when
onset occurs after 65years of age.[1]

This disease is associated with the deposition of amyloid
plaques in the brain, in addition to neurofibrillary tangles, which
cause a reduction in the size of synapses. However, other
causative agents seem to be associated with protective reactions
of the organism against infectious, inflammatory, or toxic
challenges.[2]

Neurocognitive disorders, heart disease, and cancer have been
implicated as the main factors predisposing individuals to the
morbidity and mortality of AD in America, with AD representing
the most common type of dementia.[3] In the United States, an
estimated 5.4 million Americans had the disease in 2016, a figure
set to rise to 13.8 million by the middle of the 21st century.[4]

With population ageing, the number of people living with
dementia is growing rapidly. Projections from the World Health
Organization, the number of people living with dementia will
triple in the coming years, reaching a projection of 152 million
until the year 2050. Presently, around 10 million individuals
develop dementia each year, of these, 6 million come frommiddle
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and low-income countries).[5] According to data from the Global
Burden of Disease Study 2016,[6] Brazil had the second highest
age-standardized prevalence with 1037 cases of dementia per
100,000 population. Pooled meta-analyses with Brazilian
studies, based on DSM-IV, revealed a dementia prevalence rate
of 6.2%.[7]

People with AD have higher levels of comorbidities and take
more medications to treat these conditions than people without
the disease.[8,9] Furthermore, achieving optimal medication use
for this population is a challenge for clinicians, because older
adults with dementia experience a greater sensitivity to the
adverse effects of medications and are often excluded from drug
trials, limiting the available evidence to guide prescribing
practices.[10]

The potentially inappropriate medication (PIM) is a term used
to describe the use of a medicine for which the associated risks
outweigh the potential benefits, especially when alternatives more
effective are available.[11] Studies show that PIM use can lead to
avoidable adverse drug events,[12] including falls, fractures, and
delirium and is associated with hospitalization[13,14] and
mortality.[15,16] Therefore, the identification of PIM can help
health professionals to elaborate strategies to minimize risks in
this vulnerable population.
Beers et al[17] published an important tool for the analysis of

PIMs for older people, known as the Beers Criteria. The
American Geriatrics Society updated these criteria in 2012,[18]

2015,[19] and 2019[20] (version used in this article). A prospective
cohort study carried out in France analyzed the prescriptions of
684 older people with AD using the Beers Criteria and identified
that 25.3% of patients with mild-to-moderate dementia used
PIMs.[21]

In Brazil, the medications used for the treatment of AD have
been funded by the public health system since 2002, where the
prescribing and dispensing of these medications is carried out
according to the National Clinical Protocol and Therapeutic
Guidelines for AD.[22]

Although there are Brazilian studies that evaluated PIM in the
elderly, none of them described the prescription profile of older
people with AD, and this fact prompted this study that evaluated
aspects related to the safety of drug treatment in this population.
Thus, the present study determined the prevalence of potentially
inappropriate prescription (PIP), the prevalence of PIMs
according to drugs group and the prevalence of these drugs that
should be avoided in older patients, who obtained their
medications for the treatment of AD under the Brazilian public
health system.
2. Methods

2.1. Study design and data availability

This cross-sectional study was based on data from the Drugs of
Exceptional Distribution system (MEDEX—Medicamento de
Distribuição Excepcional) and from interviews carried out with
older patients with AD and/or caregivers, at the Specialty Drugs
Pharmacy in the city of Sorocaba, São Paulo State, Brazil. The
data of this study can be made available, if requested.
2.2. Data setting

The Specialty Drugs Pharmacy is located in the Conjunto
Hospitalar de Sorocaba (Sorocaba Hospital Complex), in
2

Sorocaba city, State of São Paulo, Brazil. This unit is one of
40 in São Paulo State and caters to 48 municipalities under the
XVI Regional Health Department (DRS-XVI).
The Health Secretary of the State, through the Coordination of

Science, Technology, and Strategic Health Inputs, maintains a
computerized MEDEX system for use by managers in that
contain information from patient’s medical file used to control
dispensing from Specialty Drugs Pharmacies. This system
provided access to patient registration details.
All patients with an active registration at the time of data

collection (ie, with monthly dispensing) were eligible for
participation in the study.
2.3. Study population and sample

Initially, we analyzed 12,869 registered individuals in the
MEDEX system who received treatment for AD from 48
municipalities between December 2004 and February 2017.
After the selection of Sorocaba municipality, we identified 2619
registered individuals.
We selected only the records that were active in this

municipality. In this way, in the period between December
2016 and April 2017, 285 patients diagnosed with AD had active
registration on the MEDEX system for collecting their
medications. Of this group, 237 were older people and
constituted the population of this study.
The participants were selected on the interview day, since the

researchers did not have access by MEDEX, to the name of
patient and the medication withdrawal date. The interviews also
provided data on the other medications used by the patient.
2.4. Eligibility criteria
2.4.1. Inclusion criteria. Older people (aged ≥65years) were
considered eligible if diagnosed according to International
Classification of Diseases code (ICD 10): F00 (dementia in AD),
F00.0 (dementia in early-onset AD), F00.1 (dementia in late-onset
AD), F00.2 (dementia in AD, atypical or mixed form), F00.9
(dementia, unspecified in AD) and G30 (AD), G30.0 (early-onset
AD), G30.1 (late-onset AD), G30.8 (other forms of AD), G30.9
(AD, unspecified) and previously registered on theMEDEXsystem
for medicine dispensing. Also, if taking at least 1 drug for the
treatment of AD (donepezil, galantamine, rivastigmine and/or
memantine) in addition to other concomitant drugs.
The interviewedwas thepatient and/or their caregiver (aged≥18

years, considered as the person responsible for daily care). When
the patient and caregiver were present, both were interviewed.

2.4.2. Exclusion criteria. Patients and/or caregivers who had
difficulty reporting the data requested by the interviewer or those
who refused to participate.
2.5. Data collection

The information collected from theMEDEX system were: date of
patient inclusion in the program, patient health unit of origin,
disease diagnosis (according to the ICD-10), medication used and
dispensing date.
The interviews were carried out at the time of patient visits to

the pharmacy to collect their medications. Patients that met the
inclusion criteria were then invited to participate in the study. All
interviews took place between July and September 2017. The
following variables were collected: sex, age, comorbidities,
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medications used, level of reported autonomy, and type of
medical care. When further data were needed, another interview
was scheduled, or the additional information was collected by
telephone.
The medications were classified according to the Anatomical

Therapeutic Chemical Code, criteria adopted by the World
Health Organization, into different groups and subgroups,
according to the physiological system they act upon and to their
chemical, pharmacological, and therapeutic properties. Poly-
pharmacy was defined as the use of ≥5 drugs.[23] The level of
autonomy was determined by the following question: “In your
opinion, from 0 (totally dependent) to 10 (totally independent),
how is the level of autonomy that do you have?.”
2.6. Potentially inappropriate prescribing and potentially
inappropriate medications

The 2019 Beers Criteria were used to characterize the prevalence
of PIP and identify the PIMs.[19] Based on these criteria,
medications are divided into lists with the following descriptions:
medications that should be avoided in older adults; medications
that should be avoided in older adults with specific diseases or
syndromes; medications that should be used with caution; drug–
drug interactions that should be avoided in older adults;
medications that should be avoided or have their dosage reduced
with varying levels of kidney function in older adults;
medications with strong anticholinergic properties.
2.7. Outcomes

The outcomes evaluated were the prevalence of older people with
at least one PIP, the prevalence of PIM according to drugs group
and the prevalence of PIMs that should be avoided in older people.
2.8. Data analysis

The outcomes were expressed as absolute and relative frequency.
The frequency of PIP of medications was described by the
Older patients using o
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Total patients with potentially inappropriate p
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Figure 1. Study
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therapeutic group. The frequency of PIP that should be avoided in
older people was described according to pharmacological
characteristics, the rationale for non-use, quality of evidence,
and strength of recommendation, according to the 2019 Beers
Criteria.
The profile of older patients with AD according to the presence

of PIP was analyzed by the x2 test for heterogeneity of
proportions or Fisher exact test for the categorical variables
and the chi-square test of the linear trend for the ordinal
variables.
To assess the association between PIP and the exposure

variables, crude and adjusted analysis for confounding factors, by
means of Poisson regression, were performed. We used a
conceptual model of analysis by levels, being that on the 1st
level were included the demographic variables, on the 2nd level
the health variables, at 3rd level the type of healthcare system and
polypharmacy. We have kept in the adjusted analyses, only the
variables with P< .20, ensuring the control for possible
confounding factors. The statistical association was assessed
by Wald tests for heterogeneity and linear trend. A significance
level of 5% was adopted.
3. Results

Of the 237 older people with AD, 234 met the inclusion criteria
and participated in the study (evaluation of 234 prescriptions, 1
prescription per patient). Of the 1073 medications prescribed
(4.6medications/patient), 30.5% (n=327) were PIMs (Fig. 1).
The prevalence of PIP was 66.7% (n=156) (95% confidence
interval: 60.6%–72.8%).
Overall, the sample comprised predominantly subjects that

were women (65.0%), aged between 75 and 84 (41.1%), in use of
a single medication for the treatment of AD (81.6%), and users of
both public and private healthcare systems (65.2%). The most
reported diseases were hypertension (46.6%) and depression
(32.1%). The most common treatment for AD was donepezil
(41.6%) followed by galantamine (21.5%). Patients using PIMs
have higher prevalence of diagnosis of depression (48.7% vs
Excluded (n= 02)ther medications
.7%)

rescribing (Beers Criteria) n= 156 (66.7%)

es reported (n= 65)

nts with Alzheimer`s
0.0%)

rugs (n= 1,073)

edications n=327 (30.5%)

Vascular
n=36

(15.4%)

Hyperthyroidism
n=41

(17.5%)

Psychosis
n=27

(11.5%)

Osteoporosis
n=14

(6.0%)

flow diagram.

http://www.md-journal.com


Ferreira et al. Medicine (2021) 100:12 Medicine
1.3%; P< .001), psychosis (17.3% vs 0.0%; P< .001), and
hypertension (53.8% vs 32.0%; P=0.002), ≥4 comorbidities
(32.7% vs 6.4%; P< .001), and polypharmacy (62.0% vs
24.0%; P< .001) (Table 1).
Table 1

Profile of elderly patients with AD according to presence of potentia

Variables Total patients, N (%) Patients w

Total 201 (100.0) 155
Sex
Female 152 (65.0) 97
Male 82 (35.0) 59
Age, y
65–74 55 (23.8) 36
75–84 95 (41.1) 69
≥85 81 (35.1) 50
Comorbidities (n)
0–1 70 (29.9) 22
2 62 (26.5) 45
3 46 (19.7) 38
4 + 56 (23.9) 51
Hypertension
No 125 (53.4) 72
Yes 109 (46.6) 84
Depression
No 159 (68.9) 82
Yes 75 (32.1) 74
Diabetes
No 162 (69.2) 104
Yes 72 (30.8) 52
Psychosis
No 207 (88.5) 129
Yes 27 (11.5) 27
Polypharmacy
No (�4 medications) 128 (54.7) 60
Yes (≥5 medications) 106 (45.3) 96
Medications for AD
Donepezil 97 (41.6) 54
Galantamine 50 (21.5) 32
Rivastigmine 33 (14.2) 27
Memantine 10 (4.3) 8
Donepezil + memantine 20 (8.6) 16
Galantamine + memantine 15 (6.4) 12
Rivastigmine + memantine 8 (3.4) 7
Time since diagnosis, y
<1 18 (8.0) 9
1–2 60 (26.8) 39
>2–5 71 (31.7) 50
>5–10 54 (24.1) 43
>10 21 (9.4) 6
Not stated 10 (4.0) 8
Level of autonomy (010)
None (0) 20 (9.2) 13
1–5 63 (28.9) 39
6–9 114 (52.3) 77
10 21 (9.6) 14
Not stated 14 (6.9) 12
Type of health care
Public 65 (27.9) 43
Private and public 152 (65.2) 101
Not stated 16 (6.9) 12

AD = Alzheimer disease, PIM = potentially inappropriate medication.
∗
Test for heterogeneity of proportions.

∗∗
Test of linear trend.

∗∗∗
Fisher exact test.
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Table 2 lists medications classified as PIMs according to Beers
criteria. Nine therapeutic classes were identified, totaling 64
PIMs, prescribed 327 times, with medications acting mainly on
the central nervous system and cardiovascular system. The most
lly inappropriate prescription (n=234).

ith PIM, N (%) Patients without PIM, N (%) P

(100.0) 45 (100.0)
.208

∗

(62.2) 55 (70.5)
(37.8) 23 (29.5)

.295
∗∗

(23.2) 19 (25.0)
(44.5) 26 (34.2)
(32,3) 31 (40.8)

<.001
∗∗

(14.1) 48 (61.5)
(28.9) 17 (21.8)
(24.4) 8 (10.3)
(32.7) 5 (6.4)

0.002
∗

(46.2) 53 (68.0)
(53.8) 25 (32.0)

<.001
∗∗∗

(51.3) 77 (98.7)
(48.7) 1 (1.3)

.229
∗

(66.7) 58 (74.4)
(33.3) 20 (25.6)

<.001
∗∗∗

(82.7) 78 (100.0)
(17.3) 0 (0.0)

<.001
∗

(38.5) 68 (87.2)
(61.5) 10 (12.8)

.029
∗

(34.6) 43 (55.8)
(20.5) 18 (23.4)
(17.4) 6 (7.8)
(5.2) 2 (2.6)
(10.3) 4 (5.2)
(7.7) 3 (3.9)
(4.5) 1 (1.3)

.876
∗∗

(5.8) 7 (15.2)
(25.2) 11 (23.9)
(32.2) 12 (26.1)
(27.7) 15 (32.6)
(3.9) 1 (2.2)
(5.2) 0 (0)

.982
∗∗

(8.4) 6 (8.1)
(25.2) 22 (29.7)
(49.7) 39 (52.7)
(9.0) 7 (9.5)
(7.7) 2 (4.3)

.967
∗

(27.6) 22 (28.6)
(64.7) 51 (66.2)
(7.7) 4 (5.2)



Table 2

Frequency of prescriptions of PIM, 2019 Beer criteria, according to ATC classification (n=327).

ATC Classification (n=9 classes,
60 medications) Number of distinct PIM (n=64) 65 Frequency of PIM, n (%)

Description according to ATC
classification n (%)

A—Alimentary tract metabolism (n=6
medications)

Scopolamine 2,7 1 (0.3) Gastrointestinal disturbances 1 (0.3)

Insulin 2 12 (3.7) Insulin and analogs 12 (3.7)
Glibenclamide 2 2 (0.6) Antidiabetic 7 (2.1)
Chlorpropamide 2 2 (0.6)
Pioglitazone 3 2 (0.6)
Ranitidine 6 1 (0.3) Gastric acid 1 (0.3)

B—Blood and blood forming organs
(n=4 medications)

AAs 4 38 (11.6) Antithrombotic agent 53 (16.2)

Apixaban 6 1 (0.3)
Cilostazol 3 12 (3.7)
Dabigatran 4,6 2 (0.6)

C—Cardiovascular system (n=11
medications)

Amiodarone 2,5 5 (1.5) Antiarrhythmic 5 (1.5)

Digoxin 2 1 (0.3) Arrhythmia and atrial fibrillation 1 (0.3)
Diltiazem 3 2 (0.6) Calcium channel blocker 2 (0.6)
Propatylnitrate 4 6 (1.8) Cardiac vasodilator 6 (1.8)
Captopril 5 5 (1.5) Antihypertensive 49 (15.0)
Spironolactone 4 4 (1.2)
Furosemide 5 5 (1.5)
Hydrochlorothiazide 4 19 (5.8)
Hydrochlorothiazide+combinations 4 5 (1.5)
Nifedipine 2 4 (1.2)
Propranolol 4 7 (2.1)

G—Genitourinary system and sex
hormones (n=2 medications)

Doxazosin 2,3 5 (1.5) Benign prostatic hypertrophy 6 (1.8)

Doxazosin + combinations 2,3 1 (0.3)
J—General anti-infectives for systemic

use (n=2 medications)
Nitrofurantoin 2,3,5 1 (0.3) Anti-infective with systemic action 2

(0.6)
Ciprofloxacin 26 1 (0.3)

L—Antineoplastic and
immunomodulating agents (n=1
medication)

Infliximab 3,4,5 1 (0.3) Antineoplastic and immunomodulation
agent 1 (0.3)

M—Musculoskeletal system (n=3
medications)

Etodolac 2 1 (0.3) Anti-inflammatory and anti-rheumatic 4
(1.2)

Ibuprofen 2 1 (0.3)
Nimesulide 2,3 2 (0.6)

N—Central nervous system (n=27
medications)

Alprazolam 2,3,5 8 (2.4) Anxiolytic 16 (4.9)

Lorazepam2,3,5 2 (0.6)
Bromazepam 4 2 (0.6)
Diazepam 2,3,5,7 4 (1.2)
Amitriptyline2, 3,4,5 1 (0.3) Antidepressant 75 (22.9)
Citalopram 4,5,6 1 (0.3)
Duloxetine 4,5,6 5 (1.5)
Escitalopram 3,4,5 20 (6.1)
Fluoxetine 2,4,5 2 (0.6)
Sertraline 2,3,4,5 20 (6.1)
Sertraline + sodium valproate3 1 (0.3)
Trazodone 4,5 10 (3.0)
Venlafaxine, 2,5 2 (0.6)
Paroxetine2,3,4,5 5 (1.5)
Imipramine 2,5 2 (0.6)
Mirtazapine 3,4 6 (1.8)
Dipyrone 4 0 Analgesic and antipyretic 7 (2.1)
Dipyrone + combinations 4 5 (1.5)
Paracetamol 5 2 (0.6)
Clonazepam 2,3,5 11 (3.4) Anti-epileptic 23 (7.0)
Phenytoin 3,5 4 (1.2)
Phenobarbital + sertraline3 1 (0.3)
Phenobarbital 2 1 (0.3)

(continued )
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Table 2

(continued).

ATC Classification (n=9 classes,
60 medications) Number of distinct PIM (n=64) 65 Frequency of PIM, n (%)

Description according to ATC
classification n (%)

Lamotrigine 3 3 (0.9)
Oxcarbazepine 4 3 (0.9)
Levodopa + benserazide 3 2 (0.6) Anti-parkinsonian 2 (0.6)
Levomepromazine2 5 (1.5) Antipsychotic 59 (18.0)
Periciazine 2,4,5 1 (0.3)
Quetiapine4,5 42 (12.8)
Risperidone3,4,5 9 (2.7)
Haloperidol 2,4,5 2 (0.6)

R—Respiratory system (n=5
medications)

Diphenhydramine 2,7 1 (0.3) Systemic antihistamine 4 (1.2)

Dimenhydrinate 2,7 1 (0.3)
Meclizine 2,7 1 (0.3)
Promethazine 2,7 1 (0.3)
Tiotropium 3,5 2 (0.6) Airway obstructions 2 (0.6)

Superscript numbers indicate different Beers criteria lists as follows: 2) medications that should be avoided in older adults; 3) medications that should be avoided in older adults with specific diseases or
syndromes; 4) medications that should be used with caution in older adults; 5) potentially clinically important drug-drug Interactions that should be avoided in older adults; 6) medications that should be avoided or
have their dosage reduced with varying levels of kidney function in older adults; 7) updated list of medications with strong anticholinergic properties. ATC = anatomical therapeutic chemical, PIM = potentially
inappropriate medications.
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frequently prescribed PIMs were quetiapine (12.8%), acetylsa-
licylic acid (11.6%), escitalopram (6.1%), sertraline (6.1%), and
hydrochlorothiazide (5.8%). Among benzodiazepines, the most
prescribed was clonazepam (3.4%) and alprazolam (2.4%).
Table 3 lists PIMs that should be avoided in most of older

people. Of the 60 medications inappropriately prescribed, 32
(56.7%) belonged to this category. In other words, of the 327
instances in which medications were inappropriately prescribed,
148 (45.2%) should be avoided in older people. Medications
included those that act on the central nervous system,
antidepressants (22.3%), contraindicated for inducing orthostat-
ic hypotension; insulin (8.1%), for risk of hypoglycaemia without
improvement in hyperglycemia management; and benzodiaze-
pines (18.2%) that should be avoided for causing loss of balance.
Table 4 shows the prevalence of PIM and crude and adjusted

analyses of this outcome according to demographic and health
variables, type of healthcare system, and polypharmacy. After
the adjusted analysis diagnosis of depression (P=0.010) and
the number of comorbidities (P=0.005) were associated with
PIM.

4. Discussion

4.1. Principal findings and comparison with previous
studies

This study revealed a high prevalence of PIP among older patients
with AD who obtain their treatment from the Public Health
System. Two systematic reviews also have demonstrated that
the prevalence of PIP among older people with dementia is
high.[24,25]

We found an independent association between PIM and
depression. Our findings are consistent with previous stud-
ies.[26,27] Most PIMs can cause adverse effects including
confusion, agitation, and depression. However, neuropsychiatric
symptoms such as depression often accompany progressive
neurodegeneration among dementia patients. Thus, PIMs may be
prescribed to treat these conditions, leading to a cycle of
increasing use of them.
6

In this study, the number of comorbidities was a predictor of
PIM prescription. Although this association is not a novel
finding,[26,27] older people suffering dementia have a range of
needs and pharmacological treatments to manage the array of
comorbidities associated with aging. Thus, this result could be an
indicator of inappropriate medication management for con-
ditions in such a vulnerable population.
There were 327 instances of inappropriately prescribed

medications, totaling 60 PIMs, mainly prescribed for diseases
associated with the central nervous system and cardiovascular.
The most frequently prescribed PIM was the antipsychotic
quetiapine. Although non-pharmacologic options are consis-
tently recommended as the first line for the management of
behavioral and psychological symptoms of dementia, several
limitations exist with nonpharmacologic therapies, which
hinder their utility in everyday clinical practice. Furthermore,
antipsychotics are recommended within this approach as
appropriate for the management of severe agitation and other
behavioral and psychological symptoms of dementia with low
initial dose and regular review every 1 to 3months for
deprescribing.[28] Therefore, the decision to use an antipsy-
chotic drug in older people with AD should be considered with
caution.
Other important prescribed PIMs identified were acetylsali-

cylic acid, which may increase the risk of bleeding in older adults
higher and equal to 70years’ old; antidepressants (escitalopram
and sertraline), which may cause orthostatic hypotension, risk of
ataxia, impairment in psychomotor function, syncope, and falls;
and hydrochlorothiazide, that can exacerbate or cause the
syndrome of inappropriate secretion of antidiuretic hormone or
hyponatremia.
Two patients aged>80years were found to be at risk of severe

drug interaction, due to concomitant use of acetylsalicylic acid
with ramipril or enalapril. The mechanism of interaction is
pharmacodynamic antagonism, which may attenuate antihyper-
tensive effects and cause a significant decline in renal function.[20]

Around 45% of instances of improperly prescribed medica-
tions involved medications that should be avoided in older



Table 3

Frequency of prescriptions containing medications that should be avoided in older adults, according to 2019 Beers criteria (n=148).

Classification of PIM by
pharmacological group (n=32
medications)

No. of prescriptions
148 (100.0%) Rationale

Evidence/strength of
recommendation

First-generation antihistamines 4 (2.7) Highly anticholinergic; clearance reduced with
advanced age, and tolerance develops when
used as hypnotic; risk of confusion, dry
mouth, constipation, and other anticholinergic
effects or toxicity. Use of diphenhydramine in
situations such as acute treatment of severe
allergic reaction may be appropriate.

Moderate/strong

Dimenhydrinate
Diphenhydramine 1 (0.7)
Meclizine 1 (0.7)
Promethazine 1 (0.7)

1 (0.7)
Antispasmodics 1 (0.7) Strong/moderate
Scopolamine 1 (0.7) Highly anticholinergic; uncertain effectiveness
Anti-infectives 2 (1.3) Long-term use of nitrofurantoin can cause

hepatotoxicity, pulmonary toxicity and
peripheral neuropathy. Avoid in individuals with
creatinine clearance <30 mL/min or for long-
term suppression. Ciprofloxacin worsens renal
function and increases risk of CNS effects.

Low/strong

Nitrofurantoin 1 (0.7)
Ciprofloxacin 1 (0.7)
Cardiovascular 16 (10.9)
Doxazosin 6 (4.0) Risk of orthostatic hypertension; not

recommended as first choice for treating
hypertension. Avoid use as anti-hypertensive

Moderate/strong

Digoxin 1 (0.7) Use in atrial fibrillation: should not be used as
first-line agent. May be associated with
increased mortality. Use in heart failure:
conflicting effects on risk of hospitalization.
May be associated with increased mortality in
elderly patients with heart failure; high
dosages may increase risk of toxicity and
death Avoid as first-line therapy

Moderate/strong

Low/strong
Nifedipine 4 (2.7) Potential for hypotension; risk of precipitating

myocardial ischemia
High/strong

Amiodarone 5 (3.4) Should be avoided as first-line therapy for atrial
fibrillation unless patient has heart failure or
substantial left-ventricular hypertrophy

High/strong

Central nervous system 69 (46.6) High/strong
Antidepressants
Amitriptyline 33 (22.3) Highly anticholinergic, sedating, and cause

orthostatic hypotension
Fluoxetine 1 (0.7)
Imipramine 2 (1.3)
Sertraline 2 (1.3)
Paroxetine 21 (14.2)
Venlafaxine 5 (3.4)

2 (1.3)
Antipsychotics (conventional and

atypical)
8 (5.4) Increased risk of cerebrovascular accident

(stroke) and greater rate of cognitive decline
and mortality in persons with dementia. Avoid
antipsychotics for behavioral problems of
dementia or delirium, unless
nonpharmacological options (eg, behavioral
interventions) have failed or are not possible
and older adult is threatening substantial harm
to self or others. Avoid, except in

Moderate/strong

(continued )
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Table 3

(continued).

Classification of PIM by
pharmacological group (n=32
medications)

No. of prescriptions
148 (100.0%) Rationale

Evidence/strength of
recommendation

schizophrenia or bipolar disorder, or for short-
term use as antiemetic during chemotherapy

Haloperidol
Levomepromazine 2 (1.3)
Periciazine 5 (3.4)

1 (0.7)
Barbiturates 1 (0.7) High rate of physical dependence, tolerance to

sleep benefits, greater risk of overdose at low
dosages

High/strong

Phenobarbital 1 (0.7)
Benzodiazepines 27 (18.2) Older adults have increased sensitivity to

benzodiazepines and decreased metabolism of
long-acting agents; in general, this class
increases risk of cognitive impairment,
delirium, falls, fractures and motor-vehicle
crashes in older adults

Moderate/strong

Alprazolam 8 (5.4)
Bromazepam 2 (1.3)
Clonazepam 11 (7.4)
Diazepam 4 (2.7)
Lorazepam 2 (1.3)
Endocrine system 16 (10.8) Higher risk of hypoglycemia without improvement

in hyperglycemia management with regimens
of only short or rapid-acting insulin to control
or prevent hyperglycemia, without concurrent
use of basal or long-acting insulin. Oral
medications can potentially cause risk of
prolonged hypoglycemia in older adults

Moderate/strong

Insulin 12 (8.1)
Glibenclamide 2 (1.3)
Chlorpropamide 2 (1.3)
Pain medications (NSAIDs) 4 (2.7) Increased risk of gastrointestinal bleeding or

peptic ulcer disease in high-risk groups,
including those >75 years or taking oral or
parenteral corticosteroids, anticoagulants or
antiplatelet agent. Avoid chronic use, unless
other alternatives are not effective

Moderate/strong

Etodolac 1 (0.7)
Ibuprofen 1 (0.7)
Nimesulide 2 (1.3)

CNS = Central Nervous System, NSAIDs = nonsteroidal anti-inflammatory drugs, PIM = potentially inappropriate medications.
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people, most notably antidepressants for causing orthostatic
hypotension; insulin because it leads to hypoglycemia without
improvement of glycemic control; and benzodiazepines (espe-
cially clonazepam) due to loss of balance.
The population studied was similar to that investigated by

Montastruc et al[21] in a prospective multicenter cohort study
conducted in France involving 684 patients with mild-to-
moderate AD. Participants had an average age of 78years, lived
with the family, were also predominantly women, and used
mainly donepezil. The authors noted that 46.7% of patients had
at least 1 PIP (according to the list of Laroche et al[29]), a lower
rate compared to the present study.
In this study, although benzodiazepines were not the main

PIMs, they were widely used, reinforcing the findings in
Montastruc et al,[21] showing that the majority of older people
with AD were in intermediate to long-term use of benzodiaze-
pines.
8

A cross-sectional study carried out in Argentina,[30] inter-
viewed 215 noninstitutionalized older people. The study
identified PIP according to 2002 Beers criteria,[31] the Priscus
list (2008),[32] and the STOPP criteria. (2008)[33] It was observed
that 25.5%, 31.9%, and 30.0% of patients, respectively; had
prescriptions containing PIM. The main PIMs were also
benzodiazepines, especially clonazepam.
The identification and management of neuropsychiatric

symptoms in patients with AD pose a major challenge for
clinicians due to the ambiguity between symptoms of psychiatric
disorders and those of dementia, and the lack of effective
treatments that can be safely used in older people.[3] This might
explain the high number of prescriptions for psychiatric
symptoms such as quetiapine, escitalopram, sertraline, alprazo-
lam, diazepam, and clonazepam.
The Beers criteria[20] considers all benzodiazepines inappro-

priate for older people aged ≥65years and recommends their use



Table 4

Prevalence of PIM and crude and adjusted analyses of this outcome according to demographic and health variables, type of healthcare
system and polypharmacy in elderly patients with Alzheimer’s disease. (n=234).

Variables % PIM Crude analyses prevalence ratio (95% CI) P valor Adjusted analyses P (95% CI) P

Sex .467
∗

.559
∗

1st level Male 72.0 1.00 1.00
Female 63.8 0.89 (0.64–1.23) 0.90 (0.65–1.25)
Age, y .715

∗∗
.754

∗∗

65–74 65.5 1.00 1.00
75–84 72.6 1.11 (0.74–1.66) 1.12 (0.75–1.67)
>85 61.7 0.94 (0.61–1.45) 0.95 (0.62–1.47)

Time since diagnosis, y .805
∗∗

.761
∗∗

<1 55.6 1.00 1.00
1–2 66.7 1.20 (0.60–2.40) 1.16 (0.56–2.41)

>2–5 69.0 1.24 (0.63–2.45) 1.20 (0.59–2.47)
>5 65.3 1.18 (0.60–2.32) 1.17 (0.57–2.48)

Hypertension .070
∗

.338
∗

No 57.6 1.00 1.00
Yes 77.1 1.34 (0.98–1.83) 1.18 (0.84–1.64)

2nd level Depression <.001
∗

.010
∗

No 51.6 1.00 1.00
Yes 98.7 1.91 (1.40–2.62) 1.57 (1.11–2.20)

Psychosis .025
∗∗

.288
∗

No 62.3 1.00 1.00
Yes 100.0 1.05 (1.01–1.10) 1.03 (0.98–1.08)

Comorbidities (n) <.001
∗∗

.005
∗∗

0–1 31.4 1.00 1.00
2 72.6 2.31 (1.39–3.85) 2.03 (1.20–3.43)
3 82.6 2.62 (1.55–4.44) 2.20 (1.27–3.82)

4 or + 91.1 2.90 (1.76–4.78) 2.35 (1.39–4.02)
Level of autonomy (0–10) .929

∗∗
.545

∗∗

None (0) 70.0 1.00 1.00
1–5 65.1 0.93 (0.51–1.71) 0.74 (0.40–1.40)
6–9 65.8 0.94 (0.53–1.66) 0.76 (0.42–1.38)
10 66.7 0.95 (0.45–1.99) 0.72 (0.33–1.57)

Type of health care .981
∗

.531
∗

Public 66.2 1.00 1.00
3rd level Private and public 66.5 1.00 (0.70–1.44) 0.89 (0.62–1.28)

Polypharmacy <.001
∗

.158
∗

No (�4 medications) 46.9 1.00 1.00
Yes (≥5 medications) 90.6 1.93 (1.40–2.67) 1.38 (0.88–2.17)

CI = confidence interval, PIM = potentially inappropriate medications.
∗
Wald test for heterogeneity.

∗∗
Wald test for linear trend.
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be avoided due to increased risk of cognitive impairment,
delirium, falls, and fractures. A systematic review showed that the
risk of older patients developing dementia doubled when using
benzodiazepines for >30days. This link is also associated with
the presence of comorbidities such as diabetes, dyslipidemia,
arterial fibrillation, hypertension, stroke, heart disease, hyperlip-
idemia, hypercholesterolemia, epilepsy, insomnia, and anxiety;
use of medications (statins, platelet antiaggregants, anticoagu-
lants and antihypertensives); habits such as smoking, alcoholism
and drugs; and with age and sex.[34]

With regard to the results obtained in this study, it is important
to point out some of the most relevant differences in the current
version of the Beers criteria[20] compared with its previous
version.[19] One such change involves the prescription of H2

receptor antagonists (omeprazole and pantoprazole was used
chronically by 11 and 8 patients, respectively, in the present
study) which were removed from the “avoid criteria" in patients
with cognitive impairment. The rationale given was that the
quality of evidence is weak to adverse cognitive effects.
9

There was a reduction in age, from ≥80 to ≥70years, for the
use of acetylsalicylic acid among older adults in the primary
prevention of cardiovascular disease and colorectal cancer, with
moderate quality of evidence. In this study, 26 older patients used
acetylsalicylic acid for the prevention of primary thromboem-
bolic events.
Another relevant change was the use of anticonvulsants in

association with serotonin and norepinephrine reuptake inhib-
itors, which should be avoided in older people with a history of
falls and/or fragility fractures. Seven antidepressants of this class
were prescribed to 55 patients, but the association (citalopram
with phenobarbital and sertraline with sodium valproate) was
used by only two patients. However, it was not possible to
determine whether these individuals had a history of falls and/or
fragility fractures.
Dabigatran and rivaroxaban were included for use with

caution in older people due to the increased risk of gastrointesti-
nal bleeding when compared to warfarin and other novel
anticoagulants. The guidelines recommend use with caution in

http://www.md-journal.com
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patients aged ≥75years for long-term treatment, such as
prevention of venous thromboembolism and atrial fibrillation.
Too glimepiride was included as a PIM for older people due to its
potential to pose a long-term risk of hypoglycemia, joining
glibenclamide and chlorpropamide in this listing.
4.2. Study limitations and strengths

To our knowledge, this is the first study to examine the
prevalence of PIP in older people with AD in Brazil. The study
sample included 80% of older people with an active registration
for medication collection at the Specialty Medications Pharmacy
in the city of Sorocaba. Strengths include the devising of a tailored
data collection instrument which may, after adaptation, be
employed in other studies. In addition, a pilot study was
performed to refine the instrument. It is too important to
emphasize that the findings of this study are limited to individuals
with AD whose medications were provided by the public health
system in a large Brazilian city. However, the lack of information
regarding this population reinforces the need for this study.
This study drew on information obtained directly from

patients and/or caregivers, where some had difficulties remem-
bering the name of the diseases, medications used, and other
information. Although MEDEX system data were used, much of
the information could not be collected because access was not
authorized. To minimize this bias, the information was
complemented with data from medical prescriptions, telephone
calls, or by scheduling another interview with the patient and/or
their caregiver. Another limitation of the study was not to access
the information about the classification concerning the stages of
dementia (early or late stages and atypical or mixed form, among
others).
We used the Beers Criteria to evaluate the prescription of PIMs.

This tool cannot replace clinical judgment, and a medication
identified as PIM using such a tool may subsequently be found to
be appropriate following a full clinical assessment. Furthermore,
the Beers Criteria is not specific criteria for dementia, which could
be affecting the results of this study. Although there has been a
considerable research effort to develop criteria to assess PIMs in
this population, most focus is on the advanced stages of
dementia.[9] Thus, the use of Beers Criteria should be a starting
point for a comprehensive process of identifying and improving
medication appropriateness and safety in older people with
dementia.
One limitation of the cross-sectional study is that the exposure

and outcome are simultaneously assessed. Then, there is no
evidence of a temporal relationship between exposure and
outcome. In this way, the association between PIM and diagnosis
of depression may have been affected by reverse causality, since
exposure and outcome were measured at the same time.
Longitudinal studies are important to elucidate the associations
described herein.
4.3. Implications for clinical practice and research

The projected rise in dementia cases, predominantly AD, together
with the high prevalence of PIMs found in older people assessed,
highlights the need for strategies to ensure the safe use of
medications in this population.
Possible strategies include a multidisciplinary care team,

pharmaceutical care interventions, access to reliable information
so that the ”risk/benefit paradox of treatment" can be better
10
evaluated by health professionals, establishing of clinical
protocols that include the monitoring of medication use among
older people,[20] and that these recommendations can be applied
in clinical practice.
The pharmacotherapy used by this population treats signs and

symptoms associated with comorbidities related to the aging
process but may cause or increase cognitive decline. The
effectiveness and safety of this pharmacotherapy should be
regularly monitored, and strict prescription and withdrawal
protocols followed.
Researchers, managers, prescribers, caregivers, and patients

can use the findings of this study tominimize risks associated with
the use of medications in older people with AD. There is a lack of
data in the national and international literature on the subject,
suggesting the need for studies. Further primary studies on the
safety of drug treatment in older people with AD may
complement these findings.
5. Conclusion

This study evaluated the prescriptions for older with AD in Brazil
and identified a high prevalence of PIP in this population. There
are few prescribing guidelines addressing the specific needs of
patients living with this disease and other dementias. Although
the PIM lists are not designed to replace clinical judgment, health
care professionals may benefit from these findings by improving
safety in the use of medications for treating AD and
comorbidities. Further studies should investigate whether the
PIP is associated with adverse outcomes and whether the
application of the specific PIMs list can help improving
prescription appropriateness for older people with AD.
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