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Use of renal risk drugs in a nation-wide
Polish older adult population: an analysis of
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Abstract

Background: Numerous medications should be avoided, or require dose adjustment in subjects with impaired
kidney function. We aimed to assess the prevalence of potentially inappropriate use of renal risk drugs in a nation-
wide, community-dwelling Polish older adult population.

Methods: We analysed regular intake of 38 medications that should be avoided, requiring dose modification, increase
the risk of pre-renal kidney injury, or may cause potassium retention in subjects with moderately to severely impaired
renal function in the PolSenior data base (N = 4514, mean age 76 ± 11 yrs). Kidney function was assessed with short
Modification of Diet in Renal Disease formula estimated glomerular filtration rate (sMDRD) and Cockcroft-Gault creatinine
clearance (CC).

Results: There were 855 (19%) individuals with sMDRD < 60 ml/min/1.73m2, and 1734 (38%) with CC < 60 ml/min.
Among drugs that should be avoided, spironolactone (20.4% of patients as classified by sMDRD and 17.5% by CC)
, non-steroidal anti-inflammatory drugs (13.4 and 11.3%), hydrochlorothiazide (11.1 and 11.0%), and metformin (6.
9 and 8.2%) were most frequently used. The most frequently used drugs requiring dose modification were
piracetam (13.9% by sMDRD, and 11.9% by CC), digoxin (8.3 and 8.8%), and gliclazide (6.8 and 5.9%). Classification
of a drug use as ‘appropriate’ or ‘inappropriate’ was discordant depending on the method of kidney function
assessment (sMDRD or CC) in up to 30%.
Subgroups with sMDRD < 60 ml/min/1.73m2 and with CC < 60 ml/min were taking ≥2 drugs increasing the risk
of pre-renal kidney injury more frequently than individuals with better kidney function (46.6 vs. 23.1 and 33.0% vs.
24.4%, respectively).
There were 24.7% of individuals with sMDRD < 60 ml/min/1.73m2 and 18.0% with CC < 60 ml/min taking 2 or
more drugs increasing serum potassium level. The proportion of subjects with hyperkalaemia increased with the
number of such drugs.

Conclusions: Use of drugs that should be avoided or require dose adjustment due to renal impairment, and potentially
inappropriate drug combinations is a common problem in older adults in Poland. Assessment of kidney function with
sMDRD may result in overlooking of requirements for dose adjustment formulated based on creatinine clearance.

Trial registration: Not applicable.
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Background
Chronic kidney disease (CKD) is a common entity
among older adult subjects. After the age of 40, kidney
function assessed with creatinine clearance decreases by
8–9 ml/min with each decade of life [1, 2]. This decrease
results from a normal biological process of aging and
superimposing diseases, such as diabetes and hyperten-
sion [3]. The prevalence of CKD in the general popula-
tion is estimated at approximately 11% [4–6] and
increases with age reaching 45% in subjects aged 80
years or more [7, 8].
Numerous medications commonly used in the older

adults should be avoided in subjects with impaired kidney
function because of their nephrotoxic properties, e.g.,
non-steroidal anti-inflammatory drugs (NSAIDs),
angiotensin-converting enzyme inhibitors (ACEI), metho-
trexate, loop and thiazide diuretics, ranitidine, some antibi-
otics [8]. Other drugs, e.g., digoxin, gliclazide, and atenolol
are excreted by the kidney and require dose adjustment in
subjects with impaired kidney function [9]. The process of
drug selection and dose-adjustment is particularly challen-
ging in the older population, because of common comorbid-
ity and associated polypharmacy [10]. Incidences of adverse
drug reactions in patients with renal impairment are higher
than in subjects with normal kidney function [11]. In the
GIFA study (Gruppo Italiano di Farmacovigilanza nell’An-
ziano; the Italian Group of Farmacoepidemiology in the Eld-
erly) low estimated glomerular filtration rate (eGFR) or
creatinine clearance were significantly more prevalent in
hospitalized elderly patients with adverse reactions caused
by hydrosoluble drugs, esp. diuretics, digoxin,
angiotensin-converting enzyme inhibitors (ACEI), and anti-
hyperglycemic agents [12]. Adverse drug reactions often re-
sult from errors in prescribing or the lack of dose
adjustment [13]. Despite the recognized importance of in-
appropriate drug prescriptions in older adults with CKD,
the appropriate choice of medication and dosage adjustment
are often neglected in daily clinical practice. Partially it is
caused by utilization of eGFR provided by laboratories along
with serum concentration of creatinine, calculated according
to the short Modification of Diet in Renal Disease (sMDRD),
or the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formulas, and skipping calculation of
Cockcroft-Gault creatinine clearance (CC) used in drug
registration process and required for dose adjustment.
Several studies have shown that the prevalence of in-

appropriate prescriptions in hospitalized older adults
with renal impairment varies from 9 to 67% [14–19]. Re-
gardless of the fact that in older adults with CKD most
drugs are prescribed in an outpatient setting, few studies
have investigated the problem of inappropriate drug use
in this population. In a recent systematic review, Dorks
et al. [20] have identified the lack of dose adjustment for
renal function as a common problem, ranging from 6 to

43% of inappropriate prescriptions in nursing homes
and 1–37% in outpatient settings. Of note, only four
studies included in the review [21–24] were large,
population-based analysis. The authors of the review
emphasized the importance of further investigation in
this field.

Aim
We analyzed the PolSenior database to assess the preva-
lence of regular intake of renal risk drugs (defined as
medications that should be avoided, or that require dose
adjustment in subjects with impaired kidney function) in
the community-dwelling Polish older adult population.
Additionally, we assessed the prevalence of potentially
inappropriate drug combinations in such individuals.

Methods
We retrospectively analyzed data from the PolSenior
study, a multidisciplinary research project, conducted in
2007–2011, to assess the medical, psychological, social
and economic aspects of aging in Poland. Participants
were selected through a multi-stage draw, planned to
obtain a sample representative for Polish old population.
A detailed description of the study design has already
been presented elsewhere [25].
Renal function was assessed with glomerular filtration

rate calculated with the short Modification of Diet in
Renal Disease formula (sMDRD) [26] as serum creatin-
ine concentrations were measured using the Jaffe
method (modular PPE, Roche Diagnostics GmbH,
Mannheim, Germany), and creatinine clearance (CC)
calculated with the Cockcroft-Gault formula [27].
We analyzed regular (≥ 3 times per week) intake of

medications that should be avoided, or requiring dose
modification when used in subjects with moderately
(eGFR < 50–60 ml/min) to severely (eGFR < 25–30ml/
min) impaired renal function. The selection of drugs
chosen for analysis was based on guidelines from the
American Geriatrics Society [28] and consensus guide-
lines for oral dosing of primarily renally cleared medica-
tions in older adults by Hanlon et al. [29]. Additionally,
several medications commonly used in older patients
were analyzed based on information given by Ashley et
al. [9]. Only drugs registered in Poland were assessed. Fi-
nally, 38 drugs were selected for analysis (Tab. 1). For
each drug, the number and percentage of subjects taking
it in the total study population were calculated. Next,
the number and percentage of given drug users among
individuals with kidney function below and above the
level indicated in the guidelines (Tab. 1) were calculated
and classified as potentially inappropriate use and renally
appropriate use. Calculations were performed for both
creatinine clearance calculated with the Cockcroft-Gault
formula and sMDRD-derived eGFR. In the same
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manner, we analyzed potentially inappropriate combina-
tions of drugs:
1) concomitant use of drugs that increase the risk of

pre-renal kidney injury [combination of nonsteroidal
anti-inflammatory drugs (NSAIDs), diuretics, ACEI, and
angiotensin II receptor blockers (ARB)],
2) combination of drugs resulting in potassium retention

(ACEI, ARB, aldosterone antagonists, potassium-sparing di-
uretics, and potassium-containing agents).

Statistical analysis
Statistical analysis was performed with StatSoft Statistica
v12. Data are shown as mean ± standard deviation or
numbers (%). Percentage of particular drug users among
subjects with eGFR and CC below and above the level
indicated in the recommendations was compared with
the chi2 test with Yates correction (if appropriate). For
potentially inappropriate drug combinations, we per-
formed comparisons between patients with eGFR or CC
below and above 60ml/min/1.73m2 or 60ml/min, re-
spectively. P value < 0.05 was considered significant.

Results
Data concerning 5695 subjects were included in the Pol-
Senior database. After exclusion of 1181 subjects in
whom blood samples were not drown for serum creatin-
ine assessment or anthropometric data were missing,
data on 4514 (79.3%) subjects [2177 (48.2%) women]
were included in the analysis. The mean age was 76 ± 11
yrs.
Among study group, 855 participants had CKD stage

3–5 (staging according to the National Kidney Founda-
tion classification is presented in Table 2) [30]. The
mean sMDRD was 78.3 ± 22.6 ml/min/1.73m2 and CC
was 79.5 ± 29.1 ml/min.
Of 4514 individuals in the study group, 1916 (42.4%)

subjects were regularly taking at least one of 38 analyzed
drugs. Among individuals with sMDRD and CC below
60ml/min/1.73m2 and ml/min, the prevalence of poten-
tially inappropriate drug use was 41.2 and 36.8%, re-
spectively. In subjects with sMDRD and CC below 30
ml/min/1.73m2 and ml/min, the prevalence was 58.2
and 57.7%.

Table 1 List of drugs chosen for analysis and prescription
recommendations in patients with impaired renal function

Name of drug Recommendations Reference

Gastrointestinal drugs

Metoclopramide Avoid < 40 ml/min 28

Famotidine Reduce dose < 50 ml/min 27,28

Ranitidine Reduce dose < 50 ml/min 27,28

Antidiabetics

Metformin Avoid < 60 ml/min 28

Acarbose Avoid < 25 ml/min 9

Gliclazide Reduce dose < 50 ml/min 9

Antithrombotic agents

Dabigatran Avoid < 30 ml/min 27

Rivaroxaban Reduce dose < 50 ml/min 27

Rivaroxaban Avoid < 30 ml/min 27

Enoxaparin Reduce dose < 30 ml/min 27

Cardiovascular drugs

Digoxin Reduce dose < 50 ml/min 9

Sotalol Avoid < 40 ml/min 28

Atenolol Reduce dose < 35 ml/min 28

Amiloride Avoid < 30 ml/min 27

Spironolactone Avoid < 30 ml/min 27

Hydrochlorothiazide Avoid < 30 ml/min 27

Rosuvastatin Reduce dose < 60 ml/min 9

Fenofibrate Reduce dose < 60 ml/min 9

Antianalgesics

Tramadol Reduce dose < 30 ml/min 27

Morphine Reduce dose < 50 ml/min 9

Oxycodone Reduce dose < 50 ml/min 9

NSAIDs Avoid < 50 ml/min 9

Antidepressants

Duloxetine Avoid < 30 ml/min 27

Bupropion Reduce dose < 50 ml/min 9

Venlafaxine Reduce dose < 30 ml/min 9

Anti-epileptic drugs

Gabapentin Reduce dose < 60 ml/min 27,28

Pregabalin Reduce dose < 60 ml/min 27

Levetiracetam Reduce dose < 80 ml/min 9,27

Topiramate Reduce dose < 70 ml/min 27

Other drugs

Piracetam Reduce dose < 50 ml/min 9

Risperidone Reduce dose < 50 ml/min 9

Sulpiride Reduce dose < 50 ml/min 9

Cetirizine Reduce dose < 30 ml/min 28

Fexofenadine Reduce dose < 80 ml/min 28

Tizanidine Reduce dose < 25 ml/min 9

Table 1 List of drugs chosen for analysis and prescription
recommendations in patients with impaired renal function
(Continued)

Name of drug Recommendations Reference

Colchicine Reduce dose < 30 ml/min 27

Alendronic acid Avoid < 35 ml/min 9

Methotrexate Reduce dose < 50 ml/min 9

Memantine Reduce dose < 30 ml/min 9,28

NSAIDs Nonsteroidal anti-inflammatory drugs
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Detailed data concerning the use of renal risk drugs in
subjects with the renal function below and above the
level indicated in the recommendations (potentially in-
appropriate use and renally appropriate use) is presented
in Table 3. Twenty-one drugs were taken only occasion-
ally (in less than 20 individuals), and they are not shown
in Table 3 for clarity reasons (bupropion, colchicine,
dabigatran, duloxetine, enoxaparin, famotidine, fexofena-
dine, gabapentin, levetiracetam, memantine, methotrex-
ate, morphine, oxycodone, pregabalin, risperidone,
rivaroxaban, rosuvastatin, sulpiride, tizanidine, topira-
mate, and venlafaxine).
Among medications that should be avoided, spironolac-

tone (prevalence of potentially inappropriate use 17.5% by
CC, and 20.4% by sMDRD), NSAIDs (11.3 and 13.4%), hy-
drochlorothiazide (11.0 and 11.1%), metformin (8.2 and
6.9%), and amiloride (6.4 and 4.3%) were most frequently
used. The most frequently used drugs requiring dose
modification at given level of renal impairment were pir-
acetam (prevalence of potentially inappropriate use 11.9%
by CC, and 13.9% by sMDRD), digoxin (8.8 and 8.3%), gli-
clazide (5.9 and 6.8%), and ranitidine (3.9 and 3.7%).
We identified individuals taking a combination of two

or more drugs increasing the risk of pre-renal impair-
ment of kidney function (diuretics + NSAIDs + ACEI or
ARB) (Table 4). In the total population, 1251 (27.7%) of
subjects were taking 2–5 of such drugs. Intake of two or
more drugs was more frequent in patients with CKD
stage 3–5 as compared with subjects with better kidney
function, despite the method of kidney function evalu-
ation (CC: 33.0% of patients vs. 24.4%, p < 0.05; sMDRD:
46.6 vs. 23.1%, p < 0.05). Combinations of ACEI/ARB
and diuretics were more prevalent in subjects with CC
< 60 ml/min or sMDRD < 60ml/min/1.73m2 as com-
pared to individuals with better kidney function. Combi-
nations of NSAIDS and diuretics, as well as triple
combinations, were more frequently used by subjects
with sMDRD < 60ml/min/1.73m2 as compared to those
with higher sMDRD.
We also identified individuals taking a combination of 2

or more drugs that may result in hyperkalaemia (ACEI,
ARB, aldosterone antagonist, potassium-sparing diuretics,

potassium-containing agents) (Table 5). Regardless of the
method of kidney function assessment, subjects with CKD
stage 3–5 were taking ≥2 drugs increasing potassium level
more frequently than subjects with better kidney function
(sMDRD: 18.1 vs. 10.9%, p < 0.05; CC: 24.7 vs. 11.0%, p <
0.05). The prevalence of hyperkalaemia in subjects taking
1, 2 or 3 drugs was higher in subjects with CC or sMDRD
< 60ml/min/1.73m2 as compared to those with better kid-
ney function (Table 6). Chi-square test for trend showed
that the proportion of subjects with hyperkalaemia in-
creased significantly with the number of drugs in three of
four analyzed subgroups: subjects with CC < 60ml/min,
individuals with CC ≥ 60ml/min, and a subgroup with
sMDRD < 60ml/min/1.73m2.
The prevalence of potentially inappropriate use of

some drugs and drug combinations varied depending on
the method of assessment of kidney function (Table
3-6). We identified subjects in whom sMDRD values
were higher than indicated in the recommendations for
a particular drug (renally appropriate use), but CC values
were below this threshold (potentially inappropriate use;
Table 3, last column). Discordant evaluation of ‘appro-
priateness’ of use ranged from 0 to 30%, and was highest
for digoxin (30.9%), ranitidine (28.0%), and piracetam
(22.5%).

Discussion
In this analysis of the national, population-based PolSenior
study, we assessed the use of renal risk drugs, i. e. drugs
that should be avoided and medications requiring dose re-
duction in subjects with impaired renal function. We found
that approximately 40% of subjects with CKD stage 3, and
nearly 60% of individuals with CKD stage 4 and 5 were tak-
ing at least one medication that was contraindicated given
their level of renal function, or for which there were renal
dosing recommendations. The results of previous reports
on the use of renal risk drugs in subjects with CKD vary
widely, from 13.3% in the Three-City population-based
study [21], 30–53% in large cohort of outpatient older adult
subjects [22], up to 62% in a series of hospitalized patients
[18] and 80.5% in a small Turkish study [31]. Comparison
between results of these studies, as well as with the results
of studies revised by Dorks et al. [20] should be made with
caution because of various drug sets analyzed in each re-
port, and different definitions of potentially inappropriate
drug use in CKD patients. Although we have not analyzed
if doses of drugs requiring modification actually exceeded
the maximum recommended daily dose in patients with
given level of kidney impairment, the high percentage of
subjects with CKD stage 3–5 taking renal risk drugs indi-
cates increased the risk of drug-related problems [18] and
all-cause mortality [21].
The most frequently used drugs that should be

avoided in patients with renal impairment were diuretics

Table 2 Renal function staged using the National Kidney
Foundation classification (total number of subjects = 4514)

CKD stage sMDRD (ml/min/1.73m2) CC (ml/min)

1 (eGFR ≥90); n (%) 1206 (26.7) 1048 (23.2)

2 (eGFR 60–89); n (%) 2453 (54.3) 1732 (38.4)

3 (eGFR 30–59); n (%) 800 (17.7) 1533 (34.0)

4 (eGFR 15–29); n (%) 50 (1.1) 187 (4.1)

5 (eGFR < 15); n (%) 5 (0.1) 14 (0.3)

sMDRD short Modification of Diet in Renal Disease study equation; CC
Creatinine clearance calculated with Cockcroft-Gault; CKD Chronic
kidney disease
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(spironolactone, hydrochlorothiazide, and amiloride),
NSAIDs, and metformin. The most frequently used
medications requiring dose adjustment were piracetam,
digoxin, gliclazide and ranitidine (Table 3). While
NSAIDs, metformin, diuretics, and ranitidine are fre-
quently reported as being inappropriately prescribed
in patients with renal impairment [20], high propor-
tions of subjects taking digoxin and piracetam are
surprising. The possible explanation is that neither di-
goxin nor piracetam is listed by Beers criteria [28] or
consensus guidelines by Hanlon et al. [29]. Digoxin
was excluded from some studies, as an assessment of
serum concentrations and therapeutic response is im-
portant for the evaluation of ‘appropriateness’ of its
use [16]. We included these drugs in our analysis
based on their frequent use in the total PolSenior
population and well-established recommendations for
dose adjustment in CKD [9]. It should be emphasized
that indications for their use have been limited since
the time the PolSenior study was conducted, and thus
the prevalence of inappropriate use of these drugs
presumably should have diminished. For metformin,
we used the restrictive recommendations to avoid its
use if CC was below 60 ml/min [29]. Although such a
threshold can be still found in product characteristics
of metformin, some recent guidelines [32–34]
recommend cautious continuation of its use in pa-
tients with CC above 30 ml/min. Such a change in

recommendations would greatly influence the preva-
lence of potentially inappropriate prescriptions.
Comparison of prevalence of renal risk drug intake in

subjects with kidney function below and above the level
indicated in recommendations revealed that metformin
was the only drug that was used less frequently in sub-
jects with renal contraindications (Tab. 3). The preva-
lence of intake of the remaining drugs with renal
recommendations did not differ between these groups of
patients or was even higher in subjects with kidney func-
tion below the recommended level (esp. ranitidine,
digoxin, spironolactone, and piracetam). The percent of
subjects in whom the use of a renal risk drug was poten-
tially inappropriate among all subjects taking this par-
ticular medication ranged from 0 to 46%, and was
highest for digoxin, piracetam, fenofibrate, and raniti-
dine. These data should be interpreted with caution, as
CKD is associated with numerous chronic conditions,
including hypertension, congestive heart failure, atrial
fibrillation, and diabetes [35–38], which may explain
why subjects with CKD stage 3–5 frequently received di-
uretics, digoxin, metformin, or piracetam – a nootropic
drug commonly prescribed for cognitive impairment and
dementia despite its unproven efficacy [39]. Neverthe-
less, the widespread use of medications with renal rec-
ommendations in PolSenior subjects with impaired
kidney function suggests that the prescribers’ adherence
to these recommendations was poor. In addition, it may

Table 4 Subjects taking drugs increasing risk of pre-renal impairment of kidney function (nonsteroidal anti-inflammatory drugs +
angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers + diuretics)

Drug combinations Total
population
(n = 4514)

CC sMDRD

< 60ml/min
(n = 1734)

≥ 60 ml/min
(n = 2780)

< 60ml/min/1.73m2

(n = 855)
≥ 60 ml/min/1.73m2

(n = 3659)

ACEI/ARB + diuretic; n (%) 840 (16.61) 391 (22.55)* 449 (16.15) 278 (32.51)# 562 (15.36)

ACEI/ARB + NSAID; n (%) 225 (4.56) 86 (4.59) 139 (5.00) 50 (5.85) 175 (4.78)

Diuretic + NSAID; n (%) 163 (3.61) 71 (4.09) 92 (3.31) 54 (6.32)# 109 (2.98)

ACEI/ARB + diuretic + NSAID; n (%) 98 (2.17) 39 (2.25) 59 (2.11) 31 (3.63)# 67 (1.83)

*p < 0.05 vs. patients with CC ≥ 60ml/min
#p < 0.05 vs. patients with sMDRD ≥60 ml/min/1.73m2

ACEI Angiotensin-converting enzyme inhibitor; sMDRD = short Modification of Diet in Renal Disease study equation; ARB = angiotensin II receptor blocker; CC =
creatinine clearance; NSAID = nonsteroidal anti-inflammatory drug

Table 5 Concomitant use of drugs increasing serum potassium level (angiotensin-converting enzyme inhibitors + angiotensin II
receptor blockers + aldosterone antagonists + potassium-sparing diuretics + potassium-containing agents)

No. of drugs Total
population
(n = 4514)

CC sMDRD

< 60ml/min
(n = 1734)

≥ 60ml/min
(n = 2780)

< 60 ml/min/1.73m2

(n = 855)
≥ 60 ml/min/1.73m2

(n = 3659)

1 drug; n (%) of patients 1621 (35.91) 669 (38.58) 952 (34.24) 391 (45.73) 1230 (33.62)

2 drugs; n (%) of patients 506 (11.21) 258 (14.88) 248 (8.92) 180 (21.05) 326 (8.91)

3 drugs; n (%) of patients 105 (2.33) 54 (3.11) 51 (1.83) 30 (3.51) 75 (2.05)

4 drugs; n (%) of patients 4 (0.09) 1 (0.06) 3 (0.11) 1 (0.12) 3 (0.08)

sMDRD = short Modification of Diet in Renal Disease study equation; CC Creatinine clearance calculated with Cockcroft-Gault formula
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be caused by the lack of CC calculation and taking into
consideration only eGFR provided by laboratories, when
prescribing drugs.
It has been recognized that concurrent use of ACEI/

ARB and diuretics with NSAIDs is associated with in-
creased risk of renal adverse effects, particularly in the
older adults [40]. Each of these drugs may cause
pre-renal injury via different mechanisms: diuretics may
cause hypovolaemia and reduce plasma flow, ACEI/ARB
lead to efferent arteriolar vasodilation and reduce
glomerular filtration rate, and NSAIDs inhibit
prostaglandin-induced afferent arteriolar vasodilatation
[40]. Patients taking 2 or 3 drugs from the groups above
were found to have elevated creatinine levels [41], and
the use of triple therapy (but not double therapy) was
associated with 31% higher risk of acute renal failure
[42]. Therefore, such combinations should be avoided,
especially in the older adults. The prevalence of triple
therapy in the PolSenior population was rather low, as
compared to that reported by Loboz and Shenfield (2.2
vs. 6.3%), and the prevalence of double therapy was
somewhat higher (24.8 vs. 19.9%) [41]. Importantly, the
percentage of subjects receiving such combinations
among patients with CKD stage ≥3 was similar to, or
higher than in individuals with better kidney function
(Table 4).
Hyperkalaemia is a common drug-related problem, es-

pecially in the older adults, in patients with moderate to
severe CKD, and those taking combinations of drugs
known to increase serum potassium levels [43]. Concur-
rent use of aldosterone antagonists and potassium con-
serving drugs without monitoring of serum potassium
has been included in the modified STOPP criteria [44].
Over 13% of subjects in the PolSenior population was
taking concurrently 2–3 drugs increasing serum potas-
sium, and the prevalence of concomitant use of such
drugs was higher in individuals with CKD stage ≥3
(Table 5). The prevalence of hyperkalaemia increased
with the number of drugs taken, and was higher in sub-
jects with moderate to severe CKD (reaching 62% in

individuals with sMDRD < 60ml/min/1.73m2 receiving 3
drugs). These findings indicate that potentially inappro-
priate combinations of drugs are prescribed without tak-
ing into consideration renal risk, and/or that renal
function and serum potassium are not adequately moni-
tored while using such combined therapy.
The prevalence of use of renal risk drugs and poten-

tially inappropriate drug combinations differed depend-
ing on the method of assessment of kidney function (CC
or sMDRD; Tables 3-6). For some drugs with the recom-
mendation at the sMDRD level of 50–60ml/min/
1.73m2, e.g., piracetam, digoxin, or ranitidine, in 20 to
30% of patients their use was rated as ‘renally appropri-
ate’ if kidney function was assessed with
sMDRD-derived eGFR, but ‘potentially inappropriate’ by
CC (Table 3). These differences stem from a noticeable
disagreement between estimation of renal function with
different formulas and only moderate agreement in CKD
staging based on Cockcroft-Gault and sMDRD equations
[45]. While kidney function in clinical practice is usually
assessed with sMDRD or CKD-EPI glomerular filtration
rate estimates, most manufacturers’ recommendations
on drug dosage adjusting were developed based on CC
calculated with the Cockcroft-Gault equation. Greater
discrepancies between sMDRD and CC were observed
in women, disabled (activities in daily living ≤4 pts), and
subjects aged 80 years or older [46]. The discrepancies in
CKD staging based on different formulas have been rec-
ognized to result in inappropriate dosing of renally ex-
creted drugs [47–49].

Limitations
There are several limitations to our analysis. First, the
data from the PolSenior study did not comprise informa-
tion about prescribers. Some medications could be pre-
scribed by specialists against official recommendations
for special conditions, e.g. spironolactone in patients
with CKD and congestive heart failure. In such situa-
tions use of drugs with renal recommendations requires
special attention and monitoring, but should not be

Table 6 Prevalence of hyperkalaemia among subjects taking 1–4 drugs increasing serum potassium level (angiotensin-converting
enzyme inhibitors + angiotensin II receptor blockers + aldosterone antagonists + potassium-sparing diuretics + potassium-
containing agents)

No. of drugs CC sMDRD

< 60ml/min ≥ 60 ml/min < 60ml/min/1.73m2 ≥ 60 ml/min/1.73m2

1; n (%) of subjects with hyperkalaemia 102/669 (15.26)* & 73/952 (7.67) & 73/391 (18.67)# & 102/1230 (8.29)

2; n (%) of subjects with hyperkalaemia 57/258 (22.09)* 22/248 (8.87) 52/180 (28.89)# 27/326 (8.28)

3; n (%) of subjects with hyperkalaemia 14/54 (25.93) 13/51 (25.49) 14/30 (46.67)# 13/75 (17.33)

4; n (%) of subjects with hyperkalaemia 1/1 (100) 0/33 (0) 1/1 (100) 0/3 (0)

*p < 0.05 vs. patients with CC ≥ 60ml/min
#p < 0.05 vs. patients with sMDRD ≥60 ml/min/1.73m2

&p < 0.05 for chi-square test for trend for number of drugs
sMDRD short Modification of Diet in Renal Disease study equation; CC Creatinine clearance calculated with Cockcroft-Gault equation
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classified as a treatment error. Therefore, we may only
discuss the frequency of use of drugs with renal recom-
mendations, or “potentially inappropriate” drug use, and
the actual risk associated with inappropriate use may be
lower. Some other drugs that should not be used in per-
sons with impaired kidney function, especially some
NSAIDs, are available over the counter, and may be used
by patients without, or even against, their doctor’s rec-
ommendations. Second, the PolSenior study was per-
formed in the years 2007–2011. The recommendations
for many drugs use, e.g., metformin have changed since
that time. Other medications, such as rivaroxaban, dabi-
gatran, pregabalin, levetiracetam, or memantine, were
not available in Poland at that time, or they were very
expensive, and not used in everyday practice. Drugs with
renal recommendations which were not used on a regu-
lar basis, especially antibiotics, were not included in our
analysis. Next, for the reason of methodology issues, we
did not analyze the doses of drugs with renal recommen-
dations. Thus, the doses of renally cleared drugs might
have been actually adjusted to patients’ renal function.
However, this limitation does not refer to drugs that
should be avoided in patients with a certain level of
renal impairment. Finally, the list of medications chosen
for analysis, and levels of renal impairment, may be
questioned. The conflicting recommendations for dosing
of renally cleared drugs from various sources have been
recognized [50]. The lack of clear, handy guidelines for
drug dosing in older patients with renal impairment may
be a major obstacle to reduce the prevalence of inappro-
priate prescriptions.

Conclusions
Potentially inappropriate use of drugs, that is the use of
drugs that should be avoided in patients with renal impair-
ment, medications requiring dose adjustment, and poten-
tially inappropriate combinations of drugs (concomitant
use of drugs increasing risk of pre-renal kidney injury, or
concurrent use of several drugs resulting in potassium re-
tention) was a common problem in community-dwelling
PolSenior population. Method of kidney function assess-
ment may influence the prevalence of potentially inappro-
priate use of such drugs. Assessment of kidney function
with sMDRD-derived eGFR may result in overlooking of
recommended dose adjustment formulated based on cre-
atinine clearance.

Abbreviations
ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor
blocker; CC: creatinine clearance; CKD: chronic kidney disease;
eGFR: estimated glomerular filtration rate; NSAIDs: non-steroidal anti-
inflammatory drugs; sMDRD: the short Modification of Diet in Renal Disease
formula

Acknowledgments
Not applicable.

Funding
Implemented under publicly-funded project No. PBZ-MEIN-9/2/2006, the
Ministry of Science and Higher Education and the Poznan University of Med-
ical Sciences statutory funds 502–01–01114157-06216.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Authors’ contributions
ED-Ś analyzed and interpreted data, performed the statistical analysis, and
was the main contributor in conception and design, and writing the
manuscript. JC interpreted data and substantially contributed in writing the
manuscript. AN-P interpreted data and helped to draft the manuscript. MM
made a substantial contribution to conception and writing the manuscript.
BW was involved in revising critically for important intellectual content. KW-T
participated in the design of the study, contributed to the interpretation of
data, and was involved in revising the manuscript critically for important in-
tellectual content, and gave final approval of the version to be published. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
The protocol of PolSenior project was approved by the Bioethics Committee
of Medical University of Silesia (KNW/0022/KB1/38/II/08/10; KNW-6501-38/I/
08). Informed consent was obtained from all subjects or caregivers.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Chair and Department of Palliative Medicine, Poznan University of Medical
Sciences, Hospicjum Palium, os. Rusa 55, 61-245 Poznan, Poland. 2Palliative
Medicine Unit, University Hospital of Lord’s Transfiguration, Poznan, Poland.
3Department of Internal Medicine and Oncological Chemotherapy, Medical
Faculty in Katowice, Medical University of Silesia, Katowice, Poland. 4Chair of
Geriatrics and Gerontology, Poznan University of Medical Sciences, Poznan,
Poland. 5International Institute of Molecular and Cell Biology in Warsaw,
Warsaw, Poland. 6Department of Internal Medicine and Gerontology,
Jagiellonian University Medical College, Krakow, Poland.

Received: 23 August 2018 Accepted: 18 February 2019

References
1. Rowe JW, Andres R, Tobin JD, Norris AM, Shock NW. The effect of age on

creatinine clearance in men: a cross-sectional and longitudinal study. J
Gerontol. 1976;31:155–63.

2. Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the rate of
decline in renal function with age. J Am Geriatr Soc. 1985;33:278–85.

3. Glassock R, Winearls C. Ageing and the glomerular filtration rate: truths and
consequences. Trans Am Clin Climatol Assoc. 2009;120:419–28.

4. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic
kidney disease and decreased kidney function in the adult US population:
third National Health and nutrition examination survey. Am J Kidney Dis.
2003 Jan;41(1):1–12.

5. Girndt M, Trocchi P, Scheidt-Nave C, Markau S, Stang A. The prevalence of
renal failure: results from the German health interview and examination
survey for adults, 2008–2011 (DEGS1). Dtsch Arztebl Int. 2016;113(6):85–91.
https://doi.org/10.3238/arztebl.2016.0085.

6. Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. Prevalence
of chronic kidney disease in the United States. JAMA. 2007;298(17):2038–47.

7. Chudek J, Wieczorowska-Tobis K, Zejda J, Broczek K, Skalska A, Zdrojewski T,
Więcek A. The prevalence of chronic kidney disease and its relation to
socioeconomic conditions in an elderly polish population: results from the

Deskur-Śmielecka et al. BMC Geriatrics           (2019) 19:70 Page 8 of 9

https://doi.org/10.3238/arztebl.2016.0085.


national population-based study PolSenior. Nephrol Dial Transplant. 2014;29:
1073–82.

8. Naughton CA. Drug-induced nephrotoxicity. Am Fam Physician. 2008;78(6):
743–50.

9. Ashley C, Dunleavy A. The renal drug handbook. In: The ultimate
prescribing guide for renal practitioners. 4th ed. London, New York:
Radcliffe Publishing; 2014.

10. Rajska-Naumann A, Wieczorowska-Tobis K. Polypharmacy and potential
inappropriateness of pharmacological treatment among community-dwelling
elderly patients. Arch Gerontol Geriatr. 2007;44:303–9.

11. Hassan Y, Al-Ramahi R, Abd Aziz N, Ghazali R. Drug use and dosing in
chronic kidney disease. Ann Acad Med Singap. 2009;38:1095–103.

12. Corsonello A, Pedone C, Lattanziano F, Onder G, Incalzi RA. Gruppo Italiano
di Farmacovigilanza nell’Anziano (GIFA). Association between glomerular
filtration rate and adverse drug reactions in elderly hospitalized patients.
The role of the estimating equation. Drugs Aging. 2011;28:379–90.

13. Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi D, et al. Incidence
of adverse drug events and potential adverse drug events. Implications for
prevention. ADE prevention study group. JAMA. 1995;274(1):29–34.

14. Jones SA, Bhandari S. The prevalence of potentially inappropriate
medication prescribing in elderly patients with chronic kidney disease.
Postgrad Med J. 2013;89(1051):247–50. https://doi.org/10.1136/
postgradmedj-2012-130889.

15. Doody HK, Peterson GM, Watson D, Castelino RL. Retrospective evaluation
of potentially inappropriate prescribing in hospitalized patients with renal
impairment. Curr Med Res Opinion. 2015;31:525–35.

16. Sonnerstam E, Sjolander M, Gustafsson M. Inappropriate prescription and
renal function among older patients with cognitive impairment. Drugs
Aging. 2016;33:889–99. https://doi.org/10.1007/s40266-016-0408-8.

17. Yang P, Chen N, Wang R-R, Li L, Jiang S-P. Inappropriateness of medication
prescriptions about chronic kidney disease patients without dialysis therapy in
a Chinese tertiary teaching hospital. Ther Clin Risk Manag. 2016;12:1517–24.

18. Blix HS, Viktiol KK, Moger TA, Reikvam A. Use of renal risk drugs in
hospitalized patients with impaired renal function – an underestimated
problem? Nephrol Dial Transplant. 2006;21:3164–71.

19. Drenth-van Maanen AC, van Marum RJ, Jansen PA, Zwart JE, van Solinge
WW, Egberts TC. Adherence with dosing guideline in patients with impaired
renal function at hospital discharge. PLoS One. 2015;10(6):e0128237. https://
doi.org/10.1371/journal.pone.0128237.

20. Dorks M, Allers K, Schmiemann G, Herget-Rosenthal S, Hoffmann F.
Inappropriate medication in non-hospitalized patients with renal
insufficiency: a systematic review. J Am Geriatr Soc. 2017;65:853–62.

21. Breton G, Froissart M, Janus N, Launay-Vacher V, Berr C, Tzourio C, t al.
Inappropriate drug use and mortality in community-dwelling elderly
with impaired kidney function – the Three-City population-based study.
Nephrol Dial Transplan 2011;26:2852–2859. Doi: https://doi.org/10.1093/
ndt/gfq827.

22. Bhardwaja B, Caroll NM, Raebel MA,Chester EA, Korner EJ, Rocho BE, el. Improving
prescribing safety in patients with renal insufficiency in the ambulatory setting:
the drug renal alert pharmacy (DRAP) program. Pharmacotherapy 2011;31(4):
346–356.

23. Chang F, O’Hare AM, Miao Y, Steinman MA. Use of renally inappropriate
medications in older veterans: a national study. J Am Geriatr Soc. 2015;63:
2290–7.

24. Steinman MA, Miao Y, Boscardin WJ, Komaiko KDR, Schwartz JB. Prescribing
quality in older veterans: a multifocal approach. J Gen Intern Med. 2014;29:
1379–86.

25. Błędowski P, Mossakowska M, Chudek J, Grodzicki T, Milewicz A, Szybalska A,
et al. Medical, psychological and socioeconomic aspects of ageing in
Poland: assumptions and objectives of the PolSenior project. Exp Gerontol.
2011;46:1003–100.

26. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, et al.
Using standardized serum creatinine values in the modification of diet in
renal disease study equation for estimating glomerular filtration rate. Ann
Intern Med. 2006;145:247–54.

27. Cockroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron. 1976;16:31–41.

28. American Geriatrics Society 2015 Beers Criteria Update Expert Panel.
American Geriatrics Society 2015 updated beers criteria for potentially
inappropriate medication use in older adults. J Am Geriatr Soc. 2015;63:
2227–46.

29. Hanlon JT, Aspinall SL, Semla TP, Weisbord SD, Fried LF, Good CB, et al.
Consensus guidelines for oral dosing of primarily renally cleared
medications in older adults. J Am Geriatr Soc. 2009;57:335–40.

30. National Kidney Foundation. Chronic kidney disease, classification. https://
www.kidney.org/professionals/guidelines/guidelines_commentaries/chronic-
kidney-disease-classification.

31. Bilge U, Sahin G, Unluoglu I, Ipek M, Durdu M, Keskin A. Inappropriate use of
nonsteroidal anti-inflammatory drugs and other drugs in chronic kidney disease
patients without renal replacement therapy. Ren Fail. 2013;35:906–10.

32. Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the setting of mild-to-
moderate renal insufficiency. Diabetes Care. 2011;34:1431–7. https://doi.org/
10.2337/dc10-2361.

33. 2017 Guidelines on the management of diabetic patients. A position of Diabetes
Poland. Clin Diabet 2017; 6, Suppl. A: A1–A80. Doi: 10.5603/DK.2017.0001.

34. Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee. Canadian Diabetes Association 2013 clinical practice guidelines
for the prevention and management of diabetes in Canada. Pharmacologic
management in type 2 diabetes. Can J Diabetes 2013;37(suppl 1):61–68.

35. Tedla FM, Brar A, Browne R, Brown C. Hypertension in chronic kidney
disease: navigating the evidence. Int J Hypertens. 2011;2011:132405, 9.
https://doi.org/10.4061/2011/132405.

36. Segall L, Nistor I, Covic A. Heart failure in patients with chronic kidney
disease: a systematic integrative review. Biomed Res Int, 2014; 2014: Article
ID 937398, 21 pages. Doi:https://doi.org/10.1155/2014/937398.

37. Kulkarni N, Gukathasan N, Baber U. Chronic kidney disease and atrial
fibrillation: a contemporary overview. J Atr Fibrillation. 2012;5:448. https://
doi.org/10.4022/jafib.448.

38. Bugnicourt J-M, Godefroy O, Chillon J-M, Choukroun G, Massy ZA. Cognitive
disorders and dementia in CKD: the neglected kidney-brain axis. J Am Soc
Nephrol. 2013;24:353–63. https://doi.org/10.1681/ASN.2012050536.

39. Flicker L, Grimley Evans G. Piracetam for dementia or cognitive impairment.
Cochrane Database Syst Rev. 2001;2:CD001011.

40. Hörl WH. Nonsteroidal anti-inflammatory drugs and the kidney.
Pharmaceuticals. 2010;3:2291–321. https://doi.org/10.3390/ph3072291.

41. Loboz KK, Shenfield GM. Drug combinations and impaired renal function –
the ‘triple whammy. Br J Pharmacol. 2004;59:239–43. https://doi.org/10.
1111/j.1365-2125.2004.02188.x.

42. Lapi F, Azoulay L, Yin H, Nessim SJ, Suissa S. Concurrent use of diuretics,
angiotensin converting enzyme inhibitors, and angiotensin receptor blockers
with non-steroidal anti-inflammatory drugs and risk of acute injury: nested case-
control study. BMJ. 2013;346:e8525. https://doi.org/10.1136/bmj.e8525.

43. Ben Salem C, Badreddine A, Fathallah N, Slim R, Hmouda H. Drug-induced
hyperkaliemia. Drug Saf. 2014;37:677–92. https://doi.org/10.1007/s40264-014-
0196-1.

44. O'Mahony D, O'Sullivan D, Byrne S, O'Connor MN, Ryan C, STOPP/ GP.
START criteria for potentially inappropriate prescribing in older people:
version 2. Age Ageing. 2015;44:213–8. https://doi.org/10.1093/ageing/
afu145.

45. Deskur-Smielecka E, Kotlinska-Lemieszek A, Chudek J, Wieczorowska-Tobis K.
Assessment of renal function in geriatric palliative care patients -
comparison of creatinine-based estimation equations. Clin Interv Aging.
2017;12:977–83. https://doi.org/10.2147/CIA.S130583.

46. Chudek J, Kolonko A, Owczarek AJ, Wieczorowska-Tobis K, Broczek K, Skalska
A, Więcek A. Clinical factors increasing discrepancies of renal function
assessment with MDRD and Cockcroft-Gault equations in old individuals.
Eur Ger Med. (in press).

47. Douros A, Ebert N, Jakob O, Martus P, Kreutz R, Schaeffner E. Estimating
kidney function and use of oral antidiabetic drugs in elderly. Fund Clin
Pharmacol. 2015;29:321–8.

48. Wargo KA, English TM. Evaluation of the chronic kidney disease
epidemiology collaboration equation for dosing antimicrobials. Ann
Pharmacother. 2010;44:439–46.

49. Nyman HA, Dowling TC, Hudson JQ, St Peter WL, Joy MS, Nolin TD.
Comparative evaluation of the Cockcroft-Gault equation and the
modification of diet in renal disease (MDRD) study equation for drug
dosing: an opinion of the nephrology practice and research network of the
American College of Clinical Pharmacy. Pharmacotherapy. 2011;31:1130–44.

50. Khanal A, Castelino RL, Peterson GM, Jose MD. Dose adjustment guidelines
for medications in patients with renal impairment: how consistent are drug
information sources? Intern Med J. 2014;44:77–85. https://doi.org/10.1111/
imj.12291.

Deskur-Śmielecka et al. BMC Geriatrics           (2019) 19:70 Page 9 of 9

https://doi.org/10.1136/postgradmedj-2012-130889
https://doi.org/10.1136/postgradmedj-2012-130889
https://doi.org/10.1007/s40266-016-0408-8
https://doi.org/10.1371/journal.pone.0128237
https://doi.org/10.1371/journal.pone.0128237
https://doi.org/10.1093/ndt/gfq827
https://doi.org/10.1093/ndt/gfq827
https://www.kidney.org/professionals/guidelines/guidelines_commentaries/chronic-kidney-disease-classification
https://www.kidney.org/professionals/guidelines/guidelines_commentaries/chronic-kidney-disease-classification
https://www.kidney.org/professionals/guidelines/guidelines_commentaries/chronic-kidney-disease-classification
https://doi.org/10.2337/dc10-2361
https://doi.org/10.2337/dc10-2361
https://doi.org/10.4061/2011/132405
https://doi.org/10.1155/2014/937398
https://doi.org/10.4022/jafib.448.
https://doi.org/10.4022/jafib.448.
https://doi.org/10.1681/ASN.2012050536
https://doi.org/10.3390/ph3072291
https://doi.org/10.1111/j.1365-2125.2004.02188.x
https://doi.org/10.1111/j.1365-2125.2004.02188.x
https://doi.org/10.1136/bmj.e8525
https://doi.org/10.1007/s40264-014-0196-1
https://doi.org/10.1007/s40264-014-0196-1
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.1093/ageing/afu145
https://doi.org/10.2147/CIA.S130583
https://doi.org/10.1111/imj.12291
https://doi.org/10.1111/imj.12291

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Aim
	Methods
	Statistical analysis
	Results
	Discussion
	Limitations
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

