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Abstract: Prescription of potentially inappropriate medication (PIM) in older adults is associated with poor clinical outcomes. The
EU (7)-PIM list was created for the European market to improve pharmacotherapy in older adults.

Purpose: This work aims to characterize the medication profile and assess the presence of PIM, using the EU (7)-PIM list in older
adults’ residents at nursing homes.

Methods: Retrospective data were collected from the anonymized nursing home records. After PIM identification, a descriptive
analysis was performed, and a generalized linear model for dependent negative binomial-type variables was constructed to assess the
risk of PIM.

Results: Of the 210 participants (mean age 85.10), 82.40% were polymedicated. PIM was observed in 86.4% participants (mean per
patient = 2.30+ 0.10). The most common PIM were proton pump inhibitors (n = 121, 57.62%), followed by anxiolytics (n = 96,
45.71%). 64.30% of all patients take 2—4 PIM and 5.80% take five or more PIM. The occurrence of PIM is influenced by the number
of prescribed medicines (RR 1.14; 95% CI 1.1.-1.17) and the presence of digestive system diseases (RR 1.05; 95% CI 1.0-1.09).
Conclusion: The high prevalence of PIM observations highlights the necessity of the implementation of guidelines to prevent PIM.
Keywords: clderly, institutionalized older adults, medication profile, prescription

Introduction

World populations are getting old, and the Portuguese population is not an exception, according to the United Nations
(UN) in 2019, Portuguese older people (aged 65 or over) represented 22.40% of all population, and it is expected that in
2030 this number will rise by 27.00%. ' Medication is undoubtedly the health technology that contributes most to the
increased longevity of populations.” Due to (1) increased susceptibility to develop comorbid conditions, (2) altered
pharmacokinetics and pharmacodynamics, and (3) polypharmacy (according to the most used definitions: the concomi-
tant use of five or more medicines) older adults are more vulnerable to suffering adverse drug reactions (ADRs) related to
the use of some medicines.”* Because of this, the concept of potentially inappropriate medication (PIM) in the geriatric
population has emerged.”’ PIM is defined as “medications that have more potential risk than the potential benefit or
prescribing that does not agree with accepted medical standards”,” and are associated with increased hospital admissions
and ultimately higher healthcare costs.®'°

Healthcare systems have made efforts to reduce the prescription of these high-risk drugs and consequently decrease
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ADRs, hospital admission, mortality, and healthcare costs.
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According to the literature, the overall prevalence of PIM used in nursing homes is 43.2%, with a higher prevalence
in Europe (49.00%) than in the rest of the world.'?

Despite the scarcity of studies to evaluate the presence of PIM in Portuguese nursing homes, a recent study suggests
that 60.30% to 75.40% of the Portuguese nursing home residents had at least one PIM."* Another study suggests that the
percentage of older adults who took at least one PIM in Portuguese nursing homes ranges from 56.60-to 85.50."°

In the last decade, several criteria have been developed to identify PIM among older adults.'® In 2015, a group of
experts from seven European countries created the EU (7)-PIM list, which comprises 282 chemical substances from 34
therapeutic groups.'” This list has recently been adapted to the reality of medicines marketed in Portugal.'®

Considering that, the inner center region of Portugal is one of the most aged regions of the country and the scarcity of
studies that evaluate the prevalence of PIM in Portuguese nursing home residents, we developed this work that aims to
characterize the medication profile and assess the presence of PIM, using the EU (7)-PIM list in older adults’ residents at
nursing homes. This list has the advantage to be appropriate for pharmacoepidemiology applications using administrative
databases or surveys without any clinical information because it is only necessary to know the mediation profile of the
patients including the duration of treatment and dosage of some medicine.

Materials and Methods
Ethical Approval

This study obtained ethical approval from the Ethics Committee of Polytechnic Institute of Guarda (IPG) on 30 January
0f 2020 (Register n° 2/2020). Consent for data collection was obtained from those responsible for the nursing homes. The
retrospective data were collected by the nursing home staff in an anonymized form and the way they were delivered to us
did not allow any identification or traceability. Due to the retrospective nature of the study, no contact with the patients,
and the anonymity of the data the ethics review board of IPG did to require consent from the patients for the use of these
data in this study, maintaining the impossibility of traceability. During data treatment, the General Data Protection
Regulation was followed.

Setting, Study Population, and Sample Selection

A retrospective cross-sectional study was conducted on a convenience sample of four nursing homes located in the inner
center region of Portugal. It was included retrospective data from 210 residents from four nursing homes with age >65
years old, Data were collected, in February 2020, by the nursing home staff.

In Portugal, nursing homes can be private profit institutions or not-for-profit private institutions of social solidarity
(IPSS). IPSS can work in collaboration with the Portuguese social security that supports partially the costs with the
institutionalized older adult. In 2015, social security support includes less than 13% of Portuguese older adults. Within
32.40% (57,570 older adults) of them were residents of IPSS.""

Regarding Portuguese Healthcare costs, older adults with an average salary of 1.5 times below the value of the social support
index or with certain medical conditions are exempt from co-payment for any publicly provided services.'* ! However, the bulk
of co-payments are made for medicines to which different levels (ranging from 15% to 90%) of co-insurance are applied

according to their therapeutic value.?

Data Collection

Retrospective data were collected by the responsible nurse and provided in an anonymized form. The data included
pathologies, medication prescribed, and duration of treatment. The chronic medication (ie Medication that is taken daily
for a period exceeding 6 months is) was classified according to Anatomical Therapeutic Classification (ATC) code, using
the WHO Collaborating Centre for Drug Statistics Methodology’s website.”* The pathologies were classified according
to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10).%* All the
medication was analyzed by applying the EU(7)-PIM list 17 adapted for the Portuguese reality.'®
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Statistical Analysis

Data analysis was executed using the Statistical Package for Social Sciences (SPSS 25, IBM Corp., New York, NY,
USA) and the free statistical software R (v4.0.3). All p values <0.05 were considered statistically significant. Age,
number of used drugs, PIM, and the number of pathologies were classified as continuous variables. Sex, age category,
PIM according to EU(7)-PIM list, pathologies according to ICD-10, and drugs used according to ATC classification
were considered categorical variables. Numerical and ordinal data were analyzed using descriptive statistics and
presented in frequency, percentage, using mean, and standard deviation. To assess the risk of PIM associated with the
independent variables, adjusted relative risk (RR) and their 95% confidence intervals (95% Cls) were estimated using
generalized linear models for dependent negative binomial-type variables (count variable: number of PIM for each
patient).

To select the model covariables, we developed Directed Acyclic Graph (DAG). The starting DAG was based on our
framework that visualizes the relationship between variables (confounders, intermediate variables, exposure, and out-
come). To construct the definitive DAG, we evaluated the conditional independencies and the adjustment sets using the
dagify function (ggdag library of software R). The variables included in the final DAG were considered for the
multivariate analysis. Then, the variables were eliminated one by one, evaluating (1) the coefficients of the principal
variables of exposure changed by no more than 10% and (2) the Schwartz’s Bayesian Information Criterion (BIC)
improvement. The glm.nb function was used for estimation of the models (implemented in the MASS library of the
software R).

Results

Characteristics of Older Adult Patients

The mean (= SD) age of the 210 participants was 85.10 (£6.98, Min 65, Max 102) years and 75.20% were women
(Table 1). Most of the participants have three or fewer chronic conditions. Diseases of the circulatory system, mental and
behavioral disorders, and endocrine, nutritional, and metabolic disecases were the most prevalent diseases, affecting,
respectively, 62.40%, 50.00%, and 33.80% of patients (Table 1). On average, the number of prescribed medicines per
patient was 7.10 + 2.99 (Table 1). 60.50% of the participants took between 5 and 9 medicines, and 21.90% take 10 or

more medicines.

Table | Characteristics of Older Adult Patients

N =210 % (N)

Female 75.20 (158)

Age (mean: 85.1%6.98)

65-70 52(11)
71-75 38 (8)
76-80 12.8 (27)
81-85 22.8 (48)
86-90 36.8 (77)
91-95 148 (31)
96-100 33 (7)
> |0l 05 (1)

Health problems per patient

0-3 65.70 (138)
4-6 29.00 (61)
27 5.20 (1)
(Continued)
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Table | (Continued).

N =210 % (N)

Health problems (ICD-10)

Diseases of the circulatory system 62.40 (131)
Mental and behavioral disorders 50.00 (105)
Endocrine, nutritional, and metabolic diseases 33.80 (71)
Diseases of the digestive system 25.20 (53)
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified 21.90 (46)
Diseases of the musculoskeletal system and connective tissue 11.90 (25)
Diseases of the genitourinary system 10.50 (22)
Diseases of the respiratory system 10.00 (21)
Diseases of the nervous system 9.50 (20)
Diseases of the ear and mastoid process 4.30 (9)
Diseases of the eye and adnexa 2.40 (5)
Diseases of the skin and subcutaneous tissue 1.00 (2)

Prescribed medicines (n = 1458) (mean: 7.110.21)

<5 17.60 (37)
5-10 60.50 (127)
210 21.90 (46)

The most frequent pharmacological subgroups (third ATC level) of prescribed medicines were anxiolytics (n = 151),
drugs for peptic ulcer, and gastro-oesophageal reflux disease (n = 122), antithrombotic agents (n = 119), and high-ceiling
diuretics (n = 95). Within these, benzodiazepine derivatives (n = 132), proton pump inhibitors (n = 121), platelet
aggregation inhibitors excl. Heparin (n = 79) and Sulfonamides, plain (n = 94) respectively, were the fourth ATC level
subgroups most frequently consumed by patients (Figure 1).

NO6A- Antidepressants 81

NO5B- Anxiolytics 151

NOSA- Antipsychotics 90

C10A- Lipid modifying agents, plain | 55

CO9A- ACE inhibitors, plain | 53

C03C- High-ceiling diuretics | 95

BO1A- Antithrombotic agents | 119

A02B- Drugs for peptic ulcer and

gastro-oesophageal reflux disease (gord) 122

0 20 40 60 80 100 120 140 160

Figure | Most frequent pharmacological subgroups (third level), according to the ATC classification system of prescribed.
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Table 2 Most Frequent PIM According to the EU (7)-PIM List

PIM (N = 469) Patients with N (%) % of Main Reason

PIM N =190 Patients

A02BC Proton pump inhibitors 121 (25.80) 63.68 Duration of treatment

NO5BAO06 Lorazepam 61 (13.00) 32.11 Duration of treatment

NOSBAI12 Alprazolam 35 (7.46) 18.42 Risk of falling with hip fracture; prolonged reaction times; psychiatric reactions

(can also be paradoxical, eg agitation, irritability, hallucinations, psychosis);
cognitive impairment; depression

BO3AA Iron bivalent, oral 29 (6.18) 15.26 Dose too high (>325 mg/d)

preparations

BOIAFOI Rivaroxaban 19 (4. 05) 10.00 Limited information on use for older adults; risk of bleeding events; no reversal
agent available in case of overdose; risk of bleeding may be higher in cases of

severe renal failure
NO5BBO| hydroxyzine 19 (4. 05) 10.00 Anticholinergic side effects (eg constipation, dry mouth); impaired cognitive
performance, confusion, sedation; electrocardiographic changes
COIEBI5 Trimetazidine 14 (2.99) 7.37 Can cause or worsen parkinsonian symptoms (tremor, akinesia, hypertonia)
A06AB02 Bisacodyl 10 (2.13) 5.26 Adverse events include abdominal pain, fluid and electrolyte imbalance and
hypoalbuminemia. May exacerbate bowel dysfunction
COIAAO05 Digoxin 10 (2.13) 5.26 Dose too high

Potentially Inappropriate Medication Identified

The application of the EU (7)-PIM list allowed the identification of 469 PIM, corresponding to 32.20% of medication
analyzed. The PIM occurred in 190 patients, representing 86.40% of all participants (mean per patient = 2.30+ 0.10).
Nine polymedicated patients do not take any PIM. In patients without and with PIM, the average number of prescribed
medicines was 3.20 and 7.15, respectively. The more common PIM were detected in the proton pump inhibitors subgroup
(n=121), followed by anxiolytics (n = 96) (Table 2). We also observed that 20.50% of the sample take one PIM, 64.30%

take 24 PIM, and 5.8% take five or more PIM.

Potentially Inappropriate Medication-Related Factors
Figure 2A shows the proposed DAG for a set of available covariates. When evaluating the conditional independence with
the data, it was observed that age is not independent of PIM, or even conditioned to health problems, and sex is

’

Healths
problems

T~
el

Prescribed
medicines

HP: Health Problems; PM: Prescribed medicines.

B {HP}

Age
adjusted

adjusted

= @ ‘ unadjusted

< adjusted
<% unadjusted

Figure 2 Directed acyclic graphs. Proposed relationship between the different variables (A) and the relationship between the different variables after the appropriate adjustment (B).
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Table 3 Factors Influencing the Presence of PIM

Dependent Variable PIM
Negative Binomial Regression
Variable* Bivariate Model Adjusted Model

RR (ClI 95%) p-value (C1 95%) RR p-value
Sex - -
Male I () - -
Female 1.10 (0.89-1.37) 0.3783 - -
Diseases of the respiratory system 1.00 (0.93-1.07) 0.9327 - -
Diseases of the musculoskeletal system and connective tissue 1.01 (0.90-1.12) 0.9005 - -
Diseases of the genitourinary system 0.94 (0.79-1.09) 0.4542 - -
Diseases of the blood and blood-forming organs and certain disorders involving .11 (0.88-1.37) 0.3645 - -
the immune mechanism
Diseases of the circulatory system 1.03 (1.00-1.05) 0.0244 1.01 (0.98-1.03) 0.6099
Mental and behavioural disorders 1.03 (0.98-1.09) 0.1777 - -
Diseases of the nervous system 1.08 (0.99-1.16) 0.0714 0.99 (0.91-1.07) 0.7801
Diseases of the eye and adnexa 1.08 (0.85-1.3) 0.4921 - -
Diseases of the ear and mastoid process 1.27 (0.84-1.85) 0.2307 - -
Endocrine, nutritional and metabolic diseases 1.02 (1.00-1.05) 0.0334 0.98 (0.96—1.01) 0.1790
Diseases of the skin and subcutaneous tissue 1.09 (0.58-1.74) 0.7414 - -
Other pathologies 0.99 (0.93-1.06) 0.8636 - -
Diseases of the digestive system 1.05 (1.00-1.09) 0.0257 1.05 (1.00-1.09) 0.0214
Age 0.99 (0.97-1.00) 0.0342 0.99 (0.97-1.0) 0.0474
Number of prescribed medicines per patient 1.14 (1.10-1.17) <0.0001 1.15 (1.10-1.19) <0.0001

Note: *To select the variables, we performed a bivariate analysis and then selected all independent variables having a p-value lower than 0.2 for multivariate analysis
purposes.

independent of both health problems and PIM. So, the DAG was refined (see Figure 2B). This DAG satisfies all the
conditional independence relations that it carries implicitly. In Figure 2B, you can see the appropriate adjustment set for
the DAG.

In the adjusted regression model, it was observed that the number of prescribed medicines (RR 1.15; 95% CI 1.10-
1.19), and the presence of digestive system diseases (RR 1.05; 95% CI 1.01-1.09) influenced the occurrence of PIM
(Table 3). It was also observed that sex and other diseases did not influence PIM occurrence.

Discussion

This study reports the prevalence of PIM in institutionalized older adults. We observed that 86.40% of nursing home
residents take at least one PIM, according to the EU (7)-PIM list. We also observed that the occurrence of PIM is
influenced by the number of prescribed medicines, age, and by the presence of diseases in the digestive system.

The high prevalence of PIM observed in this study is corroborated by other studies that use the EU (7)-PIM list in
nursing home patients.”> 2’ In nursing home patients from Serbia, it was observed that only 14.75% of the patients did
not use any PIM.?” Moreover, two studies in France concluded that more than 70% of the patients use at least one
PIM 2526

According to the literature, the regular use of PIM affects almost one-half of nursing home residents, double the
estimated in home-dwelling older adults.”®° In European older adults, the prevalence of PIM ranges from 20% in home-
dwelling older adults®® to approximately 80% in hospitalized patients, depending on the criteria used.>' The high
prevalence of PIM in Portuguese nursing home residents was observed by others and, depending on the tools used,
the percentage of older adults with at least one PIM ranged from 38.90% to 59.80%.'*'?

Furthermore, in primary healthcare centers, 68.60% of the Portuguese older adults use at least one PIM.*’
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Across the literature, the correlation between settings and the likelihood of using a PIM lacks consensus: some authors
reported that nursing home residents had an improved risk of using at least one PIM compared with home-dwelling

12:29-32735 wwhile others reported an opposite tendency™® or no association between the residence and the prevalence

patients,
of PIM.*

According to the literature, the high number of prescribed medicines was described as a player in the occurrence of
PIM and is associated with the occurrence of adverse reactions, increased hospitalizations, and increased healthcare
costs.” "% A systematic review concluded that up to 74% of nursing home residents use at least 10 medicines.*” In our
sample, we observed that 82.40% of the older adults were polymedicated, and 21.90% used at least 10 medicines. These
observations were corroborated by some reports***'*> but are higher than observed in other European countries, such as
the Czech Republic, England, Finland, France, Germany, Italy, and the Netherlands where polypharmacy was observed in
49.70% of residents in the nursing home.** Others observed that 51% of the European older adults consumed at least six
medicines per day.”” It was described that in nursing home residents, there is an association between polypharmacy and
the prevalence of PIM.?***** In our sample, we observed that, in patients without PIM, the average number of prescribed
medicines was 3.20, whereas patients with at least one PIM consumed an average of 7.15 medicines per day.

According to multivariate analyses, age is associated with the prevalence of PIM, this observation is not surprising,
a recent review pointed out that in Europe, 49.00% of the older adults use at least one PIM.*°

The profile of disease observed by us is similar to other studies;'>***” we observed that up that 50.00% of the
patients were diagnosed with diseases of the circulatory system and/or mental and behavioral disorders. Multivariate
analyses revealed that only digestive system diseases that are present in less than 25.50% of the patients are associated
with the use of PIM. Others observed that mental, neurological, and genitourinary system diseases were the diseases
associated with a high incidence of PIM.*

The most common PIM used were related to the long-term use (>8 weeks) of proton pump inhibitors, the consump-
tion of anxiolytics (alprazolam and lorazepam), and the dosage >325 mg/d of iron preparations.

High consumption of proton pump inhibitors is frequently observed.'>****4* According to a critical review 25% to 75%
of the prescriptions of roton inhibitors prescription have no indication of use.’® These drugs are used to reduce gastric acid
production and are associated with an increased risk of Clostridioides difficile infections and hip fractures.'”>* The prolonged
use of these medicines has also been associated with an increased risk of dementia by others.>*

An inappropriate use of anxiolytics (lorazepam, alprazolam) was observed in almost 45% of the sample, a higher
value in comparison with other European studies.'*'>>* Prolonged consumption of these substances can be associated
with an increase in the risk of falls complicated with hip fractures and can cause depression in older patients.'’

The high prevalence of polypharmacy and PIM in nursing home residents confirms that healthcare systems need to be
prepared to respond to the consequences of the increased number of age-related comorbidities.>*>° The identification of
high-risk medicines in older adults using explicit criteria is a possible strategy to reduce the consequences of inappropri-
ate prescribing.”’ Although the appropriate medication for older adult patients should be based on evidence-based clinical
guidelines, the implementation of screening tools in clinical practice, as well as frequent reviews of medication®® could
ameliorate the prescribing process in older patients, promote the quality of pharmacotherapy in older adults, and
ultimately favor better health outcomes.

To avoid confounding effects among the independent variables, PIM influencers were determined using a generalized
linear model for dependent negative binomial-type variables.

This study has some limitations, associated with the lack of both representativeness and randomization of the sample,
which prevents the generalization of the results in the Portuguese nursing homes and other healthcare models. However,
the information collected in this study reinforces the need to frequently review the medication in older adults and
suggests that the integration of tools, which identify possible PIM, in health informatics systems as part of Clinical
Decision Support to alert general practitioners (GP) could improve medication prescription in older adults.

Conclusion
A great prevalence of PIM prescriptions was observed in institutionalized older patients, and the most frequent were
proton pump inhibitors followed by benzodiazepines. It is important to note that the use of PIM classification criteria is
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an important alert during the prescription and the medication review process; however, the decision of prescribing or not
a medicine should be taken by the prescribers, considering the specificities of each patient.
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