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Abstract
Polypharmacy  is  a  serious  concern  in  general  practice,  especially  among  elder 
patients; however, the evidence showing significantly poor renal outcomes is not 
sufficient. This survey was performed to evaluate the effect of polypharmacy on 
the incidence of the renal composite outcome among a sample of patients with 
sodium- glucose cotransporter 2  inhibitor  (SGLT2i)  treatment. We assessed 624 
Japanese patients with type 2 diabetes mellitus (T2DM) and chronic kidney dis-
ease who received SGLT2i treatment for greater than 1 year. The patients were 
classified  as  those  with  concomitant  treatment,  that  was  limited  to  the  medi-
cations  for  hypertension,  T2DM,  and  dyslipidemia,  with  greater  than  or  equal 
to  seven  medications  (n  =  110)  and  those  with  less  than  seven  medications 
(n  =  514).  Evaluation  of  the  renal  composite  outcome  was  performed  by  pro-
pensity score matching and stratification into quintiles. A subgroup analysis of 
patients of greater than or equal to 62 years of age and less than 62 years of age 
was also performed. The  incidence of  the  renal composite outcome was  larger 
in patients with greater  than or equal  to seven medications than in those with 
less than seven medications in the propensity score- matched cohort model (6% 
vs. 17%, respectively, p = 0.007) and also in the quintile- stratified analysis (odds 
ratio [OR], 2.23, 95% confidence interval [CI, 1.21– 4.12, p = 0.01). The quintile- 
stratified analysis of patients of less than 62 years of age— but not those of greater 
than or equal to 62 years of age— also showed a significant difference (OR, 3.29, 
95% CI, 1.41– 7.69, p = 0.006). Polypharmacy appears to be associated to the inci-
dence of the renal composite outcome, especially in young patients.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Polypharmacy is an unaddressed concern and may worsen prognosis in clinical 
practice, especially in elderly patients.
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INTRODUCTION

Evidence- based  medicine  has  now  gained  widespread 
acceptance,  and  guidelines  have  been  established  to 
promote  appropriate  global  standards  in  clinical  prac-
tice  regarding  many  diseases.  These  guidelines  often 
provide  evidence- based  recommendations  for  medica-
tions. Elderly patients have many diseases or experience 
many  complications,  and  the  number  of  medications 
that  they use  inevitably  increases. On  the contrary, po-
tentially  inappropriate  medication  (PIM)  is  sometimes 
observed  in  clinical  practice  and  thought  to  be  related 
to  polypharmacy.  PIMs  are  defined  by  the  Beers  crite-
ria1 or  the Screening Tool of Older Persons’ Potentially 
Inappropriate  Prescription  (STOPP)/Screening  Tool  to 
Alert doctors to Right Treatment (START) criteria,2 and 
the frequency of PIMs, as defined by the STOPP criteria, 
was found to be 21%– 79% in a systemic review.3 The risk 
of adverse effects increases when many medications are 
administered, and unexpected toxicity can occur due to 
multiple  drug  interactions.  These  are  thought  to  be  is-
sues of polypharmacy and cannot be ignored in clinical 
practice, especially in an aging society. However, studies 
on the epidemiology, mechanisms, and management of 
polypharmacy have been insufficient.

There is a gap between the evidence obtained in ran-
domized controlled trials and medical findings from clini-
cal practice, which is recognized as the evidence– practice 
gap.4  An  understanding  of  this  evidence– practice  gap  is 
necessary for providing quality medical care as a patient- 
centered  medical  therapy.  Many  cardiovascular  out-
come  trials of  sodium- glucose cotransporter 2  inhibitors 
(SGLT2is) have confirmed strong evidence of cardiovascu-
lar and renal events; however, whether SGLT2i treatment 
in  clinical  practice  can  have  the  same  organ- protective 
effect  as  shown  by  randomized  controlled  trials  has  not 
been  investigated enough. Consequently, we  started  this 
research using our real- world data. Our clinical question 

is “Can an SGLT2i have the organ- protective effects in all 
patients,  or  may  some  clinical  conditions  worsen  these 
 effects?”  If  such  conditions  become  clear,  then  general 
practitioners  (GPs)  can  refrain  from  administering  an 
SGLT2i or can strive  to  improve these conditions;  there-
fore, it is important for GPs to perform a study to answer 
such  a  clinical  question.  We  conducted  a  retrospective 
study  that  included  patients  treated  with  SGLT2is  that 
showed reduced albuminuria  in type 2 diabetes mellitus 
(T2DM) with chronic kidney disease (CKD) as a high- risk 
group for renal outcomes.

Despite the limited information about the concomitant 
medications for hypertension, T2DM, and dyslipidemia in 
our survey, the patients used an average of 4.9 (minimum, 
1; maximum, 10) medications, and this number was larger 
than we expected; therefore, medication use of many pa-
tients was assumed to fulfil the criteria of polypharmacy. 
Such  polypharmacy  is  a  serious  concern  for  GPs;  how-
ever, the risk of cardiovascular or renal outcomes has not 
been evaluated in cardiovascular outcome trials involving 
SGLT2is. At the same time, the large numbers of concom-
itant medications are not limited to elderly patients; con-
sequently, it is quite natural to wonder whether the effects 
of polypharmacy differ between elderly and younger pa-
tients. Our hypothesis in this study is that polypharmacy 
deteriorates  the  renoprotective  effect  of  an  SGLT2i  not 
only  in elderly but also  in younger patients with T2DM. 
If  this  is  true,  then GPs must address polypharmacy,  for 
example, by reducing the number of concomitant medica-
tions via better lifestyle management. Our interest is not 
only in the effect of polypharmacy; we have already ana-
lyzed the conditions under which the renoprotective  effect 
of  an  SGLT2i  is  deteriorated  (e.g.,  some  levels  of  blood 
pressure  management  after  SGLT2i  treatment,5,6  differ-
ences among dissimilar types of SGLT2i treatments,7 and 
effects of an SGLT2i with or without dipeptidyl peptidase 
4 (DPP4) inhibitors during SGLT2i treatment (Journal of 
Diabetes Research, in press).

WHAT QUESTION DID THIS STUDY ADDRESS?
The evidence that polypharmacy correlates with poor cardiovascular or renal out-
comes is insufficient in clinical practice.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This study clarified the relationship between polypharmacy and a renal compos-
ite outcome in patients with type 2 diabetes mellitus and chronic kidney disease 
receiving sodium- glucose cotransporter 2 inhibitor treatment, especially in young 
patients.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Both specialists and general practitioners should pay attention to polypharmacy 
to improve renal outcomes in clinical practice.
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In view of this background information, we chose the 
following aim for this study to clarify the relationship be-
tween renal events and polypharmacy using an actual clini-
cal database on the treatment with SGLT2i. Furthermore, 
in  our  study,  not  only  the  elderly  but  also  some  young 
 patients  experienced  polypharmacy,  and  the  association 
between age and polypharmacy was evaluated too.

MATERIALS AND METHODS

Study participants and data collection

This study is a subanalysis of our previous study, and the 
details of the entire study population have been described 
previously.8  In  brief,  the  study  included  797  registered 
patients with T2DM who visited the clinics of the mem-
bers  of  the  Kanagawa  Physicians  Association  between 
October  and  December  2018,  with  the  following  inclu-
sion criteria: (i) first- time treatment with an SGLT2i more 
than  1  year  before  the  enrollment;  (ii)  CKD,  as  defined 
by the Kidney Disease Outcomes Quality Initiative clini-
cal practice guidelines9; and (iii) age greater than 20 years. 
Thirty- four patients were excluded based on the following 
exclusion criteria: (i) type 1 diabetes mellitus; (ii) required 
chronic dialysis; (iii) severe liver dysfunction, such as liver 
 cirrhosis or severe infection; (iv) terminal- stage cancer; (v) 
pregnancy; (vi) irregular use of an SGLT2i as evidenced by 
poor adherence; and (vii) an intention to opt out during 
the study. Furthermore, to evaluate a renal outcome, 624 
patients  whose  albumin- to- creatinine  ratio  (ACR)  was 
measured  both  at  baseline  and  at  the  end  of  the  survey 
were included in this study.

The median duration of  treatment with SGLT2is was 
33.0 months (range 12– 66 months). The following param-
eters were  recorded both at  the  time of  the  initiation of 
SGLT2i  treatment  and  during  the  survey:  age,  sex,  body 
weight (BW), systolic blood pressure (SBP), diastolic blood 
pressure  (DBP),  the  serum  creatinine  level,  glycated  he-
moglobin (HbA1c) level, and the ACR (mg/g Cr). The es-
timated glomerular filtration rate (eGFR) was calculated 
using the formula10: eGFR (ml/[min × 1.73 m2]) = 194 × 
age−0.287 × serum creatinine−1.094 × (0.739 for women).

We conducted a survey on the medications taken con-
comitantly  with  SGLT2is,  including  hypoglycemic  and 
hypotensive agents and statins. Hypoglycemic agents in-
cluded DPP4 inhibitors, glucagon- like peptide 1 receptor 
agonists, sulfonylureas, metformin, insulin, and pioglita-
zone. Hypotensive agents were renin– angiotensin system 
inhibitors,  including  angiotensin  II  receptor  blockers  or 
angiotensin- converting- enzyme inhibitors, calcium chan-
nel blockers, β blockers, direct aldosterone blockers,  thi-
azide diuretics, and loop diuretics. In this study, data on 

the use of antiplatelet or anticoagulant agents and gastro-
intestinal medications were not collected. The number of 
concomitant medications was calculated as the number of 
these medications plus an SGLT2i.

Outcomes

In recent large- scale clinical trials involving SGLT2is,11– 16 
composite outcomes, including the induction of renal re-
placement  therapy,  the  progression  of  end- stage  kidney 
disease,  the  doubling  of  serum  creatinine  levels,  renal 
death,  or  worsening  owing  to  macroalbuminuria  were 
commonly  used  as  renal  end  points.  Because  the  inci-
dence of  these hard end points  is  low, a  surrogate  renal 
end point,  such as a 30%– 40% decrease of  the eGFR per 
2 or 3 years,  is advocated.17– 20 However,  the appropriate 
end  points  are  not  completely  agreed  upon  and  should 
be chosen depending on the study design or participants. 
According to our previous study,5,6 we defined the renal 
composite  outcome  as  ACR  progression,  a  greater  than 
15% annual decrease in the eGFR, or both.

Statistical analysis

A receiver- operating characteristic (ROC) curve analysis was 
used to examine the overall prediction accuracy of the num-
ber of concomitant medications— which was limited to the 
medications  for  hypertension,  T2DM,  and  dyslipidemia— 
after  SGLT2i  treatment  in  relation  to  the  renal  composite 
end  point.  The  results  are  reported  as  the  area  under  the 
ROC curve (AUC). The cutoff value of the number of con-
comitant medications  for  further analysis was determined 
based on the results of the ROC analysis. We subdivided the 
patients into two groups according to the cutoff for concomi-
tant medications as determined by  the ROC analysis  (see 
the Results for details). We then calculated the propensity 
score (PS) for patients with a high number of concomitant 
medications  using  a  logistic  regression  model  to  estimate 
the probability of the disease assignment based on the fol-
lowing  variables  that  are  considered  confounding  factors 
for the renal composite outcome: age, sex, BW, body- mass 
index, the HbA1c level, SBP, DBP, eGFR, creatinine clear-
ance,  logarithmic value of  the ACR (LNACR) at baseline, 
the  type  of  SGLT2i  used,  and  treatment  duration.  In  this 
study,  we  compared  the  two  groups  compiled  according 
to  the  number  of  concomitant  medications;  however,  the 
concomitant- medication  number  was  not  included  as  a 
covariate in the logistic regression model when the PS was 
determined.

We established a cohort model using PS- matching meth-
ods  via  the  following  algorithm:  a  1:1  nearest- neighbor 
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match and no  replacement.  In  the present  subanalysis,  to 
maximize correct matching and reduce bias, we used a lower 
caliper of width 0.03, which was equal to 0.2 of the standard 
deviation  of  the  PS.21  We  analyzed  the  differences  in  the 
clinical  and  laboratory  profiles  between  these  two  groups 
using  the unpaired  t- test or  the Mann– Whitney rank sum 
test  for  continuous  variables  in  the  unmatched  cohort.  In 
the PS- matched cohort, either the paired t- test or Wilcoxon 
signed- rank test was used. The chi- square test was used for 
the analysis of categorical variables in the unpaired cohort, 
whereas McNemar’s test was used for paired cohorts.

Using  the  Statistical  Package  for  the  Social  Sciences 
(SPSS) software, the hazard ratio (HR) for each outcome 
was  determined  using  a  Cox  proportional  hazard  model 
instead of a conditional logistic regression analysis.

We also established another cohort model: the one in-
volving PS stratification. The way to balance data through 
PS  stratification  is  to  make  the  group  of  participants 
within a stratum as homogeneous as possible in terms of 
observed covariates. All patients were stratified into quin-
tiles based on their corresponding PS and were included 
in  the  analysis.  We  used  the  Mantel– Haenszel  method 
to analyze these five categorical variables and calculated 
odds ratios (ORs) and 95% confidence intervals (95% CIs).

On the basis of the report by Qato et al.,22 age greater 
than or equal to 62 years was assumed to be a risk factor 
for  polypharmacy;  therefore,  we  subdivided  the  patients 
into two groups: those aged less than 62 years and those 
aged greater than or equal to 62 years.

For this subgroup analysis by age, we recalculated the 
PSs for each age group and performed a PS- matching anal-
ysis and PS stratification into quintiles using the methods 
described above within this statistical analysis subsection.

All results are reported as the mean ± standard devia-
tion or median with an interquartile range for continuous 
variables and as percentages for categorical variables. The 
p values  (2- tailed) of  less  than 0.05 were assumed to  in-
dicate statistical significance. All statistical analyses were 
performed  using  the  International  Business  Machine 
(IBM) SPSS Statistics software (version 25.0; IBM).

The study protocol was approved by the special ethics 
committee  of  the  Kanagawa  Medical  Association,  Japan 
(Krec304401.6 March 2018).

RESULTS

ROC curves

The ROC analysis (Figure 1) indicated that after SGLT2i 
treatment, the optimal cutoff for the number of concomi-
tant medications— as an indicator of the renal composite 

outcome— was 7.0 (sensitivity, 84%; specificity, 28%; and 
AUC,  0.57,  95%  CI,  0.50– 0.65,  p  =  0.04).  Accordingly, 
we subdivided the participants into two groups based on 
the  number  of  concomitant  medications:  patients  with 
greater than or equal to seven medications and those with 
less than seven medications.

The PS- matched cohort model

The  clinical  characteristics  at  baseline  after  SGLT2i 
treatment  and  before  and  after  PS  matching  are  shown 
in  Tables  1  and  2,  respectively.  There  were  significant 
differences  in  age,  body- mass  index,  BW,  SBP,  HbA1c 
level,  eGFR,  LNACR,  and  the  use  of  canagliflozin 
(p  <  0.04,  0.001,  0.048,  0.002,  0.04,  0.01,  0.004,  <  0.001, 
and 0.01, respectively). Owing to the significant difference 
between  the  two  groups  in  these  confounding  variables 
that  influence  the  renal  composite  outcome  in  the  un-
matched cohort model, we next utilized the PS- matching 
method for the comparisons. The use of all concomitant 
medications  was  significantly  more  frequent  in  patients 
with greater than or equal to seven medications (p = 0.002 
for  the  use  of  DPP4  inhibitors,  whereas  p  <  0.001  for 
the  use  of  other  concomitant  medications).  An  absolute 
standardized  difference  of  < 1.96

√

2∕n  for  the  meas-
ured covariates was suggestive of an appropriate balance 
 between the groups.23 This borderline in this matched co-
hort model was calculated and found to be 0.28 (n = 101 in 
each group, < 1.96

√

2∕n equals 0.28), and all standardized 
 differences  in  the  clinical  characteristics  were  less  than 
0.16 in this matched cohort model. Histograms before and 
after the PS distribution matching are shown in Figure S1; 
the histograms were  found to be well balanced after  the 
matching.

F I G U R E  1  Receiver operating characteristic curve of the 
number of concomitant medications after sodium- glucose 
cotransporter 2 inhibitor (SGLT2i) treatment for the renal 
composite outcome
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A comparison of the renal composite 
outcome at 101 PS- matched patients in 
each group

In the matched cohort model, the incidence of the renal 
composite  outcome  was  higher  in  the  “greater  than  or 
equal to seven medications” group than in the “less than 
seven medications” group (p = 0.007), and the HR was 
6.5 (95% CI, 1.5– 28.8, p = 0.01). There was also a signifi-
cant difference in the incidence of albuminuria progres-
sion; however, the incidence of a greater than or equal to 
15%  annual  decrease  in  the  eGFR  and  clinical  findings 
after  SGLT2i  treatment  did  not  show  significant  differ-
ences (Table 2).

The cohort model with PS stratification

The patients were stratified into quintiles based on the 
PS: Q1, PS less than or equal to 0.70; Q2, PS greater than 
0.70 to less than or equal to 0.12; Q3, PS greater than 
0.12 to less than or equal to 0.17; Q4, PS greater than 0.17 
to  less  than  or  equal  to  0.28;  and  Q5,  PS  greater  than 
0.28.  Figure  2  shows  the  mean  incidence  of  the  renal 
composite outcome based on these quintiles. According 
to the results of the Mantel– Haenszel analysis, the in-
cidence of  the  renal composite outcome and a greater 
than  or  equal  to  15%  annual  decrease  in  the  eGFR 
were significantly higher in the “greater than or equal 
to  seven  medications”  group  than  in  the  “less  than 
seven medications” group (OR: 2.23, 95% CI: 1.21– 4.12, 
p  =  0.01,  and  OR:  5.97,  95%  CI:  1.24– 28.74,  p  =  0.03, 
respectively).

The subgroup analysis by age 
(<62 years and ≥62 years)

The baseline characteristics before and after PS match-
ing in cohorts aged less than 62 years and greater than 
or equal  to 62 years are  shown  in Tables S1 and 3,  re-
spectively.  No  significant  differences  were  observed  in 
the  incidence of  the  renal composite outcome:  the HR 
was  3.3  (95%  CI:  0.9– 12.1,  p  =  0.07)  in  the  matched 
cohort  model  of  the  “age  less  than  62  years”  group, 
whereas it was HR: 1.7, 95% CI: 0.4– 7.0, p = 0.48) in the 
matched cohort model of the “age greater than or equal 
to  62  years”  group  (Table  4).  In  the  analysis  with  PS 
stratification, the “age less than 62 years” group showed 
a significantly higher  incidence of  the renal composite 
outcome than did the “age greater than 62 years” group 
(OR:  3.29,  95%  CI:  1.41– 7.69,  p  =  0.006),  and  the  pro-
gression of albuminuria was greater in the “greater than 
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or equal to seven medications” group than in the “less 
than seven medications” group (OR: 3.72, 95% CI: 1.45– 
9.56, p = 0.006).

DISCUSSION

Definition of polypharmacy

The  use  of  multiple  medications  to  treat  various  diseases 
or an inappropriate health status is often observed in clini-
cal  practice  and  is  known  as  polypharmacy.  There  is  no 
consensus definition of polypharmacy; however, the study 
by Masnoon et al.  is based on a systemic review and sug-
gests that the most common definition of polypharmacy is 
the  numerical  definition  of  greater  than  five  medications 
daily.12  Kantor  et  al.  have  reported  the  trends  in  the  use 
of prescription drugs in the United States of America, and 
polypharmacy was observed in 39% of patients aged greater 
than 65 years, with the rate increasing yearly.13 According to 
another report, an average of 4.5 drugs are administered to 
elderly outpatients in Japan.24 In the present study, we de-
fined polypharmacy as the use of more than seven drugs in 
accordance with the results of the ROC analysis; however, 
only hypoglycemic and hypotensive agents and statins were 
included in the survey. We cannot rule out  the possibility 

that  many  patients  received  other  medications,  including 
antithrombotic agents, gastrointestinal drugs, and orthope-
dic medications. In the quintile analysis shown in Table S2, 
the  incidence  in  the  fifth  quintile  (with  ≥7  medications) 
seems  larger  than that  in  the other quintiles. This  finding 
suggests that the cutoff of seven medications is acceptable; 
however, this cannot be regarded as the actual clinical cut-
off because of the missing information on the number of all 
medications that the patients used.

Interpretation of the results

This study revealed that the incidence of the renal compos-
ite outcome was higher among patients with greater than 
or equal to seven medications than among patients with 
less  than seven medications not only  in  the PS- matched 
model but also in the PS- stratified model (p = 0.007 and 
p  =  0.001,  respectively).  The  PS- stratified  model  in  the 
subgroup analysis also  revealed  that  there was a  signifi-
cant  association  between  polypharmacy  and  the  renal 
composite  outcome  in  young  patients  (age  <62  years, 
p = 0.006).

Many  comorbidities  can  result  in  polypharmacy  and 
lead  to  poor  cardiovascular  or  renal  outcomes. Table  S3 
shows  the  numbers  of  hypotensive  and  hypoglycemic 

T A B L E  2   Incidence of the renal composite outcome and changes in clinical findings after SGLT2i treatment in the whole population

<7 medications
(n = 101)

≥7 medications
(n = 101) p value

(a) The renal outcomes

(1) Incidence of a renal composite outcome 6 (6%) 17 (17%) 0.007a

(2) Incidence of a progression of albuminuria 3 (3%) 13 (13%) 0.006a

(3) Incidence of a ≥15% annual decrease in eGFR 1 (1%) 4 (4%) 0.38a

(b) Clinical findings after SGLT2i treatment

eGFR at the survey, ml/min/1.73 m2 71.2 ± 18.9 70.1 ± 19.6 0.67b

the change in eGFR, ml/min/1.73 m2 −5.1 ± 12.1 −5.7 ± 11.7 0.71b

the annual eGFR change −2.1 ± 5.4 −2.3 ± 6.1 0.78b

LNACR at the survey 1.49 ± 0.67 1.59 ± 0.71 0.18b

BMI, kg/m2 29.0 ± 5.5 29.0 ± 4.2 0.95b

BW, kg 79.2 ± 16.3 78.5 ± 13.1 0.72b

SBP, mmHg 130.6 ± 17.1 133.1 ± 17.1 0.24b

DBP, mmHg 76.8 ± 10.5 75.5 ± 11.0 0.31b

MAP, mmHg 94.8 ± 9.4 94.7 ± 10.9 0.93b

HbA1c, mmol/mol (%) 58.9 ± 14.3
(7.5 ± 1.3)

57.8 ± 12.7
(7.4 ± 1.2)

0.54b

Note: Values are the mean ± SD.
Abbreviations: BMI, body mass index; BW, body weight; eGFR, estimated glomerular filtration; LNACR, logarithmic value of albumin- to- creatinine ratio; 
SGLT2i, sodium- glucose co- transporter inhibitor.
aMcNemar’ test.
bPaired t- test.
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medications  in  the  two  groups.  These  data  suggest  that 
for one comorbidity, such as hypertension or T2DM, more 
medications were administered to patients in the “greater 
than or equal to seven medications” group than to patients 
in the “less than seven medications” group. Furthermore, 
patients with characteristics, such as old age or poor con-
trol of blood pressure or HbA1c levels, may have experi-
enced comorbidities or needed medications; therefore, we 
applied the PS- matching method to align the backgrounds 
of the two groups. We cannot deny that many comorbidi-
ties can result in polypharmacy; however, patients tended 
to  need  many  medications  for  each  comorbidity;  there-
fore, polypharmacy cannot be explained only by the num-
ber of comorbidities.

Limitations of this study are its retrospective design and 
small sample size; however, when polypharmacy is inves-
tigated for a long period, a prospective randomized study 
is not suitable for ethical reasons because a restriction on 
the  number  of  administered  drugs  is  clearly  disadvanta-
geous  for  the  enrolled  patients.  PS  matching  was  used to 
adjust the data for confounding factors in this retros pective sur-
vey, and the analysis of the PS- matching and PS- stratified 
models  showed  a  significantly  larger  number  of  adverse 
events among patients with greater than or equal to seven 
medications  than  among  patients  with  less  than  seven 
medications. This result indicates that polypharmacy was 
associated with a high risk. However,  in  the PS- matched 
model,  the  frequency  of  concomitant  medications  was 

F I G U R E  2  Mean incidence of each renal outcome based on the quintiles of patients in total and in subgroups (age <62 years and 
age ≥62 years). (a) The incidence of the renal composite outcome. (b) The incidence of the progression of albuminuria. (c) The incidence 
of an annual decrease in eGFR by greater than or equal to 15%. White column shows the patients with less than seven medications, and 
black column shows the patients with greater than or equal to seven medications. Patients were stratified into quintiles based on the 
corresponding propensity score; Whole; Q1: PS less than or equal to 0.07, Q2: 0.07 less than PS less than or equal to 0.11, Q3: 0.11 less than 
PS less than or equal to 0.16, Q4: 0.16 less than PS less than or equal to 0.26, and Q5: 0.26 less than PS. Age less than 62; Q1: PS less than or 
equal to 0.05, Q2: 0.05 less than PS less than or equal to 0.09, Q3: 0.09 less than PS less than or equal to 0.14, Q4: 0.14 less than PS less than 
or equal to 0.25, and Q5: 0.25 less than PS. Age greater than or equal to 62; Q1: PS less than or equal to 0.06, Q2: 0.06 less than PS less than 
or equal to 0.13, Q3: 0.13 less than PS less than or equal to 0.19, Q4: 0.19 less than PS less than or equal to 0.31, and Q5: 0.31 less than PS. 
Abbreviations: eGFR, estimated glomerular filtration rate; OR, odds ratio; PS, propensity score
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significantly  higher  among  patients  with  greater  than  or 
equal to seven medications than among patients with less 
than seven medications. Because the number of adminis-
tered drugs and their  frequency are closely related to the 
definition of polypharmacy, we did not include the num-
ber of concomitant medications and their  frequency as a 
covariate  in  the  logistic  regression  analysis  when  the  PS 
was calculated. A significant difference was observed be-
tween the two groups in the use of concomitant medica-
tions; however, the influence of concomitant medications 
on  the  results  of  the  PS- matched  model  cannot  be  ruled 
out.  The  PS- matching  method  could  not  completely  re-
solve the background differences between the two groups.

The current study suffers from a number of limitations. 
Several major limitations in the current study include the 
fact that the unmatched concomitant medications are in 
the PS- matched model. Another limitation is that insuffi-
cient  information  about  other  concomitant  medications 
that  patients  actually  used  and  that  may  cause  nephro-
toxicity.  Excessive  use  of  diuretics  or  enin– angiotensin 
system  inhibitors  or  mineralocorticoid  receptor  blockers 
by patients with a severe renal impairment may decrease 
renal blood flow and cause a further eGFR reduction. In 
each cohort model, the use of these agents was more sig-
nificantly  frequent  among  patients  with  greater  than  or 
equal to seven medications than among patients with less 
than  seven  medications  (p  ≤  0.01  for  each  model),  and 
there is a possibility that these agents worsened the renal 
composite outcome in patients with greater than or equal 
to seven medications, but the logistic regression analysis 
could  not  identify  these  agents  as  the  independent  risk 
factor for the renal composite outcome in our previous re-
port.5 Furthermore, our previous logistic regression ana-
lysis identified the use of insulin as an independent risk 
factor for the incidence of the renal composite outcome.5 
A meta- analysis suggests that severe hypoglycemia is as-
sociated with a higher risk of cardiovascular events.25 In 
the present study, it is also possible that the use of insulin 
severely aggravated hypoglycemia and worsened the renal 
composite outcome; however, the relation between severe 
hypoglycemia and renal outcomes is not fully understood. 
Our  analysis  only  reported  that  the  patients  who  were 
experiencing  polypharmacy  showed  a  high  incidence  of 
renal outcomes; however, our results could not clarify any 
mechanism or cause of outcomes. These major limitations 
constrain the implication of the current work.

Regarding  the  age  subgroups  (<62  years  and 
≥62 years),  the PS- matched model did not show signif-
icant  differences  in  either  age  group. The  PS  matching 
was performed to adjust the data for clinical background 
factors  (that  could  be  confounding  factors)  between 
the  two  groups;  however,  only  106  of  the  369  patients 
aged less than 62 years and 84 of the 255 patients aged 
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greater  than  or  equal  to  62  years  were  analyzed  in  the 
PS- matched model, and this small sample size is another 
limitation of this study.

In  contrast,  a  significant  difference  in  the  incidence 
of the renal composite outcome was observed in the PS- 
stratified model that included all patients. Polypharmacy 
is  generally  considered  a  problem  in  elderly  patients. 
However,  young  adults  with  chronic  pain  or  develop-
mental  disabilities  may  reach  polypharmacy,26  whereas 
patients  with  epilepsy,  diabetes  mellitus,  stroke,  osteo-
porosis, and cancer are at a high risk of polypharmacy.27 
Our results show that polypharmacy correlates with ad-
verse events irrespective of age and that our study is very 
interesting and novel. In the matched model, the HR was 
higher in patients less than 62 years of age than in patients 

aged greater than or equal to 62 years (HR: 3.3, 95% CI: 
0.9– 12.1, and HR: 1.7, 95% CI: 0.4– 7.0, respectively), and 
these results suggest that polypharmacy in young patients 
is a serious concern. Polypharmacy should be recognized 
as a serious clinical problem in any age group; however, 
this study has some limitations, including the possibility 
of a mismatch of other comorbidities, and a large sample 
size is needed to reach definitive conclusions.

Polypharmacy and the risk of 
adverse events

In Japan, adverse drug reactions are observed frequently 
in elderly hospitalized patients treated with more than 

T A B L E  4   Incidence of the renal composite outcome and changes in clinical findings after SGLT2i treatment in two matched cohort 
models divided by age

Age <62 years Age ≥62 years

<7 medications
(n = 53)

≥7 medications
(n = 53) p value

<7 medications
(n = 42)

≥7 medications
(n = 42) p value

(a) The renal outcomes

(1) Incidence of a 
renal composite 
outcome

4 (8%) 11 (21%) 0.09a 3 (7%) 5 (12%) 0.73a

(2) Incidence of a 
progression of 
albuminuria

2 (4%) 9 (17%) 0.07a 3 (7%) 3 (7%) 1.0a

(3) Incidence of a 
≥15% annual 
decrease in eGFR

2 (4%) 2 (4%) 1.0a 0 (0%) 2 (5%) 0.50a

(b) Clinical findings after SGLT2i treatment

eGFR at the survey, 
ml/min/1.73 m2

77.8 ± 20.6 75.1 ± 18.9 0.44b 66.9 ± 17.6 63.3 ± 20.7 0.41b

The change in eGFR, 
ml/min/1.73 m2

−5.6 ± 12.0 −6.8 ± 11.9 0.62b −5.1 ± 10.4 −4.5 ± 10.9 0.79b

The annual eGFR 
change, ml/
min/1.73 m2

−2.3 ± 6.3 −2.9 ± 5.7 0.59b −2.0 ± 5.1 −2.4 ± 6.5 0.76b

LNACR at the survey 1.60 ± 0.68 1.68 ± 0.68 0.48b 1.57 ± 0.59 1.59 ± 0.86 0.90b

BMI, kg/m2 29.9 ± 6.4 30.0 ± 4.2 0.92b 26.4 ± 3.6 27.4 ± 3.5 0.18b

BW, kg 83.4 ± 17.1 83.6 ± 12.9 0.94b 67.8 ± 12.9 72.2 ± 10.8 0.11b

SBP, mmHg 128.8 ± 14.9 133.9 ± 17.5 0.07b 128.1 ± 14.0 132.0 ± 7.2 0.27b

DBP, mmHg 80.3 ± 10.6 79.5 ± 10.9 0.70b 68.9 ± 10.4 70.6 ± 10.4 0.40b

MAP, mmHg 96.5 ± 11.1 97.6 ± 10.9 0.59b 88.6 ± 9.3 91.1 ± 10.2 0.23b

HbA1c, mmol/mol (%) 61.0 ± 14.0
(7.7 ± 1.3)

59.4 ± 15.6
(7.6 ± 1.4)

0.54b 55.2 ± 9.3
(7.2 ± 0.9)

56.6 ± 9.3
(7.3 ± 0.85)

0.50b

Note: Values are the mean ± SD.
Abbreviations: BMI, body mass index; BW, body weight; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration; LNACR, logarithmic value of 
albumin- to- creatinine ratio; MAP, mean arterial pressure; SBP, systolic blood pressure; SGLT2i, sodium- glucose co- transporter inhibitor.
aMcNemar’ test.
bPaired t- test.
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six drugs,28 and the risk of falls among geriatric outpa-
tients is reported to be high.16 Sunaga et al. recently re-
ported that PIMs correlate with all- cause mortality and 
that the mortality rate is significantly higher in patients 
treated  with  more  than  six  medications.17  Few  reports 
have addressed the relationship between polypharmacy 
and renal outcomes, and this relationship has not been 
sufficiently discussed. Sakamoto recently reported that 
polypharmacy is associated with the number of cardio-
vascular diseases or their risk factors and the deteriora-
tion of renal dysfunction.18 Whitney et al. have reported 
a significant association between polypharmacy and the 
progression  of  severe  kidney  dysfunction  with  a  fully 
adjusted HR of 1.66 (95% CI: 1.17– 2.36).19 Our present 
study  is  the  first  cohort  study  where  the  PS  is  used  to 
evaluate polypharmacy, and the findings are related to 
the  progression  of  the  renal  composite  outcome,  con-
sistently  with  the  findings  of  the  studies  reported  by 
Sakamoto18  or  Whitney  et  al.19  In  contrast,  by  means 
of  background  factors,  Kang  et  al.  performed  a  nested 
case- control study using matching20; a greater incidence 
of  eGFR  progression  (<60%  or  >10%  decreases  in  the 
basal eGFR) was observed in elderly patients with poly-
pharmacy  than  in  those  without  polypharmacy,20  and 
both the cohort study and case- control study confirmed 
that polypharmacy  is  a  significant  risk  factor  for  renal 
outcomes.

The proposed strategy against 
polypharmacy

There are many causes of polypharmacy; however, this is 
a serious clinical concern that must be addressed urgently. 
Few researchers have investigated whether interventions 
into  polypharmacy  affect  prognosis.  Kim  et  al.  have  re-
ported that polypharmacy and PIMs are often observed in 
elderly patients with CKD, and a medication management 
service by pharmacists significantly reduced the number 
of medications from 13.5 ± 4.3 to 10.9 ± 3.8 (mean ± SD) 
and  the  number  of  PIMs  from  1.6  ±  1.4  to  1.0  ±  1.2.21 
In  Japan,  the  medical  insurance  agency  implemented  a 
project  to  prevent  polypharmacy  and  started  to  provide 
economic incentives to hospitals in 2016 and pharmacies 
in 2018 when the number of medications was decreased 
from greater than six to less than four with informed con-
sent of the patients.

Polypharmacy  is  a  new  problem  that  is  emerging  in 
aging societies, and social efforts to reduce polypharmacy 
are  still  inadequate. The  problems  of  polypharmacy  can 
be clarified by accumulating real- world evidence, as in our 
present study, and effective strategies against this problem 
are needed to improve the quality of medical care.

CONCLUSION

Polypharmacy is significantly associated with the incidence 
of the renal composite outcome, especially in young patients 
with T2DM and CKD who received SGLT2i treatment; thus, 
GPs need to pay close attention to polypharmacy in order 
to improve renal outcomes. However, this study has limita-
tions, including an imperfect study design and PS- matching 
method, and additional studies are needed to clarify the re-
lationship  between  polypharmacy  and  renal  outcomes  as 
well as between polypharmacy and age.
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