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Abstract
Objectives: We aimed to evaluate the impact of potentially inappropriate medications 
prescribed prior to hospitalization (PIM-ph) on the mortality of hospitalized older adults. 
Methods: We included 318 patients, aged ≥65 who sought emergency care and were 
hospitalized for any clinical reasons. Information on patients' clinical and social indicators 
was obtained via structured interviews conducted 24 to 48 hours after hospitalization. 
All medications used by older adults prior to hospitalization were recorded, and PIM-ph 
were identified using the Brazilian PIM Consensus. The study considered the influence 
of the entire set of PIM-ph and specific PIM-ph used by these patients. The impact 
of PIM-ph use during hospitalization and after 30 days of this event was statistically 
determined by multivariable Cox proportional hazard regression analysis, which included 
sex, age, and other clinical and functional indicators as intervening variables. Results: 
The prevalence of PIM-ph use was 49.7% (n=158). A total of 85 (26.7%) patients died 
during hospitalization or within 30 days after discharge. Eighteen pharmacological 
classes of PIM-ph use were identified. The use of total PIM-ph, benzodiazepines (IC: 
1.055-3.365, p= 0.032), digoxin(IC: 1.623-7.048, p=0.001), and loop diuretics (IC: 1.000-
3.455, p=0.05) increased the relative risk of mortality independent of sex, age, clinical 
causes of hospitalization, frailty risk, social support, presence of confusion symptoms, 
polypharmacy, and in-hospital evolution of geriatric complications. Conclusion: PIM-ph 
use, especially benzodiazepines, digoxin, and loop diuretics, could contribute to mortality 
risk in hospitalized older adults. These results could be relevant in the management and 
therapeutic care of hospitalized patients.
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INTRODUC TION

The management of hospitalized older patients 
is highly complex, probably associated with 
heterogeneous biological aging processes and 
non-specific complications, including mobility 
impairment, fall history, cognitive impairment, 
and drug iatrogenic1,2. These complications are 
known as geriatric syndromes, a term broadly used 
by geriatricians and gerontologists to highlight the 
unique features of common health conditions in the 
elderly3. In addition, aging-induced physiological 
changes could influence the efficacy and safety of 
certain drugs contributing to iatrogenic in older 
adults. Therefore, a pharmacological prescription 
is considered a component that directly affects 
health management in older adults. Choosing the 
appropriate medication for each clinical condition 
must combine the requirement for effectiveness 
and low risk of adverse effects to achieve a good 
cost-benefit ratio4. 

As older people exhibit modifications that can 
alter the pharmacokinetics of many drugs, in recent 
years, efforts have been made to identify potentially 
inappropriate medicines (PIM) used by this age 
group. PIM refers to medications that carry a higher 
risk of adverse effects when given to older adults or 
in certain medical conditions. These medications may 
be considered inappropriate due to the unfavorable 
risk-benefit ratio or a higher risk of side effects when 
compared to other available medications. PIMs 
can cause adverse drug reactions, falls, cognitive 
impairment, and other complications, particularly 
in older adults who are already at an increased risk 
of drug-related problems. Several criteria have been 
developed to identify PIMs, such as the Beers Criteria 
by the American Geriatrics Society and the Screening 
Tool of Older Persons' potentially inappropriate 
Prescriptions (STOPP) criteria.4,5 The use of these 
criteria can help healthcare providers to identify 
PIMs in older adults and adjust medication therapy 
accordingly. By reducing the use of PIMs, healthcare 
providers can improve medication safety and reduce 
the risk of drug-related problems in older adults.4,5

Bories et al.5 estimated that the prevalence 
of PIM in primary care, home care, and hospital 
care was 19.1%, 29.7%, and 44.6%, respectively. 

Another review, which included information from 
five databases, also described that 57.9% of older 
adults have some PIM prescription6. The PIM in 
458 older patients from Brazilian primary healthcare 
was estimated to be 44.8%7. PIM use has also been 
associated with polypharmacy and dementia in 
institutionalized older adults, such as benzodiazepines 
(BDZ) drugs8. A cohort ten-year follow-up study that 
included 418 Brazilian older adults reported a PIM 
incidence of 44.1 cases per 1,000 people per year with 
a relevant impact on mortality9.

Furthermore, PIM prescription has been 
associated with the evolut ion of geriatric 
complications, delirium, seeking medical care after 
hospital discharge and hospital re-admission, need for 
surgical intervention, increased mortality of cancer 
patients, and higher risk of institutionalization and 
death of older adults 10-17. 

However, studies on PIM use generally focus on 
their adverse effects that can lead to hospitalization, 
institutionalization, and death. Therefore, the aim of 
this study is to investigate whether the use of PIM 
before hospitalization could impact the hospital 
clinical outcome and the risk of death of patients.

METHODS

Study design and population

An observational, longitudinal, prospective, and 
descriptive population-based study was conducted 
from September 2015 to October 2016 in older adults 
admitted to the hospital from the emergency room 
at the University Hospital of the Federal University 
of Santa Maria (HUSM), Santa Maria, Rio Grande 
do Sul State, Brazil. 

In developing countries, such as Brazil, older 
adults are 60 years of age or older, representing 
14,79% of the population in 202118. For this reason, 
the research investigation was initially designed to 
include individuals aged 60 years and over. However, 
as most experiments involving PIM use have been 
carried out in individuals aged 65 years and around, 
we decided to exclude those younger from the sample 
in this study. Therefore, we selected 318 subjects 
using a simple random sample based on sample size 
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calculation performed for a cohort study, taking 
into account the incidence of hospitalizations of the 
elderly in Brazil in 2015, of 2.669,949, for a confidence 
level of 90% and 5% margin of error. The incidence 
of variables associated with death and hospitalization 
of adults in the emergency room, based on data 
provided in the HUSM Statistics Section. They were 
65 years or older at the time of their inclusion in the 
study. General exclusion criteria included insufficient 
information about medication use before admission 
or lack of consent to participate in the study. All 
elderly people who stayed less than 24 hours in the 
emergency service were also excluded, thus making 
it impossible to collect the information necessary to 
conduct the study. 

The following patient approach and follow-up 
flow were used in the study: (i) older adult people 
sought emergency care at the hospital; (ii) all patients 
referred for hospitalization were invited to participate 
in the study; (iii) detailed information about the 
patient's clinical and social indicators, including the 
use of some clinical geriatric tools, were applied by 
trained health professionals or graduate students 
between 24 and 48 h after hospitalization; (iv) during 
hospitalization all participants were accompanied by 
the geriatric doctor that is an author in this study; (v) 
a survey was conducted about all the medications the 
patient ingested before hospitalization; (vi) further 
prescribed drugs were databank plotted and the 
identification of PIM-ph use was performed based 
in the Brazilian consensus of potentially inappropriate 
medication for elderly people (I, which was based 
in the American Geriatrics Society Beers Criteria 
and in the STOPP/START criteria19,20. The analysis 
considered the influence of the entire set of all 
PIM-hp and specific PIM-ph used by patients; (vii) 
after organizing the database in PIM-ph patients 
and patients without PIM-ph use (here identified as 
control individuals) were compared regarding sex, age, 
some pre-hospitalization social and health indicators. 
Detailed information about the patient's clinical 
evolution in the hospital was obtained from the 
medical records. Patient survival up to 30 days after 
hospital discharge was assessed by telephone contact 
with the older adult or caregiver; (viii) a multivariate 
analysis was performed to identify potential covariates 
that could influence the impact of PIM-ph use on 
the survival of hospitalized older adults.

Ethical statement

This study is part of the "Development of a 
line of care for the older hospitalized adults at the 
University Hospital of Santa Maria" research project 
approved by the Research Ethics Board of the Federal 
University of Santa Maria and registered on the Brazil 
Platform (Approval opinion number 3.498.206). The 
study also included older people with a lowered level 
of consciousness or with clinical conditions that 
affected their cognition. Therefore, all patients or 
their caregivers provided informed consent.

Pre-hospitalization social and health descriptive variables

The main descriptive variables of the study were 
age, sex, the clinical condition that led to hospital 
admission, and results from four tools widely used in 
geriatric clinics and, previously validated in Brazilian 
Portuguese Language: Identification of Seniors at 
Risk (ISAR)21, Charlson Comorbidity Index (CCI)22, 
Confusion Assessment Method (CAM)23, Geriatric 
Depression Scale (GDS-4)24. The ISAR21 score is 
a valuable screening tool for frailty and identifies 
elderly patients at risk of adverse outcomes after an 
emergency department (ED) visit. The instrument 
is an assessment of 6 yes/no items that cover the 
area of need of help (2 items), prior hospitalizations, 
sensory restrictions (vision), cognitive impairment, 
and multimorbidity (polypharmacy). An ISAR 
score higher than two points is considered positive 
for geriatric risk factors21. The CCI consists of 17 
comorbidities, divided into 19 clinical situations with 
scores between 1 and 3; the sum indicates the chance 
of survival for one year22. CAM score 23 is composed 
of four attributes related to cognitive function: (1) 
mental confusion with acute onset and fluctuating 
course, (2) inattention, (3) disorganized thinking, 
altered level of consciousness, and (4) delirium 
symptoms. The diagnosis of delirium is confirmed 
when both items “1” and “2” and one of the items “3” 
and “4” are present. The GDS-4 evaluates indicators 
of Geriatric Depression; the score on this scale ranges 
from 0 to 4 points, and a score equal to or less than 
1 point indicates depression24.

In addition to these scales, information about the 
following clinical and functional variables presented 
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before hospitalization were also collected by trained 
researchers and evaluated here: older persons in 
need of caregiver support, living arrangements, 
social support, previous hospitalization in the last 
year, polypharmacy (five or more drugs daily used), 
body weight loss in the previous six months before 
hospitalization; urinary/fecal incontinence, delirium, 
immobility, main clinical conditions associated 
to hospital admission diagnosed by International 
Classification of Diseases (ICD-10)25 that was in 
force during the period in which the study and data 
analysis were carried out. The in-hospital evolution 
of clinical and functional complications (delirium, 
immobility, urinary/fecal incontinence, nosocomial 
infection) was also evaluated. 

Outcomes

The primary outcome measure was older 
adults' mortality, including those who died while 
hospitalized and those who died within 30 days of 
hospital discharge with and without PIM-ph use. 

Statistical analysis

Descriptive statistics were presented as counts 
(n) and relative frequencies (%), mean ± standard 
deviation (SD), or median and 95% confidence 
interval according to variable type (quantitative or 
categorical). The interquartile range was used as a 
measure of median dispersion. Normal distribution 
previously determined by Kolmogorov-Smirnov 
test.  The survival analyses were performed with 
multivariable Cox proportional hazard regression 
model analysis. The potential intervening variables 
included in the multivariate analysis were sex, age, 
and clinical and functional variables that showed 
significant differences between PIM-hp and controls. 
The significance level considered for the inclusion 
of variables in the model was p<0.10. In addition, 
the clinical diagnosis associated with hospitalization, 

and polypharmacy were included in the multivariate 
analyses. The proportional hazard assumption was 
checked, and the models were stratified as needed. 
The mean survival curves and relative risk estimates 
with 95% confidence intervals (CIs) were plotted 
using multivariable Cox regressions.  In order, to 
compare two survival curves, the log-rank test was 
used. Statistical significance was set at p<0.05.

RESULTS

The mean age of the 318 older adults included 
in the study was 74.6 ± 7.6 years, median = 73 years 
(minimum = 65, maximum = 96 years). There were 
169 (53.1%) males and 149 (46.9%) females. A total 
of 85 (26.7%) patients died during hospitalization 
or 30 days after hospital discharge. The prevalence 
of PIM-ph was estimated at 49.7% (n = 158). The 
baseline characteristics, functional and health pre-
hospitalization indicators, evolution of in-hospital 
complications, and mortality were compared between 
PIM-ph and controls (Table 1).

PIM-ph group presented patients with less 
continued home support and a higher frailty risk 
(ISAR test) than controls. The other variables were 
similar between the two groups. In the PIM-hp 
group, 21 drugs listed in Table 2 were identified.

Among PIM-ph drugs identified here, at least 
five have their pharmacological action on the central 
nervous system (CNS). The most prevalent use 
of CNS drugs were benzodiazepines (BDZ) and 
antidepressants (serotonin inhibitors or tricyclics 
drugs). Others, such as opioids, sedatives, and 
barbiturates, were less prevalent in the patients 
included in this study. The main PIM-ph used by 
older adults in treating cardiovascular diseases were 
digoxin and loop diuretics. None of the PIM-ph used 
by less than ten patients were included in isolated 
analyses as they would not allow more consistent 
multivariate analyses.
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Table 1. Comparison between Brazilian older adults with potentially inappropriate use of drugs before hospitalization 
(PIM-ph) and controls of baseline characteristics, functional/clinical pre-hospitalization indicators, the evolution 
of in-hospital complications, and mortality. Santa Maria, RS, 2023. 

Variables PIM-ph Use
n (%)

Controls
n (%) p

Sex Male 80 (47.3) 89 (52.7)
Female 78 (52.3) 71 (47.7) 0.372

Age groups (years) 65-69 47 (29.7) 50 (31.3) 0.137
70-74 46 (29.1) 46 (28.8)
75-79 18 (11.4) 32 (20.0)
80-84 21 (13.3) 13 (8.1)
> 85 26 (16.5) 19 (11.9)

Need caregiver 31 (19.9) 35 (22.0) 0.641
Living arrangements Living alone 13 (8.2) 21 (13.2) 0.315

Living with someone 143 (90.5) 136 (84.9)
Institutionalized 2 (1.3) 3 (1.9)

Social support
Continued home-support 67 (42.4) 93 (58.1) 0.005
Sporadic home-support 25 (15.8) 28 (17.5)
No home support 66 (41.8) 39 (24.4)

Pre-hospitalization social and health indicators
Previous hospitalization (one year) 63 (40.9) 52 (32.9) 0.143
Higher frailty risk (ISAR test) 96 (60.8) 68 (42.5) 0.001
Charlson Comorbidity Index (CCI) One year survival chance 0.313

98 % 23 (14.6) 28 (17.5)
89 % 60 (38.0) 72 (45.0)
79% 49 (31.0) 42 (26.3)
64% 26 (16.5) 18 (11.3)

Confusion symptoms (CAM test) 14 (9.1) 6 (3.9) 0.064
Depressive symptoms (GDS-4 score) 69 (53.5) 73 (51.0) 0.688
Polypharmacy (> 5 drugs/day) 13 (8.2) 14 (8.8) 0.867
Loss body weight in the last 6 months 53 (33.5) 42 (26.3) 0.155
Urinary incontinence 52 (32.9) 44 (27.5) 0.293
Immobility 37 (23.4) 29 (18.1) 0.054
Main clinical conditions associated to hospital admission a 0.562

Stroke 29 (18.4) 25 (15.6)
Cancer 24 (15.8) 33 (20.6)
Lung diseases 12 (7.6) 15 (9.4)
Gastrointestinal conditions 31 (19.6) 21 (13.1)
Infectious diseases 12 (7.6) 12 (7.5)
Trauma 29 (18.4) 37 (23.1)
Others 20 (12.7) 17 (10.6)

to be continued
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Continuation of Table 1

Variables PIM-ph Use
n (%)

Controls
n (%) p

Clinical and functional evolution during hospitalization
Complications 88 (55.7) 78 (48.8) 0.215
Delirium 29 (18.4) 24 (15.0) 0.577
Immobility 77 (48.7) 66 (41.3) 0.054
Urinary/fecal incontinence 10 (6.3) 16 (10.0) 0.277
Nosocomial infection 28 (21.2) 22 (15.9) 0.265
In-hospital death 44 (27.8) 20 (12.5) 0.001
Death after hospital discharge 15 (13.5) 6 (4.7) 0.017
Total deaths 59 (37.3) 26 (16.3) 0.0001

aDiagnosed according to the International Disease Classification (ICD-10).

Table 2. Main potentially inappropriate medications used previously hospitalization (PIM-ph) by Brazilian older 
adults admitted to a hospital from the emergency room. 

Drugs used before hospitalization by different body system targets
Drug n (%)
Nervous system 115 (72.0)
Antidepressants (Serotonin inhibitors, tricyclics) drugs 49 (15.4)
Benzodiazepines (BDZ) 32 (10.1)
Tricyclic antidepressants 8 (2.5)
Barbiturates/sedatives 5 (0.9)
Antipsychotics 3 (0.9)
Opioids 5 (1.6)
Other 13 (4.1)
BDZ plus Antidepressants 11 (3.5)
Cardiovascular system 64 (40.5)
Digoxin 15 (4.7)
Loop diuretics 29 (9.1)
Nifedipine 03 (0.9)
Other 17 (5.3)
Endocrine system 15 (9.5)
Glibenclamide 11 (3.5)
Corticoids 1 (1.9)
Other 3 (0.9)
Gastrointestinal system 7 (4.4)
Mineral oil 4 (1.3)
Other 2 (0.5)
Musculoskeletal system 7 (4.4)
Non-steroidal anti-inflammatory drugs 5 (1.6)
Other
Nitrofurate 2 (0.6)

to be continued
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The influence of sex, age, leading functional and 
clinical indicators on survival of the hospitalized 
older adults from an emergency room was 
determined (Table 3). In the multivariate analysis, 
the following potential intervenient variables were 
included: sex, age, risk of frailty estimated by the 
ISAR test, previous existence of social support to an 
older adult patient, confusion symptoms measured 
by CAM test, and in-hospital evolution of geriatric 
complications. We also inserted in the multivariate 
model the ICD-10 clinical diagnosis at admission and 
polypharmacy prior hospitalization. These variables 
were selected from the univariate analyzes described 
in Table 1. However, as the Charlson test estimates 
the percentual chance of survival from variables 

already included in other scores tested here, we did 
not have this indicator as a potential intervening 
variable in the multivariate analysis that evaluated 
the association between PIM-ph use and older adults’ 
mortality.

The general PIM-ph uses considering the whole 
of all drugs prescribed to older adults included in 
the study was significantly associated with lower in-
hospital survival and death until 30 days after hospital 
discharge independent of all intervening variables 
included in the multivariate model. In addition, the 
specific use of BDZ, digoxin, and Loop diuretics was 
also independently associated with a lower survival 
rate in older adults (Table 3, Figure 1). 

In-Hospitalization used drugs

Drug n (%)

Antithrombotics/Anticoagulants 71 (22.3)
Antibiotics use

Beta-lactam antibiotics 59 (18.6)
Nucleic acid synthesis inhibitors 17 (5.3)
Beta-lactamase inhibitors 18 (5.7)
Protein synthesis inhibitors 11 (3.5)
Glycopeptides 2 (0.6)
Cell membrane inhibitors 1 (0.3)

Continuation of Table 2

Table 3. Multivariate Cox regression analysis of mortality relative risk of Brazilian older adults hospitalized from 
the emergency room.

Variables Deaths
n (%) RR 95% CI

Upper-Lower p

Sex Female 39 (26.2)
Male 46 (27.2) 1.004 0.655-1.538 0.987

Age (years) 65-79 85 (23.4)
> 80 29 (36.7) 1.818 1.157-2.856 0.010

Functional and Clinical variables
Frailty Risk 
(ISAR test)

Lower 33 (21.4)
Higher 52 (31.7) 1.451 0.933-2.255 0.098

Survival chance (CHARLSON test) 98% 05 (9.8)
89% 30 (22.7) 2.181 0.841-5.669 0.109
79% 26 (28.6) 2.718 1.008-7.331 0.048
64% 24 (54.5) 5.809 2.185-15.445 0.0001

to be continued
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Variables Deaths
n (%) RR 95% CI

Upper-Lower p

CAM-S test No 67 (23.3)
Yes 10 (50) 2.470 1.215-5.023 0.013

GDS test (depressive symptoms) No 27 (20.8)
Yes 36 (25.4) 1.179 0.708-1.964 0.526

Polypharmacy No 77 (26.6)
Yes 08 (29.6) 1.085 0.521-2.226 0.828

In-hospital Complications No 28 (18.4)
Yes 57 (34.3) 1.858 1.174-2.940 0.008

In-hospital antibiotics use Yes 21 (29.6) 1.193 0.728-1.953 0.484
No 64 (25.9)

Use of PIM-ph by older adults (n = 158)a

All PIM-pha No 26 (16.3)
Yes 59 (37.3) 2.269 1.416-3.635 0.001

Benzodiazepines No 70 (24.6)
Yes 15 (44.1) 1.884 1.055-3.365 0.032

Antidepressivesb No 74 (27.6)
Yes 10 (20.4) 2.391 0.766-2.961 0.235

Opioids No 82 (26.2)
Yes 03 (60.0) 1.687 0.703-8.128 0.163

Digoxin No 76 (25.1)
Yes 09 (60.0) 3.382 1.623-7.048 0.001

Loop diuretics No 72 (24.9)
Yes 13 (44.8) 1.858 1.000-3.455 0.05

RR = relative risk. CI 95% = confidence interval 95%. The estimated RR of death was determined by multivariate Cox proportional hazard 
regression inserting covariates in the model. (a) The analysis of PIM-ph (all or specific medicines) impact on RR to dead was corrected by the 
following covariates: sex, age, frailty risk determined by ISAR test, the existence of social support, presence of confusion symptoms evaluated 
by CAM test and in-hospital evolution of geriatric complications. The diagnosis of diseases identified by the ICD-10 and polypharmacy (>5 
daily medicines) was also included in the model. (b) Serotonin inhibitors plus tricyclic antidepressant drugs.

Continuation of Table 3
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DISCUSSION

The present investigation observed that PIM-ph 
increased the mortality risk of older adults admitted 
in the emergency room at the University Hospital 
of the Federal University of Santa Maria (HUSM), 
Santa Maria, Rio Grande do Sul State, Brazil, up to 
30 days after hospital discharge. This type of analysis 
has been little explored in previous studies, although 
it is well established that PIM use by older adults is 
a significant public health concern 5-6. Therefore, 
initially, it is relevant to comment that PIM-ph 
prevalence observed in the patients included in this 
study is similar to other investigations described in 
the literature 8,9,26.

Three specific PIM-ph were associated with 
a higher mortality risk: BDZ, digoxin, and loop 
diuretics. Among the PIMs associated with increased 
mortality, BDZ represents one of the most widely 
prescribed drugs in and out of hospital27,28. In 
pharmacological terms, BDZ effects involve an 
interaction with the central nervous system (CNS) 

mediated by the activation of GABA A receptors. 
Although a significant number of BDZs are 
approved by regulatory agencies, such as the Food 
Drug Administration (FDA) and Agência Nacional 
de Vigilância Sanitaria (ANVISA, Brazilian Health 
Ministry), these drugs have several side effects, 
including cognitive impairment, tolerance, rebound 
insomnia upon discontinuation, car accidents/falls, 
abuse, and dependence liability29. Moreover, BDZs 
can interact with other drugs, including sedatives, 
barbiturates, and ethanol, triggering respiratory 
depression owing to a synergistic effect29. BDZ 
can increase adverse effects in older patients due 
to age-related differences in pharmacokinetics 
and pharmacodynamics, leading to body BDZ 
accumulation and higher plasma concentrations30. 
Moreover, BDZ can cause physical dependence 
and withdrawal syndrome27. Therefore, the results 
described here suggest that, in addition to potential 
adverse effects, the use of BZP before hospitalization 
can impact the hospital outcome of older adult 
patients, increasing the risk of death.

Figure 1. Cox regression survival analysis of potentially inappropriate medication used prior hospitalization 
(PIM-ph) of the older adults studied. (A) Comparison between older adults that presented in-hospital evolution 
of one or more of the following geriatric complications: delirium, immobility, urinary/fecal incontinence, and 
nosocomial infection) ( p<0.001); (B) with and without (controls) previous hospitalization use of potentially 
inappropriate medicines (PIM-ph). The cumulative survival was corrected by sex, age, frailty risk determined by 
the ISAR test, social support, confusion symptoms evaluated by the CAM test, and the in-hospital evolution of 
geriatric complications. The analysis of the curves observed the significance of p<0,05.
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Previous use of digoxin prescribed to treat cardiac 
conditions also increased mortality risk in the older 
adult investigated in this study. Cardiac glycosides, 
including digitalis and digoxin, have long been 
used in clinical practice. However, digoxin toxicity 
is clinically relevant as it can lead to fatal cardiac 
arrhythmias28,31. Some previous studies, such as 
those performed by Yang et al.32 have described an 
association between digoxin use and mortality risk 
in patients with advanced chronic kidney disease. 
Results from a study that included 5.824 patients 
with atrial fibrillation (AF) taking digoxin showed an 
increased risk of death, regardless of heart failure33. 
The risk of digoxin intoxication in older adults with 
decreased kidney clearance is higher. The aging-
associated pharmacological alterations could be the 
basis for explaining why the use of digoxin before 
hospitalization contributed to the increased mortality 
in the older adult investigated here.

Loop diuretics drugs were also identified as a 
PIM-ph capable of influencing the mortality rate of 
older adults. Loop diuretics are widely used to treat 
heart and renal failure, hypertension, and peripheral 
edema33. However, there are previous investigations, 
such as the study performed by Schartum-Hansen 
et al.34, corroborating that loop diuretics could 
increase the risk of all-cause mortality in patients 
with suspected coronary artery disease. 

Based on studies previously published in the 
literature, it is possible to infer that using some types 
of PIM-ph could increase mortality in hospitalized 
patients. However, studies with a design similar to 
the one described here are needed to identify to 
corroborate the relevance of identifying PIM used 
previously in the hospitalization of older adults. 
Another relevant limiting factor is the characteristics 
of hospital emergency, such as patient turnover and 
the absence of those responsible for information for 
the requested period.

CONCLUSION

The results described here show that the use 
of some types of potentially inappropriate drugs 
before hospitalization could represent a risk factor for 
mortality of older adults admitted from emergency 
rooms. These results represent a novelty, since in 
general the impact of this type of drug is evaluated 
when they are prescribed during hospitalization. In 
this context, the pharmacological management of 
elderly patients can be a factor that helps to prevent 
hospital complications and mortality.

AUTHORSHIP

•	 Thamara G. Flores - Conceptualization; Data 
curation; Formal analysis; Methodology ; 
Resources; Software; Supervision; Validation; 
Writing – original draft

•	 Ivana B. Mânica da Cruz-  Conceptualization; 
Formal analysis; Investigation; Software; 
Supervision ; Writing – original draft 

•	 Melissa Agostini Lampert- Conceptualization; 
Funding acquisition; Project administration; 
Supervision

•	 Ana Crist ina Gularte- Data curat ion; 
Methodology; Resources; Visualization; Writing 
– review & editing 

•	 Barbara O. Turra- Methodology; Software ; 
Writing – review & editing 

•	 Fernanda Barbisan- Data curation; Investigation; 
Methodology; Project administration; Resources; 
Visualization Writing – review & editing

Edited by: Maria Luiza Diniz de Sousa Lopes



11 of 12

Potentially inappropriate medications and hospitalization survival

Rev. Bras. Geriatr. Gerontol. 2023;26:e230017

REFERENCES

1.	 Jaul E, Barron J. Characterizing the heterogeneity of 
aging: A vision for a Staging System for Aging. Public 
Health Front. 2021; 9:513557. Available in: 10.3389/
fpubh.2021.513557

2.	 Cesari M, Marzetti E, Canevelli M, Guaraldi 
G. Geriatric syndromes: How to treat. 
Virulence. 2017; 4;8(5):577-85. Available in: 
10.1080/21505594.2016.1219445. 

3.	 Sanford AM, Morley JE, Berg-Weger M, Lundy 
J, Little MO, Leonard K, Malmstrom TK. High 
prevalence of geriatric syndromes in older adults. 
PLoS One. 2020; 5;15(6):e0233857. Available 
in:10.1371/journal.pone.0233857. 

4.	 Motter FR, Fritzen JS, Hilmer SN, Paniz ÉV, Paniz 
VMV. Potentially inappropriate medication in the 
elderly: a systematic review of validated explicit 
criteria. Eur J Clin Pharmacol. 2018;74(6):679-700. 
Available in:10.1007/s00228-018-2446-0. 

5.	 Bories M, Bouzillé G, Cuggia M, Le Corre P. Drug-
Drug Interactions in Elderly Patients with Potentially 
Inappropriate Medications in Primary Care, 
Nursing Home and Hospital Settings: A Systematic 
Review and a Preliminary Study. Pharmaceutics. 
2021; 16;13(2):266. Available in:10.3390/
pharmaceutics13020266. 

6.	 Praxedes MFDS, Pereira GCDS, Lima CFDM, Santos 
DBD, Berhends JS. Prescribing potentially inappropriate 
medications for the elderly according to Beers Criteria: 
systematic review. Cien Saude Colet. 2021;26(8):3209-19. 
Available in:10.1590/1413-81232021268.05672020. 

7.	 Farias AD, Lima KC, Oliveira YMDC, Leal 
AAF, Martins RR, Freitas CHSM. Prescrição de 
medicamentos potencialmente inapropriados para 
idosos: um estudo na Atenção Primária à Saúde 
[Prescription of potentially inappropriate medications 
for the elderly: a study in Primary Health Care]. 
Cien Saude Colet. 2021; 26(5):1781-92. Available in: 
10.1590/1413-81232021265.04532021. 

8.	 Moreira FSM, Jerez-Roig J, Ferreira LMBM, Dantas 
APQM, Lima KC, Ferreira MÂF. Use of potentially 
inappropriate medications in institutionalized elderly: 
prevalence and associated factors. Cien Saude Colet. 
2020;25(6):2073-82. Available in: 10.1590/1413-
81232020256.26752018. 

9.	 de Araújo NC, Silveira EA, Mota BG, Neves Mota JP, 
de Camargo Silva AEB, Alves Guimarães R, Pagotto 
V. Potentially inappropriate medications for the 
elderly: Incidence and impact on mortality in a cohort 
ten-year follow-up. PLoS One. 2020;15(10):e0240104. 
Available in: 10.1371/journal.pone.0240104. 

10.	Chiang LY, Liu J, Flood KL, Carroll MB, Piccirillo 
JF, Stark S, Wang A, Wildes TM. Geriatric assessment 
as predictors of hospital readmission in older adults 
with cancer. J Geriatr Oncol. 2015;6(4):254-61. 
Available in: 10.1016/j.jgo.2015.04.003. 

11.	 Parks RM, Hall L, Tang SW, Howard P, Lakshmanan 
R, Winterbottom L, Morgan DA, Porock D, Cox K, 
Cheung KL. The potential value of comprehensive 
geriatric assessment in evaluating older women with 
primary operable breast cancer undergoing surgery or 
non-operative treatment--a pilot study. J Geriatr Oncol. 
2015;6(1):46-51 Available in: 10.1016/j.jgo.2014.09.180. 

12.	Karuturi MS, Holmes HM, Lei X, Johnson M, 
Barcenas CH, Cantor SB, Gallick GE, Bast RC Jr, 
Giordano SH. Potentially inappropriate medication 
use in older patients with breast and colorectal cancer. 
Cancer. 2018; 15;124(14):3000-07. Available in: 
10.1002/cncr.31403. 

13.	 Nightingale G, Hajjar E, Swartz K, Andrel-Sendecki 
J, Chapman A. Evaluation of a pharmacist-led 
medication assessment used to identify prevalence of 
and associations with polypharmacy and potentially 
inappropriate medication use among ambulatory senior 
adults with cancer. J Clin Oncol. 2015;33(13):1453-59. 
Available in:10.1200/JCO.2014.58.7550. 

14.	 Jeong YM, Lee E, Kim KI, Chung JE, In Park H, 
Lee BK, Gwak HS. Association of pre-operative 
medication use with post-operative delirium in 
surgical oncology patients receiving comprehensive 
geriatric assessment. BMC Geriatr. 2016; 7;16:134. 
Available in:10.1186/s12877-016-0311-5. 

15.	Elliot K, Tooze JA, Geller R, Powell BL, Pardee TS, 
Ritchie E, Kennedy L, Callahan KE, Klepin HD. 
The prognostic importance of polypharmacy in older 
adults treated for acute myelogenous leukemia (AML). 
Leuk Res. 2014;38(10):1184-90. Available in:10.1016/j.
leukres.2014.06.018. 

16.	Choi KS, Jeong YM, Lee E, Kim KI, Yee J, Lee BK, 
Chung JE, Rhie SJ, Gwak HS. Association of pre-
operative medication use with post-surgery mortality 
and morbidity in oncology patients receiving the 
comprehensive geriatric assessment. Aging Clin 
Exp Res. 2018;30(10):1177-85. Available in: 10.1007/
s40520-018-0904-2.

17.	 Oliveira MG, Amorim WW, Oliveira CRB, Coqueiro 
HL, Gusmão LC, Passos LC. Brazilian consensus 
of potentially inappropriate medication for elderly 
people. Geriatr Gerontol Aging. 2016; 10:168-81. 
Available in: https://cdn.publisher.gn1.link/ggaging.
com/pdf/v10n4a02.pdf. 

about:blank
about:blank


12 of 12

Potentially inappropriate medications and hospitalization survival

Rev. Bras. Geriatr. Gerontol. 2023;26:e230017

18.	Neumann LTV, Albert SM. Aging in Brazil. The 
Gerontologist. 2018; 3;58(4):611-17. Available in: 
10.1093/geront/gny019. 

19.	 By the 2019 American Geriatrics Society Beers 
Criteria® Update Expert Panel. American Geriatrics 
Society 2019 Updated AGS Beers Criteria® for 
Potentially Inappropriate Medication Use in Older 
Adults. J Am Geriatr Soc. 2019;67(4):674-94. Available 
in:10.1111/jgs.15767. 

20.	Mahony DO, Sullivan DO, Byrne S, Connor MNO, 
Ryan C, Gallagher P. Corrigendum: STOPP/START 
criteria for potentially inappropriate prescribing in 
older people: version 2. Age Ageing. 2018;47(3):489. 
Available in: 10.1093/ageing/afx178. 

21.	Barros, T. C. D., Silva, H. S. D., Gutierrez, B. A. 
O. Identification of Seniors at Risk: transcultural 
adaptation for Brazilian Portuguese. Einstein (São 
Paulo), 2022; 20: eAO5705. Available in: 10.31744/
einstein_journal/2022AO5705. 

22.	Charlson ME, Pompei P, Ales KL, MacKenzie CR. 
A new method of classifying prognostic comorbidity 
in longitudinal studies: development and validation. 
J Chronic Dis. 1987;40(5):373-83. Available in: 
10.1016/0021-9681(87)90171-8. 

23.	Fabbri RM, Moreira MA, Garrido R, Almeida OP. 
Validity and reliability of the Portuguese version 
of the Confusion Assessment Method (CAM) 
for the detection of delirium in the elderly. Arq 
Neuropsiquiatr. 2001;59(2-A):175-79. Available in: 
10.1590/s0004-282x2001000200004. 

24.	Castelo MS, Coelho-Filho JM, Carvalho AF, Lima 
JW, Noleto JC, Ribeiro KG, Siqueira-Neto JI. 
Validity of the Brazilian version of the Geriatric 
Depression Scale (GDS) among primary care patients. 
Int Psychogeriatr. 2010;22(1):109-13. Available in: 
10.1017/S1041610209991219. 

25.	 World Health Organization. International Classification 
of Diseases and Related Health Problems 10th Revision. 
World Health Organization: Geneva.1992.

26.	Sugii N, Fujimori H, Sato N, Matsumura A. Regular 
medications prescribed to elderly neurosurgical 
inpatients and the impact of hospitalization on 
potentially inappropriate medications. J Rural Med. 
2018;13(2):97-104. Available in: 10.2185/jrm.2964. 

27.	 Atkin T, Comai S, Gobbi G. Drugs for Insomnia 
beyond Benzodiazepines: Pharmacology, Clinical 
Applications, and Discovery. Pharmacol Rev. 2018; 
70(2):197-245. Available in: 10.1124/pr.117.014381. 

28.	Patocka J, Nepovimova E, Wu W, Kuca K. Digoxin: 
Pharmacology and toxicology-A review. Environ 
Toxicol Pharmacol. 2020; 79:103400. D Available in:: 
10.1016/j.etap.2020.103400. 

29.	Brendan J N, Le Couteur D, Hilmer SN. 
Deprescribing Benzodiazepines in Older Patients: 
Impact of Interventions Targeting Physicians, 
Pharmacists, and Patients. Drugs Aging. 2018; 35: 
493-21. Available in:10.1007/s40266-018-0544-4

30.	Markota M, Rummans TA, Bostwick JM, Lapid 
MI. Benzodiazepine Use in Older Adults: Dangers, 
Management, and Alternative Therapies. Mayo Clin 
Proc. 2016; 91(11):1632-39. Available in: 10.1016/j.
mayocp.2016.07.024. 

31.	 Ferrari F, Santander IRMF, Stein R. Digoxin in Atrial 
Fibrillation: An Old Topic Revisited. Curr Cardiol 
Rev. 2020;16(2):141-46. Available in: 10.2174/1573403
X15666190618110941. 

32.	Yang LJ et al. Association of digoxin with mortality 
in patients with advanced chronic kidney disease: 
A population-based cohort study. PLoS One. 
2021;16(1):e0245620. Available in: 10.1371/journal.
pone.0245620. 

33.	Lopes RD et al. ARISTOTLE Committees and 
Investigators. Digoxin and Mortality in Patients 
With Atrial Fibrillation. J Am Coll Cardiol. 
2018;71(10):1063-074. Available in: 10.1016/j.
jacc.2017.12.060. PMID: 29519345.

34.	Schartum-Hansen H, Løland KH, Svingen GF, 
Seifert R, Pedersen ER, Nordrehaug JE, Bleie Ø, 
Ebbing M, Berge C, Nilsen DW, Nygård O. Use 
of Loop Diuretics is Associated with Increased 
Mortality in Patients with Suspected Coronary 
Artery Disease, but without Systolic Heart Failure 
or Renal Impairment: An Observational Study 
Using Propensity Score Matching. PLoS One. 
2015;10(6):e0124611. Available in:10.1371/journal.
pone.0124611. 


