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Abstract
Introduction: Chronic kidney disease (CKD) represents a ma-
jor public health burden. Potential inappropriate medica-
tions (PIMs) are common in patients with CKD. However, its 
impact on kidney outcomes has not been adequately eluci-
dated for middle-aged patients. This study aimed to clarify 
the prescription status of PIMs for middle-aged patients with 
CKD and its effect on kidney function decline. Methods: Us-
ing an administrative claims database in Japan, a retrospec-
tive cohort study was conducted among Japanese patients 
with CKD (aged 20–74) who underwent annual health check-
ups at least three times between April 2008 and December 
2020. PIM exposure was defined as medications to be avoid-
ed in older adults as defined by the 2019 American Geriatrics 
Society Beers Criteria. The association between the number 
of prescribed PIMs and the decline in estimated glomerular 
filtration rate (eGFR) was examined using logistic regression 
models adjusted for clinical characteristics and laboratory 
variables. Results: A total of 43,143 patients with CKD (mean 
age 57 years, median eGFR: 52 mL/min/1.73 m2) were ana-
lyzed, and approximately 40% of the patients were pre-
scribed one or more PIMs. The most commonly prescribed 

PIMs were pain medications (18.5%), followed by gastroin-
testinal medications (9.8%), central nervous system medica-
tions (8.6%), and cardiovascular medications (8.6%). After 
adjustment, exposure to 2 or ≥3 PIMs was associated with an 
increased risk of 30% eGFR decline (adjusted odds ratio 1.71 
[95% confidence interval, 1.24–2.37] and 1.65 [95% confi-
dence interval, 1.08–2.52], respectively) as compared to the 
control group. Conclusion: This study showed that middle-
aged patients with CKD who were prescribed ≥2 PIM had an 
increased risk of progression of CKD. Further studies are 
needed to analyze whether deprescribing steps contribute 
to reduce PIM prescriptions and prevent CKD progression.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

The incidence of chronic kidney disease (CKD) has 
increased worldwide. In 2017, the global all-age preva-
lence of CKD was 9.1%, and it had increased to 29.3% 
since 1990 [1]. Besides, the number of people receiving 
renal replacement therapy exceeds 2.5 million and is 
projected to double to 5.4 million by 2030 [2]. Further-
more, CKD is associated with a higher risk of cardiovas-
cular disease (CVD) and mortality [3]. Therefore, pre-
venting CKD progression is an urgent issue for public 
health.

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
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the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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Polypharmacy, which is often defined as the concomi-
tant use of ≥5 medications [4], is highly prevalent among 
patients with CKD [5, 6]. Several studies revealed that 
polypharmacy was linked to a higher risk of frailty, cogni-
tive impairment, frequent hospitalizations, morbidity, 
and mortality among older adults [7]. Recently, even in 
younger patients with CKD, polypharmacy has been re-
ported to be associated with renal dysfunction, CVD, and 
mortality [5, 8, 9]. Meanwhile, an appropriate prescrip-
tion for optimal control of blood pressure, blood glucose, 
cholesterol, and uric acid levels prevents CKD progres-
sion and CVDs among patients with CKD [10].

Beers [11] or STOPP/START [12] criteria were widely 
used to evaluate the appropriateness of prescribed medi-
cation. It has been reported that patients with polyphar-
macy or multimorbidity have an increased risk of being 
prescribed potentially inappropriate medications (PIMs) 
[13]. The use of PIM can lead to adverse drug events and 
is the cause of major health concerns in patients with 
CKD [5, 8, 14]. However, few studies have investigated 
the associations between PIM and CKD progression. The 
aim of this study was to clarify the prescription status of 
PIM for patients with CKD and its effect on kidney func-
tion decline using administrative claims data.

Materials and Methods

Study Design and Data Source
We conducted a retrospective cohort study using the adminis-

trative claims database obtained from JMDC Inc. (JMDC), Japan 
[15]. The JMDC collects data from >200 employee-based health 
insurance plans. The number of cumulative enrollees from 2005 to 
2020 was 12.8 million. This database mainly includes the working-
age population due to the nature of employee-based insurance. The 
database includes claims data (diagnoses, procedures, and pre-
scriptions), demographic data, laboratory and measurement data 
from health check-ups, and facility information. Two types of 

health check-ups were involved in this database: specific health 
check-ups for all citizens ages 40–74 years and workplace check-
ups for employees provided by their companies. The diagnostic in-
formation was coded according to the International Classification 
of Diseases, 10th revision, and the prescribed medications are cod-
ed according to the Anatomical Therapeutic Chemical (ATC) Clas-
sification System. Information on over-the-counter (OTC) medi-
cations was not available due to not being included in this database.

Study Subjects and Definition
We included CKD patients aged ≥20 years who underwent an-

nual health check-ups at least three times in a row between January 
2008 and December 2020 in the database. We defined CKD as an 
estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73 
m2, using the equation for the Japanese [16]. To exclude patients 
with acute kidney injury, we defined the date of the second health 
check-up as the index date, and we used eGFR at the first check-up 
to confirm the diagnosis of CKD in a patient. Then, we checked 
the medication information before and after 2 months of the index 
date (i.e., a total of 4 months). The follow-up point was at the date 
of the third check-up (Fig. 1). We excluded patients who had miss-
ing serum creatinine or medication information or who had re-
ceived kidney replacement therapy before participating in the 
study. In addition, we also excluded patients with a health check-
up period of less than 6 months or longer than 18 months.

Body mass index (BMI) was calculated as the ratio of body 
weight (kilogram) to height squared (square meter). Hypertension 
was defined as ≥140/90 mm Hg or the use of antihypertensive 
medications. Diabetes mellitus was defined as a fasting glucose lev-
el of ≥126 mg/dL, a glycated hemoglobin ≥6.5%, or the use of in-
sulin or oral diabetic medications. Dyslipidemia was defined as a 
triglyceride level of ≥150 mg/dL, a low-density lipoprotein choles-
terol level of ≥140 mg/dL, a high-density lipoprotein cholesterol 
level of <40 mg/dL, or the use of antihyperlipidemic medications. 
Proteinuria was defined as ≥+1 on urinary dipstick.

Exposure and Outcomes
Exposure to PIM was defined as prescription of medications that 

are to be avoided in older adults as designated by the 2019 American 
Geriatrics Society Beers Criteria [11]. We selected these medications 
because the majority of them were not primarily cleared renally, and 
there is limited evidence of adverse outcomes of these medications in 
patients with CKD. We identified PIM using ATC codes and kidney 

Medication information
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Fig. 1. Study timeline.
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function (online suppl. Tables S1, S2; see www.karger.com/
doi/10.1159/000526326 for all online suppl. material). We included 
the following therapeutic categories: anticholinergics, antithrombot-
ics, anti-infectives, cardiovascular medications, cardiovascular or he-
mostasis medications, central nervous system medications, central 
nervous system and analgesic medications, endocrine, gastrointesti-
nal, genitourinary, hyperuricemia, and pain medications. The pri-
mary outcome of this study was a 30% decline in eGFR between the 
second and third health check-ups. The secondary outcome was the 
eGFR slope, which demonstrated eGFR changes per year.

Statistical Analyses
Baseline demographics and clinical characteristics were ex-

pressed as mean with standard deviations, medians with interquartile 
ranges, or frequency as appropriate. Differences among the groups 
were evaluated using a Jonckheere-Terpstra trend test or a Cochran-
Armitage trend test [17–19]. A logistic regression model was used to 
estimate the association between the number of PIMs (one, two, and 
three or more vs. no PIM) and a decline in eGFR. For each analysis, 
an adjustment with the following models was applied: model 1 in-
cluded age and gender; model 2 included all of the covariates in mod-
el 1 plus BMI, smoking, comorbidities (hypertension, diabetes, and 
dyslipidemia), and a history of CVD; and model 3 included all of the 
covariates in model 2 plus serum creatinine at baseline (i.e., at the 
second health check-up). As for secondary analysis, we compared the 
eGFR slope among PIM categories using the Jonckheere-Terpstra 
trend test. In addition, we conducted subgroup analyses to see the 
effect modification of the association between PIM exposure and 
30% eGFR decline by age (<65 or ≥65 years), sex, eGFR (<45 or ≥45 
mL/min/1.73 m2), and proteinuria (positive or negative). For the sen-
sitivity analysis, we conducted the logistic regression analysis using 
the 20% decline in eGFR as the objective variable. The frequencies of 
missing variables were as follows: BMI (0.1%), smoking history (3%), 
hypertension (3%), diabetes mellitus (3%), dyslipidemia (2%), CVD 
history (8%), systolic blood pressure (0.2%), diastolic blood pressure 
(0.2%), fasting glucose (8%), glycated hemoglobin (9%), triglyceride 
(0.1%), high-density lipoprotein cholesterol (0.1%), and low-density 
lipoprotein cholesterol (0.1%), respectively. Thus, we used the mul-
tiple imputation method with 20 datasets in all regression analyses. 
Values of p < 0.05 were considered for the determination of statistical 
significance. All analyses were conducted using STATA MP, version 
15.1 (Stata Corp, College Station, TX, USA).

Results

Cohort Characteristics and PIM
Of the 93,846 CKD patients who underwent health 

check-ups at least three times during the study period, 
43,143 were included in the analysis (Fig. 2). In the co-
hort, 26,141 (60.1%), 11,789 (27.3%), 3,534 (8.2%), and 
1,679 (3.9%) patients were prescribed PIM 0, 1, 2, and ≥3, 
respectively. The mean age was 57 years old, 74% was 
male, and the median eGFR was 52 mL/min/1.73 m2. Ap-
proximately 50% of the patients had hypertension and 
dyslipidemia, and 16% of the patients had diabetes mel-
litus. Patients with a higher number of PIMs were older, 

had a higher BMI, a lower eGFR, and had worse glycemic 
control. The prevalence of hypertension, diabetes melli-
tus, smoking, and a history of CVD increased with an in-
crease in PIMs (Table 1).

Approximately 20% of the patients with CKD received 
pain medications, followed by gastrointestinal (9.8%), 
central nervous system medications (8.6%), and cardio-
vascular medications (8.6%). On the other hand, other 
PIM classes were rarely prescribed (Fig. 3).

PIM and Kidney Function Decline
During the observation period, 408 patients with CKD 

reached an eGFR decline of 30%. In an unadjusted model, 
PIM exposure of 1, 2, and ≥3 PIMs had a graded associa-
tion with a 30% eGFR decline versus no PIM. These asso-
ciations were attenuated after an additional adjustment in 
model 1 to 3 but remained significant with exposure to 2 
and ≥3 PIMs (Table 2). In model 3, the adjusted odds ra-
tios were 1.25 (95% confidence interval [CI]: 0.97–1.60), 
1.71 (95% CI: 1.24–2.37), and 1.65 (95% CI: 1.08–2.52) for 
exposure to 1, 2, ≥3 PIM, respectively. When we used the 
20% decline in eGFR as the objective variable for sensitiv-
ity analysis, consistent trends were observed between the 
number of PIM and kidney function decline (Table 3).

PIM exposure showed an adjusted odds ratio of 1.40 (95% 
CI: 1.13–1.74) for a 30% eGFR decline in overall patients. In 
subgroup analyses, this association was not modified by base-
line age (<65 or ≥65 years), sex, eGFR (<45 or ≥45 mL/
min/1.73 m2), and proteinuria (positive or negative; P inter-
action >0.30 for all) (Fig. 4). Patients with a higher PIM ex-
posure tended to have a larger eGFR slope in secondary anal-
ysis; however, this was not statistically significant (Table 4).

43,143 CKD patients

93,846 CKD patients who underwent 
health check-up at least 3 times between 2008–2020

Between 1st & 2nd check-up < 6m: n = 1,264 
Between 1st & 2nd check-up > 18m: n = 20,552 
Between 2nd & 3rd check-up < 6m: n = 956 
Between 2nd & 3rd check-up > 18m: n = 9,003

Excluded n = 31,175

Missing medication information: n = 18,044
Kidney replacement therapy: n = 884

Excluded n = 18,928

Fig. 2. Study patients flowchart.
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Discussion

By analyzing the administrative claims data of 43,143 
Japanese patients with CKD who did not depend on di-
alysis and underwent health check-ups, we clarified the 
actual utilization of PIM prescriptions and the relation-
ship between PIM and kidney function decline in this 
study. Approximately 40% of the CKD patients used one 

or more PIMs without considering OTC medications. 
For patients in the present study, pain medications were 
most frequently used, followed by gastrointestinal, cen-
tral nervous system, and cardiovascular medications. 
Furthermore, ≥2 PIMs were associated with a higher risk 
of eGFR decline compared with less than two PIMs. Our 
findings emphasize the value of routine assessment of 
medication use, which may be a useful approach for in-

Table 1. Baseline characteristics of 43,143 CKD patients stratified by PIMs

Total
n = 43,143

PIM = 0
n = 26,141

PIM = 1
n = 11,789

PIM = 2
n = 3,534

PIM ≥ 3
n = 1,679

Age, years 57.0±7.9 56.9±7.8 56.9±8.1 57.7±8.2 57.2±8.1
Men, % 74 74 75 75 72
BMI, kg/m2 24.6±3.8 24.5±3.7 24.7±3.9 24.9±4.1 25.3±4.3
Smoke, % 17 16 17 19 20
Hypertension, % 56 55 56 61 61
Diabetes, % 16 15 16 19 19
Dyslipidemia, % 54 54 53 53 54
History of CVD, % 6 5 8 9 10
Serum creatinine, mg/dL 1.12±0.40 1.10±0.35 1.14±0.42 1.17±0.45 1.23±0.68
eGFR, mL/min/1.73 m2 52.1±7.3 52.6±6.7 51.9±7.7 50.9±8.5 49.8±9.8
Proteinuria, % 20 19 21 23 25
Systolic blood pressure, mm Hg 125.6±16.8 125.6±16.8 125.7±16.8 126.0±16.9 124.6±16.9
Diastolic blood pressure, mm Hg 78.7±11.7 78.9±11.7 78.7±11.7 78.4±11.7 77.6±11.5
Fasting blood glucose, mg/dL 102.0±21.3 101.6±20.4 102.2±21.9 103.6±23.4 103.9±25.3
HbA1c, % 5.8±0.7 5.8±0.7 5.8±0.7 5.8±0.8 5.9±0.9
Triglyceride, mg/dL 109 (77–157) 109 (76–155) 109 (78–159) 113 (79–165) 115 (82–167)
HDL cholesterol, mg/dL 56 (47–69) 57 (48–69) 56 (47–69) 56 (46–68) 55 (46–66)
LDL cholesterol, mg/dL 123 (104–144) 124 (105–144) 123 (103–144) 121 (100–141) 120 (100–140)

Values are expressed as mean±SD, medians (IQR range), or number and percentage as appropriate. Differences 
among groups were evaluated by nonparametric trend tests (Jonckheere-Terpstra trend test or Cochran-Armitage 
trend test). CKD, chronic kidney disease; BMI, body mass index; eGFR, estimated glomerular filtration rate; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; PIM, potentially inappropriate medication; HbA1c, glycated 
hemoglobin.

Table 2. Logistic regression models for the association between PIMs and 30% eGFR decline

Events, 
n

Incident 
rate ratio

Unadjusted Adjusted ORs

Model 1 Model 2 Model 3

PIM = 0 180 0.69 Reference
PIM = 1 117 0.99 1.45 (1.14–1.83) 1.44 (1.14–1.82) 1.38 (1.09–1.76) 1.25 (0.97–1.60)
PIM = 2 57 1.61 2.36 (1.75–3.19) 2.45 (1.81–3.30) 2.04 (1.50–2.78) 1.71 (1.24–2.37)
PIM ≥ 3 35 2.08 3.07 (2.13–4.43) 3.19 (2.21–4.60) 2.62 (1.80–3.82) 1.65 (1.08–2.52)

Model 1: adjusted for age, sex. Model 2: adjusted for model 1 covariates and BMI, smoking, hypertension, 
diabetes, dyslipidemia, CVD history. Model 3: adjusted for model 2 covariates and serum creatinine. eGFR, estimated 
glomerular filtration rate; BMI, body mass index; CVD, cardiovascular disease; CI, confidence interval; PIM, potentially 
inappropriate medication.
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hibiting the progression to kidney failure among general-
ized adults with CKD.

Previous studies reported that prescription of PIMs 
was common for patients with CKD. The Chronic Renal 
Insufficiency Cohort (CRIC) study, which is a recent ret-
rospective cohort study of 3,929 adults with CKD (mean 
age: 63 years, mean eGFR: 44.8 mL/min/1.73 m2) in the 
USA, showed that 80% of CKD patients had a history of 

PIM use [8]. Another observational study of 6,392 older 
adults, including CKD patients, revealed that PIM was 
prescribed to 32.7% of patients with an eGFR <60 mL/
min/1.73 m2 [5]. In Europe, the STOPP/START criteria 
are widely used, and the percentage of PIM prescriptions 
was reported to be around 20–50% [14, 20]. In our study, 
PIMs were prescribed in about 40% of CKD patients, 
which was comparable to the number of CKD patients 

Table 3. Logistic regression models for the association between PIMs and 20% eGFR decline

Events, 
n

Incident 
rate ratio

Unadjusted Adjusted ORs

Model 1 Model 2 Model 3

PIM = 0 514 1.97 Reference
PIM = 1 311 2.64 1.35 (1.17–1.56) 1.35 (1.17–1.56) 1.30 (1.12–1.50) 1.19 (1.02–1.38)
PIM = 2 148 4.19 2.18 (1.81–2.63) 2.22 (1.84–2.68) 1.94 (1.60–2.34) 1.68 (1.38–2.05)
PIM ≥ 3 91 5.42 2.86 (2.27–3.59) 2.93 (2.33–3.68) 2.51 (1.98–3.18) 1.84 (1.42–2.38)

Model 1: adjusted for age, sex. Model 2: adjusted for model 1 covariates and BMI, smoking, hypertension, 
diabetes, dyslipidemia, CVD history. Model 3: adjusted for model 2 covariates and serum creatinine. eGFR, estimated 
glomerular filtration rate; BMI, body mass index; CVD, cardiovascular disease; CI, confidence interval; PIM, potentially 
inappropriate medication.
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Fig. 3. Proportion of PIM classes among 43,143 CKD patients.
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with PIM prescriptions as reported in previous studies 
from the USA and Europe. In the CRIC study, many sub-
jects were prescribed proton pump inhibitors (PPIs), 
α-blockers, and nonsteroidal anti-inflammatory drugs 
(NSAIDs). When compared to patients aged ≥65, pain 
management medications such as NSAIDs and skeletal 
muscle relaxants, anticholinergic drugs, and antidepres-
sants were prescribed relatively frequently in patients <65 
years of age [8]. In the Atherosclerosis Risk in Communi-
ties (ARIC) study, first-generation antihistamines, ben-
zodiazepines, estrogens, and zolpidem were commonly 
prescribed, and it was reported that the higher number of 
prescriptions caused the higher prescription of PIM [5]. 
While our study included slightly younger patients with 
CKD than previous studies, PIM prescriptions were sim-
ilar to previous studies.

The findings of our study suggest that exposure to two 
or more prescriptions of PIM accelerates the progression 
of CKD. However, one recent retrospective cohort study 
in the CRIC study did not show an association between 
PIMs and CKD progression [8]. Presumably, this may 
have occurred because the CRIC study used end-stage re-
nal disease or the composite endpoint of end-stage renal 
disease and a halving of eGFR in the first year of PIM ex-
posure. Efficacy and safety in treating patients with CKD 
has been assessed using a doubling of serum creatinine 
levels or a halving of GFR as an endpoint for CKD pro-
gression. However, those endpoints require long dura-
tions of follow-up and large sample sizes in clinical trials. 
Therefore, as an alternative endpoint for CKD progres-
sion, a 30–40% decrease in eGFR over 2 to 3 years is being 
used widely [21]. Recently, it has been suggested that if 
the sample size is sufficient, the amount of change in 
eGFR per year (i.e., eGFR slope) might be a proper sur-
rogate endpoint of CKD progression in patients with ear-
ly-stage CKD [22, 23]. In our study, two or more PIM 
showed significantly higher odds of a 20–30% reduction 
in eGFR. While the eGFR slope tended to increase with 
the number of PIMs, it was not statistically significant. 
One of the reasons for this was that we calculated eGFR 
only at two time points, and the estimation accuracy 
might not be sufficient.

In this study, pain medications, including NSAIDs, 
were the most common, and it has been widely reported 
that the use of NSAIDs was a risk factor for acute kidney 
injury and deteriorated renal function [24]. Thus, NSAIDs 
should be avoided for patients with moderate-to-ad-
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1.40 (1.13-1.74)
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1.43 (1.14-1.80)
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1.22 (0.79-1.90)
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0.75
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0.34

Table 4. Trend tests for the association between PIMs and eGFR 
slope

eGFR slope, mL/min/1.73 m2 
per year

p value 
for trend

PIM = 0 −0.67±4.22 0.21
PIM = 1 −0.67±4.43
PIM = 2 −0.77±4.80
PIM ≥ 3 −0.72±5.03

Differences among groups were evaluated by nonparametric 
trend test (Jonckheere-Terpstra trend test). eGFR, estimated 
glomerular filtration rate; PIM, potentially inappropriate medication.

Fig. 4. Association of any PIM exposure 
and eGFR decline stratified by age, sex, 
eGFR, and proteinuria.
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vanced CKD. Further, patients may have been prescribed 
gastrointestinal medications, including PPIs and hista-
mine-2 receptor antagonists (H2RAs), to prevent gastro-
intestinal ulcers due to the side effects of NSAIDs; hence, 
it may not be directly related to the decrease in renal func-
tion. Patients with CKD have several problems with 
H2RAs, such as tolerance, developing cognitive impair-
ment, and the necessity for dose reduction. Compared to 
H2RAs, PPIs have a strong efficacy profile for decreasing 
gastric acid secretion and are relatively easy to use in pa-
tients with CKD due to their hepatic metabolism. How-
ever, in recent years, PPI use has been demonstrated to 
increase the risk for hypomagnesemia, acute kidney in-
jury, and acute interstitial nephritis [25]. Therefore, pro-
viders should limit the duration as minimal as possible 
and consider monitoring eGFR and serum magnesium 
levels.

In recent years, the concept of “deprescribing” has 
been brought to public attention [26]. The process of 
deprescribing consists of the following five steps: (1) rec-
oncile all medications according to indication; (2) assess 
the appropriateness of each medication considering the 
risks and benefits of use; (3) assess each medication for 
eligibility to be discontinued; (4) prioritize medications 
for discontinuation; and (5) implement and monitor 
medication discontinuation. Applying these steps to pa-
tients with CKD may reduce PIM prescriptions [27–29]. 
Furthermore, we speculate that promoting education on 
deprescription for the general population with or without 
CKD in Japan would deepen the understanding of PIMs, 
which may effectively prevent the progress of CKD in the 
future.

The strength of this study was that it used large-scale 
administrative claims data throughout Japan. However, 
several limitations of this study should be acknowledged. 
First, JMDC is a database based on claims received by 
multiple health insurance societies. Therefore, the per-
centage of those aged 65 and over is small, as compared 
to the actual demographic distribution in Japan. Origi-
nally, the Beers Criteria were proposed for the elderly 
aged 65 and over. However, patients with CKD have a 
greater risk of geriatric complications than the age-
matched general population [30]. In addition, patients 
with CKD have decreased renal function. Thus, we must 
take into consideration adverse drug effects similar to 
those experienced by older adults when we prescribe the 
medications for CKD patients. Second, we were unable to 
assess OTC and adherence to medications. Thus, PIMs 
may have been underestimated or overestimated in our 
study. In Japan, the cost of a consultation with a physician 

is relatively low; hence, self-medication is not as prevalent 
as it is in the Western countries. Additionally, recent 
studies reported that adherence to medications in the Jap-
anese population was relatively high, compared to previ-
ous reports from Western countries [31]. Therefore, these 
limitations would likely have a minimal impact on our 
study findings. Third, confounding by the reason for pre-
scription could not be captured because we could not ad-
just the severity of comorbidities or responsiveness to the 
medications.

In summary, these analyses of PIM use and risk of kid-
ney function decline among patients with CKD demon-
strate that PIM use was highly prevalent and associated 
with an increased risk of CKD progression in those who 
were prescribed ≥2 PIMs. Further studies are needed to 
determine whether the deprescribing step contributes to 
reducing PIM prescriptions and preventing CKD pro-
gression.

Acknowledgment

We would like to thank Editage (www.editage.com) for English 
language editing.

Statement of Ethics

This study was performed in accordance with the Declaration 
of Helsinki. The study protocol was approved by the Ethics Com-
mittee of Kyoto University Graduate School and the Faculty of 
Medicine (Acceptance No. R3076). The need to obtain patient 
consent was waived due to anonymized data.

Conflict of Interest Statement

Koji Kawakami has received research funds from Eisai Co., 
Ltd.; Kyowa Kirin Co., Ltd.; Sumitomo Dainippon Pharma Co., 
Ltd.; Pfizer Inc.; Stella Pharma Corporation; CMIC Co., Ltd.; Sun-
tory Beverage & Food Ltd.; Mitsubishi Corporation; and Real 
World Data Co., Ltd.; consulting fees from LEBER Inc.; JMDC 
Inc.; Shin Nippon Biomedical Laboratories Ltd.; Kaken Pharma-
ceutical Co., Ltd.; and Advanced Medical Care Inc.; executive com-
pensation from Cancer Intelligence Care Systems, Inc.; honorari-
um from Mitsubishi Chemical Holdings Corporation; Mitsubishi 
Corporation; Pharma Business Academy; and Toppan Inc.; and 
holds stock in Real World Data Co., Ltd.

Funding Sources

Hiroshi Kimura, Satomi Yoshida, Masato Takeuchi, and Koji 
Kawakami received no funding for this work.

D
ow

nloaded from
 http://karger.com

/nef/article-pdf/147/3-4/177/3953962/000526326.pdf by guest on 24 January 2024



Kimura/Yoshida/Takeuchi/KawakamiNephron 2023;147:177–184184
DOI: 10.1159/000526326

Author Contributions

Hiroshi Kimura, Satomi Yoshida, Masato Takeuchi, and Koji 
Kawakami conceived and designed this study, interpreted the data, 
and contributed to critical revision for important intellectual con-
tent. Hiroshi Kimura and Satomi Yoshida analyzed the data. Hi-
roshi Kimura, Satomi Yoshida, and Masato Takeuchi drafted the 
manuscript. Koji Kawakami gave final approval of the submitted 
manuscript.

Data Availability Statement

Data sharing is not permitted under JMDC policy. If readers 
are interested in our dataset, please contact JMDC for data avail-
ability (https://www.jmdc.co.jp/).

References

 1 GBD Chronic Kidney Disease Collaboration. 
Global, regional, and national burden of chronic 
kidney disease, 1990–2017:  a systematic analysis 
for the global burden of disease study 2017. Lan-
cet. 2020 Feb 29; 395(10225): 709–33.

 2 Liyanage T, Ninomiya T, Jha V, Neal B, Patrice 
HM, Okpechi I, et al. Worldwide access to treat-
ment for end-stage kidney disease:  a systematic 
review. Lancet. 2015 May 16; 385(9981): 1975–
82.

 3 Go AS, Chertow GM, Fan D, McCulloch CE, 
Hsu CY. Chronic kidney disease and the risks of 
death, cardiovascular events, and hospitaliza-
tion. N Engl J Med. 2004 Sep 23; 351(13): 1296–
305.

 4 Masnoon N, Shakib S, Kalisch-Ellett L, Caughey 
GE. What is polypharmacy? A systematic review 
of definitions. BMC Geriatr. 2017 Oct 10; 17(1): 

230.
 5 Secora A, Alexander GC, Ballew SH, Coresh J, 

Grams ME. Kidney function, polypharmacy, 
and potentially inappropriate medication use in 
a community-based cohort of older adults. 
Drugs Aging. 2018 Aug; 35(8): 735–50.

 6 Schmidt IM, Hübner S, Nadal J, Titze S, Schmid 
M, Bärthlein B, et al. Patterns of medication use 
and the burden of polypharmacy in patients with 
chronic kidney disease:  the German Chronic 
Kidney Disease study. Clin Kidney J. 2019 Oct; 

12(5): 663–72.
 7 Kojima T, Akishita M, Nakamura T, Nomura K, 

Ogawa S, Iijima K, et al. Polypharmacy as a risk 
for fall occurrence in geriatric outpatients. Geri-
atr Gerontol Int. 2012 Jul; 12(3): 425–30.

 8 Hall RK, Blumenthal JB, Doerfler RM, Chen J, 
Diamantidis CJ, Jaar BG, et al. Risk of potential-
ly inappropriate medications in adults with 
CKD:  findings from the Chronic Renal Insuffi-
ciency Cohort (CRIC) study. Am J Kidney Dis. 
2021 May 21; 78(6): 837–45.e1.

 9 Kimura H, Kalantar-Zadeh K, Rhee CM, Streja 
E, Sy J. Polypharmacy and frailty among hemo-
dialysis patients. Nephron. 2021; 145(6): 624–32.

10 Japanese Society of Nephrology. Essential points 
from evidence-based clinical practice guidelines 
for chronic kidney disease 2018. Clin Exp 
Nephrol. 2019; 23(1): 1–15.

11 By the 2019 American Geriatrics Society Beers 
Criteria® Update Expert Panel. American Geri-
atrics Society 2019 updated AGS Beers Criteria® 
for potentially inappropriate medication use in 
older adults. J Am Geriatr Soc. 2019 Apr; 67(4): 

674–94.
12 O’Mahony D, O’Sullivan D, Byrne S, O’Connor 

MN, Ryan C, Gallagher P. STOPP/START crite-
ria for potentially inappropriate prescribing in 
older people:  version 2. Age Ageing. 2015 Mar; 

44(2): 213–8.
13 Bradley MC, Motterlini N, Padmanabhan S, Ca-

hir C, Williams T, Fahey T, et al. Potentially inap-
propriate prescribing among older people in the 
United Kingdom. BMC Geriatr. 2014 Jun 12; 14: 

72.
14 Laville SM, Metzger M, Stengel B, Jacquelinet C, 

Combe C, Fouque D, et al. Evaluation of the ad-
equacy of drug prescriptions in patients with 
chronic kidney disease:  results from the CKD-
REIN cohort. Br J Clin Pharmacol. 2018 Dec; 

84(12): 2811–23.
15 Nagai K, Tanaka T, Kodaira N, Kimura S, Taka-

hashi Y, Nakayama T. Data resource profile:  
JMDC claims database sourced from health in-
surance societies. J Gen Fam Med. 2021 May; 

22(3): 118–27.
16 Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, 

Nitta K, et al. Revised equations for estimated 
GFR from serum creatinine in Japan. Am J Kid-
ney Dis. 2009 Jun; 53(6): 982–92.

17 Cochran WG. Some methods for strengthening 
the common χ2 tests. Biometrics. 1954; 10(4): 

417–51.
18 Armitage P. Tests for linear trends in propor-

tions and frequencies. Biometrics. 1955; 11(3): 

375–86.
19 Sasieni PD. From genotypes to genes:  doubling 

the sample size. Biometrics. 1997 Dec; 53(4): 

1253–61.
20 MacRae C, Mercer S, Guthrie B. Potentially in-

appropriate primary care prescribing in people 
with chronic kidney disease:  a cross-sectional 
analysis of a large population cohort. Br J Gen 
Pract. 2021; 71(708): e483–90.

21 Matsushita K, Chen J, Sang Y, Ballew SH, Shima-
zaki R, Fukagawa M, et al. Risk of end-stage renal 
disease in Japanese patients with chronic kidney 
disease increases proportionately to decline in 
estimated glomerular filtration rate. Kidney Int. 
2016 Nov; 90(5): 1109–14.

22 Grams ME, Sang Y, Ballew SH, Matsushita K, 
Astor BC, Carrero JJ, et al. Evaluating glomerular 
filtration rate slope as a surrogate end point for 
ESKD in clinical trials:  an individual participant 
meta-analysis of observational data. J Am Soc 
Nephrol. 2019; 30(9): 1746–55.

23 Inker LA, Heerspink HJL, Tighiouart H, Levey 
AS, Coresh J, Gansevoort RT, et al. GFR slope as 
a surrogate end point for kidney disease progres-
sion in clinical trials:  a meta-analysis of treat-
ment effects of randomized controlled rials. J 
Am Soc Nephrol. 2019; 30(9): 1735–45.

24 Baker M, Perazella MA. NSAIDs in CKD:  are 
they safe? Am J Kidney Dis. 2020 Oct; 76(4): 546–
57.

25 Al-Aly Z, Maddukuri G, Xie Y. Proton pump in-
hibitors and the kidney:  implications of current 
evidence for clinical practice and when and how 
to deprescribe. Am J Kidney Dis. 2020 Apr; 

75(4): 497–507.
26 Scott IA, Hilmer SN, Reeve E, Potter K, Le Cou-

teur D, Rigby D, et al. Reducing inappropriate 
polypharmacy:  the process of deprescribing. 
JAMA Intern Med. 2015 May; 175(5): 827–34.

27 Whittaker CF, Fink JC. Deprescribing in CKD:  
the proof is in the process. Am J Kidney Dis. 2017 
Nov; 70(5): 596–8.

28 Triantafylidis LK, Hawley CE, Perry LP, Paik 
JM. The role of deprescribing in older adults with 
chronic kidney disease. Drugs Aging. 2018 Nov; 

35(11): 973–84.
29 Whittaker CF, Miklich MA, Patel RS, Fink JC. 

Medication safety principles and practice in 
CKD. Clin J Am Soc Nephrol. 2018 Nov 7; 

13(11): 1738–46.
30 Bowling CB, Booth JN 3rd, Gutiérrez OM, 

Kurella Tamura M, Huang L, Kilgore M, et al. 
Nondisease-specific problems and all-cause 
mortality among older adults with CKD:  the RE-
GARDS study. Clin J Am Soc Nephrol. 2014 Oct 
7; 9(10): 1737–45.

31 Nishimura S, Kumamaru H, Shoji S, Sawano M, 
Kohsaka S, Miyata H. Adherence to antihyper-
tensive medication and its predictors among 
non-elderly adults in Japan. Hypertens Res. 2020 
Jul; 43(7): 705–14.

D
ow

nloaded from
 http://karger.com

/nef/article-pdf/147/3-4/177/3953962/000526326.pdf by guest on 24 January 2024


