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a b s t r a c t 

Purpose: Polypharmacy presents an increasing therapeutic challenge for physicians managing patients with 
chronic kidney disease (CKD). However, there is a lack of consensus regarding the specific medication count 
threshold that defines polypharmacy in this population. The objective of this review is to establish a unified defi- 
nition of polypharmacy in the CKD population by examining the diverse definitions used in previously published 
studies. 
Methods: A comprehensive search was conducted in relevant databases (PubMed, SCOPUS, Cochrane, and disease- 
specific databases) from 2000 to May 2022 to identify studies with polypharmacy threshold definitions in patients 
with CKD. Studies meeting the inclusion criteria were included in this review, and their methodologic quality 
was assessed. 
Findings: Following the screening of the search results, duplicate records and studies that did not meet the inclu- 
sion criteria were removed, resulting in a total of 18 studies included in this review. Among these, 61.1% specified 
the polypharmacy definition to be a threshold of ≥ 5 medications. In addition, 22.2% specified a high polyphar- 
macy definition at a threshold of ≥ 10 medications. However, none of the studies reported on the dichotomy 
between kidney-related and non-kidney-related polypharmacy. 
Implications: This review indicates that a numerical threshold of ≥ 5 medications is commonly used to define 
polypharmacy in patients with CKD. Nevertheless, it remains uncertain whether a kidney-related polypharmacy 
definition or a high polypharmacy definition would better identify patients with CKD at risk for polypharmacy- 
related complications. 
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ntroduction 

Polypharmacy is a term that refers to the regular use of multiple med-
cations per patient. Although the general threshold for polypharmacy
as been established to be 5 or more medications, 1 , 2 specific definitions
or disease-specific polypharmacy, such as in the case of chronic kid-
ey disease (CKD), have yet to be examined. This is particularly impor-
ant because the standard treatment of some comorbid diseases, such as
KD,does already involves rising number of medications. Additionally,
hese patients may sometimes require further medications to address
ther comorbid or acute illnesses, which poses significant risks. The nu-
erous negative consequences encompass the possibility of medications

nteracting with each other in various ways and/or the potential for neg-
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tive reactions (adverse effects) occurring as a result of taking the differ-
nt medications. 3 Other nontherapeutic effects of polypharmacy include
n increased risk of hospitalization, 4 decreased physical and cognitive
apabilities, and even an increased risk of death. 5 

In the general population, diabetes and hypertension are the primary
auses of CKD, 6 and managing these conditions often requires the use of
ultiple medications, contributing to the occurrence and persistence of
olypharmacy in patients with CKD. 3 On average, patients with CKD not
equiring dialysis use 6 to 12 medications, 7 with those receiving dial-
sis possibly requiring even more medications tailored to their needs.
oreover, as CKD progresses and glomerular filtration rate decreases,
edication levels in the blood and tissue may accumulate, increasing

he risk of dose-related adverse events and drug-drug interactions. 7 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
flow diagram showing inclusion and exclusion of studies from the review. 
Despite extensive research on polypharmacy, no studies have exam-
ned its prevalence and burden specifically in patients with CKD. Estab-
ishing a consensus on the threshold for polypharmacy in this patient
opulation would be valuable for clinical decision-making, medication
econciliation, and the design of prospective studies in this area. 8 , 9 This
eview represents the first systematic examination of the medication
ounts that define polypharmacy in patients with CKD. Although there
s a scarcity of studies reporting on medication thresholds in this patient
opulation, a pooled analysis of the available studies would help iden-
ify the medication counts and the threshold-defining polypharmacy in
atients with CKD. 

ethods 

iterature Review 

A comprehensive literature search strategy was implemented to
onduct a systematic review in accordance with the Preferred Re-
orting Items for Systematic Reviews and Meta-Analyses (PRISMA)
uidelines. 10 Relevant English-language literature databases, including
ubMed, SCOPUS, Cochrane, as well as databases of systematic reviews
nd disease-specific data, were searched for articles and clinical trials
ublished from 2000 to May 2022 that pertained to polypharmacy in
atients aged ≥ 18 years or above with CKD. The search terms used were
olypharmacy [TIAB] AND kidney [MeSH] OR CKD OR chronic kidney dis-

ase [MeSH]. Additionally, grey literature was examined for analogous
rticles not captured in the primary databases mentioned above. Studies
hat failed to provide a definition for polypharmacy in CKD populations
ere excluded, as were those with non-systematic designs (such as nar-

ative reviews, case series, and case reports), renal transplant patient
ohorts, and studies exploring medication counts in patients undergo-
ng any form of renal replacement therapy. 

ata Selection 

The assessment of studies for inclusion in the review was conducted
y 2 independent reviewers (M.K. and A.A.-K.) who screened the titles
nd abstracts of retrieved search records to determine eligibility. In the
vent of any disagreement between the independent reviewers regard-
ng the eligibility of a particular study, consensus was typically reached
hrough a discussion and detailed assessment of the study in question. If
onsensus could not be reached, a third reviewer was consulted (M.I.D.)
o adjudicate. Studies that did not meet the predefined eligibility criteria
ere excluded. 

ata Extraction 

To ensure the accuracy of patient data extraction, 2 reviewers (M.K.
nd A.A.-K.) conducted a preliminary trial of extraction using 5 ran-
omly selected studies. After a successful pilot phase, the reviewers pro-
eeded to extract pertinent information from the included studies. This
nformation encompasses the authors’ last names, year of publication,
tudy design, location of the study, country of origin, study population,
ge range, gender distribution, sample size, the proportion of patients
ith CKD and polypharmacy, any variations in polypharmacy defini-

ions used, and duration of the study. 

uality Assessment 

The risk of bias in assessing the methodologic quality of the in-
luded studies was performed using the Loney criteria. 11 This scale in-
orporates various domains, including study design, sampling methods,
ata collection techniques, statistical analysis, and interpretation of re-
ults. By evaluating these domains, the quality and validity of the stud-
e218 
es can be assessed, and potential biases or limitations can be identi-
ed. In observational studies, these criteria help researchers determine
hether a causal relationship exists between an exposure and an out-

ome. The Loney criteria algorithm categorizes studies into 3 groups
ased on the risk of bias: 7 to 8 indicates a likely unbiased study, 5
o 6 suggests some risk of bias, and < 4 indicates a substantial risk of
ias. 11 

esults 

Figure 1 presents the PRISMA chart illustrating the search strategy
sed, along with a summary of the study selection process. Initially, a
otal of 487 studies were identified through the literature search. Fol-
owing a thorough review and removal of duplicates, only 18 studies
ere deemed suitable for inclusion in this systematic review. These 18

tudies included a total of 815,524 patients, of whom 22,413 met the cri-
eria for polypharmacy. The mean (SD) age of the study population was
8.8 (12.76) years, and there was a relatively equal proportion of males
nd females. The mean duration of follow-up in the included studies
aried, with an overall mean of 28.87 months. Moreover, among the in-
luded studies, 5 had a cross-sectional design, whereas 5 used a cohort.
he study cohorts range from community-based registries to multicen-
er, prospective hospital cohorts. 

idney- and Non–Kidney-Related Polypharmacy 

No studies reported on dichotomy between kidney- and non–kidney-
elated polypharmacy. In addition, of the 18 students, only 3 studies had
ot reported the proportions of their CKD populations. 
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Figure 2. Distribution of the reviewed studies by geographic location. 
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isposition of Polypharmacy Phenotypes by Primary Data Source 

The review cohort is comprised of 11 studies from various coun-
ries and jurisdictions. Figure 2 illustrates the geographic distribution
f the reviewed studies. The publication years for these studies range
rom 2013 to 2021, primarily reporting from North America and Eu-
ope. Studies included in this review used polypharmacy definitions
hat spanned across 5 different groups, with 2 studies having 2 differ-
nt definitions of polypharmacy. As shown in Table 1 , these numerical
roups started at definitions as low as ≥ 5 medications, extending up to
 11 medications. Of the 18 studies, 11 (61.1%) utilised a definition of
olypharmacy as the threshold of ≥ 5 regular medications per patient.
owever, there was another notable peak of 4 studies (22.2%) using the
efinitions of polypharmacy at ≥ 10 medications, with 2 of these studies
roviding specific named definitions for this threshold. 12 , 13 In addition
o numerical definitions, 2 studies also provided descriptive definitions
f polypharmacy. 14 , 15 Lobos-Bejarano et al 15 defined polypharmacy as
Table 1 

Broad classification of polypharmacy by the re- 
viewed studies. 

No. of Medications No. of studies Reference 

≥ 5 11 12–14,16–23 

≥ 6 2 24 , 25 

≥ 7 2 15 , 26 

≥ 8 
≥ 9 
≥ 10 ∗ 4 1 , 13 , 27 , 28 

> 11 1 

∗ Dubbed excessive polypharmacy 17 or hyper- 
polypharmacy. 13 
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e219 
ntake of ≥ 7 medications, excluding anti–vitamin K, whereas Yameen
t al 14 had a different iteration of polypharmacy defined as intake of ≥ 5
edications, excluding supplements. 

isk of Bias 

A risk of bias assessment was conducted on the 18 included studies
sing the Loney risk of bias assessment algorithm. 11 None of the stud-
es received a score of ≤ 5, indicating a high risk of methodologic bias.
mong these studies, 16 had a score of 6 to 7, indicating a moderate
isk of methodologic bias. Additionally, 2 studies 15 , 26 obtained a score
f 8, indicating a sound methodologic quality. 

iscussion 

Through a systematicliterature search, this review carried out a
ooled synthesis of the various studies reporting on the definitions of
olypharmacy in patients with CKD. The included studies provided a
orking consensus that the regular intake of ≥ 5 medications serves as

he diagnostic threshold for the definition of polypharmacy in this pop-
lation. This finding has tremendous potential implications for medica-
ion reconciliation among intervention strategies in this therapeutically
ulnerable cohort of patients. 29 For instance, recent reports from South
orea using a nested case-control design have highlighted the morbidity
ssociated with polypharmacy in patients with CKD, including the un-
ortunate risk of avoidable mortality. 12 , 30 Despite this increasing bur-
en, systematic studies that primarily explore polypharmacy in patients
ith CKD are lacking. Therefore, establishing a numerical threshold of
 5 medications can help foster therapeutic consensus among clinicians
s well as among policymakers when addressing the issue of polyphar-
acy in patients with CKD. 
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Moreover, therapeutic morbidity due to polypharmacy is increasing
ithin the general population, particularly in the setting of multimor-
idity and subsequent inevitable polypharmacy: such as heart failure,
IV, and chronic liver disease, etc. 31 Given the pivotal roles played by

he liver and the kidneys in drug metabolism, these organs are suscep-
ible to the downstream consequences of polypharmacy, including bidi-
ectional interactions, pharmacogenetic interactions, and adverse med-
cation reactions. 

It remains uncertain whether the characterization of polypharmacy
nto kidney- and non–kidney-related categories in patients with CKD will
ore robustly identify vulnerable patients at risk. Reports on other pa-

ient populations, such as people living with HIV, 31 suggest that organ-
pecific polypharmacy thresholds are more likely to identify polyphar-
acy patients in need of interventions, such as medication reconcilia-

ion. However, in certain communities, as seen in recent report from
ural Ethiopia, for example, 32 an increasing medication count may lead
o potential misunderstanding of medication instructions. Therefore, fu-
ure pharmacoepidemiologic studies in patients with CKD should ex-
lore polypharmacy within the framework of excess kidney-related med-
cations rather than focusing solely on the number of medications indi-
idual patients are taking. 

Furthermore, the recent survival advances observed in patients with
KD are primarily attributed to new pharmacotherapy, irrespective of
he number or treatment regimen of medications. Therefore, taking mul-
iple organ-specific medications that provide increased survival benefit
s not necessarily detrimental. It is therefore necessary to further explore
he implications of kidney-related polypharmacy on overall patient out-
omes through future systematic studies. 

uration of Polypharmacy 

None of the reviewed studies reported the duration of polypharmacy
mong their respective patient population. However, based on published
eports in the general population and patients with specific organ mor-
idities, the suggested duration of exposure that constitutes polyphar-
acy is typically 4 months, 1 , 31 although the exact duration may vary.
nderstanding the duration of medication exposure is crucial to under-

tand the impact it has on patients through both the pharmacokinetic
nd pharmacodynamic properties of these medications. 33 For instance,
atients with specific organ morbidities, such as CKD, may inevitably
xperience nonspecific musculoskeletal pain, diarrheal illness, or gener-
lized body fatigue, most of which require symptomatic pharmacother-
py, such as simple analgesia, for a few days. These medications, which
re taken for a short duration and serve a specific purpose, may not
e considered in the overall numerical count of medications that con-
titute polypharmacy. Therefore, the 4-month duration reported from
revious studies seems reasonable, although it remains a topic open for
ebate. 

trengths and Weaknesses 

The principal strength of this review lies in its novelty at examining
he numerical threshold of polypharmacy in the distinct group of pa-
ients with CKD. This contribution will undoubtedly support current and
uture efforts to comprehensively characterize the pattern and clinical
henotypes of polypharmacy in this patient population. Furthermore,
t will help address any lingering uncertainties regarding the commu-
ication of polypharmacy outcome measures between colleagues and
etween policy statements. 

However, a limitation of this review is the paucity of studies specif-
cally examining kidney-related polypharmacy. Nevertheless, even in
ight of the above, it is unlikely that these limitations will have a signif-
cant impact on the final point estimates of polypharmacy definitions.
oving forward, this review recommends incorporating this definition

cross national and international CKD guidelines. Additionally, further
e220 
xploration of the determinative value of assessing kidney- and non–
idney-related polypharmacy from a prospectively collected patient co-
ort is suggested. 

onclusions 

This extensive examination of identified published studies suggests
hat a numerical threshold of ≥ 5 medications be used to define polyphar-
acy in patients with CKD. The utility of alternative definitions of
olypharmacy to more robustly identify patients with CKD at risk is un-
ertain. However, a numerical value of ≥ 10 medications taken regularly
s suggested as a threshold for high polypharmacy. 
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