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Abstract
Overactive bladder (OAB) is a common disorder in the general population, and the prevalence increases with age. Adults with 
OAB typically have a greater number of comorbid conditions, such as hypertension, depression, and dementia, compared 
with adults without OAB. Subsequent to an increased number of comorbidities, adults with OAB take a greater number of 
concomitant medications, which may increase the risk of potentially harmful drug‒drug interactions. There are two impor-
tant considerations for many of the medications approved for the treatment of OAB in the USA: anticholinergic burden and 
potential for drug‒drug interactions, notably related to cytochrome P450 (CYP) 2D6, which is responsible for the metabolism 
of approximately 25% of all drugs. A substantial number of drugs used for the treatment of OAB and comorbid conditions 
(e.g., cardiovascular and neurologic disorders) are CYP2D6 substrates or inhibitors. Furthermore, a substantial number of 
drugs with CYP2D6 properties also have strong anticholinergic properties. Here, we review polypharmacy associated with 
OAB and its common comorbidities, identify drugs with reported anticholinergic properties, and provide an overview of 
clinically relevant drug‒drug interactions in the treatment of OAB as they relate to CYP2D6 metabolism. This review aims 
to provide clinicians with essential information necessary for making treatment decisions when managing OAB.
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Key Points 

Adults with overactive bladder (OAB) have high rates 
of comorbid medical conditions (e.g., cardiovascular, 
neurologic, psychiatric) and polypharmacy; many drugs 
used for the treatment of OAB or for common comor-
bidities have anticholinergic properties, are substrates of 
cytochrome P450 (CYP) 2D6, or are both.

When co-administered with treatments for OAB that are 
CYP2D6 inhibitors, CYP2D6 substrates with anticho-
linergic properties may lead to effects such as impaired 
cognition, while exposure to substrates of CYP2D6 may 
lead to potentially harmful drug‒drug interactions and 
adverse effects.

Many drugs with clinically significant CYP2D6 metabo-
lism have anticholinergic properties (and thus are associ-
ated with an increased risk of dementia and falls) and/or 
are associated with a variety of safety concerns including 
the risk of QT prolongation and other boxed warnings or 
contraindications when co-administered with CYP2D6 
inhibitors.

1 Introduction

An estimated 23% of Americans ≥ 40 years old have bother-
some symptoms of overactive bladder (OAB) [1], and the 
proportion of adults who report urgency or urgency urinary 
incontinence increases with age in both men and women 
[1, 2]. Among residents of long-term care (LTC) facilities 
who are ≥ 65 years old, approximately 65–70% report uri-
nary incontinence [3, 4], which is the second-leading cause 
for the placement of older adults into care facilities [5]. 
Compared to individuals without OAB, adults with OAB 
have a significantly higher prevalence of comorbid medical 
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conditions, particularly cardiovascular and central nerv-
ous system (CNS) comorbidities [6, 7]. This holds true for 
older adults, as those ≥ 65 years old with OAB continue to 
experience a greater number of comorbid medical condi-
tions than age-matched cohorts without OAB; among adults 
with OAB, those ≥ 75 years old have a greater number of 
comorbidities than those 65–74 years old [8].

The 2019 American Urological Association/Society 
of Urodynamics, Female Pelvic Medicine and Urogeni-
tal Reconstruction guidelines for the treatment of OAB 
(Table 1) recommend behavioral therapy as first-line 
treatment, which may be combined with pharmacother-
apy; second-line treatment includes oral anticholinergics 
or β3-adrenergic agonists [9]. Treatment with anticho-
linergics, however, is associated with well-known side 
effects such as dry mouth, blurred vision, and constipa-
tion [10] and, perhaps more importantly, is associated 
with an increased risk of falls [11] and incident demen-
tia [12–14]. Therefore, patients should be monitored for 
adverse drug reactions while taking anticholinergic treat-
ments, and doses or treatments should be modified as nec-
essary [9]. Furthermore, the American Geriatrics Society 
Beers  Criteria® for Potentially Inappropriate Medication 
Use in Older Adults provides guidance regarding safety 
and dosing considerations in older adults for not only 
anticholinergics (e.g., strongly anticholinergic drugs such 
as chlorpheniramine, diphenhydramine, and amitriptyline 
are considered inappropriate), but also for other drug 
classes (e.g., antidepressants, skeletal muscle relaxants, 
and peripheral α1-blockers are considered inappropriate) 
[15].

Given the greater number of comorbid conditions expe-
rienced by adults with OAB and the subsequently greater 
number of pharmacologic treatments prescribed [6–8], there 
is an increased risk of potentially clinically relevant drug‒
drug interactions (DDIs) in this population. Furthermore, a 

substantial number of drugs used to treat OAB and comorbid 
conditions, such as cardiovascular, neurologic, and psychi-
atric disorders, are CYP2D6 substrates or inhibitors. Drugs 
that inhibit CYP2D6 lead to increased plasma concentra-
tions of drugs that are substrates of the enzyme, increasing 
the possibility of experiencing adverse events and toxicity. 
While not a focus of this review, other liver-based metabolic 
pathways, including CYP3A4 and CYP2B6, should also be 
considered [16].

Computerized physician order entry (CPOE) and pre-
scribing systems are widely used with the goal of simplify-
ing the prescribing process and identifying potential DDIs 
to minimize the risk of adverse effects. However, some 
CPOE systems remain problematic and may increase the 
risk of certain types of unforeseen prescribing errors, reveal-
ing new opportunities for error reduction [17]. Electronic 
health record (EHR) databases, which allow clinicians to 
track the potential benefits and risks of medical treatments, 
have been implemented by a substantial percentage of phy-
sician offices, and by 2014, approximately 74% of office-
based physicians had implemented certified EHRs [18]. 
Electronic health records can provide decision-making sup-
port and can also alert clinicians of potential DDIs, similar 
to CPOE systems. However, while certified EHRs do exist, 
such databases are not regulated or standardized, and safety 
performance varies among the different EHR vendors [19]. 
As such, it is necessary for healthcare providers who treat 
patients with OAB to be aware of relevant DDIs so as not to 
rely solely on CPOE systems or EHRs to determine contrain-
dications and the potential for clinically meaningful DDIs.

The aim of this review is to evaluate polypharmacy asso-
ciated with OAB comorbidities and the implications relat-
ing to anticholinergic burden. The potential for clinically 
relevant CYP2D6-related DDIs is also explored to provide 
essential information for clinicians treating patients with 
OAB.

Table 1  American Urological Association/Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction guidelines for the 
treatment of overactive bladder (adapted from [9])

Strategy Treatment Notes

First line Behavioral therapy consisting of bladder training, bladder control 
strategies, pelvic floor muscle training, and fluid management

May be combined with pharmacologic treatment

Second line Pharmacologic management consisting of oral anticholinergics 
(darifenacin, fesoterodine, oxybutynin, solifenacin, tolterodine, 
trospium) and/or β3-adrenergic receptor agonists (mirabegron, 
vibegron)

Extended-release formulations are preferable; transdermal 
formulations may be offered; consider dose modification 
or alternate medication if patients do not respond to initial 
treatment

Third line Intradetrusor onabotulinumtoxinA or nerve stimulation (periph-
eral nerve stimulation or sacral neuromodulation)

Patient populations should be carefully selected, and patients 
must be thoroughly counseled

Fourth line Augmentation cystoplasty or urinary diversion Consider for severe, refractory, or complicated patients
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2  Comorbidities and Polypharmacy 
in Patients with OAB

Overall, adults with OAB experience a greater number of 
comorbidities compared with those without OAB [6, 20, 
21]. Prevalence of comorbidities in older adults is substan-
tial, with one database analysis reporting that adults 65–74 
years old may experience an average of 16 comorbid medical 
conditions in a 12-month period, whereas adults ≥ 75 years 
old may experience an average of 20 [8]. Cardiovascular and 
neuropsychiatric comorbidities among adults with OAB are 
of particular interest given that the mainstays of pharma-
cologic treatment of OAB are anticholinergic medications, 
including oxybutynin, tolterodine, fesoterodine, and solif-
enacin, among others, that have well-known cardiovascu-
lar and neurologic side effects [22, 23]. Indeed, adults with 
OAB have a greater number of pre-existing neuropsychi-
atric disorders, including psychosis, nonpsychotic mental 
disorders, and dementia, compared with individuals with-
out OAB; they also have a greater number of cardiovascular 
comorbidities such as hypertension and cardiac conduction 
disorders [6, 7].

Subsequent to a greater number of comorbid conditions, 
older adults with OAB are more likely to be taking a greater 
number of concomitant medications, particularly those used 
to treat cardiovascular and psychiatric conditions, than older 
adults without OAB [8]. Furthermore, adults with OAB have 
significantly increased use of anticholinergic medications 
than individuals without OAB [6], which has the potential 
to increase adverse effects or toxicity. A pooled analysis of 
ten clinical trials of fesoterodine for the treatment of OAB 
in participants ≥ 65 years old showed that the probability 
of experiencing a treatment-emergent adverse event signifi-
cantly increased with increasing baseline concomitant dis-
eases and medications [24].

In LTC facilities, the prevalence of OAB and/or uri-
nary incontinence is high, with reports of 65–70% [3, 4]. 
Approximately 89% of nursing home residents need assis-
tance with toileting, and 92% need assistance with walking 
or locomotion [25]. Consistent with the general population, 
residents of LTC facilities with urinary incontinence and/or 
OAB have a significantly higher prevalence of comorbidities 
such as hypertension, hyperlipidemia, dementia, depression, 
and anxiety disorders than residents without OAB [4]. Addi-
tionally, rates of frailty in LTC facilities are high, with one 
report suggesting that approximately 85% of LTC residents 
are frail [26], which may be related to comorbidities. Poly-
pharmacy, a term with a broad range of definitions in the 
literature but commonly defined as taking five or more medi-
cations [27], in residents of LTC facilities is also high over-
all, with a recent systematic reviewing suggesting that 91% 
and 65% of LTC residents are taking more than five or more 

than ten medications, respectively [28]. Residents in LTC 
facilities with OAB have high rates of use of anticholinergic 
medications [29] and have significantly greater concomitant 
medication use, including use of diuretics, anxiolytics, and 
antipsychotics, compared with their age-matched cohorts 
[4]. In addition to highlighting challenges with polyphar-
macy, these obstacles to pharmacologic treatment highlight 
a need for behavioral treatments, which can be beneficial in 
this population.

3  Healthcare Burden of Polypharmacy

Management of OAB in older adults can be challenging 
given the high prevalence of polypharmacy [4, 8, 28, 29], 
which can lead to safety concerns and an increased risk of 
DDIs, potentially increasing healthcare resource utiliza-
tion and costs. Indeed, current methods for treating patients 
with OAB has been shown to increase the healthcare bur-
den and costs, typically because of the high prevalence of 
comorbid conditions [20, 21, 30]. Drug–drug interactions 
experienced by patients receiving polypharmacy can com-
pound the economic burden because DDIs are associated 
with increased costs of hospitalization [31]. Additionally, 
the increased need for assistance with toileting and walk-
ing/locomotion [25] can place an extra burden on LTC staff 
that could be further encumbered when coupled with man-
aging DDIs and adverse events from anticholinergics. Low 
persistence of treatment with anticholinergics for OAB [32] 
may also contribute to the burden and increase the safety 
risk for patients who abruptly stop OAB medications after 
drug regimens have been adjusted to account for DDIs. The 
potential for clinically relevant DDIs should be monitored 
for all patients, and DDIs should be carefully considered in 
high-risk populations such as patients ≥ 65 years old [33].

Many hospital admissions of older adults for drug toxicity 
occur after administration of a drug known to cause DDIs 
[34]. Although continuous monitoring for DDIs and adjust-
ment of medications require diligence on the part of treating 
clinicians to ensure patient safety, studies have shown that 
evaluating polypharmacy and DDIs and updating treatment 
plans accordingly is associated with decreased healthcare 
and medication costs [35, 36]. Furthermore, deprescribing 
of medications should be considered for patients with OAB 
who are receiving polypharmacy; in such cases, it may be 
necessary for providers to carefully consider baseline medi-
cation use, prioritize medications, and discontinue or change 
medications (e.g., from anticholinergics for OAB to adren-
ergic agonists) to optimize clinical outcomes [27]. Use of a 
validated method to identify older patients at risk of adverse 
drug reactions, such as the GerontoNet ADR risk score, may 
facilitate this process [37].



296 M. P. Rutman et al.

4  Drug Safety: Anticholinergic Burden 
Including Drugs for OAB

4.1  Guidelines for the Safe Prescribing 
of Medications

A number of guidelines are available for clinicians to aid in 
clinical decision making, and many guidelines are geared 
toward use in older adults. The American Geriatrics Society 
Beers Criteria for Potentially Inappropriate Medication Use 
is arguably one of the most widely used guidelines in clini-
cal practice and research. In 2019, the American Geriatrics 
Society published an update to the Beers Criteria [15], which 
aims to provide guidance to healthcare providers regarding 
the safe prescribing of medications in older adults. Addi-
tional guidelines include the screening tool of older people’s 
prescriptions (STOPP) and the screening tool to alert to the 
right treatment (START), which were first published in 2008 
and most recently updated in 2015 [38]. The goals of the 
STOPP and START criteria are to provide clinicians with 
information necessary to minimize inappropriate prescribing 
in older adults, including defining medications significantly 
associated with adverse drug reactions. Applying STOPP 
and START criteria has been shown to significantly improve 
the appropriateness of medication and reduce adverse drug 
reactions [38]. The Medication Appropriateness Index is 
another tool developed to serve as a sensitive measure in 
prescribing quality due to intervention by a pharmacist [39, 
40]. As a whole, the numerous available guidelines aim to 
provide clinicians with the necessary information to effec-
tively treat patients while minimizing unsafe and harmful 
prescribing practices.

4.2  Guidelines for Anticholinergic Use

Appropriate anticholinergic prescribing is particularly 
important in adults with OAB because anticholinergics 
are one of the primary pharmacologic treatments and are 
intended for long-term use. The 2019 Beers Criteria update 
includes > 50 drugs with strong anticholinergic properties, 
many of which are recommended to avoid in older adults 
owing to an increased risk of confusion, dry mouth, consti-
pation, and other common anticholinergic effects [15]. The 
Beers Criteria also recommends cautious use and moni-
toring of sodium levels for some anticholinergics, such 
as antipsychotics, selective-serotonin reuptake inhibitors, 
selective-norepinephrine reuptake inhibitor, and tricyclic 
antidepressants. High anticholinergic burden (ACB), which 
is the cumulative effect of taking one or more medications 
with anticholinergic activity, is associated with falls/frac-
tures, cognitive decline, and increased mortality risk [11, 
12, 41]. With alternatives to anticholinergics available for 

at-risk populations, prescribing of multiple anticholinergics 
should be avoided owing to DDIs and the increased risk of 
cognitive decline [42].

Despite this guidance, adults with OAB are commonly 
prescribed medications with high ACB. A database analy-
sis of residents of US nursing homes showed that approxi-
mately 71% of residents with OAB or urinary incontinence 
were receiving anticholinergic agents; of those treated with 
anticholinergics for OAB, 77% were receiving additional 
medications with anticholinergic properties [29]. An analy-
sis of patients (age range 65‒97 years) receiving trospium 
for the treatment for OAB, which is generally considered 
to have the lowest risk of DDIs of the anticholinergics for 
OAB, showed that approximately 28% of patients had an 
ACB score of ≥ 2 at baseline [43]. Use of anticholinergic 
medications is associated with an increased risk of incident 
dementia [12]; thus, treatment with anticholinergics in older 
adults and adults with dementia should be carefully consid-
ered. In a cross-sectional analysis of community-dwelling 
adults ≥ 65 years old, approximately 5% took an OAB-
related anticholinergic medication, and adults with impaired 
cognition (e.g., mild cognitive impairment, dementia) were 
more likely to take anticholinergics than those without cog-
nitive impairment [44]. Furthermore, 41% of adults who 
were taking anticholinergics were also taking cholinester-
ase inhibitors [44], which may not only cause both drugs 
to lose efficacy but is also likely to cause harm. Dual use 
of anticholinergics with cholinesterase inhibitors has been 
shown to lead to a faster rate of functional decline in activi-
ties of daily living [45].

4.3  Considerations When Prescribing OAB 
Anticholinergics

Clinicians should use caution when prescribing anticholin-
ergics for the treatment of OAB, especially in frail older 
adult patients and when patients are taking other medica-
tions with anticholinergic properties [9]. Anticholinergics 
are also contraindicated in patients receiving solid oral 
potassium supplements because of reduced gastric motility 
caused by anticholinergics [9]. Further, owing to the high 
percentage of adults with OAB who also have comorbid 
cardiovascular and/or neuropsychiatric conditions [6, 7], 
clinicians should be especially cognizant of cardiovas-
cular and CNS effects. Although adverse cardiovascular 
events are typically reported at low rates in clinical trials of 
anticholinergics for OAB, post-marketing experience sug-
gests that anticholinergics are associated with palpitations 
[46–50] and tachycardia (from anticholinergic effects on the 
heart) [46–48], as well as QT prolongation (from blockade 
of hERG channels) [46, 51]. QT prolongation may lead to 
the development of torsades de pointes (TdP), a potentially 
fatal ventricular arrhythmia. Drugs with a risk of TdP are 
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categorized as (1) known risk of TdP; (2) possible risk of 
TdP; or (3) conditional risk of TdP [52]. With regard to 
effects on the CNS, oxybutynin, trospium, darifenacin, and 
solifenacin are associated with hallucinations, confusion, 
and somnolence [46, 48, 49, 51], and tolterodine is asso-
ciated with disorientation and memory impairment [47]. 
Although CNS effects are not included within the US Food 
and Drug Administration-approved label for fesoterodine, 
consideration should be given to the potential for more gen-
eral anticholinergic effects.

5  Drug–Drug Interactions

5.1  General Considerations with Polypharmacy

In populations with a high prevalence of comorbid medical 
conditions and polypharmacy, use of anticholinergics and 
drugs that are substrates of CYP2D6 is particularly con-
cerning, as each additional medication leads to a greater 
risk of DDIs, adverse events, and potentially life-threatening 
situations. Further, a number of medications are known to 
cause QTc prolongation, which makes medication manage-
ment difficult for patients who may be at higher risk for 
cardiac arrythmias. Assuming a 22% likelihood of a drug 
being metabolized by CYP2D6, the probability of a patient 
taking at least one medication that is a substrate for CYP2D6 
rapidly increases with the number of medications prescribed 
(Fig. 1), ultimately increasing the probability of a patient 
experiencing a clinically relevant DDI. In a recent retrospec-
tive analysis, residents of LTC facilities with OAB were tak-
ing a median of nine medications [53]. Using the above esti-
mated likelihood, each resident receiving nine medications 
would therefore have an 89% probability of receiving at least 
one CYP2D6 substrate. Indeed, residents of LTCs with OAB 
have a greater overall use of medications that are substrates 
of CYP2D6 compared with residents without OAB (74% vs 
67%, respectively), including significantly increased use of 
antidepressants (54% vs 46%); they also had significantly 
increased use of medications known to cause QTc prolonga-
tion (39% vs 29%) [53].

5.2  Drugs with Clinically Significant CYP2D6 
Metabolism

As approximately one-quarter of currently used drugs are 
metabolized by CYP2D6, inhibition of CYP2D6, which 
leads to reduced enzyme activity and increased concentra-
tion of CYP2D6 substrates, is an important consideration for 
patients who are receiving polypharmacy. Thus, to identify 
clinically relevant CYP2D6 substrates in the treatment of 
OAB, we searched the following four drug databases and 
references: (1) Drug Interactions: Flockhart  Table™ [54]; 

(2) Drug Interaction Solutions: In Vivo CYP2D6 Substrates 
[55]; (3) Lexicomp Facts & Comparisons Searchable Drug 
Information Database [56]; and (4) The Top 100 Drug Inter-
actions: A Guide to Patient Management [57]. Review of 
four DDI databases or references indicates that 108 drugs 
approved for use in the USA are clinically relevant substrates 
of CYP2D6 (Table 2). These medications include common 
treatments for psychiatric disorders (e.g., depression, schizo-
phrenia), cardiovascular disorders (e.g., hypertension, high 
cholesterol), and gastrointestinal disorders. A substantial 
number of these CYP2D6 substrates are also commonly 
used for the treatment of comorbidities often associated with 
OAB. Of the CYP2D6 substrates, 33 drugs are some of the 
most commonly prescribed drugs in the USA (i.e., included 
among the top 200 prescribed drugs) [58]. Approximately 
one-third (33/108) of these CYP2D6 substrates have ACB 
scores of 2 or 3 per the Anticholinergic Cognitive Burden 
Scale [59, 60], and 60 have risk of QT prolongation or TdP 
(Table 2).

When CYP2D6 substrates are co-administered with a 
CYP2D6 inhibitor, patients may experience supra-thera-
peutic levels of the CYP2D6 substrate owing to increased 
exposure from inhibited metabolism. This in turn leads to an 
increased risk of adverse events. These adverse effects com-
monly affect the CNS, leading to neurologic adverse events 
(e.g., seizures, serotonin toxicity, altered mental status), and 
are especially relevant for patients being treated for neuro-
logic or psychiatric conditions with the CYP2D6 substrates 
listed in Table 2 [61, 62]. Similarly, treatment with analge-
sics (e.g., tramadol) can lead to adverse neurologic effects 
such as seizures or serotonin toxicity [63–65]. In addition 
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Fig. 1  Probability of a patient receiving a cytochrome P450 2D6 sub-
strate. Probabilities are based on the assumption of a binomial distri-
bution in which each drug prescribed is considered an independent 
event and the probability of each drug being a cytochrome P450 2D6 
substrate is 22%
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Table 2  Therapeutic class, anticholinergic properties, and potential for QT prolongation of clinically relevant CYP2D6 substrates

Therapeutic class

Overactive bladder and lower urinary tract disorders
 Darifenacin Fesoterodine Tamsulosina Tolterodineb

Psychiatric disorders
 Amitriptylinea,b Doxepinb Mirtazapinea,b Quetiapinea,b

 Amoxapine Duloxetinea Nefazodone Risperidonea,b

  Aripiprazolea,b Escitaloprama,b Nortriptylineb Sertralinea,b

  Asenapineb Fluoxetinea,b Olanzapineb Thioridazineb

 Brexpiprazole Fluphenazine Paliperidoneb Trazodonea,b

 Cariprazine Fluvoxamineb Paroxetinea,b Trimipramineb

 Chlorpromazineb Haloperidolb Perphenazineb Venlafaxinea,b

  Citaloprama,b Iloperidoneb Pimavanserinb Vilazodone
 Clomipramineb Imipramineb Pimozideb Vortioxetine
 Clozapineb Loxapine Prochlorperazine
 Desipramineb Maprotilineb Protriptyline

Cardiovascular disorders
  Carvedilola Metoprolola Propafenoneb Timolola

  Clonidinea Mexiletine Propranolola

  Flecainideb Nebivolola Ranolazineb

  Lovastatina Procainamideb Simvastatina

Neurologic disorders
  Deutetrabenazineb Fingolimodb Tetrabenazineb Valbenazineb

  Donepezila,b Galantamineb

Supportive care, pain, and gastrointestinal disorders
 Almotriptan Dihydrocodeine Metaxalone Oxycodonea

 Chlorpheniramine Diphenhydramineb Methadoneb Palonosetronb

 Codeine Dolasetronb Metoclopramideb Promethazinea,b

 Desloratadine Hydrocodonea,b Netupitant Tramadola,b

 Dextromethorphan Loratadinea Ondansetrona,b

Antineoplastic
 Gefitinib Ibrutinib Rucaparibb Tamoxifenb

Other
  Amphetaminea Dacomitinib Lofexidineb Pitolisantb

  Atomoxetinea,b Dextroamphetaminea Luliconazole Ponatinib
 Cevimeline Eliglustatb Methamphetamine Primaquineb

  Chloroquineb Fenfluramine Methylphenidatea Ritonavir
 Cinacalcet Flibanserin Panobinostatb Umeclidinium

Drug names in bold have scores of 2 or 3 according to the Anticholinergic Cognitive Burden Scale [59], where 2 = evidence from the literature, 
prescribing information, or expert opinion of clinical effect and 3 = evidence from the literature, prescribing information, or expert opinion that 
the medication may cause delirium. Drugs were cross-referenced against reports by Salahudeen et al. [60]
CYP cytochrome P450
a Indicates drug included in top 200 list of prescribed drugs in the USA [58]
b Indicates drug with a risk of QT prolongation and/or causing torsades de pointes [52]

When it is necessary to prescribe a drug that is a CYP2D6 
inhibitor, treating clinicians should be aware of drugs that 
are CYP2D6 substrates and monitor for adverse events or 
modify doses accordingly.

Five CYP2D6 substrates have a boxed warning or 
documented contraindication when co-administered with 

to neurologic adverse effects, patients may experience 
clinically significant cardiovascular adverse effects such as 
bradycardia and hypotension when CYP2D6 inhibitors are 
administered with β-blockers that are CYP2D6 substrates 
(e.g., metoprolol, carvedilol) [66], which is particularly 
relevant for patients receiving treatment for heart failure. 
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plasma concentration and area under the curve from 0 to 
24 hours approximately two-fold and resulted in a signifi-
cant QTc prolongation, as measured by an electrocardio-
gram [69]. Tolterodine and fesoterodine are converted to 
an active metabolite, 5-hydroxymethyl tolterodine, that 
is further metabolized by CYP2D6 and CYP3A4 [70]. 
Altering the metabolism of CYP2D6 and CYP3A4, 
whether through patient factors (e.g., poor vs extensive 
metabolizers) or through therapeutics, in individuals 
receiving fesoterodine results in an increase (2.3- to 2.5-
fold) in the area under the curve of the active metabolite 
[71]. Thus, combination therapy with mirabegron and a 
CYP2D6 substrate for OAB (e.g., tolterodine, fesotero-
dine) should be accompanied by careful patient moni-
toring, particularly in patients taking other drugs that 
could have DDIs. In the case of CYP2D6 inhibition with 
mirabegron, patients receiving anticholinergic drugs that 
are CYP2D6 substrates for common comorbid conditions 
may experience increased ACB and associated risks, and 
such use should be avoided [72].

5.4  Co‑Administration of OAB CYP2D6 Inhibitors 
and Non‑OAB Medications

For adults with OAB who are prescribed or may be receiv-
ing a new prescription for mirabegron, careful considera-
tion of co-administered medications should be under-
taken. Co-administration of mirabegron with metoprolol, 
a β-blocker approved for the treatment of hypertension 
that is a CYP2D6 substrate, has been shown to increase 
metoprolol peak plasma concentration 1.9-fold and total 
exposure 3.3-fold [68], which represents a dose three 
times greater than the intended dosage. Similarly, co-
administration of mirabegron with desipramine, a tricyclic 
antidepressant that is also a CYP2D6 substrate, has been 
shown to increase desipramine peak plasma concentration 
1.8-fold and total exposure 3.4-fold [68]. The effect of 
mirabegron on the plasma concentration of metoprolol and 

CYP2D6 inhibitors (Table 3). These drugs should gener-
ally not be co-administered with CYP2D6 inhibitors, and 
alternatives should be considered. Because drugs that are 
CYP2D6 inhibitors may not contain corresponding boxed 
warnings for all medications metabolized by CYP2D6, DDIs 
between newly prescribed CYP2D6 inhibitors and substrates 
can often be overlooked. The total effect of the concurrent 
administration of multiple drugs that inhibit CYP2D6 is 
unknown, and some increase in inhibition is likely. Thus, 
treating clinicians should carefully review patient treatment 
plans and revise medication regimens to avoid the adminis-
tration of multiple CYP2D6 inhibitors. Further, in patients 
receiving polypharmacy, it is especially important to per-
form medication reviews at every patient visit to ensure 
optimal treatment regimens and to determine whether it is 
appropriate to substitute or stop prescribing certain medica-
tions. Clinicians should also encourage medication adher-
ence when counseling patients because nonadherence may 
be additionally problematic if dose adjustments have been 
made to account for DDIs.

5.3  OAB Medications and CYP2D6 Substrates 
and Inhibitors

The 2019 update to the American Urological Associa-
tion/Society of Urodynamics, Female Pelvic Medicine 
and Urogenital Reconstruction guidelines for the manage-
ment of OAB now recommends the use of combination 
therapy with anticholinergics and β3-adrenergic agonists 
for patients refractory to monotherapy [9]. Of the drugs 
approved for the treatment of OAB or lower urinary tract 
symptoms, three of the anticholinergics (darifenacin, 
fesoterodine, tolterodine) and one α1-adrenergic receptor 
blocker (tamsulosin) are CYP2D6 substrates. Further-
more, darifenacin is also a CYP2D6 inhibitor [57], and 
in vitro and in vivo results indicate that mirabegron, a 
β3-adrenergic receptor agonist, is a moderate inhibitor of 
CYP2D6 [67, 68]. In healthy women, co-administration 
of mirabegron with tolterodine increased tolterodine peak 

Table 3  CYP2D6 substrates with a boxed warning or other contraindication when co-administered with a CYP2D6 inhibitor

CYP cytochrome P450
a Indicates drug included in the top 200 list of prescribed drugs in the USA [58]

Drug Indication Risk when co-administered with CYP2D6 inhibitor

Codeine Pain management Respiratory depression, extreme sleepiness, confusion, shallow breathing [75]
Eliglustat tartrate Gaucher disease Prolongation of PR, QTc, and/or QRS interval [76]
Methadone Opioid use disorder, pain man-

agement
Respiratory depression [77]

Thioridazine Schizophrenia QTc prolongation, torsades de pointes [78]
Tramadola Pain management Seizures, serotonin toxicity (mental status change, autonomic instability, 

neuromuscular aberrations, gastrointestinal symptoms) [63]
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desipramine is greater than that reported with tolterodine 
and fesoterodine because CYP2D6 is the primary pathway 
for metoprolol and desipramine metabolism. Additionally, 
the magnitude of DDIs observed between mirabegron and 
CYP2D6 substrates may be explained by the mechanism-
based inhibition property of mirabegron or by genetic 
polymorphisms in CYP2D6 [73]. Although data reporting 
the effect of mirabegron on CYP2D6 substrates are lim-
ited, it is reasonable, based on the data summarized above, 
to assume an approximately two- to three-fold increase 
in plasma concentrations of typical CYP2D6 substrates. 
Careful monitoring of patients receiving CYP2D6 sub-
strates during the initiation and discontinuation of mira-
begron is warranted [72]. Alternatively, a β3-adrenergic 
agonist that does not inhibit CYP2D6 enzymes, such as 
vibegron [74], could be considered for patients taking 
CYP2D6 substrates.

6  Conclusions

Patients with OAB experience a greater number of comorbid 
medical conditions and have a higher prevalence of polyp-
harmacy compared with patients without OAB. Many drugs 
used to treat comorbid conditions have clinically relevant 
anticholinergic properties and/or are CYP2D6 substrates, 
which may make management of OAB difficult owing to the 
potential for anticholinergic side effects and an increased risk 
of potentially harmful DDIs. Current pharmacologic treat-
ments for OAB include anticholinergics and β3-adrenergic 
agonists; however, four drugs approved for the treatment of 
OAB or lower urinary tract symptoms are CYP2D6 sub-
strates, and two are CYP2D6 inhibitors. Treating clinicians 
should carefully consider medications prescribed and refine 
regimens as necessary to minimize potential harms related 
to DDIs while maximizing benefit in the treatment of OAB.
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