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Abstract
Background Older kidney transplant recipients take a larger number of medications than younger patients, but there is cur-
rently no evidence that this affects health outcomes or that is it associated with potentia medicine-related problems. Objective 
To evaluate the prevalence and number of potentially inappropriate medications in older kidney transplant recipients and also 
the possible associated factors (sex, age, comorbidities, number of medications, etc.). Setting A renal post-transplant ambula-
tory outpatient clinic of a university hospital in Fortaleza, Brazil. Method PIMs were defined according to the Beers criteria, 
version 2015. Medications were classified following the Anatomical Therapeutic Chemical Classification System. Chi squared 
tests and analysis of variance were used for the analyses. Main outcome measure Prevalence of potentially inappropriate 
medications and medication groups with higher prevalence rates of PIMs, including associated factors. Results Among 143 
kidney transplant recipients, 77.6% had at least one potentially inappropriate medication as part of their prescription regime. 
Medication groups that were most implicated in PIM are medicines that act on the alimentary tract and metabolism (55.9%), 
cardiovascular system (32.2%) and nervous system (21.7%). We detected a high prevalence (63.6%) of self-medication (use 
of OTC medicines without indication of a healthcare professional) among the population studied. There was a statistically 
significant association between the number of prescribed medications and the presence of potentially inappropriate medica-
tion in the prescription regime (P < 0.01). Conclusion Our data draw attention to the need of medicine therapy management 
by clinical pharmacists and clinicians in this group of patients and also assessing the real clinical impacts of these medica-
tions in the prescription regimes of elderly renal transplant patients.
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Impacts on practice

•	 Potentially inappropriate medications among elderly 
kidney transplant recipients are an important problem 
in Brazil that needs attention and further monitoring by 
clinical pharmacists.

•	 PIMs with a high prevalence in elderly kidney transplant 
patients are medicines that act on the alimentary tract and 
metabolism, cardiovascular system, and nervous system.

•	 The high number of prescribed potentially inappropriate 
medicines in elderly kidney transplant patients shows the 
need of medicine therapy management.
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Introduction

Like almost everywhere, the Brazilian population is also 
aging, and has an increasing number of older adults (aged 
60 or older). A decade ago, there were 39 elderly for every 
100 young people, while within 30 years there will be an 
estimated 153 elderly people for every 100 young people 
[1]. Older people frequently experience multimorbidities 
and, as a result, several different medicines are prescribed. 
The average daily intake of medicines is 3.2 and 1.8 among 
institutionalized and community-dwelling elderly, respec-
tively [2]. This makes the population of older adults more 
vulnerable to potentially inappropriate medications (PIM), 
and increases the risk of adverse medicine events, medi-
cine interactions, and, consequently, health care costs. Use 
of PIMs is therefore not advisable, and safer alternatives 
should be considered [3, 4].

Chronic kidney disease (CKD) is one of the comorbidi-
ties that is observed in older people. Kidney transplanta-
tion is currently the best available treatment when CKD 
reaches its end stages [5]. Besides providing a better qual-
ity of life, it also enables a higher survival than what is 
offered by other forms of renal replacement therapy [6]. 
In 2009, 10.8% of newly enlisted patients for transplant in 
Brazil were 60 years or older; this number increased ten 
times since 1999 [7]. In 2014, in some Brazilian trans-
plantation centers, the number of older kidney transplant 
recipients increased to 21% [8].

Prevalence data on the use of PIMs among non-insti-
tutionalized elderly people in Brazil are limited. In recent 
studies, this prevalence ranged between 21.7 and 59.2% [9, 
10]. A previous study in Japan has already presented the 
prevalence of inappropriate prescriptions in elderly hemo-
dialysis patients [11]. So far, no study has assessed this 
prevalence in kidney transplant patients. In this regard, 
there is evidence from a study in the US, that older kidney 
transplant recipients take a larger number of medications 
than younger recipients, but there is not yet evidence of 
the implications of this observation on health outcomes 
and medicine-related problems [12].

In 2015, the American Geriatrics Society (AGS) 
updated the Beers criteria [13]; as in previous versions 
[14], the criteria present lists of PIMs to be avoided in 
older adults. This version now includes medicines that 
should be avoided or adjusted based on renal function and 
medicine–medicine interactions documented to be asso-
ciated with harm in elderly patients [13]. PIMs listed in 
the Beers criteria may exacerbate the health condition and 
the prognosis of elderly people and negatively influence 
therapeutic outcomes [3].

The evidence of a relationship between age and num-
ber and type of medications prescribed in renal transplant 

patients is already available in the literature [11]. Never-
theless, the real prevalence of PIM use among older kidney 
transplant recipients is unknown and needs to be clarified, 
in order to guide healthcare providers when prescribing 
managing these patients and to understand which factors 
are associated with the prevalence of these PIMs.

Aim of the study

To assess the prevalence and number of PIMs in older renal 
transplant recipients and to explore possible associated fac-
tors such as age, sex, comorbidities, number of medications 
and self-medication practice.

Ethics approval

The research ethics committee of the university hospital of 
Fortaleza provided ethical approval (no. 2.174.931). Partici-
pants signed an informed consent form prior to beginning 
the study.

Method

Study design and setting

This was a cross-sectional prospective quantitative explor-
atory study. It was developed in a kidney post-transplant 
outpatient clinic in a university hospital from April 2017 
to September 2017 in Fortaleza, Ceará, Brazil. Organ trans-
plant programs have been growing in Brazil, and Ceará is 
one of the leading states [15]. In 2017, more than 200 kidney 
transplants have been done in the eight transplant centers in 
the state, a number above the national average [16].

The clinic has an extensive specialized service and 
belongs to the hospital, which is maintained by the federal 
government and offers quaternary health care of high com-
plexity. It also offers clinical follow-up to pre- and post-
kidney transplant patients by a multidisciplinary healthcare 
team. By 2017, more than 1500 post-kidney transplant 
patients were followed at our center, the second largest in 
absolute numbers of the state [16].

Sample

We used a convenience sample made up of post-kidney 
transplant patients who received pharmaceutical care 
services (therapeutic medicine monitoring, health educa-
tion, pharmaceutical dispensing, medicine regimen review, 
pharmacotherapeutic follow-up, etc.) in the outpatient 
clinic and voluntarily agreed to participate in the study. 
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We included kidney transplant individuals aged 60 and 
older, who were enrolled in and participated in post-trans-
plant ambulatory care. We considered the definition of 
older adults in the study, according to the National Policy 
of Healthcare for the Elderly in Brazil, which was pub-
lished in 2006 [17]. We excluded patients who had limited 
information in their medical records or were transferred to 
another transplant center.

Data

Data were collected from direct structured interviews with 
individuals and recorded in pharmaceutical forms developed 
for this purpose. Medical records with laboratory exami-
nations and healthcare team notes were also used as data 
sources. A trained clinical pharmacist conducted interviews 
during the individual’s regular consultation with the phar-
macist. All clinical pharmacists involved in the interviews 
were previously trained about the data collection forms and 
the inclusion criteria. A 2 weeks pilot with 30 patients was 
necessary for the last adjustments in the structured inter-
views. The data collection took place in the pharmacist’s 
office, guaranteeing privacy and confidentiality of the infor-
mation. The information collected included age; sex; time 
of transplant; type of donor; comorbidities; allergy history; 
use of medication, including self-medication (that is, use of 
OTC medicines without recommendation of a healthcare 
professional); herbal medicines; and dietary supplements.

Measurements

The Beers criteria, which were updated in 2015 [13], were 
used for PIM identification and assessment of safety in 
each individual’s medicine prescriptions. Although Beers 
criteria were designed for use in adults aged 65 or older, 
we extrapolated this to the Brazilian population (aged 60 
or older) as previously done by other studies [9, 10]. The 
anatomical main groups and therapeutic subgroups of medi-
cations were classified according to the Anatomical Thera-
peutic Chemical Classification System (ATC), defined by 
the World Health Organization (WHO) Collaborating Cen-
tre for Medicine Statistics Methodology. The ATC system 
classifies the active substances on the basis of five different 
levels, according to anatomical, pharmacological, chemical, 
and therapeutic properties. The prevalence of PIM was cal-
culated by dividing the number of individuals with at least 
one PIM by the total number of individuals and expressed 
as percentage. The prevalence of PIM of each therapeutic 
group was calculated by dividing the number of individuals 
with at least one PIM of that therapeutic group by the total 
number of individuals.

Statistical analyses

Parametric data were presented as the percentage (categori-
cal variables) and the mean ± standard deviation or median 
and percentile (continuous variables). To verify an associa-
tion between PIM and the variables (age, sex, comorbidi-
ties, number of medication and self-medication practice), 
we used both parametric and non-parametric tests. The inde-
pendence between the number of PIMs and epidemiological 
variables, as well as self-medication, was tested using a Chi 
squared test (Χ2). We used the one-way analysis of variance 
(ANOVA) to verify an association between the number of 
medications and PIMs and, posteriorly, in paired compari-
sons (Tukey–Kramer test). All analyses were performed 
using Excel (Microsoft corp., Redmond, WA), and a P value 
less than 0.05 (two tailed) was used to indicate statistical 
significance.

Results

Population

During the study period, 150 individuals were identified, but 
seven met the exclusion criteria. Participants were aged 60 to 
82 years (mean 66.5 ± 5.3 years), of whom 65.7% were male. 
We observed a mean of 8.9 ± 2.6 medications per patient, 
both prescribed or not (range 3–15) (Table 1).

Clinical profile and potentially inappropriate 
medications

There were a total of 1247 medications reported. The phar-
macological groups more frequently used, according to the 
ATC classification, were the medicines that act on the car-
diovascular system (28.5%), followed by medications for 
the alimentary tract and metabolism (23.4%), antineoplastic 
and immunomodulating agents (22.0%), systemic hormonal 
preparations (excluding sex hormones and insulins) (8.1%), 
and medications that affect blood and blood-forming organs 
(6.8%). Other pharmacological groups were used at a fre-
quency of use less than 5.0%.

Among the 1247 medications, 183 (14.7%) were con-
sidered potentially inappropriate according to the 2015 
Beers criteria. Table 2 presents the number and distribution 
of identified PIMs according to the ATC system and the 
prevalence of PIM in each therapeutic group, highlighting 
medicines that act on the alimentary tract and metabolism. 
The most frequent PIMs among our patients per therapeutic 
group were respectively: omeprazole (46.9%) along with 
other proton pump inhibitors (PPI) (4.9%); clonidine and 
doxazosin with 19.6% and 13.3% patients, respectively; and 
finally benzodiazepines with 18.9%.
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Table 3 presents the results of the association tests among 
the number of PIMs present in the prescriptions for older 
kidney transplant recipients with the following variables: 
sex, age, comorbidities, number of medications and self-
medication behavior.

Discussion

Our results relied on a sample that was predominantly male; 
in contrast, others studies with older adults in Brazil [9, 10, 
19–21] and worldwide [22, 23] that relied on a sample that 
was predominately female. The trend of a higher proportion 
of females was also observed in some studies [24, 25], even 
with elderly hemodialysis patients [11] and elderly renal 
transplant patients [12]. Regarding mean age, our findings 
were similar to studies in Southeastern Brazil [7, 26], but 

lower than other national studies [9, 19, 21]. That might be 
explained by the fact that there are only a small number of 
renal transplants in patients older than 70 years in our center, 
and graft survival may depend of several other variables.

Depend on the type of donor, the deceased donor was the 
most frequent, and this result agreed with another Brazil-
ian study [7] and an American study that enrolled kidney 
transplant patients [12]. Hypertension was the main cause 
of CKD in our study, as was also observed in a study of 
hemodialysis patients in São Paulo [27]. Diabetes, on the 
other hand, was the main cause of renal transplant in three 
other studies [7, 11, 12]. Despite this, the number of patients 
with either hypertension or diabetes was almost equal in 
our study.

The number of comorbidities also agreed with other 
results in the literature [10, 11, 20], in which this number 
was greater than two chronic diseases per patient. Hyper-
tension was the most prevalent comorbidity, followed by 
dyslipidemia, which was a finding that was also reported by 
Cassoni et al. [20], Andrade et al. [19], and Chisholm et al. 
[12]. This trend can be easily explained by the high preva-
lence of hypertensive people in the Brazilian population, 
which is approximately 30% [21, 28].

The present study exhibited high numbers regarding self-
medication behavior. This number was higher than previ-
ous Brazilian results, which ranged from 5.6 to 35.7% [10, 
20, 21]. What is particularly concerning about our data is 
that a previous study found that self-medication practice is 
associated with poor schooling and worse self-rated health 
[21], possibly being a risky behavior in this specific group 
of patients.

When compared to a sample of elderly renal transplant 
recipients in the United States [12], the mean number of 
medications per patient (12.4 ± 3.7) was higher compared to 
our study (8.9 ± 2.6); nevertheless, our results were higher 
than other Brazilian studies that included elderly people 
[9, 10, 20, 21]. This finding is mainly the result of patients 
having to take immunosuppressant therapies, such as cal-
cineurin inhibitors, mycophenolic acid and sometimes also 
glucocorticoids (according to the protocol of our center), in 
addition to therapies for other comorbidities (for example, 
hypertension, diabetes, and dyslipidemia).

To date, we did not find any studies that have adopted 
the 2015 Beers criteria for PIM identification. Nonethe-
less, the prevalence of elderly people with at least one PIM 
was higher in our study compared to any other national 
study [9, 10, 19–21] that adopted the 2012 Beers crite-
ria, except for Lima et al. [29], who reported 82.6% of 
elderly patients with at least one PIM in long-term care 
homes. The numerous factors for the variation in PIM fre-
quency in Brazil, such as different kinds of sample (com-
munity dwelling, hospital, long term care home) in the 
studies, continental dimensions country, socio-economic 

Table 1   Kidney transplant patient characteristics (N = 143)

n sample size, P25 25th percentile, P75 75th percentile, SD standard 
deviation

Characteristics Value

Demographic
 Male [n (%)] 94 (65.7)
 Age (years) [mean ± SD] 66.5 ± 5.3

Transplant
 Time of transplant (years), median (P25–P75) 6.5 (3.3–10.7)
 Type of donor [n (%)]
 Deceased 122 (85.3)
 Living related 18 (12.6)
 Living unrelated 3 (2.1)
  Kidney failure cause [n (%)]
   Hypertension 43 (30.1)
   Diabetes mellitus 36 (25.2)
   Polycystic kidney disease 23 (16.1)
   Chronic glomerulonephritis 17 (11.9)
   Undetermined 27 (18.9)

Clinical
 Number of comorbidities [mean ± SD] 2.5 ± 0.9
  Number of comorbidities [n (%)]
   ≤ 1 20 (14.0)
   2 52 (36.4)
   ≥ 3 71 (49.6)
   Hypertension [n (%)] 117 (81.8)
   Dyslipidemia [n (%)] 95 (65.0)
   Diabetes mellitus [n (%)] 80 (55.9)
  Allergy history [n (%)]
   Yes 22 (15.4)
  Self-medication [n (%)]
   Yes 91 (63.6)
   Number of medications, mean ± SD 8.9 ± 2.6
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differences, have already been reported in the literature 
[21, 29]. However, no other studies that assessed PIMs 
among elderly transplant patients in Brazil have been 
found for comparison.

In Table 2, it is noticeable that the people in the group 
who were taking the higher number of PIMs were medicines 
of alimentary tract and metabolism, with a prevalence of 
almost 56%. This pattern was different in some other stud-
ies [10, 22, 23, 30]. For example, Cassoni et al. [20] in their 
study with community elderly in Sao Paulo and Kondo et al. 
[22] with older inpatients in France have found a higher 
prevalence in people who use medicines that act on the car-
diovascular system. Even though, cardiovascular medicines 
were the most frequent pharmacological group among our 
patients and PIM prevalence in this group was higher than 
30%.

We observed a large number of prescriptions for acid-
related disorders, especially PPI. This marked difference 
may be explained by the fact that PPI were included in the 
most recent version of the Beers criteria [13] due to a more 
accentuated risk in elderly people of developing infection by 
C. difficile, osteopenia, and fractures. Because of this recent 
inclusion, it was not highlighted by other older studies. Nev-
ertheless, inappropriate use of PPI has been demonstrated 
by other studies, not only in elderly populations, and is a rel-
evant topic to be discussed in our clinical practice [30, 31]. 
The benefits of the therapy with PPI must be closely moni-
tored and discontinued as soon as it is no longer needed [32].

After statistical analyses, we found no significant associa-
tions between PIM and the following variables: age (none 
of the age ranges), sex, and comorbidities. Similarly, Kondo 
et al. [11] did not find any associations between sex, age, and 
presence of PIM prescriptions in their study with elderly 
hemodialysis patients in Japan.

Table 2   Number and prevalence of potentially inappropriate medications in older adult according to Beers criteria (2015) and the ATC classifi-
cation

a ATC​ Anatomical Therapeutic Chemical Classification System [18], PIM potentially inappropriate medication, n sample size

Number of patients with PIMs [n (%)]

0 32 (22.4)
1 60 (41.9)
≥ 2 51 (35.7)
Total 143 (100)

ATC​a Classification Number of medicines [n (%)] PIM [n (%)] Prevalence (%)

A: alimentary tract and metabolism medicines 292 (23.4) 86 (47) 55.9
 Medicines for acid-related disorders 103 (8.2) 74 (40.4)
 Others 189 (15.2) 12 (6.6)

C: cardiovascular system medicines 356 (28.5) 55 (30.0) 32.2
 Antihypertensives 248 (19.9) 48 (26.2)
 Others 108 (8.6) 7 (3.8)

N: nervous system medicines 60 (4.8) 35 (19.1) 21.7
 Psycholeptics 23 (1.8) 23 (12.6)
 Others 37 (3.0) 12 (6.5)

Others ATC​a groups 539 (43.3) 7 (3.9) 4.9
Total 1247 (100) 183 (100)

Table 3   Association between demographic and clinical variables of 
older kidney transplant recipients and the number of PIMs (N = 143)

PIM potentially inappropriate medication, SD standard deviation
a Based on Chi squared test (Χ2)
b Based on one-way analysis of variance (ANOVA)

Variables Number of PIMs p

0 1 ≥2

Age 0.25a

 60–65 years 18 26 28
 66–70 years 10 22 10
 > 70 years 4 12 13

Sex 0.86a

 Male 22 38 34
 Female 10 22 17

Comorbidities 0.63a

 Diabetes mellitus 17 32 31
 Hypertension 23 47 47
 Others 2 5 1

Number of medica-
tions (mean ± SD)

7.3 ± 2.5 8.7 ± 2.8 10.1 ± 1.9 < 0.01b

Self-medication 0.19a

 Yes 22 33 36
 No 10 27 15



893International Journal of Clinical Pharmacy (2019) 41:888–894	

1 3

We found a significant association between the number 
of prescription medicines and the number of PIMs, which 
was also found by Lutz et al. [10], Cassoni et al. [20], Kondo 
et al. [11], Undela et al. [33], and Nisthala et al. [24]. In 
other words, the higher the number of prescription medi-
cines, the greater the number of PIMs. This provides fur-
ther evidence that polypharmacy puts our sample of elderly 
kidney transplant recipients at risk of having PIM in their 
prescriptions.

There was no association between the practice of self-
medication and the presence of PIM in our study, diverging 
from some other studies [10, 21], which considered self-
medicating behavior to be risky for elderly people because 
of PIM exposure. That could be explained by the fact that 
great part of our patients was herbal medicines users, which 
are not contemplated in the Beers criteria.

Due to the large amount of prescription medicines, older 
renal transplant patients are also at risk of PIMs. Brazil is the 
third country in with respect to the number of renal trans-
plants, behind only the USA and China, emphasizing the 
importance of our sample. This demonstrates that constant 
care and review of pharmacotherapy of this group of patients 
by the nephrologist, clinical pharmacist and healthcare team 
is necessary.

Our study has some limitations because it is a relatively 
small sample size in a single center, even when consider-
ing that it is a specific group of patients. In addition, the 
Beers criteria have been developed with a focus only on 
medications marketed in the United States, and as previously 
said, designed for a population aged 65 or older, while we 
considered individuals aged 60 or older. This might have 
overestimated the prescription of PIM in our population and 
cannot be generalized to other countries.

Conclusion

The highest prevalence of PIMs in elderly kidney transplant 
patients were among medications that act on the alimen-
tary tract, cardiovascular system and nervous system. The 
large number of medications per patient was as a risk factor 
for presence of PIM. For the first time, this study brings 
together data on elderly renal transplant recipients and PIMs. 
From this perspective, the fact that PIMs were present in the 
majority of prescription regimes of elderly kidney transplant 
patients highlights the necessity of careful management of 
therapies in this specific group of patients. Thus, this study 
and this specific group of renal transplant recipients presents 
important results. Future investigations with a larger number 
of individuals should focus on assessing the real clinical 
impacts of these PIMs in the prescription regimes of elderly 
renal transplant patients.
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