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Abstract

Introduction

Pharmacological therapy plays an important role in disease control in the elderly; unfortu-
nately, this comes with a high prevalence in the use of medications classified as potentially
inappropriate.

Objective

To analyze the incidence, risk factors, and survival of elderly people using potentially inap-
propriate medications (PIM).

Method

A ten-year follow-up assessment of elderly participants residing in a capital of Central Brazil
was conducted. The initial assessment (baseline) included 418 elderly people. Data were
collected through home interviews guided by a questionnaire covering socioeconomic,
demographic, living conditions, and health variables. The medication information obtained
comprised active ingredient, dosage, route, and regimen for the medications. The PIMs
were classified according to 2019 Beers Criteria. The analyses were performed using
STATA 15.0. For survival analysis, a Cox Regression was performed with the respective
Kaplan Meier curve.

Results

The incidence of PIM was 44.1 cases (95% Cl: 35.2-54.7) per 1,000 people a year. The
most used PIMs were nifedipine, glibenclamide, and sodium diclofenac. The risk factors
were polypharmacy (aRR: 3.00; 95% CI: 1.31-6.88) and diabetes mellitus (aRR: 1.57; 95%
Cl: 1.03—2.39). We identified no statistically significant association between survival and the
use of PIM.
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Conclusion

The study highlights the high consumption of PIM among the elderly causing polypharmacy
risks. Health professionals working in drug treatment need to be alert to polypharmacy risks
to ensure the rational use of medications to prevent adverse reactions and other health
problems.

Introduction

Medications are a therapeutic resource used by all age groups within the population [1] that
has contributed to increased life expectancy and an aging population. Despite the benefits of
using medications by the elderly, the simultaneity of chronic diseases leads to consumption of
multiple medications (polypharmacy) [2] and self-medication [3, 4]. In view of these practices,
it is important to monitor the effectiveness and safety of the medications used, given that some
are classified as potentially inappropriate medications (PIM) for the elderly [5, 6].

Studies on the use of PIM have been conducted in Brazil [2, 7-9] and worldwide [10-15]
indicating an estimated prevalence ranging from 21% to 84% [7-17]. The use of PIM increases the
occurrence of adverse reactions and events, which may increase the risk of death. However, the
relationship between the use of PIM and mortality in the elderly remains controversial [18-21].

Some of the factors associated with the use of PIM are chronic diseases [2], polypharmacy
[2-4], being female [7], and an increased use of health services [9].

The Beers Criteria is used to classify PIM; the list is constantly updated, with new insights
into medications that can interfere with and cause divergences to their expected outcomes. To
date, two studies have relied on the Beers 2019 criteria [22, 23]. One study involved a three-
month follow-up and identified that PIMs cause mortality in hospitalized elderly [22] and the
other study investigated PIM use in a community-dwelling population [23]. Although some
studies have analyzed the use of PIM longitudinally [24, 25], most are cross-sectional [7, 8, 16,
17, 26-31], which precludes establishing the causal relationship.

The trend of our aging population in conjunction with the already high consumption of
PIM has resulted in constant updates of the PIM evaluation criteria available in the literature.
The primary objective of our study is to analyze the incidence and assess the risk factors
involved in PIM use in a community-dwelling elderly cohort. Our secondary objective is to
investigate the survival of elderly people using PIM.

Materials and methods
Study design and participants

This study used data from the ProjetoldososGoidnia, a prospective cohort study conducted in
the city of Goiania, Goias, the capital of central-west Brazil. Sampling and data collection
details have previously been published [32, 33]. This study began in 2008 (baseline), it included
418 elderly (people aged 60 or over) living in the community utilizing the Unified Health Sys-
tem. The project was approved by the Research and Ethics Committee of Clinics Hospital of
Federal University of Goias (Protocol n* 2.500.0441/2018) and all subject gave informed con-
sent and they anonymity was preserved.

Follow-up and data collection

The follow-up assessment of the 418 elderly people from the baseline study was performed
after ten years. In 2018, deaths were identified using the Mortality Information System (MIS),
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and variables included: name of the elderly person, date of birth and address. Any divergences
in the identification were crosschecked using other local information systems and/or by
searching the original address, or by searching the neighborhood itself (neighborhood and
Basic Health Unit), or using the additional data contained in the basic questionnaire (phones,
contact with other relatives). These procedures were adopted to identify possible contradic-
tions in the data that could prevent death certificate confirmation in the MIS. All deaths
declared in the MIS were also confirmed using the elderly person’s address and crosschecked
with family members and/or neighbors.

Of the 418 elderly people in the original sample, 34.9% were deceased (n = 146). The survi-
vors undertook a follow-up assessment. The assessment included elderly with cognitive capac-
ity (this was assessed using the Mini-Mental State Examination [34]). We only included
elderly people who we were able to contact (present at home within five attempted visits).
Among them, 6% refused to answer the questionnaire (n = 25) and 6% (n = 25) were not con-
tactable. A total of 221 elderly people undertook the follow-up assessment.

Baseline and follow-up data were used in this study. Data collection was performed, both in
2008 and in 2018, at the elderly person’s home, through the application of a standardized ques-
tionnaire, containing information about medication use, demographic, economic conditions,
health conditions, and lifestyle.

In situations where the elderly person presented cognitive impairment, a legal guardian
answered the objective health questions. People were excluded from the follow-up assessment
if the elderly person was not home after at least five attempts, the address was not found during
the visit, or the elderly person had moved to another city.

Study variables

Outcome variables. Our primary objective was to investigate the use of PIM. To investi-
gate the use of PIM, we initially asked the individual about the medications they used daily,
“Are you taking any medication?” When medication was confirmed, the elderly (or their care-
giver) was asked to provide all the drugs they use with the respective prescriptions and/or
packaging. We then collected further information including the name of the medication, dos-
age, form, and the number of medications used.

Based on the use of medications information, we classified PIM use according to the 2019
Beers Criteria [5]. The Beers Criteria is subdivided into four sections: 1. medications for elderly
people out of palliative care; 2. medications for elderly with specific syndromes, to be used
with caution, 3. medications with risks of drug interactions; 4. medications to avoid and/or
adjust doses based on kidney function. For the analysis of this study, the first section is used,
which refers to medications for elderly people outside of palliative care. This section was
selected in isolation because the Beers Criteria is explicit; this section allows analysis of the
medication in isolation, without the need to analyze clinical conditions.

The secondary outcome of this study was to investigate the survival status of any elderly
confirmed using the MIS. For the participants who died prior to the ten-year follow-up, the
period from the first investigation (baseline) to the date of death was recorded.

Independent variables. For the survival analysis, death was considered an outcome. The
independent variables were subdivided further. The first section involved sociodemographic
details such as: gender, age (stratified into age groups of 70-79 and >80 years), education (illit-
erate, 1-4, 5-8, and >9 years of study), race/color (white, mixed, and black), marital status
(with or without partner), and economic class (A/B/C and D/E). The second section investi-
gated health conditions (self-rated health), number of diseases, polypharmacy, arterial hyper-
tension, diabetes mellitus, and nutritional status.
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Economic class was classified using the Brazil Economic Classification Criterion (CCEB)
consisting of data such as level of education and items owned by the family. Economic stratifi-
cation corresponds with the economic class of the elderly person (A, B, C, D, and E). For statis-
tical purposes, the classification was redefined as A/B/C, and D/E [35], with classes D/E
corresponding to elderly of low economic status.

Self-rated health was assessed with the question: “How do you consider your health status?”
The responses were categorized into very good/good/fair and poor/very poor [36].

The number of diseases was assessed based on the response to the question: “What diseases
did the doctor say you have?” Responses were classified according to the quantity reported by
the participant.

Arterial hypertension was assessed using a self-report, as well as blood pressure measure-
ment and medication use. Blood pressure was taken using an OMROM semiautomatic device
on the elderly’s left arm while in a sitting position with three replicates (statistical analyses are
completed using the mean). The reference values were the systolic and diastolic pressure values
above 140 mmHg and 90 mmHg, respectively [37].

Diabetes mellitus was assessed by self-report and/or the use of medications and/or glycemic
control. Fasting blood glucose results > 126 mg/dl and/or glycated hemoglobin > 7% were
considered elevated [38].

Hospitalization in the previous year was identified through the question: “Did you stay in
the hospital last year?” Polypharmacy was defined as taking five or more medications [10, 39].
Nutritional status was assessed using the body mass index (BMI) kg/m? estimated by the
formula: weight (kg)/height2 (m?). Weight was measured using a Tanitabrand electric scale (200
kg capacity and 100 g precision). Height was measured using a wall stadiometer (precision of 0.1
cm). Two replicates were collected and the means were used for our analyses. For the classifica-
tion of BMI, the Lipschitz criteria (1994) [40] were used, which considers the typical changes in
body composition with aging with each participant classified as: low weight (BMI < 22 kg/m?),

eutrophic (BMI between 22 and 27 kg/m?), and overweight (BMI > 27 kg/m?).

Statistical analysis

Data were analyzed using STATA version 15.0. The incidence rate (IR) of PIM use was esti-
mated using the ratio between the number of new cases of PIM use and the total number of
persons-time in the at-risk population with follow-up multiplied by 1,000. The at-risk popula-
tion consisted of the total number of elderly people interviewed in the cohort after 10 years,
excluding those participants who already used PIM in the baseline or died before the follow-
up assessment (between 2008 and 2018).

To analyze the factors associated with PIM use, a generalized linear model was constructed,
using a bivariate analysis between the dependent variable (use of PIM) and each independent
variable; this provided us the crude relative risk (cRR) with a 95% confidence interval (95%
CI). Next, variables with a p-value < 0.20 were included in a multiple regression model with a
robust variance. The results of the regression model are presented as the adjusted relative risk
(aRR), with 95% CI. The quality of the regression model was estimated using a Pearson’s good-
ness-of-fit test. Variables with p-values < 0.05 in the final model were considered statistically
significant.

The mortality rate was calculated using the ratio between the number of deaths and total
person-time in the cohort multiplied by 1,000. Next, a bivariate and multivariate analysis was
performed to test the study hypothesis. We hypothesized that elderly people using PIM present
a lower survival [S] (or higher mortality rate) than elderly people not using PIM in the baseline
assessment, or, the S of elderly using PIM is less than the S of elderly not using PIM. Initially, a
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Cox bivariate analysis was performed between the dependent variable (survival in the
elderly) and the independent variable (using PIM). This analysis provided us the crude haz-
ard ratio (cHR) and respective 95% CI as the measure of effect. Next, a Cox proportional
regression model was adjusted to verify the potential association between the study hypothe-
sis variable (use of PIM) and survival. Potential confounding variables were adjusted in the
model: sex, age group, socioeconomic class, and polypharmacy. The results of the regression
model are presented as adjusted hazard ratio (aHR), with 95% CI. Finally, survival curves
were plotted for elderly people with and without the use of PIM via the Kaplan-Meier (KM)
estimator. Results with p-values < 0.05 in the final model were considered statistically
significant.

Results
Baseline characteristics

Analysis of the 418 elderly people in the baseline assessment identified that 66.0% of individu-
als in the study were women, the mean age was 70.6 years (with a standard deviation of 7.1
years), 54.8% were married, and 71.1% had less than four years of formal study. The health
conditions of participants identified 27.2% believing their health was poor/very poor, 24.4%
hospitalized in the previous year, 27.5% used polypharmacy, and 43.5% presented more than
three diseases. Of the diseases, the most prevalent were arterial hypertension (60.3%) and dia-
betes mellitus (23.4%) (Table 1).

In the baseline assessment, 365 (87.2%) participants consumed medication. The mean
number of medications used was 3.3 (standard deviation of 2.6), varying from 1 to 12 (data not
shown). Of the 365 participants who used medication, 183 (50.1%) used PIM, the most fre-
quently being nifedipine (24.0%), glibenclamide (20.2%), and sodium diclofenac (13.7%), as
shown in Table 2.

Incidence and risk factors associated with PIM

The cohort population consisted of 127 elderly people who completed the follow-up assess-
ment after ten years. We excluded participants who died during the period, those not able to
be contacted, and those who already used PIM in the baseline assessment. Consequently, this
resulted in 1,270 person-years.

There were 56 new cases of PIM use in the cohort. Thus, the incidence of PIM use in the
sample was 44.1 cases (95% CI: 35.2-54.7) per 1,000 person-years (56 incident cases/1,270 per-
son-years). Among the elderly who used PIM on in the follow-up assessment, the most popu-
lar consumed were diclofenac (25.0%), carisoprodol (19.6%), and orphenadrine (14.3%)
(Table 3).

Table 4 provides the results of the follow-up and the risk factors in the bivariate analysis.
The incidence rate of PIM use was statistically higher in the elderly with diabetes mellitus
(cRR: 1.87;95% CI: 1.23-2.83), in polypharmacy use (cRR: 3.58; CI 95%: 1.56-8.22), and with
three or more comorbidities (cRR: 1.51; 95% CI: 1.04-2.22).

The final regression model analyzing the risk factors for the use of PMI was adjusted for
sex, age group, self-rated health, polypharmacy, diabetes mellitus, arterial hypertension, num-
ber of morbidities, hospitalization, and nutritional status. The model represented an excellent
fit (Pearson goodness-of-fit: x*: 75.57; p-value = 0.99). In addition, multicollinearity was veri-
fied through a correlation matrix analysis of the variables and FIV test. In the correlation
matrix, no correlations suggested multicollinearity between variables (Pearson’s correlation
coefficient [r] = - 0.069 between sex and self-rated health and r = + 0.234 is the coefficient
between morbidities and diabetes mellitus). In the correlation matrix, there were low
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Table 1. Descriptions of the elderly participants according to sociodemographic and health variables recorded in

the baseline assessment, Central-Brazil, 2008.

Variables n %
Sex

Female 276 66.0

Male 142 34.0
Age group (years)

60-69 203 48.6

70-79 168 40.2

>80 47 11.2
Race/skin color (self-report)

White 194 46.4

Mixed 178 42.6

Black 46 11.0
Years of study**

0-4 266 71.1

>4 108 28.9
Marital status

Lives with partner 229 54.8

Lives without partner 189 45.2
Economic class

A/B/C 259 62.0

D/E 159 38.0
Self-perception of health**
Very good / good / regular 300 72.8
Poor / very poor 112 27.2
Hospitalization in previous year 102 24.4
Number of diseases > 3 182 43.5
Arterial hypertension (yes) 252 60.3
Diabetes mellitus (yes) 98 234
Polypharmacy 115 27.5
Nutritional status

Low weight 66 15.8

Eutrophic 147 35.2

Overweight 205 49.0
“n =418

**Missing data = 44
***Missing data = 6.

https://doi.org/10.1371/journal.pone.0240104.t001

correlation coefficients between the number of morbidities and polypharmacy (r = 0.191),

polypharmacy and hypertension (r = 0.197), and polypharmacy and diabetes (r = 0.094). The
FIV test did not show multicollinearity between the variables (FIV < 4.0), with FIV ranging

from 1.07 for diabetes to 1.46 for nutritional status (data not shown).

Table 5 summarizes the final regression model analysis of PIM use risk factors. The PIM
use risk factors in the cohort were polypharmacy (aRR: 3.00; 95% CI: 1.31-6.88) and diabetes
mellitus (aRR: 1.57; 95% CI: 1.03-2.39). These results indicate that the participant’s risk associ-

ated with using PIM was three times higher in individuals who consumed more than five
drugs (polypharmacy) and 1.57 times higher in those diagnosed with diabetes mellitus.
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Table 2. Distribution data of the elderly participants according to types of PIM used in the baseline assessment,

according to the Beers Criteria, Central-Brazil, 2008.

Medications n %
Central Alpha-Agonists
Nifedipine 44 24.0
Amiodarone 21 11.5
Digoxin 12 6.5
Methyldopa 12 6.5
Clonidine 6 3.3.
Long-acting sulfonylureas
Glibenclamide 37 20.2
Glimepiride 8 4.4
Nonselective NSAIDs for cyclooxygenase
Diclofenac 25 13.7
Meloxicam 5 2.7
Naproxen 2 1.1
Piroxicam 2 1.1
Ibuprofen 1 0.5
Ketoprofen 1 0.5
Etodolac 1 0.5
Benzodiazepines (short, intermediate, and long acting)
Clonazepam 14 7.5
Diazepam 5 2.7
Alprazolam 2 1.1
Chlordiazepoxide 1 0.5
Lorazepam 1 0.5
Musculoskeletal relaxants
Carisoprodol 14 7.6
Cyclobenzaprine 7 3.8
Orphenadrine 1 0.5
Antidepressants
Amitriptyline 15 8.2
Paroxetine 3 1.6
Clomipramine 2 1.1
Nortriptyline 1 0.5
Androgens
Estradiol 4 2.2
Estrogen 3 1.6
Regular insulin 1 0.5
Peripheral Alpha 1-blockers to treat hypertension
Doxazosin 5 1.4
Antihistamines, 1°* Generation
Dexchlorpheniramine 2 1.1
Dimenhydrinate 1 0.5
Hydroxyzine 1 0.5
Anti-spasmodics
Atropine 2 1.1
Scopolamine 1 0.5
Antipsychotics, 1*and 2" generation
(Continued)
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Table 2. (Continued)

Medications n* %
Phenobarbital 3 1.6
Antiparkinsonian Agents

Trihexyphenidyl 1 0.5
Anti-infectious

Nitrofurantoin 1 0.5
Nitro-thrombotic

Dipyridamole 1 0.5
Gastrointestinal

Metoclopramide 1 0.5
Total elderly using PIM 183 100.0
Total types of PIM 40

*n=118.

https://doi.org/10.1371/journal.pone.0240104.t002

Mortality and the use of PIM. The overall mortality rate observed in the sample was
41.4 deaths (95% CI: 36.0-47.3) per 1,000 person-years. The mortality rate in the group that
already used PIM in the baseline assessment was 46.3 deaths (95% CI: 37.8-56.1) (70/1,513
person-years). In the unexposed group (who did not already use PIM in the baseline assess-
ment) there were 37.7 deaths (95% CI: 31.0-45.4) (75/1,992 person-years). The bivariate
analysis revealed no statistical difference between groups (cHR: 1.23; 95% CI: 0.89-1.70; p-
value = 0.210).

A Cox regression model for survival analysis verified the potential association between
the use of PIM and elderly survival. The model was adjusted according to age group, sex,
economic class, polypharmacy, arterial hypertension, diabetes mellitus, number of dis-
eases, and use of PIM. The model demonstrated that mortality was statistically higher in
men (aHR: 1.02; 95% CI: 1.01-2.00). Mortality was also statistically higher in participants
aged 70 to 79 (aHR: 1.60; 95% CI: 1.09-2.33), and participants aged 80 years or older
(aHR: 4.06; 95% CI: 2.57-6.42). Mortality was also statistically higher in participants in the
economic class D/E (aHR: 1.67; 95% CI: 1.67-2.35), those with diabetes mellitus (aHR:
2.22;95% CI: 1.30-3.78), and those using polypharmacy (aHR: 1.98; 95% CI: 1.30-3.01)
(see Table 6).

However, there was no statistical association between survival and the use of PIM in the
adjusted analysis (aHR: 1.12; 95% CI: 0.72-1.72) (Table 6 & Fig 1).

Discussion

The findings of this study showed the elderly undertake a high consumption of medications,
including PIMs. The highest risk factors associated with the use of PIM were polypharmacy

and diabetes mellitus. There was no statistically significant association between survival and
the use of PIM. However, the use of polypharmacy significantly decreased survival.

The incidence of PIM use in this study was high. Previous studies conducted with elderly
Brazilians have shown similar prevalence, ranging from 43.8% to 59.2% in the Southeast region
[7, 17,27, 30]. In the Northeast, Midwest and South of Brazil, the prevalence was lower, 21.6%
[16], 26.0% [8], and 42.4% [2], respectively. International studies have shown prevalence rates
of 43% in Canada [15], 42,7% in New Zealand [11], and 46.1% in Portugal [41]. In Asian coun-
tries, the prevalence was 12.7% in Oman [42], 34.0% in India [43], 39.4% in Indonesia [44],
53,1% in Kuwait [14], and 59.3% in Thailand [45]
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Table 3. Distribution of the elderly according to types of PIM used in the follow-up assessment, according to the
Beers Criteria, Central-Brazil, 2018.

Medications n* %
Central Alpha-Agonists
Nifedipine 5 8.9
Amiodarone 4 7.1

Long-acting sulfonylureas

Glibenclamide 2 3.6
Glimepiride 2 3.6
Nonselective NSAIDs for cyclooxygenase
Diclofenac 14 25.0
Meloxicam 1 1.8
Piroxicam 1 1.8
Ibuprofen 1 1.8
Ketoprofen 1 1.8
Etodolac 1 1.8
Benzodiazepines (short, intermediate, and long acting)
Clonazepam 1 1.8
Alprazolam 3 5.3
Lorazepam 1 1.8

Musculoskeletal relaxants

Carisoprodol 11 19.6
Cyclobenzaprine 6 10.7
Orphenadrine 8 14.3
Antidepressants
Amitriptyline 1 1.8
Nortriptyline 1 1.8
Androgens
Insulin 1 1.8

Peripheral Alpha 1-blockers to treat hypertension

Doxazosin 6 10.7

Antihistamines, 1st Generation

Dexchlorpheniramine 7 12.5
Dimenhydrinate 2 3.6
Hydroxyzine 4 7.1
Cyproheptadine 1 1.8
Clemastine 1 1.8
Chlorpheniramine 2 3.6
Promethazine 4 7.1
Anti-spasmodics
Scopolamine 6 10.7
Total elderly using PIM 56 100.0
Total types of PIM 28

https://doi.org/10.1371/journal.pone.0240104.t003

These variations can be attributed to factors such as disease distribution in Brazil, the pre-
scriber’s specialty, and the version of the Beers criteria used (it is constantly updated with the
insertion or removal of certain medications) [5, 27]. Most of the studies cited used versions
prior to 2019. A study of elderly people in the public health system showed discrepancies
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Table 4. Bivariate analysis of the potential factors associated with the incidence of PIM use in the elderly cohort, Central-Brazil, 2008-2018.

Variables Total (n = 127) Incidence cRR (95% CI) p-value™*
n=>56 IR* (95% CI)

Sex

Female 75 29 38.7 (28.2-52.0) 1.00

Male 52 27 51.9 (37.4-70.6) 1.34(0.91-1.98) 0.137

Age group (years)

70-79 76 37 48.7 (36.8-63.4) 1.00

>80 51 19 37.3 (25.1-53.6) 0.76(0.50-1.17) 0.218

Race/skin color

White 54 25 46.3 (32.9-63.7) 1.00

Mixed 60 23 38.3 (26.8-53.4) 0.83(0.54-1.28) 0.392

Black 13 8 61.5 (32.9-106.7) 1.33(0.78-2.23) 0.282

Years of study

0-4 81 33 40.7 (29.8-54.5) 1.00

>4 44 22 50.0 (33.9-71.4) 1.23 (0.82-1.83) 0.312

Economic class

A/B/C 101 46 45.5 (35.1-58.2) 1.00

D/E 26 10 38.5(20.9-65.2) 0.84 (0.50-1.44) 0.534

Marital status

Lives with partner 76 34 44.7 (32.9-59.6) 1.00

Lives without partner 51 22 43.1 (29.2-61.6) 0.96 (0.64-1.44) 0.860

Hospitalization

No 101 41 40.6 (30.8-52.7) 1.00

Yes 26 15 57.7 (34.9-88.8) 1.42 (0.95-2.13) 0.090

Self-perception of health

Very good/good/regular 106 44 41.5(31.8-53.4) 1.00

Poor/very poor 26 12 46.2 (26.6-74.8) 1.38 (0.89-2.13) 0.150

Number of diseases

1-2 89 34 38.2 (28.1-50.9) 1.00

>3 38 22 57.9 (39.2-82.7) 1.51 (1.04-2.22) 0.032

Polypharmacy

No 33 5 15.2 (0.6-31.8) 1.00

Yes 94 51 54.3 (42.4-68.5) 3.58 (1.56-8.22) 0.003

Arterial hypertension

No 56 19 33.9 (22.2-49.8) 1.00

Yes 71 37 52.1(38.9-68.6) 1.54 (0.99-2.36) 0.050

Diabetes mellitus

No 118 49 41.5 (32.3-52.7) 1.00

Yes 9 7 77.8 (36.5-146.0) 1.87 (1.24-2.83) 0.003

Hypercholesterolemia

No 107 47 43.9 (33.9-56.0) 1.00

Yes 19 9 47.4 (24.7-82.6) 1.08 (0.64-1.82) 0.777

Nutritional status

Low weight 40 15 37.5(23.1-57.7) 1.00

Eutrophic 22 12 54.6 (31.5-88.4) 1.45 (0.84-2.53) 0.186

(Continued)
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Table 4. (Continued)

Variables Total (n = 127) Incidence cRR (95% CI) p-value™*
n=>56 IR* (95% CI)
Overweight 65 29 44.6 (31.9-60.8) 1.19 (0.73-1.93) 0.483

cRR: Crude Relative Risk; 95% CI: 95% Confidence Interval
*Incidence rate per 1,000 person-year
“*Wald chi-square test.

https:/doi.org/10.1371/journal.pone.0240104.t004

between the Beers criteria of 2003 and 2012, with PIM proportions varying with the criteria
used [27]. Furthermore, it should be noted that the Beers criteria was developed for the Ameri-

can profile, which limits its application in Brazil.

Table 5. Multiple regression model of the factors associated with the incidence of potentially inappropriate medi-

cations (PIM) in the elderly cohort, Central-Brazil, 2008-2018.

Variables aRR* 95% CI p-value**
Sex

Female 1.00

Male 1.25 0.85-1.82 0.258
Age group (years)

70-79 1.00

> 80 0.73 0.49-1.09 0.120
Self-perception of health

Very good/good/regular 1.00

Poor/very poor 1.09 0.70-1.67 0.705
Polypharmacy

No 1.00

Yes 3.00 1.31-6.88 0.009
Diabetes mellitus

No 1.00

Yes 1.57 1.03-2.39 0.036
Arterial hypertension

No

Yes 1.30 0.85-1.99 0.219
Hospitalization

No 1.00

Yes 1.24 0.79-1.95 0.350
Number of diseases

1-2 1.00

>3 1.07 0.84-1.55 0.725
Nutritional status

Low weight 1.00

Eutrophic 1.42 0.83-2.45 0.202
Overweight 1.00 0.63-1.60 0.990

aRR: adjusted relative risk; 95% CI: 95% confidence interval

* Poisson regression model adjusted for sex, age group, self-rated health, polypharmacy, diabetes mellitus, arterial

hypertension, number of diseases, hospitalization, and nutritional status

**Wald’s chi-square test.

https://doi.org/10.1371/journal.pone.0240104.t005
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Table 6. Multiple regression model of factors associated with survival in the elderly cohort, Central-Brazil, 2008-
2018.

Variables aHR* 95% CI p-value**
Sex

Female 1,00

Male 1.42 1.01-2.00 0.044
Age group (years)

60-69 1,00

70-79 1.60 1.09-2.33 0.015
> 80 4.06 2.57-6.42 <0.001
Economic class

A/B/C 1.00

D/E 1.67 1.19-2.35 0.003
Polypharmacy

No 1,00

Yes 1.98 1.30-3.01 0.001
PMI use

No 1,00

Yes 1.12 0.72-1.72 0.607
Arterial hypertension

No 1.00

Yes 0.87 0.61-1.23 0.435
Diabetes mellitus

No 1.00

Yes 2.22 1.30-3.78 0.003
Number of diseases

1-2 1.00

>3 0.86 0.59-1.25 0.425

95% CI: 95% confidence interval
*Cox regression model adjusted for sex, age group, economic class, polypharmacy, potentially inappropriate
medications (PMI) use, diabetes mellitus, arterial hypertension, and number of diseases.

**Wald’s chi-square test.

https://doi.org/10.1371/journal.pone.0240104.t006

Regarding the types of drugs used, there was a high frequency in the consumption of central
alpha-agonists, especially nifedipine and amiodarone, a result consistent with previous studies
[7, 8, 46]. Nifedipine has the potential to cause hypotension and a risk of myocardial ischemia
[5]. Conversely, amiodarone is associated with thyroid diseases, lung disorders, and the pro-
longation of the QT interval [5].

Glibenclamide also presented an elevated use in this study, as already observed in other
studies [2, 28]. The class of sulfonylureas is one of the drugs that presents a higher risk of
severe prolonged hypoglycemia in the elderly [5, 47-50]. Hypoglycemic agents are also high-
risk medications, which can cause hypoglycemia and increase the incidence of acute myocar-
dial infarction, stroke, and falls [51, 52].

There was a high frequency in the use of diclofenac sodium. Previous studies show that it is
a medication mostly consumed by the elderly [2, 27], but it can increase the risk of gastrointes-
tinal bleeding, leading to the development of peptic ulcers, in addition to increasing the risks
for renal, heart failure, and hypertension [5, 47, 50].

Polypharmacy and diabetes mellitus were risk factors in the use of PIM. The relationship
between polypharmacy and the high incidence of PIM observed is already well established in
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Fig 1. Probability of survival of the elderly according to statistically significant variables in the Cox proportional
multiple regression analysis.

https://doi.org/10.1371/journal.pone.0240104.9001

national and international literature [2, 16, 27, 53-55]. Polypharmacy is common among the
elderly, owing to both multimorbidity and a frequent demand for health services. It is under-
stood that chronic diseases appear during the fourth and fifth decades of life; often these drugs
are not adjusted once patients are over 60 years of age [2]. The literature highlights the impor-
tance of qualifying clinical protocols and continuing education for the prescribing profession-
als in order to avoid excessive medications [16] as polypharmacy is associated with worsening
physical and mental health conditions in the elderly population. Owing to its potential to
cause harm to the patient, the World Health Organization underscores polypharmacy as one
of the three priority categories of the Third Global Patient Safety Challenge [56].

A diagnosis of diabetes mellitus was a risk factor in the use of PIM. Some studies have
shown that elderly people with diabetes mellitus consume multiple medications in greater pro-
portions [57-61], which consequently may increase the risk of PIM use. It is noteworthy that
some popular oral antidiabetics (such as glibenclamide and glimepiride) are considered inap-
propriate [5]. However, this relationship can be explained by the complexities of diabetes mel-
litus. Data from the Longitudinal Study of Health of Elderly Brazilians that was conducted in
70 municipalities of Brazil, showed that diabetes mellitus ranked seventh in diseases with a
higher proportion among the elderly. Furthermore, it was the disease with the highest number
of associated comorbidities, which in turn increases the number of drugs used for its control
[57]. In addition, it causes varying complications. The symptoms or systemic manifestations of
the complications can lead to the use of health services. Consequently, this leads to the use of
other medications including PIMs.

Regarding mortality, the use of PIM did not increase the risk of death from any cause. How-
ever, polypharmacy was associated with mortality in the elderly. Most studies on medication
use show that polypharmacy increases the risk of death in the elderly [18-21]. Nevertheless,
the association between PIM and death is still controversial, owing to the classification criteria
adopted and the length of time required for follow-up assessments. A recent study conducted
in Japan comparing the risk of death of elderly people using PIM by two criteria, showed that
the risk of death in five years of follow-up was 3.01 (95% CI 1.37-6.64) using the STOPP-]
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criteria, while using the Beers-Fick criteria it was 1.18 (95% CI 0.56-2.49) [62]. Likewise, other
studies using the Beers criteria for PIM also found no association with death. This was demon-
strated in Belgium with community-dwelling elderly and in the United Kingdom with elderly
with frailty and elderly after hospital discharge in the United Kingdom [21, 63, 64]. In Brazil, a
15-year follow-up study showed that the risk of death among users of at least one PIM was
44% higher than those who did not use any PIM [18].

These results should be interpreted with caution, owing to the long follow-up period
involved, other comparable studies (investigating the risk of death associated with the use of
PIM) involved much shorter follow-up periods. In contrast, a study with a shorter follow-up
period also showed an association between death and use of PIM. In Finland, a longitudinal
study of 20,666 community-dwelling elderly found that the association of PIM and mortality
was more significant in the first years of follow-up [65].

The main limitation of this study is the limited number of participants in the follow-up
assessment. However, many cohort studies have already reported this limitation, especially in
those conducted with individuals from the community who frequently move or refuse to con-
tinue the follow-up program. The Beers criteria used for the classification of PIM also presents
limitations, since it was designed for North Americans. However, there are strengths such as
the study design, follow-up time, and a large representative sample of the population.

The high incidence of PIM identified in this study reinforces that this is a persistent prob-
lem in health services and emphasizes the need for actions to reduce their use. De-prescription
is one of the strategies proposed to reduce polypharmacy, through the identification and dis-
continuation of unnecessary, ineffective, unsafe, or potentially inappropriate medications [66].
In order to ensure de-prescription is effective in clinical practice, it is necessary to involve a
multidisciplinary team to identify the potential harm of the medication to the patient. Assess-
ment of each medication needs to include the objectives of the treatment, life expectancy, con-
venience, and preferences that may contribute to treatment adherence [67].

We recommend future studies that assess the barriers to PIM dissemination and implemen-
tation by health professionals, both in primary care as well as in other levels of care. Studies are
also recommended to elaborate a national criteria specific to Brazil, which considers the local
scenario, both in terms of drugs available in the country and the epidemiological context of
diseases in the elderly population.
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