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Abstract
Background: Polypharmacy, often defined as the concomitant use of ≥ 5 medications, has been identified as a
significant global public health threat. Aging and multimorbidity are key drivers of polypharmacy and have been
linked to a broad range of adverse health outcomes and mortality. Patients with chronic kidney disease (CKD) are
particularly at high risk of polypharmacy and use of potentially inappropriate medications given the numerous risk
factors and complications associated with CKD. The aim of this systematic review will be to assess the prevalence of
polypharmacy among adult patients with CKD, and the potential association between polypharmacy and adverse
health outcomes within this population.
Methods/design: We will search empirical databases such as MEDLINE, Embase, Cochrane Library, CINAHL, Web of
Science, and PsycINFO and grey literature from inception onwards (with no language restrictions) for observational
studies (e.g., cross-sectional or cohort studies) reporting the prevalence of polypharmacy in adult patients with CKD
(all stages including dialysis). Two reviewers will independently screen all citations, full-text articles, and extract data.
Potential conflicts will be resolved through discussion. The study methodological quality will be appraised using an
appropriate tool. The primary outcome will be the prevalence of polypharmacy. Secondary outcomes will include
any adverse health outcomes (e.g., worsening kidney function) in association with polypharmacy. If appropriate, we
will conduct random effects meta-analysis of observational data to summarize the pooled prevalence of
polypharmacy and the associations between polypharmacy and adverse outcomes. Statistical heterogeneity will be
estimated using Cochran’s Q and I2 index. Additional analyses will be conducted to explore the potential sources of
heterogeneity (e.g., sex, kidney replacement therapy, multimorbidity).
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Discussion: Given that polypharmacy is a major and a growing public health issue, our findings will highlight the
prevalence of polypharmacy, hazards associated with it, and medication thresholds associated with adverse
outcomes in patients with CKD. Our study will also draw attention to the prognostic importance of improving
medication practices as a key priority area to help minimize the use of inappropriate medications in patients with
CKD.
Systematic review registration: PROSPERO registration number: [CRD42020206514].
Keywords: CKD, Polypharmacy, Elderly, Multimorbidity, Adverse effects, Prescriptions

Background
Polypharmacy, the concurrent use of multiple medications by an individual, is a significant and growing public
health threat worldwide [1–3]. In 2017, the World
Health Organization (WHO) highlighted polypharmacy
as a key action to address unsafe medication practices
and medication errors which are often associated with
significant patient injury and preventable harm [1]. Globally, the prevalence of polypharmacy continues to increase, with estimates of 10–20% in the general
population and 40–60% in the elderly [4–6]. There is no
standard definition of polypharmacy; various definitions
and related terms have been used (reviewed in detail by
Masnoon et al.) [7]. Variability in the numerical threshold used in characterizing polypharmacy, as well as the
reported inconsistencies regarding duration of therapy,
healthcare setting, and inclusion of over-the-counter
(OTC), and traditional and complementary medicines
often creates challenges when defining polypharmacy
[7]. Most studies, however, define polypharmacy as the
concomitant use of ≥ 5 medications which is supported
by evidence on medication-related adverse effects associated with polypharmacy [8].

Aging and multimorbidity are the key driving factors
of polypharmacy [2, 3]. It is estimated that about half of
individuals over the age of 65 years have at least three
coexisting chronic conditions, and about 20% have five
or more [ 9]. Given a rising burden of multimorbidity
among the elderly, there is a corresponding increase in
the amount of medication use in this group, thus increasing the prevalence of polypharmacy [2, 3]. In the
USA, more than 4 in 10 older adults take 5 or more prescription medications daily—a marked rise of 300% from
1994 to 2014 [10]. This proportion increases to 7 in 10
older adults if OTC medications and supplements are
counted [11] and nearly 20% of older adults take ≥ 10
drugs [10]. Similarly, the Canadian Institute for Health
Information (CIHI) have reported that almost two-thirds
of individuals aged 65 years and over used ≥ 5 drug classes, while 27% ≥ 10 and 8.6% used ≥ 15 [12]. Table 1
summarizes other driving forces of polypharmacy.
Polypharmacy is associated with a broad range of adverse health outcomes, resulting in significant costs to
both the patient and the healthcare system [13–15], with
the risk and severity of harm increasing with an increasing number of medications [16]. Polypharmacy has also

Table 1 Drivers of Polypharmacy and Various Associated Negative Consequences
Drivers of Polypharmacy

Negative Consequences Associated with
Polypharmacy [13–16]

i. Indiscriminate use of clinical practice guidelines (CPGs) designed for the management of single
diseases in elderly, multimorbid patients [17, 18].

i. Adverse drug events (ADEs)
ii. Adverse drug reactions (ADRs)
iii. Drug-drug interactions
iv. Drug-disease interactions
v. Medications non-adherence
vi. Medication errors
vii. Use of potentially inappropriate
medications (PIMs)
viii. Renal failure
ix. Urinary incontinence
x. Falls and fractures
xi. Functional decline, disability and frailty
xii. Cognitive impairment and delirium
xiii. Malnutrition
xiv. Decreased quality of life
xv. Nursing home/long-term care placement
xvi. Hospitalizations
xvii. Mortality

ii. Protocol-driven medicine that recommends prescribing medications as the first line of treatment
and “stepping up” drug regimens with higher doses and/or additional drugs if targets are not
reached [17, 19, 20].
iii. Performance standards and incentives that coerce clinicians to follow guidelines focused on
starting medications [18, 19].
iv. Research gaps that leaves many aspects of polypharmacy poorly understood [18, 19].
v. Inadequate clinician training on the management of polypharmacy (including monitoring,
detecting, preventing, and evaluating adverse outcomes associated with polypharmacy) [18, 19].
vi. Fragmented healthcare systems that results in uncoordinated treatment by multiple prescribers
[9, 19, 21].
vii. Growth of the pharmaceutical industry leading to an ever-increasing availability of medications
for a growing number of medical conditions [19].
viii. Influence of the pharmaceutical industry on clinicians [19] and funding of clinical drug trials [22]
and professional societies that publish CPGs [23].
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been strongly associated with adverse drug events
(ADEs), adverse drug reactions (ADRs), drug-drug interactions, and drug-disease interactions [13–15]. In the
USA, ADRs are estimated to claim between 100,000 and
218,000 lives annually and cost the healthcare system up
to $137–177 billion [24]. The true incidence of ADRs
are estimated to be much higher since underreporting is
shown to be as high as 94% [25]. Studies have also
shown that the risk of ADEs increases by up to 7–10%
for each additional medication taken, and that outpatients using 5 or more medications have an 88% increased chance of experiencing an ADE compared to
those taking less medications [26].
Polypharmacy has also been directly associated with
mortality. In a systematic review that investigated the association between polypharmacy and mortality, a significant association between polypharmacy and death was
observed when polypharmacy was defined as a discrete
variable (pooled-adjusted odds ratio [aOR] 1.08 [95% CI
1.04–1.12]) [27]. When polypharmacy was defined categorically, a dose-response relationship was also observed across increasing thresholds of medications use,
i.e., 1–4 medications [aOR 1.24]; 5 medications [aOR
1.31] and 6–9 medications [aOR 1.59]. Excessive polypharmacy (i.e., use of ≥ 10 medications) was also significantly associated with death [aOR 1.96] [27]. Other
negative consequences associated with polypharmacy are
also summarized in Table 1 [13–23].
An increasingly aging and multimorbid population has
contributed to the rising prevalence of chronic kidney
disease (CKD) [28, 29]. Individuals with CKD are highly
vulnerable to polypharmacy given that CKD risk factors
(e.g., diabetes mellitus and hypertension) and other cardiovascular diseases and risk factors are more prevalent
in this population [30, 31]. Furthermore, patients with
CKD require additional medications to limit the progression of CKD and manage disease-related complications
(e.g., anemia, metabolic disorders, hyperlipidemia, mineral, and bone disorders) as kidney function deteriorates
[32]. In CKD, all mechanisms of kidney excretion are
impaired, including glomerular filtration, tubular secretion, and reabsorption. Since most drugs are largely
eliminated through the kidneys, reduced kidney function
causes a wide-ranging changes to the pharmacokinetic
(drug absorption, distribution, metabolism, and excretion) and pharmacodynamic (drug-receptor interactions)
properties of drugs thereby increasing the likelihood of
potentially life-threatening toxicities, drug-drug interactions, and ADRs [33, 34]. The substantial burden of
medications in individuals with CKD is welldocumented, with studies showing that between 70.4–
81% of patients with CKD take ≥ 5 medications [35, 36].
In a German study of 5217 patients with CKD, the
prevalence of polypharmacy at baseline and follow-up
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was almost 80%, the median number of different medications per day was 8 (range 0–27), and factors associated with polypharmacy were increasing CKD stage, age,
body mass index (BMI), diabetes mellitus, cardiovascular
disease, and a history of smoking [35]. Another study
found that 35.5% of older individuals with CKD took ≥
10 medications, vitamins, and supplements [36].
Polypharmacy is also the main reason for potentially
inappropriate medications (PIMs) use, with the number
of PIMs increasing with the number of prescribed medications [37]. In individuals with CKD, numerous studies
have revealed that PIM use as well as renally inappropriate medications use (RIMs) is common [36–39] and
often overlooked [38, 39]. The prevalence of PIMs is estimated to be as much as 62–67% of patients in the inpatient and ambulatory care setting [40]. The recently
published CKD-REIN study revealed that a large proportion of medications prescribed to patients with CKD
were contraindicated, suggesting a lack of regular and/or
thorough assessment of patients’ medication lists as kidney function declined [41].
The number of older persons is expected to have doubled by 2050 (reaching nearly 2.1 billion) [42], and this
is likely to further increase the burden of multimorbidity
and prevalence of individuals with CKD on polypharmacy [28]. Given the relationship between multimorbidity and CKD, and that such patients are at high risk of
polypharmacy, PIMs, and adverse health effects associated with polypharmacy, this study will provide adequate
information characterizing the burden of these conditions among patients with CKD. This will likely improve
caution when prescribing medications for patients with
CKD and reduce the frequency of adverse health effects
related to polypharmacy in this population.
The aim of this systematic review will be to assess the
prevalence of polypharmacy among adult patients with
CKD, and the potential association between polypharmacy and adverse health outcomes within this
population.

Methods/design
The present protocol has been registered within the
PROSPERO
database
(registration
number
CRD42020206514) and is being reported in accordance
with the guidance provided in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P) statement [43] (see checklist in Additional file 1). The planned review will be reported
according to the Preferred Reporting Items for Reporting
Systematic Reviews and Meta-Analyses (PRISMA) 2020
Statement [44], and the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) reporting guideline
[45].

Okpechi et al. Systematic Reviews

(2021) 10:198

Page 4 of 7

Information sources and search strategies

Types of outcome

The following databases will be searched from inception
onwards with no language restriction: MEDLINE,
Embase, Cochrane Library, CINAHL, Web of Science,
and PsycINFO. The search strategy will be developed in
consultation with a research librarian, the study investigators, and with guidance from the Cochrane handbook.
We will also use a combination of controlled vocabulary
search terms (i.e., Medical Subject Headings), and we
will adapt the MEDLINE search strategy for the other
databases. The draft search strategy for MEDLINE is
provided in Additional file 2.
Reference lists of all relevant and selected publications
will be searched manually to identify further studies.
Conference abstracts and grey literature studies will also
be considered from recommended resources in consultation with our medical librarian. As such, we will search
ProQuest Dissertations & Theses Global, and Conference Proceedings Citation Index (Clarivate Analytics).

The primary outcome will be the prevalence of polypharmacy (as described above). Secondary outcomes will
include any adverse health outcomes in association with
polypharmacy. Specifically, we will include studies that
reported an association between polypharmacy and the
following adverse health outcomes: kidney-related outcomes (such as episodes of acute kidney injury, worsening of estimated glomerular filtration rate [eGFR],
initiation of dialysis, episodes of hyperkalemia),
cardiovascular-related outcomes (such as fatal and nonfatal cardiovascular events), all-cause mortality, hospitalizations, drug-related outcomes (ADRs, ADEs, etc.),
health-related quality of life (HRQoL), and other cognitive and physical decline outcomes.

Criteria for considering studies for the review
Types of studies

Eligible studies will be observational studies (cohort,
cross-sectional, or health surveys) reporting prevalence
data of polypharmacy. Cross-sectional studies will be the
most appropriate study design to determine the prevalence of polypharmacy. Cross-sectional health surveys
are typically used to estimate the point prevalence of
common conditions of long duration.

Data collection and analysis
Study selection

A flow diagram showing details of studies included and
excluded at each stage of the study selection process will
be provided in the final review. We will adopt a 2-stage
collaborative review process for screening and inclusion
of studies. First, 2 investigators (MT and SM) will independently review the titles and abstracts of retrieved
studies using the established study inclusion and exclusion criteria. Subsequently, full texts of the selected studies will be obtained and will be independently assessed
by these reviewers for eligibility. If necessary, any discrepancies will be resolved by a third reviewer (IGO).
For any excluded study, one of the predefined exclusion
criteria will be recorded.

Types of participants

We will include studies with participants over 18 years
of age, regardless of sex and ethnicity, across the
spectrum of CKD (including those receiving kidney replacement therapy), and studies performed in in-patient
and outpatient settings. We will exclude studies where
the prevalence of polypharmacy cannot be computed as
well as review articles, case reports, case studies, images,
and other studies from which relevant data cannot be
obtained even after attempting to contact the authors.

Exposure of interest

We will include studies that explored polypharmacy in
patients with CKD and reported the prevalence of polypharmacy in their study setting with or without reporting the duration of therapy and/or healthcare setting
(e.g., ambulatory care, hospitalization). We will define
polypharmacy as the use of ≥ 5 medications (i.e., prescriptions, not pills, or dispensations) and excessive
polypharmacy (hyperpolypharmacy) as use of ≥ 10
medications.

Data extraction and management

Two investigators will independently extract data from
selected studies. The extracted data will be entered into
a standardized form and will be reviewed for accuracy
and completeness. Data elements from the selected studies will include first author, country, year of publication,
study design, sample size, age, sex, CKD stages, and/or
kidney function (i.e., serum creatinine and/or estimated
glomerular filtration rate), number of comorbidities,
duration of therapy, healthcare setting, mean/median
number of medications, the article’s definition of polypharmacy, prevalence of polypharmacy, and adverse
health outcomes reported. Reported adverse health outcomes will be grouped into ADRs, ADEs, or others and
recorded as reported from the studies. Authors of the
studies will be contacted for missing or additional data.
If possible, we will calculate missing data using available
information (e.g., imputation). All missing data will be
reported in the data extraction form and risk of bias
table.
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Assessment of risk of bias

Methodological quality of the studies will be evaluated
using the checklist developed by Hoy et al. [46] to assess
the risk of bias from studies. This quality assessment
tool incorporates assessments of risk of bias across core
domains including sampling, the sampling technique
and size, outcome measurement, response rate, and statistical reporting. The overall risk of bias for each study
will be displayed in a risk of bias summary table.
Data synthesis

Study characteristics will be summarized in Tables and
described in texts in the study manuscript.. The decision
to perform a meta-analysis on the primary outcome
(prevalence of polypharmacy) will depend on the assessment of statistical heterogeneity. If heterogeneity between studies is high (I2 > 50% and deemed to represent
considerable heterogeneity), then data will be reported
descriptively and we will provide a narrative synthesis of
included studies using the Synthesis Without Metaanalysis (SWiM) reporting guideline as a framework
[47]. If heterogeneity is acceptable, we will pool the
study-specific estimates using a random-effects metaanalysis model (DerSimonian and Laird) to obtain an
overall summary estimate of the prevalence of polypharmacy and rates of the secondary outcomes [48] [49].Heterogeneity among studies will be evaluated in relation to
participant characteristics (e.g., comorbidities), number
of medications, and types of adverse health outcomes
(kidney-related/others). We will evaluate heterogeneity
across studies by applying the χ2 test (p < 0.1 will indicate heterogeneity) and quantified using the I2 statistic
(values of < 25%, 25–75%, and > 75% representing low,
medium, and high heterogeneity, respectively) [50]. We
will assess the presence of publication bias using funnel
plots and Egger’s test [51].
Additional analyses

Subgroup analysis will be performed to investigate variations in prevalence data and potential sources of heterogeneity [49]. The following subgroups will be considered
for further analyses: sex (males versus females), age
groups: elderly and very elderly, study setting (in-patient
versus outpatient settings), quality of study (low versus
moderate versus high), patients on kidney replacement
therapy (KRT) versus not receiving KRT, and multimorbidity (≤ 3 versus > 3). Significant results will be defined
as p < 0.05.
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(GRADE) Workgroup [52]. We will identify limitations
of included studies and suggest improvement where
possible.
Patient and public involvement

Given that this study is a systematic review, there will be
no direct involvement of patients and public.
Ethics and dissemination

Ethical approval will not be required for this study as
data used will be extracted from published studies. Results of this review will be published using traditional
approaches including open-access peer-reviewed publications(s), presentations at relevant scientific conferences, reports, and lay summaries.

Discussion
To the best of our knowledge, this review is the first to
comprehensively assess the prevalence of polypharmacy in
patients with CKD as well as reporting the incidence of
adverse health outcomes associated with polypharmacy in
such patients. As polypharmacy is a major and growing
public health issue, our findings will highlight the hazards
associated with polypharmacy as well as medication
thresholds associated with adverse outcomes. Our study
will also draw attention to the prognostic importance of
improving medication practices as a key priority area to
help minimize the use of inappropriate medications in patients with CKD. A potential limitation of this study could
be non-uniform reporting of adverse outcomes and their
associations with polypharmacy. This could make it difficult to identify adverse outcomes associated with use of
medications in the CKD population. Another limitation
could be that identified studies are mostly of low quality
which could impact on the final reporting of our outcomes. Despite these, we expect that the results of this
study will inform medication education, physician practice
guidelines, and various quality improvement initiatives to
address polypharmacy. Any amendments we make to this
protocol when conducting the review will be outlined in
PROSPERO and reported in the final manuscript.
Abbreviations
ADEs: Adverse drug events; ADRs: Adverse drug reactions; BMI: Body mass
index; CIHI: Canadian Institute for Health Information; CKD: Chronic kidney
disease; HRQoL: Health-related quality of life; OTC: Over the counter;
PIMs: Potentially inappropriate medications; PRISMA-P 2015: Preferred
reporting items for systematic reviews and meta-analyses for protocols 2015;
RIMs: Renally inappropriate medications use; WHO: World Health
Organization

Confidence in cumulative evidence

Supplementary Information

The quality of evidence for the primary outcome, i.e.,
prevalence of polypharmacy, will be assessed as “very
low” to “high” in accordance to the Grading of Recommendations Assessment, Development and Evaluation

The online version contains supplementary material available at https://doi.
org/10.1186/s13643-021-01752-z.
Additional file 1:. PRISMA-P checklist.
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