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Abstract

Aims: Urethral closure function is essential for urinary continence in women

and decreased urethral pressure is associated with stress urinary incontinence

(SUI). For decades, the effects of serotonergic drugs on central neural control

of urethral closure have been investigated and discussed. Epidemiological

studies suggest that the use of selective serotonin reuptake inhibitors (SSRIs),

such as citalopram, is associated with SUI. However, the literature findings are

conflicting. This study aimed to evaluate citalopram's effect on opening

urethral pressure (OUP) in healthy women.

Methods: We conducted a randomized, double‐blind, placebo‐ and active‐
controlled crossover study in 24 healthy women. On three study days,

which were separated by 8 days of washout, the subjects received single

doses of either 40 mg citalopram (and placeboreboxetine), 8 mg reboxetine

(and placebocitalopram), or two placebos. Study drugs were administered at

a 1‐h interval due to a difference in estimated time to peak plasma

concentration (tmax). We measured OUP with urethral pressure reflecto-

metry under both resting and squeezing conditions of the pelvic floor at

estimated tmax for both study drugs (one timepoint).

Results: Compared to placebo, citalopram increased OUP by 6.6 cmH20

(95% confidence interval [CI] 0.04–13.1, p= 0.048) in resting condition. In

squeezing condition, OUP increased by 7.1 cmH20 (95% CI: 1.3–12.9, p= 0.01).

Reboxetine increased OUP by 30.0 cmH20 in resting condition compared to

placebo (95% CI: 23.5–36.5, p< 0.001), and 27.0 cmH20 (95% CI: 21.2–32.8,
p< 0.001) in squeezing condition.

Conclusion: Citalopram increased OUP slightly compared to placebo

suggesting that SSRI treatment does not induce or aggravate SUI.
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1 | INTRODUCTION

Stress urinary incontinence (SUI) is the involuntary
leakage of urine during moments of physical activity
that increases the intraabdominal pressure, including
coughing, sneezing and physical exertion.1 In women,
urinary continence depends on the coordinated activity
of the urinary bladder, the bladder neck, the urethra, the
urethral sphincter, as well as supporting structures.
Urethral pressure is crucial for urethral closure function
and must be higher than the bladder pressure to
maintain continence both during rest and during sudden
increases in abdominal pressure (i.e., stress episodes).2

Accordingly, urethral pressure is observed to be
decreased in women with SUI compared to healthy
controls.3

The complex neural control of the urethral pressure
during storage and occasional elimination of urine
involves parasympathetic, sympathetic, and somatic
pathways. Somatic modulation of urethral pressure is
exerted through the pudendal nerve, which innervates
the external urethral sphincter. The pudendal motor
nucleus of the sacral spinal cord is densely innervated
by serotonergic (5‐hydroxytryptamine [5‐HT]) and
noradrenergic nerve terminals.4 Pharmacological
agents activating 5‐HT and noradrenergic receptors
can therefore affect the urethral pressure. Examples
include duloxetine, a serotonin noradrenalin reuptake
inhibitor (SNRI), and reboxetine, a noradrenalin
reuptake inhibitor.5 These agents increase the urethral
pressure via enhanced pudendal nerve stimulation to
the external urethral sphincter.4 Randomized trials
have demonstrated that duloxetine treatment can
decrease the symptom load of SUI, and based on these
data, duloxetine is approved for treatment of moderate‐
to‐severe SUI in some countries.6

Results from previous animal experiments have given
rise to the view that 5‐HT receptors generally inhibits
micturition and enhance urinary continence.7,8 More
recently, this concept has been challenged with the
identification of numerous inhibitory and excitatory
subtypes of the 5‐HT receptor family.9 However, the exact
effects of 5‐HT receptor modulation on urethral conti-
nence, including subtype‐specific effects, are not fully
characterized. Animal data suggest that activation of the
serotonin subtype 5‐HT2C and 5‐HT7 receptors increases
urinary continence reflexes and inhibits micturition in

rats.10–12 These results formed the basis for a randomized,
placebo‐controlled study evaluating the effect of a selective
5‐HT2C receptor agonist (ASP2205) on urethral pressure in
healthy women. Contrary to expectations, the 5‐HT2C

receptor agonist exerted a dose‐dependent decrease in
urethral pressure compared to placebo.13 Yet, a recent
study demonstrated that another selective 5‐HT2C agonist
(TAK‐233) lowered the threshold for urethral sphincter
contraction induced by transcranial magnetic stimulation
in healthy women, indicating that 5‐HT2C receptors might
enhance the active urethral‐closing reflex rather than the
resting urethral pressure.14

Meanwhile, several epidemiological studies have
demonstrated a positive association between exposure to
serotonergic antidepressants, especially selective serotonin
reuptake inhibitors (SSRIs), and urinary incontinence.15,16

Taken together, these findings question the notion that
stimulation of centrally‐activated 5‐HT receptors generally
enhances continence. On the contrary, treatment with
SSRIs seems to decrease urethral pressure potentially
inducing or aggravating SUI.

Considering the substantial use of SSRI in women,17

as well as recent studies indicating impairment of
urethral closure upon 5‐HT receptor activation, we did
a randomized, placebo‐controlled study examining the
effect of citalopram, an SSRI, and reboxetine on opening
urethral pressure (OUP) in healthy female volunteers.

2 | MATERIALS AND METHODS

Regulatory approvals were obtained from the Regional
Ethics Committee (approval number: H‐19011020) and
the Danish Medicines Agency (EudraCT 2019‐000059‐
14). The study was conducted according to Good Clinical
Practice (GCP) and the local GCP unit monitored the
study. The study was registered on ClinicalTrials.gov
(NCT04097288) and written informed content was
obtained from all subjects before study related proce-
dures. Funding was provided by the clinical department.

2.1 | Study design and subjects

This was a randomized, double‐blind, placebo‐ and
active‐controlled three‐way crossover study designed to
assess the effect of citalopram and reboxetine on urethral
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pressure in healthy women. Subjects were recruited for
this study by advertisement. The inclusion criteria were
age 18–55 years, body mass index 18.5–30.0 kg/m2, and
regular use of safe contraceptive methods. Major exclu-
sion criteria were any history or evidence of clinically
significant disease, including any history or symptom of
urinary incontinence, urinary retention, or overactive
bladder, known QT prolongation or congenital long QT
syndrome, smoking and drug abuse within 3 months
before inclusion, pregnancy, breastfeeding, or use of any
drugs (except for paracetamol (up to 4 g/day) and
hormonal contraception).

2.2 | Randomization and blinding

The Capital Region Pharmacy manufactured the
blinded dosing kits and performed the randomization.
The subjects were assigned consecutive randomization
numbers (1–24), which corresponded to one of six
possible treatment sequences. A Latin Square design
balanced for the period was used (see Supporting
Information Data). Study investigators, outcome asses-
sor (performing urethral pressure reflectometry [UPR]
measurements), other trial personnel, and subjects were
blinded to sequence allocation throughout the study
period.

2.3 | Interventions and assessments

Each subject attended three study days at the research
clinic. On each study day, pregnancy was excluded with a
urine pregnancy test. Subjects subsequently received
single oral doses of either 40 mg citalopram (and
placeboreboxetine), 8 mg reboxetine (and placebocitalopram),

or two placebos. Due to different estimated time to peak
plasma concentrations (tmax) for citalopram (3 h18) and
reboxetine (2 h19), the study medicine was administered
at two time points with a 1‐h interval (Figure 1).

Citalopram was selected because it is one of the most
commonly used SSRIs in Denmark and has a short tmax.

20

Reboxetine and esreboxetine, the S,S‐enantiomer of
reboxetine, have previously been shown to increase the
urethral pressure in doses of 4 mg (esreboxetine) and
12mg (reboxetine).3,5 We chose a dose of 8 mg reboxetine
as active control to reflect a more clinically relevant and
tolerable dose compared to previous studies.19,21 Study
days were separated by a minimum of 8 days of washout,
corresponding to approximately 5.5 half‐lives of citalo-
pram (and 15 half‐lives of reboxetine), and based on
these elimination data, we estimated complete washout
of the study drugs between study days (i.e., no carry‐over
effect).19,22

UPR is a sensitive and highly reproducible method
for measuring urethral pressure changes induced by
pharmacological treatment.5 UPR measurements were
performed 2 and 3 h after ingestion of reboxetine/placebo
and citalopram/placebo, respectively (Figure 1). Subjects
were assessed as described elsewhere.5,23 Initially, the
bladder was emptied by one‐time catherization. Subse-
quently, 150ml 37°C 0.9% saline water was instilled in
the bladder and 10 consecutive UPR measurements were
performed during relaxation and five UPR measurements
during squeeze (voluntary contraction of the pelvic
floor). After the UPR measurements, anal pressure was
assessed using anal acoustic reflectometry during relaxa-
tion and squeeze (results will be published separately).
All measurements were performed with the same
equipment and by the same study nurse. Adverse events
(AEs) were collected at the end of each study day, by
telephone the day after each study day, and 8 days after

FIGURE 1 Timeline for study days. The figure shows the timeline for the study days in the three‐way crossover study. The
administration of citalopram and reboxetine were staggered due to a 1‐h difference in tmax. To ensure complete blinding, we had two
placebos (placebocitalopram and placeboreboxetine) which were visually identical with citalopram and reboxetine, respectively. There was a
washout period of at least 8 days between study days.
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the last study day. All AEs were graded and relation to
the study drugs was assessed by the blinded investigator.

2.4 | Outcomes

The primary outcome was mean postdose OUP under the
resting condition of the pelvic floor on citalopram days
compared to placebo days. Secondary outcomes were
mean postdose OUP under resting condition on rebox-
etine days compared to placebo and mean postdose OUP
under squeezing condition on citalopram and reboxetine
days compared to placebo. From previous studies with a
similar methodology,5,23 we have found that predose
(baseline) OUP measurements do not increase the
precision of the treatment estimate as the day‐to‐day
variability is the same as the within‐day variability (data
not published). Based on these analyses, and due to
ethical considerations, we chose to perform UPR
measurements at one timepoint postdose.

2.5 | Statistical analysis

The sample size for the study was estimated using power
simulation with the subject, drug (citalopram, reboxe-
tine, placebo), and period as variables. We did not model
the carry‐over effect due to adequate washout between
study days.24 From previous similar studies, we esti-
mated a within‐subject standard deviation (root mean
square error) of 5.4 cmH20.

3 Based on these data, we
estimated a power of 99% to detect a clinically relevant
difference in UOP of 10 cmH20 (between citalopram and
placebo) with 24 subjects. A two‐sided significance level
of 5% was applied. The mean differences (citalopram vs.
placebo and reboxetine vs. placebo) in OUP were
analyzed using SAS’ proc glm with the subject, treatment,
and period as fixed effects.24 We used SAS® Enterprise
guide version 7.1 and created figures in GraphPad Prism®
version 9.2.

3 | RESULTS

3.1 | Subjects

We included and randomized 24 women in the study. All
subjects completed the study. One subject repeated Study
Day 1 due to technical problems with the instruments.
Consequently, only the second measurement was
included in the analysis. Baseline characteristics of the
included subjects are shown in Table 1.

3.2 | Urethral pressure reflectometry

Citalopram increased OUP by 6.6 cmH20 (95% confi-
dence interval [CI]: 0.04–13.1, p= 0.05) under resting
condition of the pelvic floor compared to placebo. Under
squeezing condition, OUP increased by 7.1 cmH20 (95%
CI: 1.3–12.9, p= 0.01). The active control, reboxetine,
increased OUP by 30.0 cmH20 in resting condition
compared to placebo (95% CI: 23.5–36.5, p< 0.001), and
under squeezing condition by 27.0 cmH20 (95% CI:
21.2–32.8, p< 0.001) (Figure 2).

3.3 | Adverse events

Seventeen subjects reported 67 AEs during the study. No
serious AE occurred. Most of the events (64 of 67 events)
were assessed as drug‐related AEs (adverse drug reaction
[ADR]) by the blinded investigators. One ADR was
graded as moderate (dizziness). All other ADRs were
graded mild. The ADRs are listed in Table 2. There was
one AE related to the UPR measurement, that is, one

TABLE 1 Demographics of the subjects

All subjects
(n= 24)

Age, years 25 (18–51)

Weight, kg 67.5 (54–87)

Body mass index, kg/m2 23.5 (18.6–28.7)

Systolic blood pressure (baseline), mmHg 113 (98–126)

Diastolic blood pressure (baseline), mmHg 71 (54–83)

Heart rate (baseline), beats/min 61 (40–77)

Note: Data are presented as median with range in parentheses.

FIGURE 2 The placebo‐corrected treatment effect for resting
and squeezing condition. Values are differences in mean opening
urethral pressure (cmH2O) with 95% confidence intervals.
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subject experienced an involuntary loss of urine the day
after the procedure. Two events, diarrhea (for 5 days) and
dry eyes (for 17 days), were considered unrelated to the
study drug (placebo).

4 | DISCUSSION

In this randomized, double‐blind, placebo‐ and active‐
controlled crossover trial conducted in healthy women,
single‐dose 40mg citalopram increased OUP slightly,
whereas single‐dose 8mg reboxetine increased OUP
markedly, compared to placebo. The small increase in
OUP induced by citalopram indicates that SSRI treat-
ment is unlikely to reduce the urethral pressure, a key
pathophysiological trait in women with SUI. This
finding, however, contrasts with several observational
studies demonstrating the increased risk of urinary
incontinence among women exposed to SSRIs.15,25,26

There are several potential explanations for this diver-
gence. The increased risk of urinary incontinence in
this population might be explained by uncontrolled
confounders, for example, confounding by indication.
Accordingly, a longitudinal cohort study has shown that
women with depression at baseline are 50% more likely
to report urinary incontinence compared to women with
no depression. This association was consistent even after
adjustment for concurrent use of psychiatric medica-
tion.27 On the other hand, a positive association between
initiation of SSRI treatment and urinary incontinence
could also represent a normalization of physical activity
upon depression remission, thus triggering SUI.2 Fur-
thermore, pooling of all types of urinary incontinence
(stress‐, urgency‐, and mixed urinary incontinence) in

observational studies makes it difficult to isolate a risk
estimate for SUI alone. Indeed, SSRI treatment may
increase the risk of urgency incontinence, but not SUI, by
increasing the activity of the detrusor muscle.28 Finally,
the effects of single‐dose treatment of citalopram may
differ from long‐term treatment. Nevertheless, we believe
that this randomized, placebo‐controlled study provides
the best available evidence of the effects of citalopram on
urethral pressure.

The observed effect of citalopram on urethral
pressure is most likely explained by the complex action
of serotonin on the lower urinary tract. Thus, the
citalopram‐induced increase in serotonin in the synapse
might increase the activity of both agonistic and
antagonistic 5‐HT receptors in Onuf's nucleus leading
to a minor increase in urethral pressure. These observa-
tions are in line with those of Miyazato et al.11 suggesting
that activation of 5‐HT receptors may both inhibit and
enhance urethral closure in female rats. The minor effect
of citalopram on OUP demonstrated in the present study
is in agreement with a preclinical study in female cats
showing that the SSRI S‐norfluoxetine caused only a
minor improvement of continence function (small
increase in bladder capacity and sphincter activity) at
the highest doses, whereas duloxetine, an SNRI, pro-
duced a marked response.29 Indeed, duloxetine has been
shown to induce a substantial increase in urethral
pressure compared to placebo in human female
subjects.5 The marked effect of reboxetine on urethral
pressure demonstrated in the present study confirms
previous observations.3,5 Furthermore, the effect size of
30.0 cmH2O (95% CI: 23.5–36.5) to an 8mg dose in this
study compared with 46.5 cmH2O (95% CI: 40.1–52.7) as
a response to a 12mg dose S,S‐reboxetine in a previous
study suggests a dose‐dependent effect.5 Taken together,
these studies, together with our present findings, suggest
that the “noradrenergic component” of antidepressants is
the most likely explanation for the effect of these drugs
on urethral pressure.

The study entails certain limitations. First, only
healthy women were included precluding direct
translation of the results to patients with established
SUI. However, clinical studies have shown that the
observed drug‐induced increase in urethral pressure in
healthy women correlates well with the clinical
efficacy in patients with SUI.5,6 Second, we chose to
perform only one postdose UPR measurement in each
treatment period. Therefore, these postdose measure-
ments may not always coincide with the peak plasma
concentration of the study drug. Theoretically, this
could result in UPR measurements not reflecting the
maximum pharmacodynamic potential of the drug.
However, previous studies of similar single‐dose design

TABLE 2 Adverse drug reactions

Citalopram Reboxetine Placebo

Nausea 11 7 0

Dizziness 4 6 0

Drowsiness/sedation 2 3 0

Insomnia 4 7 1

Headache 5 1 1

Depressed mood 2 2 1

Paresthesia 1 3 0

Decreased appetite 1 0 0

Ear congestion 0 1 0

Dry mouth 0 1 0

Total 30 31 3
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were capable of detecting drug‐induced changes in
urethral pressure in healthy women, and in these
studies, the time to maximal effect on urethral pressure
was very close to the estimated tmax of the study
drugs.5,23

5 | CONCLUSION

Citalopram increased OUP slightly compared to placebo.
This finding suggests that SSRI treatment is unlikely to
decrease urethral pressure and thereby induce or aggra-
vate SUI in women.
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