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A B S T R A C T

Background. People with chronic kidney disease (CKD) are at
high risk of polypharmacy. However, no previous study has in-
vestigated international prescribing patterns in this group. This
article aims to examine prescribing and polypharmacy patterns
among older people with advanced CKD across the countries
involved in the European Quality (EQUAL) study.

Methods. The EQUAL study is an international prospective co-
hort study of patients �65 years of age with advanced CKD.
Baseline demographic, clinical and medication data were ana-
lysed and reported descriptively. Polypharmacy was defined as
�5 medications and hyperpolypharmacy as �10. Univariable
and multivariable linear regressions were used to determine
associations between country and the number of prescribed
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medications. Univariable and multivariable logistic regression
were used to determine associations between country and
hyperpolypharmacy.
Results. Of the 1317 participants from five European countries,
91% were experiencing polypharmacy and 43% were experienc-
ing hyperpolypharmacy. Cardiovascular medications were the
most prescribed medications (mean 3.5 per person). There were
international differences in prescribing, with significantly
greater hyperpolypharmacy in Germany fodds ratio (OR) 2.75
[95% confidence interval (CI) 1.73–4.37]; P< 0.001, reference
group UKg, the Netherlands [OR 1.91 (95% CI 1.32–2.76);
P¼ 0.001] and Italy [OR 1.57 (95% CI 1.15–2.15); P¼ 0.004].
People in Poland experienced the least hyperpolypharmacy
[OR 0.39 (95% CI 0.17–0.87); P¼ 0.021].
Conclusions. Hyperpolypharmacy is common among older
people with advanced CKD, with significant international dif-
ferences in the number of medications prescribed. Practice vari-
ation may represent a lack of consensus regarding appropriate
prescribing for this high-risk group for whom pharmacological
treatment has great potential for harm as well as benefit.

Keywords: chronic kidney disease, pharmacoepidemiology,
polypharmacy, prescribing, treatment burden

A D D I T I O N A L C O N T E N T

An author video to accompany this article is available at:
https://academic.oup.com/ndt/pages/author_videos.

I N T R O D U C T I O N

Polypharmacy rates are rising, particularly among older people
[1]. Drivers of polypharmacy in the general population include
multimorbidity, increased use of preventative medications and
guidelines that focus on single diseases [2–5]. Negative conse-
quences of polypharmacy include drug–drug interactions, ad-
verse drug reactions, poor adherence and increased treatment
burden, as well as greater medication costs [6–10].

Polypharmacy and inappropriate prescribing are common
in people with all stages of chronic kidney disease (CKD), in-
cluding those receiving renal replacement therapy (RRT) [11–
16]. For people with advanced CKD, two key factors that influ-
ence prescribing are the high levels of comorbidity and the de-
velopment and treatment of CKD-related complications, for
example, renal anaemia and renal bone disease [11, 17].
Furthermore, patients with advanced CKD are particularly vul-
nerable to adverse drug events due to altered pharmacodynam-
ics and pharmacokinetics.

Although polypharmacy in people with CKD has been dem-
onstrated in a variety of countries and settings, no previous
study has made international comparisons in prescribing [18–
21]. International differences in healthcare systems, health
beliefs, disease prevalence and clinical guidelines are some of
the factors that may influence national prescribing patterns. A
better understanding of international prescribing approaches
could inspire transnational learning and inform further work to
identify individual, local and national factors to encourage ap-
propriate prescribing.

The aim of this article is to examine prescribing patterns and
the prevalence of polypharmacy in older people with advanced
CKD across the countries taking part in the European Quality
(EQUAL) study.

M A T E R I A L S A N D M E T H O D S

The EQUAL study is an international prospective cohort study
that aims to determine the optimum timing of dialysis initiation
for older people with advanced CKD. Eligible participants were
recruited from nephrology clinics in six European countries
(Germany, Italy, The Netherlands, Poland, the UK and
Sweden). Inclusion criteria were age �65 years and an incident
estimated glomerular filtration rate (eGFR) �20 mL/min/
1.73 m2 in the last 6 months, as estimated by the Modification
of Diet in Renal Disease equation [22]. Participants were ex-
cluded if the decrease in eGFR was the result of an acute event
or if they had received RRT prior to study recruitment [23].
Approval was obtained from the medical ethical committees or
institutional review boards for all participating centres. Written
informed consent was obtained for all eligible participants. The
baseline data from the first study visit for people who were
recruited from 1 March 2012 to 31 December 2017 were used
in this study.

Data collection

Participants from Germany, Italy, The Netherlands, Poland
and the UK were included in this analysis. Participants from
Sweden were excluded, as their medication data were captured
using registry linkage and thus data were only available for a
limited list of medications. The remaining countries collected
demographic, clinical and medication data using a case report
form administered in person by a research nurse and corrobo-
rated against their medical notes. A list of the participant’s cur-
rent prescribed medications was recorded; ‘over-the-counter’
medication use and medication adherence were not captured. A
weighted comorbidity score was calculated using the Charlson
Comorbidity Index (CCI) [24]. Primary renal diagnosis was
standardized using European Renal Association–European
Dialysis and Transplant Association (ERA-EDTA) codes [25].
In order to compare the education systems and qualifications in
the included countries, the EQUAL investigators created stan-
dardized education categories.

Number of medications, medication categories and
polypharmacy

The number of medications was computed as a simple count
of unique preparations recorded at the first study visit.
Medications were assigned to their corresponding Anatomical
Therapeutic Chemical (ATC) classification codes [26].
Medication categories were created based on the first level of
the ATC codes (e.g. ‘cardiovascular system’). If a medication
category was deemed low use, it was amalgamated into an
‘other’ category.

There is no universally accepted definition of polypharmacy.
In the analysis, categories of polypharmacy (�5 medications)
and hyperpolypharmacy (�10 medications) were defined.
These are the most commonly used numerical definitions in the
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literature [27]. Combination medications (e.g., co-amilofruse or
combination inhalers) were counted as one medication rather
than their separate components.

Prescribing quality indicators

A validated list of prescribing quality indicators (PQIs) that
are specific to patients with CKD were used to assess prescrib-
ing quality [28, 29]. The original list of 16 PQIs was shortened
to an operational list of 10 PQIs that were appropriate for our
study cohort and the available data (see Supplementary data,
Appendix 1 for PQI selection details). The authors of the origi-
nal PQI list have previously adapted and shortened the list in a
similar manner before applying it to data [29].

Statistical analyses

Descriptive statistics were used to summarize baseline de-
mographic characteristics of study participants according to
their country of residence. PQIs and specific medications were
compared across countries using chi-squared and Fisher’s exact
tests. Univariable and multivariable linear regressions were
used to determine the association between country of residence
and number of prescribed medications. Univariable and multi-
variable logistic regressions were used to determine the associa-
tion between country of residence and hyperpolypharmacy.
The multivariable linear regression and multivariable logistic
regression analyses adjusted for variables that were identified as
confounders [30]: age, educational attainment, ethnicity, sex,
eGFR, primary renal diagnosis and comorbidities. Both the
multivariable analyses used robust standard errors to account
for potential intragroup correlations within individual coun-
tries. All analyses were performed using Stata version 14.2
(StataCorp, College Station, TX, USA).

R E S U L T S

Characteristics of the study cohort

From a potential 1344 EQUAL participants, 27 lacked medi-
cation data and were excluded. The majority of the excluded
patients were from The Netherlands and Germany [n¼ 12
(5.2%) and n¼ 9 (6.0%), respectively]. Of the 1317 remaining,
846 (64.2%) were male and the mean age was 76.5 years [stan-
dard deviation (SD) 6.7]. The majority were white [n¼ 1262
(95.8%)]. With regard to educational attainment, only a minor-
ity of patients had university degrees [n¼ 98 (7.4%)]. The me-
dian eGFR at the first study visit was 18.0 mL/min/1.73 m2

[interquartile range (IQR) 16.0–19.0]. Multimorbidity was
common; all participants had at least one comorbidity in addi-
tion to CKD (n¼ 1293, 24 patients had missing comorbidity
data). The most frequent comorbidities were hypertension, dia-
betes mellitus and coronary artery disease (84.4, 42.4 and 27.3%
of people, respectively). The mean body mass index was
28.5 kg/m2 (SD 5.4). The majority of people with available
smoking data were ex-smokers [n¼ 558 (42.4%)] and only 71
(5.4%) were current smokers s[moking data were unavailable
for 380 people (28.9%)]. Hypertensive nephropathy was the
most commonly reported primary renal diagnosis [n¼ 426
(32.4%)].

The demographic and clinical characteristics of the study co-
hort by country of residence are shown in Table 1. The majority
(68.6%) of participants were from the UK and Italy, with only
50 (3.8%) from Poland. Participant recruitment spanned
5 years, with people from the UK, Germany and Italy recruited
earlier in the study period than those in The Netherlands and
Poland. Mean age and CCI were comparable across all coun-
tries. Fewer people from Germany had a diagnosis of hyperten-
sive nephropathy (17.6%) compared with those from the other
countries (mean 32.4%). People recruited from Germany also
had a lower median eGFR [16.0 mL/min/1.73 m2 (IQR 13.7–
19.0)] at their first study visit than those from other countries.
There was a variation in educational attainment across different
countries, with participants from The Netherlands and the UK
having the highest levels of education.

Prescribed medications

The mean number of prescribed medications was 9.1 (SD
3.6, range 0.0–22.0). Of the participants, 91% were experiencing
polypharmacy (n¼ 1194), with 42.8% experiencing hyperpoly-
pharmacy (n¼ 564).

Participants in Germany were prescribed the greatest num-
ber of medications per person [mean 10.4 (SD 3.8)] and people
in Poland were prescribed the fewest [mean 7.2 (SD 2.8)]. For
the purpose of analysis, the largest group (UK) was used as the
reference group. In the multivariable analysis, people in
Germany were prescribed 1.90 more medications than those
in the UK [95% confidence interval (CI) 1.23–2.56, P< 0.001;
Table 2]. People in Poland were prescribed 1.20 fewer medica-
tions than people in the UK [95% CI �2.15 to �0.24,
P¼ 0.029; Table 2].

People who were recruited from Germany, The Netherlands
and Italy were most likely to experience hyperpolypharmacy
[odds ratio (OR) 2.75 (95% CI 1.73–4.37), P< 0.001; OR 1.91
(95% CI 1.32–2.76), P¼ 0.001; and OR 1.57 (95% CI 1.15–
2.15), P¼ 0.004, respectively; Table 3 and Figure 1].

When the medications were categorized by ATC code, ‘car-
diovascular’ was the most prescribed group of medications in
all countries (Figure 2), with a mean of 3.5 cardiovascular medi-
cations per person (SD 1.7). Proton pump inhibitors (PPIs)
were the most frequently prescribed ‘non-cardiovascular’ medi-
cation [n¼ 612 (46.5%)]. Of note, 41.7% (n¼ 255) of patients
who were prescribed PPIs were also prescribed aspirin.
Diuretics, statins, calcium channel blockers and b-blockers
were each prescribed to more than half of all individuals (66.1,
60.0, 52.5 and 50.7%, respectively; Table 4). Co-prescription of
multiple classes of diuretics was infrequent, with 154 patients
(11.7%) prescribed two classes of diuretic and 6 patients (0.5%)
prescribed three different classes. Combination medications
were infrequently prescribed; formoterol and budesonide in-
haler was the most commonly prescribed combination [n¼ 41
(3.1%)] followed by irbesartan–hydrochlorothiazide [n¼ 10
(0.8%)]. Iron and erythropoiesis-stimulating agents (ESAs)
were prescribed to approximately a quarter of the individuals
[n¼ 363 (27.6%) and n¼ 334 (25.4%), respectively]. Vitamin
D supplementation in either nutritional or activated form was
common [n¼ 312 (23.7%) and n¼ 521 (39.6%), respectively].
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Around a quarter of participants were prescribed sodium bicar-
bonate [n¼ 327 (24.8%)].

Prescriptions of different medication groups varied between
countries (Figure 2). Recruits from Poland were prescribed
fewer medications from the ‘alimentary tract and metabolism’
ATC category. In particular, fewer PPIs and activated and nu-
tritional vitamin D supplements (10.0, 8.0 and 6.0%, respec-
tively) were prescribed to Polish recruits compared with others
(Table 4). German participants had the highest number of pre-
scriptions for loop diuretics, angiotensin-converting enzyme

inhibitors, b-blockers and sodium bicarbonate compared with
people from the other countries. Tests for proportions indicate
that there are differences in prescribing of all but 2 of the 20
most prescribed agents (tamsulosin and clopidogrel; Table 4).

PQIs

The proportion of people fulfilling PQIs for potentially ap-
propriate and inappropriate prescribing is shown in Table 5
and Figure 3. PQIs that examined potentially appropriate pre-
scribing showed that almost all people [n¼ 1243 (97.8%)] who

Table 1. Demographic and clinical characteristics of the study cohort

Characteristics Germany Italy Netherlands Poland UK Total

Study participants,
n (% of toal cohort)

142 (10.8) 406 (30.8) 221 (16.8) 50 (3.8) 498 (37.8) 1317 (100.0)

Sex Male, n (%) 82 (57.8) 267 (65.8) 153 (69.2) 35 (70.0) 309 (62.1) 846 (64.2)
Age Years, mean (SD) 76.9 (6.4) 77.1 (6.8) 75.5 (6.4) 76.1 (7.5) 76.6 (6.8) 76.5 (6.7)
Ethnicity White, n (%) 142 (100.0) 403 (99.3) 208 (94.1) 50 (100.0) 459 (92.2) 1262 (95.8)
Primary renal

diagnosis
Glomerular, n (%) 17 (12.0) 21 (5.2) 21 (9.5) 6 (12.0) 40 (8.0) 105 (8.0)
Tubulointerstitial, n (%) 9 (6.3) 31 (7.6) 14 (6.3) 3 (6.0) 48 (9.6) 105 (8.0)
Systemic, n (%) 3 (2.1) 3 (0.7) 4 (1.8) 1 (2.0) 13 (2.6) 24 (1.8)
Diabetes, n (%) 32 (22.5) 90 (22.2) 33 (14.9) 9 (18.0) 96 (19.3) 260 (19.7)
Hypertension, n (%) 25 (17.6) 150 (37.0) 89 (40.3) 18 (36.0) 144 (28.9) 426 (32.4)
Familial, n (%) 5 (3.5) 9 (2.2) 5 (2.3) 6 (12.0) 11 (2.2) 36 (2.7)
Miscellaneous, n (%) 4 (2.8) 12 (3.0) 8 (3.6) 1 (2.0) 27 (5.4) 52 (4.0)
Unknown, n (%) 20 (14.1) 74 (18.2) 24 (10.9) 4 (8.0) 109 (21.9) 231 (17.5)
Missing, n (%) 27 (19.0) 16 (3.9) 23 (10.4) 2 (4.0) 10 (2.0) 78 (5.9)

eGFR mL/min/
1.73 m2, median (IQR)

16.0 (13.7–19.0) 17.0 (15.0–19.0) 18.0 (16.0–19.0) 18.0 (17.0–20.0) 18.8 (16.6–19.9) 18.0 (16.0–19.0)

Comorbidity index Mean (SD) 7.2 (1.7) 7.3 (1.8) 7.1 (1.8) 7.3 (2.3) 7.0 (1.8) 7.1 (1.8)
Comorbidities Diabetes, n (%) 78 (54.9) 185 (45.6) 85 (38.5) 17 (34.0) 193 (38.8) 558 (42.4)

Hypertension, n (%) 124 (87.3) 378 (93.1) 178 (80.5) 48 (96.0) 384 (77.1) 1112 (84.4)
History of major

vascular event, n (%)
53 (37.3) 158 (38.9) 102 (46.2) 28 (56.0) 152 (30.5) 493 (37.4)

Malignancy, n (%) 20 (14.1) 74 (18.2) 57 (25.8) 9 (18.0) 110 (22.1) 270 (20.5)
Missing, n (%) 3 (2.1) 3 (0.7) 7 (3.2) 0 11 (2.2) 24 (1.8)

Educational
attainment

No education, n (%) 0 28 (6.9) 1 (0.5) 0 0 29 (2.2)
Primary school, n (%) 9 (6.3) 112 (27.6) 29 (13.1) 10 (20.0) 158 (31.7) 318 (24.2)
Secondary school or

vocational course, n (%)
96 (67.6) 120 (29.6) 86 (38.9) 27 (54.0) 142 (28.5) 471 (35.8)

University degree, n (%) 6 (4.2) 20 (4.9) 36 (16.3) 0 36 (7.2) 98 (7.4)
Other, n (%) 13 (9.2) 0 7 (3.2) 0 0 20 (1.5)
Missing, n (%) 18 (12.7) 126 (31.0) 62 (28.1) 13 (26.0) 162 (32.5) 381 (28.9)

BMI kg/m2, mean (SD) 30.1 (5.6) 27.4 (5.0) 28.2 (4.5) 28.0 (5.3) 29.2 (5.6) 28.5 (5.4)
Medications Number of

medications, mean (SD)
10.4 (3.8) 9.2 (3.0) 9.6 (3.8) 7.2 (2.8) 8.6 (3.7) 9.1 (3.6)

Polypharmacy, n (%) 134 (94.4) 382 (94.1) 203 (91.9) 41 (82.0) 434 (87.2) 1194 (90.7)
Hyperpolypharmacy, n (%) 82 (57.8) 183 (45.1) 110 (49.8) 9 (18.0) 180 (36.1) 564 (42.8)

History of major vascular event includes previous stroke, myocardial infarction, amputation due to peripheral vascular disease or heart failure; polypharmacy �5 medications; hyperpo-
lypharmacy �10 medications. BMI, body mass index.

Table 2. International comparison of number of medications

Country (n) Univariable linear regression Multivariable linear regressiona

b P-value 95% CI b P-value 95% CI

UK (498) 0.00 Reference group 0.00 Reference group
Germany (142) 1.87 <0.001 1.21–2.52 1.90 <0.001 1.23–2.56
Italy (406) 0.51 0.029 0.05–0.97 0.47 0.038 �0.03–0.92
The Netherlands (221) 1.00 <0.001 0.44–1.55 1.09 <0.001 0.56–1.62
Poland (50) �1.41 0.007 �2.43 to �0.39 �1.20 0.014 �2.15 to �0.24

aAdjusted for age, ethnicity, sex, educational attainment, comorbidities (hypertension, diabetes, cerebrovascular disease, myocardial infarction, cardiac arrhythmias, lung disease and
psychiatric disorders), eGFR and primary renal diagnosis.
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might benefit from antihypertensives were prescribed one.
However, only half of people [n¼ 176 (48.8%)] who might ben-
efit from phosphate binders were prescribed one; The
Netherlands had the highest proportion of phosphate binder
prescriptions to those who might benefit [n¼ 52 (75.4%),
P< 0.001]. Only a small number of individuals who were pre-
scribed phosphate binders had calcium levels that were classed
as too low or too high. Of those with low calcium levels, the ma-
jority were receiving a calcium-containing binder [n¼ 15
(80%)]. Of those with high calcium levels, roughly half were re-
ceiving a non-calcium-containing binder [n¼ 6 (54.5%)].

With regard to potentially inappropriate prescribing, there
were few prescriptions for dual renin–angiotensin system
(RAS) blockade or non-steroidal anti-inflammatory drugs
(NSAIDs) n¼ 24 (1.8%) and n¼ 14 (1.1%), respectively].
People from the UK had the greatest number of NSAID pre-
scriptions compared with those from the other countries
[n¼ 11 (2.2%), P¼ 0.010]. A minority of people were pre-
scribed the combination of RAS inhibitors, NSAIDs and diu-
retics [n¼ 8 (0.6%)]. Of those with diabetes, 14 people were
prescribed metformin (2.5%). Of those with high calcium levels,
22 (41.5%) were prescribed activated vitamin D, with the great-
est proportion of these prescriptions observed in the German
recruits [n¼ 7 (87.5%), P¼ 0.004]. Of those with haemoglobin
levels �7.5 mmol/L, 66 (14.3%) were prescribed ESAs, with a
greater proportion of these people residing in Germany and
Italy [n¼ 11 (21.2%) and n¼ 29 (21.6%), respectively,
P¼ 0.006].

D I S C U S S I O N

In this international comparison of prescribing in older people
with advanced CKD, 91% of individuals experienced polyphar-
macy and 43% experienced hyperpolypharmacy. The preva-
lence of polypharmacy is more than three times higher than
that observed in people of a similar age in the general popula-
tion in the UK (28% in patients�60 years of age), but consistent
with that reported in the French CKD-Renal Epidemiology and

Table 3. International comparison of hyperpolypharmacy

Country (n) Univariable logistic regression Multivariable logistic regressiona

OR P-value 95% CI OR P-value 95% CI

UK (498) 1.00 Reference group 1.00 Reference group
Germany (142) 2.41 <0.001 1.65–3.53 2.75 <0.001 1.73–4.37
Italy (406) 1.45 0.007 1.11–1.89 1.57 0.004 1.15–2.15
Netherlands (221) 1.75 0.001 1.27–2.41 1.91 0.001 1.32–2.76
Poland (50) 0.39 0.013 0.18–0.82 0.39 0.021 0.17–0.87

aAdjusted for age, ethnicity, sex, educational attainment, comorbidities (hypertension, diabetes, cerebrovascular disease, myocardial infarction, cardiac arrhythmias, lung disease and
psychiatric disorders), eGFR and primary renal diagnosis.
Hyperpolypharmacy �10 medications.

All recruits

UK

Germany

Italy

Netherlands

Poland

0 20 40 60 80 100
Percentage of medications

Cardiovascular system
Alimentary tract and metabolism
Blood and blood-forming organs
Musculoskeletal system
Nervous system
Other
Respiratory system
Systemic hormonal preparations,
excluding sex hormones and insulins
Genitourinary system and sex hormones

FIGURE 2: Percentage of medications in ATC categories by country.

UK – reference
group (n=498)

Germany
(n=142)

Italy
(n=406)

Netherlands
(n=221)
Poland
(n=50)

C
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nt
ry

0.3 1.0 3.0
Odds ratio (log scale)

FIGURE 1: Multivariable logistic regression of hyperpolypharmacy
by country.
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Information Network cohort (87% for patients with CKD Stage
4 or 5) [2, 12]. At a national level, the mean number of medica-
tions prescribed to people �65 years of age with an incident
eGFR �20 mL/min/1.73 m2 ranged between 7.2 in Poland to
10.4 in Germany, and this three-medication gap between the
highest- and lowest-prescribing nations persisted after adjust-
ment for potential clinical and sociodemographic confounders.

Prescribing patterns in the general population are known to
vary by nation; e.g. the UK antihypertensive drug consumption
has been reported to be two-thirds that of patients in Germany
[31]. International variation in prescribing for people with
CKD may largely reflect country-level factors, independent
from CKD-specific influences. Whether the between-country
differences are driven chiefly by prescription of medications
overall or by greater and lesser use of particular drugs or drug
classes is difficult to untangle. However, the high prevalence of
polypharmacy and hyperpolypharmacy and the marked varia-
tion in hyperpolypharmacy between countries point towards
comprehensive differences in prescribing approaches. The fac-
tors driving international variation may operate through patient
and clinician behaviours or through healthcare systems.

Patient expectations and shared decision-making are linked
to health and cultural beliefs and are likely to differ with coun-
try of residence [32]. Cultural attitudes towards acceptance of
multiple medications may be driven by, for example, preferen-
ces for preventative care. Clinician behaviours may also differ
between nations and influence the likelihood of recommending
regimens with larger numbers of medications. Drivers may in-
clude tendencies for clinicians to prescribe an additional medi-
cationversus recommending a lifestyle or other non-medicinal
intervention. It is possible that there are national differences in
how comfortable clinicians and patients are to share decisions
regarding prescribing, whereby the number of medications pre-
scribed may be more person-centred in some nations than
others. The five included countries have diverse organizational
and funding arrangements for healthcare provision, and while
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FIGURE 3: PQIs.

Table 4. The top 20 prescribed medications

Medicationa Germany
(n¼ 142)

Italy (n¼ 406) Netherlands (n¼ 221) Poland (n¼ 50) UK (n¼ 498) Total (n¼ 1317) P-value

Diuretics, any 117 (82.4) 310 (76.4) 128 (57.9) 36 (72.0) 280 (56.2) 871 (66.1) <0.001
Loop diuretics 112 (78.9) 290 (71.4) 95 (43.0) 34 (68.0) 239 (48.0) 770 (58.5) –
Thiazide diuretics 6 (4.2) 63 (15.5) 23 (10.4) 1 (2.0) 35 (7.0) 128 (9.7) –
Aldosterone antagonists 15 (10.6) 20 (4.9) 24 (10.9) 3 (6.0) 24 (4.8) 86 (6.5) –
Other potassium sparing agent 1 (0.7) 0 0 0 3 (0.6) 4 (0.3) –
Other 20 (14.1) 3 (0.7) 9 (4.1) 1 (2.0) 16 (3.2) 49 (3.7) –

Statins 82 (57.7) 201 (49.5) 146 (66.1) 32 (64.0) 329 (66.1) 790 (60.0) <0.001
Calcium channel blockers 78 (54.9) 205 (50.5) 116 (53.5) 37 (74.0) 256 (51.4) 692 (52.5) 0.03
b-blockers 107 (75.4) 176 (43.4) 134 (60.6) 35 (70.0) 216 (43.4) 668 (50.7) <0.001
PPIs 47 (33.1) 253 (62.3) 108 (48.9) 5 (10.0) 199 (40.0) 612 (46.5) <0.001
Activated vitamin D 76 (53.5) 219 (53.9) 104 (47.1) 4 (8.0) 118 (23.7) 521 (39.6) <0.001
Aspirin 63 (44.4) 163 (40.1) 49 (22.2) 15 (30.0) 184 (36.9) 474 (36.0) <0.001
Allopurinol 57 (40.1) 219 (53.9) 50 (22.6) 22 (44.0) 89 (17.9) 437 (33.2) <0.001
Insulin 66 (46.5) 147 (36.2) 76 (34.4) 10 (20.0) 110 (22.1) 409 (31.1) <0.001
Iron (intravenous or oral) 26 (18.3) 140 (34.5) 40 (18.1) 14 (28.0) 143 (28.7) 363 (27.6) <0.001
ESAs 45 (31.7) 161 (39.7) 55 (24.9) 0 73 (14.7) 334 (25.4) <0.001
Sodium bicarbonate 71 (50.0) 102 (25.1) 37 (16.7) 2 (4.0) 115 (23.1) 327 (24.8) <0.001
Angiotensin receptor II blockers 39 (27.5) 105 (25.9) 76 (34.4) 2 (4.0) 105 (21.1) 327 (24.8) <0.001
Nutritional vitamin D 75 (52.8) 82 (20.2) 122 (55.2) 3 (6.0) 30 (6.0) 312 (23.7) <0.001
ACE inhibitors 56 (39.4) 41 (10.1) 61 (27.6) 9 (18.0) 117 (23.5) 284 (21.6) <0.001
a-blockers (excluding tamsulosin) 14 (9.9) 81 (20.0) 22 (10.0) 16 (32.0) 146 (29.3) 279 (21.2) <0.001
Levothyroxine 29 (20.4) 25 (6.2) 20 (9.0) 6 (12.0) 52 (10.4) 132 (10.0) <0.001
Clopidogrel 10 (7.0) 35 (8.6) 21 (9.5) 4 (8.0) 54 (10.8) 124 (9.4) 0.636
Tamsulosin 13 (9.2) 33 (8.1) 24 (10.9) 9 (18.0) 44 (8.8) 123 (9.3) 0.207
Warfarin 1 (0.7) 34 (8.4) 0 1 (2.0) 74 (14.9) 110 (8.4) <0.001

Values presented as n (%).aIn addition, 124 people had a medication recorded which was classified as ‘unknown’. ACE, angiotensin-converting enzyme.
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they share similar goals, there are likely to be nuances that influ-
ence prescribing patterns, such as prescription charges, implicit
rationing or quality assurance measures designed to limit poly-
pharmacy [33–36]. The interplay and communication between
specialists and primary care providers may also differ at a na-
tional level; the overall responsibility for medication review and
reconciliation may fall to one of these clinicians or be split be-
tween multiple clinicians.

Prescribing for patients with advanced CKD is particularly
complex due to multimorbidity, altered drug kinetics and clear-
ance and imprecise estimates of residual renal function.
Because of the need for individualized prescribing, it is impossi-
ble to remark conclusively on the appropriateness of prescrip-
tions in the study cohort at either an individual or population
level [37]. The PQIs have highlighted areas of possible good and
bad practice; however, some of these prescriptions may be the
result of individual patient preference or specific circumstances
where guidelines may not be applicable. Nevertheless, varia-
tions in the numbers and nature of medicines prescribed sug-
gest a lack of consensus as to what the ‘right’ level of prescribing
is for this group.

Cardiovascular drugs were the most prescribed group in
this cohort, with each person prescribed an average of 3.5 car-
diovascular medications. Adult prescribing data from 40 gen-
eral practices in the UK demonstrated that cardiovascular
medications were the most prescribed group of medications
in the general population as well, with 13.5% of all adult
patients prescribed three or more cardiovascular drugs [38].
The high use of cardiovascular medications in our study
likely reflects the increased risk of cardiovascular events and
high prevalence of cardiovascular comorbidities among indi-
viduals with CKD. Two highly prevalent drugs, PPIs (46.5%

of recruits) and statins (60.0%), have both been previously
identified as targets for deprescribing interventions [39–43].
It is noteworthy that, with the exception of PPIs, few of the
most commonly prescribed medications could be expected to
provide symptomatic benefit, with notably low levels of anal-
gesic prescriptions. Chronic pain is a common symptom for
patients with advanced CKD and is often undertreated [44,
45]. It is possible, even against the backdrop of polyphar-
macy, that there is both overtreatment and undertreatment at
play.

The greatest strength of this study is the use of a multina-
tional cohort of individuals who met strict inclusion criteria for
age and renal function. However, only a limited number of
countries were included in this international comparison, with
just 50 patients from Poland. Strictly applied eligibility criteria
would have helped to ensure a homogeneous group of patients.
Nevertheless, older patients with eGFR �20 mL/min/1.73 m2

receiving nephrology care may differ between countries in
many ways, including who is eligible for a nephrology referral,
whether the referral can be made directly or through a primary
care provider, at what point referral is made and what care is re-
ceived before that point. The variances in some baseline clinical
and demographic characteristics between nations, such as the
lower median eGFR observed in Germany, may indicate such
differences were present. The high levels of white ethnicity,
even though advanced CKD is more common in non-white
people, may reflect bias in terms of included centres (from areas
with smaller black and minority ethnic populations) or in terms
of recruited individuals [46]. This could influence the generaliz-
ability of the findings, especially if there is an association be-
tween ethnicity and prescribing patterns. Indeed, the study
focuses on older patients with advanced CKD and thus the

Table 5. PQIs

PQIa Germany Italy The Netherlands Poland UK P-value

Potentially appropriate prescribing
1. Patients with hypertension who are prescribed antihyperten-

sives unless undesirable because of low diastolic blood pres-
sure (<70 mmHg)

139 (98.6) 386 (98.0) 208 (97.2) 48 (96.0) 462 (97.9) 0.812

2. Patients with an elevated phosphate level (>1.49 mmol/L)
who are prescribed a phosphate binder

21 (37.5) 50 (41.7) 52 (75.4) 0 53 (51.0) <0.001

3. Patients treated with phosphate binders and who have an el-
evated calcium level (>2.54 mmol/L) who are prescribed a
non-calcium-containing phosphate binder

2 (50.0) 0 2 (100.0) 0 2 (50.0) 0.636

4. Patients treated with phosphate binders and who have a low
calcium level (<2.10 mmol/L) who are prescribed a calcium-
containing phosphate binder

3 (75.0) 7 (77.8) 2 (66.7) 0 4 (100.0) 0.881

Potentially inappropriate prescribing
5. Patients treated with RAS inhibitors who are prescribed at

least two RAS inhibitors simultaneously (dual RAS blockade)
7 (4.9) 8 (2.0) 3 (1.4) 0 6 (1.2) 0.090

6. Patients with an elevated calcium level (>2.54 mmol/L) who
are prescribed active vitamin D

7 (87.5) 8 (57.1) 3 (23.1) 0 4 (22.2) 0.004

7. Patients with a normal haemoglobin level (�7.5 mmol/L)
who are prescribed an ESA

11 (21.2) 29 (21.6) 10 (9.7) 0 16 (10.4) 0.006

8. Patients who are prescribed an NSAID 2 (1.4) 0 1 (0.5) 0 11 (2.2) 0.010
9. Patients with diabetes who are prescribed metformin 0 1 (0.5) 4 (4.7) 1 (5.9) 8 (4.1) 0.022

10. Patients who are prescribed a combination of NSAIDs, RAS
inhibitors and diuretics

2 (1.4) 0 1 (0.5) 0 5 (1.0) 0.137

Values are presented as n (%). aNumber and percentage of patients who meet the indicator outcome out of all of those who meet the indicator criteria. Data were missing for the follow-
ing PQIs: PQI1, 3 patients; PQI2, 70 patients; PQI3 and PQI4, 43 patients, PQI6, 344 patients, PQI7, 22 patients, PQI9, 28 patients. Data were complete for PQI5, PQI8 and PQI10.
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findings may not be applicable to younger patients or those
with less severe stages of CKD.

The rigorous and protocolized approach to prospective data
collection means that the medication data can be used with con-
fidence. Unfortunately this approach did not allow capture of
‘over-the-counter’ medications and so may have led to an un-
derestimate of total medication use. In addition, the
cross-sectional design of the study prevents any comment on
medication changes over time and may have led to short-term
medications being underrepresented, which may have contrib-
uted to lower documentation of analgesics and other agents
with intended symptomatic benefits. The lack of comprehensive
proteinuria data led to four PQIs from the original list being ex-
cluded from our operational PQI list. Five of the PQIs required
laboratory measures and the results of these tests may not have
been available until after the baseline study visit. Therefore,
changes to the prescriptions may have been made once the
results were known, which would not have been captured due
to the lack of longitudinal data available for this analysis. As
such, the results for these PQIs may not truly reflect good or
bad prescribing practice. Furthermore, medications were
recorded by name, but not dosing regimen, so we were unable
to calculate the number of tablets taken, dosing frequencies or
drug doses prescribed. We were unable to comment on indica-
tions for medications or patient adherence to medication.

While, in general, rates of polypharmacy are rising [1], even
though study recruitment spanned 5 years, the highest preva-
lence of polypharmacy was observed in patients from Germany,
who were recruited earlier in the study period. The lowest prev-
alence of polypharmacy was observed in patients from Poland,
who were recruited later. Therefore, rising polypharmacy rates
during study recruitment are likely to have led to underestima-
tion of the differences demonstrated.

C O N C L U S I O N

This study has demonstrated both a high prevalence of poly-
pharmacy and hyperpolypharmacy and also significant interna-
tional differences in the number of medications prescribed to
older patients with advanced CKD. Such variation in routine
clinical prescribing suggests a lack of international consensus
regarding what is ‘appropriate’ prescribing for older people
with advanced CKD, among whom pharmacological treatment
has great potential for harm as well as benefit. Further work is
needed to identify the key factors that are driving these interna-
tional differences in prescribing, to explore how prescribing
patterns change over time and to ascertain whether and when
deprescribing occurs and to determine how these changes relate
to treatment burden, patient outcomes and quality of life.

S U P P L E M E N T A R Y D A T A

Supplementary data are available at ndt online.

A C K N O W L E D G E M E N T S

We would like to thank all the patients and health professio-
nals participating in the EQUAL study. A full list of acknowl-
edgements of health professionals is included in
Supplementary data, Appendix 2.

F U N D I N G

Funding was received from the ERA-EDTA, the Swedish
Medical Association, the Stockholm County Council ALF and
CIMED, Njurfonden (Sweden), the Italian Society of
Nephrology (SIN-Reni), the Dutch Kidney Foundation (SB
142), a Young Investigators grant in Germany and the
National Institute for Health Research in the UK.

C O N F L I C T O F I N T E R E S T S T A T E M E N T

Co-author CW is a council member and president elect of the
ERA-EDTA and KJ has received grants from ERA-EDTA.
CW has received personal fees and/or grants from the follow-
ing pharmaceutical companies during the conduct of the
study: Sanofi, Takeda, Chiesi, Amicus, Idorsia, Boehringer-
Ingelheim, Lilly, MSD, Mundipharma, GlaxoSmithKline,
AstraZeneca, Bayer, Reata, Akebia and Triceda.

(See related article by Liabeuf and Laville. Drug prescription
in patients with chronic kidney disease: a true challenge.
Nephrol Dial Transplant 2021; 36: 385–386)

R E F E R E N C E S

1. Guthrie B, Makubate B, Hernandez-Santiago V et al. The rising tide of poly-
pharmacy and drug-drug interactions: population database analysis 1995–
2010. BMC Med 2015; 13: 1–10

2. Slater N, White S, Venables R et al. Factors associated with polypharmacy in
primary care: a cross-sectional analysis of data from the English
Longitudinal Study of Ageing (ELSA). BMJ Open 2018; 8: e020270

3. Payne RA. The epidemiology of polypharmacy. Clin Med 2016; 16: 465–469
4. Wauters M, Elseviers M, Vaes B et al. Polypharmacy in a Belgian cohort of

community-dwelling oldest old (80þ). Acta Clin Belg 2016; 71: 158–166
5. Fano V, Chini F, Pezzotti P et al. Estimating the prevalence and the determi-

nants of polypharmacy using data from a health administrative database: a
comparison of results obtained employing different algorithms. Adv
Pharmacoepidemiol Drug Saf 2014; 3: 1–7

6. Schuler J, Dückelmann C, Beindl W et al. Polypharmacy and inappropriate
prescribing in elderly internal-medicine patients in Austria. Wien Klin
Wochenschr 2008; 120: 733–741

7. Frazier S. Health outcomes and polypharmacy in elderly individuals. An in-
tegrated literature review. J Gerontol Nurs 2005; 31: 4–12

8. Incalzi RA, Corsonello A, Pedone C et al. Depression and drug utilization in
an elderly population. Ther Clin Risk Manag 2005; 1: 55–60

9. Henderson JA, Buchwald D, Manson SM. Relationship of medication use to
health-related quality of life among a group of older American Indians.
J Appl Gerontol 2006; 25(1 Suppl): 89S-104S

10. Hughes CM. Medication non-adherence in the elderly: how big is the prob-
lem? Drugs Aging 2004; 21: 793–811

11. Fraser SDS, Roderick PJ, May CR et al. The burden of comorbidity in people
with chronic kidney disease stage 3: a cohort study. BMC Nephrol 2015; 16:
1–11

12. Laville SM, Metzger M, Stengel B et al.Evaluation of the adequacy of drug
prescriptions in patients with chronic kidney disease: results from the CKD-
REIN cohort. Br J Clin Pharmacol 2018; 84: 2811–2823

13. Chiu YW, Teitelbaum I, Misra M et al. Pill burden, adherence, hyperphos-
phatemia, and quality of life in maintenance dialysis patients. Clin J Am Soc
Nephrol 2009; 4: 1089–1096

14. Secora A, Alexander GC, Ballew SH et al. Kidney function, polypharmacy,
and potentially inappropriate medication use in a community-based cohort
of older adults. Drugs Aging 2018; 35: 735–750

15. Battistella M, Jandoc R, Ng JY et al. A province-wide, cross-sectional study
of demographics and medication use of patients in hemodialysis units
across Ontario. Can J Kidney Health Dis 2018; 5: 205435811876083

510 S. Hayward et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/36/3/503/5858096 by guest on 18 M

arch 2022

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfaa064#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfaa064#supplementary-data


16. Chakraborty S, Ghosh S, Banerjea A et al. Prescribing patterns of medicines
in chronic kidney disease patients on maintenance hemodialysis. Indian J
Pharmacol 2016; 48: 586

17. Tonelli M, Wiebe N, Guthrie B et al. Comorbidity as a driver of adverse out-
comes in people with chronic kidney disease. Kidney Int 2015; 88: 859–866

18. Tesfaye WH, Castelino RL, Wimmer BC et al. Inappropriate prescribing in
chronic kidney disease: a systematic review of prevalence, associated clinical
outcomes and impact of interventions. Int J Clin Pract 2017; 71: e12960

19. Dörks M, Herget-Rosenthal S, Schmiemann G et al. Polypharmacy and re-
nal failure in nursing home residents: results of the Inappropriate
Medication in Patients with Renal Insufficiency in Nursing Homes
(IMREN) study. Drugs Aging 2016; 33: 45–51

20. Njeri LW, Ogallo WO, Nyamu DG et al. Medication-related problems
among adult chronic kidney disease patients in a sub-Saharan tertiary hos-
pital. Int J Clin Pharm 2018; 40: 1217–1224

21. Fasipe OJ, Akhideno PE, Nwaiwu O et al. Assessment of prescribed medica-
tions and pattern of distribution for potential drug-drug interactions among
chronic kidney disease patients attending the nephrology clinic of Lagos
University Teaching Hospital in sub-Saharan West Africa. Clin Pharmacol
Adv Appl 2017; 9: 125–132

22. Levey AS, Coresh J, Greene T, et al. Using standardized serum creatinine
values in the Modification of Diet in Renal Disease Study equation for esti-
mating glomerular filtration rate. Ann Intern Med 2006; 145: 247–254

23. Jager KJ, Ocak G, Drechsler C et al. The EQUAL study: a European study in
chronic kidney disease stage 4 patients. Nephrol Dial Transplant 2012; 27:
iii27–iii31

24. Charlson ME, Pompei P, Ales KL et al. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis 1987; 40: 373–383

25. Venkat-Raman G, Tomson CRV, Gao Y et al. New primary renal diagnosis
codes for the ERA-EDTA. Nephrol Dial Transplant 2012; 27: 4414–4419

26. WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for
ATC classification and DDD assignment. Oslo: WHO Collaborating Centre
for Drug Statistics Methodology, 2020

27. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polyphar-
macy? A systematic review of definitions. BMC Geriatr 2017; 17:230

28. Smits KPJ, Sidorenkov G, Bilo HJG et al. Development and initial validation
of prescribing quality indicators for patients with chronic kidney disease.
Nephrol Dial Transplant 2016; 31: 1876–1886.

29. Smits KP, Sidorenkov G, van Ittersum FJ et al. Prescribing quality in sec-
ondary care patients with different stages of chronic kidney disease: a retro-
spective study in the Netherlands. BMJ Open 2019; 9: e025784

30. Jager KJ, Zoccali C, MacLeod A et al. Confounding: what it is and how to
deal with it. Kidney Int 2008; 73: 256–260

31. Organisation for Economic Co-operation and Development. OECD Health
statistics 2017. Paris: Organisation for Economic Co-operation and

Development, 2017. http://www.oecd.org/els/health-systems/health-data.
htm (10 August 2019, date lasr accessed)

32. Vaughn L, Jacquez F, Baker R. Cultural health attributions, beliefs, and
practices: effects on healthcare and medical education. Open Med Educ J
2009; 2: 64–74

33. McIntosh J, Alonso A, MacLure K, et al. A case study of polypharmacy
management in nine European countries: implications for change manage-
ment and implementation. PLoS One 2018; 13: e0195232

34. Mair A, Fernandez-Llimos F, Alonso A et al. Polypharmacy Management by
2030: A Patient Safety Challenge. Coimbra: SIMPATHY Consortium, 2017

35. Scheunemann L, White D. The ethics and reality of rationing in medicine.
Chest 2011; 140: 1625–1632

36. Cylus J, Papanicolas I. An analysis of perceived access to health care in
Europe: how universal is universal coverage? Health Policy (New York)
2015; 119: 1133–1144

37. Aronson J. Polypharmacy, appropriate and inappropriate. Br J Gen Pract
2006; 56: 484–485

38. Appleton SC, Abel GA, Payne RA. Cardiovascular polypharmacy is not as-
sociated with unplanned hospitalisation: evidence from a retrospective co-
hort study. BMC Fam Pract 2014; 15: 1–8

39. Messow CM, Isles C. Meta-analysis of statins in chronic kidney disease:
who benefits? QJM 2017; 110: 493–500

40. Freedberg DE, Kim LS, Yang YX. The risks and benefits of long-term use of
proton pump inhibitors: expert review and best practice advice from the
American Gastroenterological Association. Gastroenterology 2017; 152:
706–715

41. Fick DM, Semla TP, Steinman M et al. American Geriatrics Society 2019
updated AGS Beers CriteriaVR for potentially inappropriate medication use
in older adults. J Am Geriatr Soc 2019; 67: 674–694

42. McIntyre C, McQuillan R, Bell C et al. Targeted deprescribing in an outpa-
tient hemodialysis unit: a quality improvement study to decrease polyphar-
macy. Am J Kidney Dis 2017; 70: 611–618

43. Triantafylidis LK, Hawley CE, Perry LP et al. The role of deprescribing
in older adults with chronic kidney disease. Drugs Aging 2018; 35:
973–984

44. Davison SN. Chronic pain in end-stage renal disease. Adv Chronic Kidney
Dis 2005; 12: 326–334

45. Nagar VR, Birthi P, Salles S et al. Opioid use in chronic pain patients
with chronic kidney disease: a systematic review. Pain Med 2017; 18:
1416–1449

46. Wilkinson E, Brettle A, Waqar M et al. Inequalities and outcomes: end stage
kidney disease in ethnic minorities. BMC Nephrol 2019; 20: 234

Received: 11.9.2019; Editorial decision: 21.1.2020

International prescribing patterns in CKD 511

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/36/3/503/5858096 by guest on 18 M

arch 2022

http://www.oecd.org/els/health-systems/health-data.htm
http://www.oecd.org/els/health-systems/health-data.htm

	gfz217-TF11
	gfz217-TF1
	gfz217-TF2
	gfz217-TF3
	gfaa064-TF1
	gfaa064-TF3
	gfaa064-TF4
	gfaa064-TF5
	gfaa064-TF6
	gfaa064-TF8



