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Introduction: Vasomotor symptoms, or hot flashes, are among the most common
complaints for menopausal and postmenopausal women. As an alternative to
hormone replacement therapy, paroxetine mesylate became the only non-
hormonal treatment approved by the U.S. Food and Drug Administration (FDA),
despite limited evidence for its efficacy. More specifically, there is uncertainty
around paroxetine’s unique benefit and the magnitude of the placebo response
in clinical trials of paroxetine.

Methods: Relevant databases were searched to identify randomized clinical trials
examining the efficacy of paroxetine to treat hot flashes. The primary outcomes of
interest were hot flash frequency and hot flash severity scores. Data was extracted
from the published results, and risk of bias assessments were conducted.

Results: Six randomized clinical trials that included a total of 1,486 women were
coded and analyzed. The results demonstrated that 79% of the mean treatment
response for hot flash frequency is accounted for by a placebo response, resulting
in a mean true drug effect of 21% at most. Additionally, 68% of the mean treatment
response for hot flash severity is accounted for by a placebo response, resulting
in @ maximum true drug effect of 32%.

Discussion: The results herein call into question the actual efficacy of the
only FDA approved, non-hormonal treatment for hot flashes by demonstrating
that a placebo response accounts for the majority of treatment responses for
reductions in both hot flash frequency and severity. The findings provide evidence
to reevaluate the use of paroxetine to treat postmenopausal hot flashes and
emphasize the importance of considering effective, alternative treatments for
vasomotor symptoms.

KEYWORDS

placebo response, hot flashes, paroxetine, meta-analysis, vasomotor symptoms

1. Introduction

Menopause, as defined by a 12-month period of amenorrhea following the final
menstrual period, is a natural, biological process that occurs in women across the world.
While this transitional period varies between individuals, the median age of onset is 51
years and is characterized by ovarian follicular depletion and a reduction in ovarian estrogen
secretion (1). In some circumstances, the menopausal transition may be surgically induced
as a result of a bilateral oophorectomy, or medically induced in populations such as cancer
patients undergoing chemotherapy. Various symptoms are associated with menopause, the
most well-known being the presence of vasomotor symptoms (VMS; i.e., hot flashes or hot
flushes) which occur in over 75% of menopausal women and over 50% in breast cancer
survivors (2-4). Hot flashes are characterized by elevated skin temperature and blood flow
in areas such as cheeks, forehead, chest, fingers, and toes often co-occurring with palpitation,
sweating, and anxiousness (5-7). A longitudinal analysis in 2006 found that up to 80%
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of women surveyed during the menopausal transition reported
experiencing VMS within a two-week interval, with the greatest
frequency occurring during the transition from early to late
menopause (8). The Study of Women’s Health Across the Nation
(SWAN) found that despite the commonly held belief that VMS
only last a few years, women reported frequent hot flashes and night
sweats for a median of 7.4 years, with many cases lasting much
longer (9, 10).

While the underlying mechanisms of hot flashes remain
unclear, most theories involve changes in the impact of serotonin
and norepinephrine levels on the body’s thermoregulatory
process and in levels of reproductive hormones (11, 12). The
thermoregulatory hypothesis centers around the thermoregulatory
zone, a homeostatic range of core body temperature. Fluctuation
of core body temperature above or below this range triggers
physiological responses in the body such as sweating when it
exceeds the upper threshold and chills when below the threshold.
This thermoregulatory zone between sweating and shivering is
referred to as the “thermoregulatory null zone” and is sensitive
to a 0.4°C temperature fluctuation (13). Women with VMS
experience a disruption in this neuroendocrine and autonomic
thermoregulatory process, specifically a hypothesized narrowing
of this zone. In this, VMS is characterized as an exaggerated
response to these disruptions, resulting in an exacerbated sweating
or shivering response (14-17).

The decline in estrogen production is a guaranteed symptom
of the menopausal transition and estrogen levels within the body
have historically been linked with the occurrence of hot flashes.
Research indicates that it is the withdrawal of estrogen that leads to
VMS supported by findings that women with gonadal dysgenesis,
atypical gonadal development resulting in low levels of estrogen,
generally do not experience VMS unless they undergo estrogen
replacement therapy that is later ceased. Additionally, women who
undergo medical procedures such as an oophorectomy, resulting in
the sudden withdrawal of estrogen, experience a rapid occurrence
of hot flashes (18, 19). The alteration in estrogen levels may also
indirectly affect the thermoregulatory zone through its impact
on levels of central nervous system neurotransmitters, serotonin
and norepinephrine.

Additional complexity is introduced by research findings which
indicate there is some level of racial and ethnic variations in the
experience of VMS, with Western countries tending to report
higher prevalence rates of VMS than others, such as Asian countries
(20). Data also suggests that Black women have the highest
prevalence, longest duration, and experience the most difficulties
from VMS (10, 8; (21)). Avis et al. (10) also found that independent
of race/ethnicity, women in low socioeconomic groups were more
likely to experience VMS. What does not remain unclear, however,
is the deleterious impact of VMS on an individual’s day-to-day
life, including problems with sleep, depressive symptoms, anxiety,
cognitive performance, and sexual health (9). More specifically,
past research has suggested that compared to women who don’t
experience hot flashes, women with VMS experienced 66% more
fatigue, 63% poorer quality of sleep, and 20% poorer physical
health (22).

The lack of clarity surrounding the etiology of VMS in
menopause contributes to the lack of consensus regarding
the optimal treatment intervention. A widely utilized and
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historically effective treatment for hot flashes is hormone
(estrogen) replacement therapy (HRT). While effective, HRT
carries high risk as numerous studies have linked this treatment
to higher incidence rates of breast cancer, coronary heart
disease, pulmonary embolism, and stroke, resulting in its
general contraindication for breast cancer survivors (23-25).
Additional treatments include progestational agents; neuroactive
agents such as clonidine, selective serotonin reuptake inhibitors
(SSRI), selective norepinephrine reuptake inhibitors (SNRI), and
gabapentin; alternative remedies such as black cohosh, ginseng, and
dong quai; and behavioral interventions such as yoga, hypnosis,
exercise, and relaxation techniques (1, 26, 27). Evidence for efficacy
varies among these treatments as many have not consistently shown
improvements greater than placebo effect. However, hypnosis as
a VMS treatment seems to exhibit the most data-driven efficacy,
with two studies resulting in a 69% reduction in hot flashes from
baseline to endpoint (27, 28) and an additional 12-week clinical trial
resulting in a significant reduction of hot flash frequency by 74%
compared to a reduction of 17% by the active structured attention
control treatment (29). While a well-defined hypnosis intervention
is a promising and potentially efficacious VMS treatment, the
specific mechanism of action in the reduction of hot flashes
is unknown.

The need for a widely dispersed, non-hormonal treatment
more effective than placebo has been a focus of research. This
has led to a focus on paroxetine mesylate, an SSRI traditionally
used in the treatment of depression (7, 30). As a result of this
research, Brisdelle™ (paroxetine mesylate 7.5 mg/d) is the first and
only FDA-approved, non-hormonal treatment for VMS, gaining
approval in 2013 (31). This is problematic for two reasons: [1]
the researchers reported that the improvement was modest and
likely had questionable clinical significance and [2] the FDA
Reproductive Health Drugs Advisory Committee recommended
against the approval of Brisdelle™, indicated by a vote of 10 to 4,
concluding that the drug’s benefit-risk profile was not satisfactory
for approval (32).

Brisdelle™ (paroxetine mesylate) is a selective serotonin
reuptake inhibitor (SSRI) with a strength of 7.5 milligrams (mg),
to be taken orally once per day. The 7.5 milligrams per day
(mg/d) dosage of Brisdelle™ is notably lower than the paroxetine
dosage used as an antidepressant (starting at 20 mg/d). Proposed
mechanistic theories for SSRI's on VMS have included their
ability to decrease blood flow to the individual’s skin in order
to counteract the vasodilation that one experiences during hot
flashes, and the lowering of the individual’s core body temperature
through central vasodilation (33). While unproven and unclear,
paroxetine’s mechanism has been proposed to be mediated
by the activation of serotonin receptors in the hypothalamus
(34). This mechanism of action is directly related to the
theorized thermoregulatory dysfunction caused by changing levels
of serotonin and norepinephrine (35). The prescribing information
of Brisdelle™ reports common adverse events to include headache,
fatigue, and nausea/vomiting with a specific warning for increased
risk of suicidal ideation in pediatric, adolescent, and adult use
(36, 37).

The uncertainty regarding the mechanism of action of
paroxetine leads to an increased focus on examining paroxetine’s
efficacy in treating VMS. Typically, when determining efficacy,
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experimental drugs are analyzed in comparison to a placebo.
When an experimental drug is found to be significantly more
effective than a placebo, the placebo response is often dismissed
and rarely analyzed, regardless of its magnitude. This common
disregard for the placebo response after data analysis has led to
various studies examining the magnitude of the placebo response
in common, well accepted pharmacological treatments. As the
understanding of placebos has grown, we now know that a placebo
is more than simply an inert treatment and involves the whole
ritual of the therapeutic act itself which gives important insight
into the potential mechanisms behind the healing process (38).
A major psychological theory around the efficacy of placebos is
cognitive expectancy.

Cognitive expectancy has been demonstrated to be influenced
by a variety of factors such as medication brand name, apparent
dose, mode of administration, condition being treated, and even
the color of the placebo itself (39). These variations in the placebo
are coupled with variations in intuitive expectancies regarding
their effectiveness. The construct of expectancy can be further
separated into the difference between response expectancies and
stimulus expectancies. Response expectancies are operationalized
as an individual’s predictions of their own nonvolitional responses
to events, whereas stimulus expectancies are their anticipations of
external events (40, 41).

In a groundbreaking meta-analysis, Kirsch and Sapirstein (42)
analyzed the magnitude of the placebo response in the use of
antidepressant medications for depression, finding that ~75% of
the response to active antidepressant medication is due to the
response to inert placebos. These highly debated results have been
consistently replicated in studies finding that the difference in effect
between antidepressants and placebos on the Hamilton Depression
Rating Scale (HAM-D, 42) is consistently below the threshold for
clinical significance (43-47). Notable responses to placebo have also
been found in symptoms such as pain, anxiety, IBS, and erectile
dysfunction (48-51).

Comprehensive literature regarding the magnitude of the
placebo response for VMS is scarce, although overviews of previous
trials provide insight that a substantial placebo response exists in
the treatment of hot flashes (52). One quantitative analysis found
that in addition to placebo responses being higher in trials of
hormonal drugs, the placebo response for VMS increased over time,
reaching a plateau after approximately the 12th week of treatment
(53). As previously noted, these high rates of placebo response can
be due to a variety of factors. One factor that is unique to studies for
the management of hot flashes is the use of a hot flash daily diary in
which participants continually monitor and self-report hot flashes,
a practice that, by itself, may play a role in the reduction of VMS.

Keeping in mind (1) the scant evidence of clinical significance
in the use of SSRIs for depression, (2) high rates of placebo
response in the use of SSRIs among other common treatments,
and (3) the limited efficacy so far exhibited by paroxetine mesylate
for VMS, this meta-analysis aims to analyze and quantify the
magnitude of the placebo response in clinical trials using paroxetine
mesylate for the treatment of VMS. Findings of any degree will have
implications for the treatment of VMS moving forward. If truly and
uniquely effective, paroxetine mesylate offers a welcome alternative
to HRT as its use mitigates the serious health risks associated with
estrogen therapy. Conversely, if the active pharmacological effect
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of paroxetine mesylate is not substantially effective, then millions
of women could be unnecessarily experiencing adverse side effects
due to a medication that essentially functions as an active placebo.

2. Methods
2.1. Eligibility citeria

Studies included in this meta-analysis were chosen according to
the following eligibility criteria: (1) participants experiencing VMS,
regardless of history of cancer; (2) randomized, placebo-controlled
trials comparing paroxetine of any dosage against placebo; (3)
outcome measure of average hot flash frequency (daily or weekly);
(4) sufficient data reported to calculate within-group effect sizes
(for treatment and control groups); and (5) publication in the
English language.

2.2. Information sources and search
methods

A comprehensive literature search was conducted using
electronic databases (PubMed, psychINFO, ClinicalTrials.gov) and
scanning reference lists of articles in the specific field of study.
Search terms used were various combinations of the following
controlled terms: “paroxetine;,” “brisdelle,” “hot flash,” “hot flush,”
and “vasomotor.” There were no limitations applied to the date of
publication. The last search was run on 01 November 2020.

2.3. Study identification

Previously mentioned electronic databases were searched by a
single independent reviewer. Titles and abstracts were reviewed in
order to determine which studies met a priori eligibility criteria.
If the abstract did not contain sufficient information, the full-text
manuscript was obtained for a final determination of eligibility
status. Once a study was determined to be eligible, full-text
manuscripts were obtained for assessment and data extraction.

2.4. Data collection and extraction

One review author extracted pre-specified data from included
studies and a second reviewer checked the extracted data. If any
disagreements or discrepancies occurred in data extraction, it was
planned that a third reviewer would make a final decision. Data
was extracted from each included study on the following: (1)
characteristics of trial participants including age and race/ethnicity;
(2) inclusion and exclusion criteria for included studies; (3) study
characteristics including origin, sample size, study design, study
duration, and paroxetine dose administered; (4) hot flash frequency
data (mean frequency at baseline and endpoint); and (5) hot
flash severity data (mean severity at baseline and endpoint),
when applicable.
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2.5. Risk of bias assessment

Risk of bias was assessed using the Cochrane Risk of Bias tool
for randomized trials (ROB 2). This tool is results-based in its
assessment of risk of bias and assesses the bias for each specific
outcome instead of an overall risk of the trial. Each possible
domain for risk includes signaling questions that help assess the risk
of bias for random sequence generation, allocation concealment,
blinding of participants and research personnel, blinding of
outcome assessment, incomplete outcome data, selective reporting,
and other bias. Bias reported in these findings is in reference
to both outcomes of VMS severity and frequency as they were
simultaneously measured.

2.6. Summary of measures

The primary outcome measure to determine the magnitude of
placebo response was hot flash frequency, measured by participant
self-report. Hot flash frequency, in the studies included, was
generally calculated as the sum of hot flashes recorded in a daily hot
flash diary for seven calendar days in the specific treatment week.
The exception to this is found in Simon et al. (54) studies in which
hot flash frequency at baseline was calculated as follows, where x is
the number of moderate to severe hot flashes and # is the number
of days in the placebo run-in period:

[(xondayl + xonday2 + ... + xondayn)/(n 1)] x 7

The secondary measure assessed was hot flash severity score
(hot flash composite severity score), a common secondary measure
across the majority of clinical trials included. Severity scores
were calculated using various methods, most commonly using
assigned ranking numerical values to hot flash severity category.
For example, in the clinical trials used for FDA approval (54), hot
flash severity score was calculated by the following formula, where
Fp, and F; represent the frequency of moderate and severe hot
flashes experienced, respectively, in the identified treatment week:

(2Fm + 3Fs) — (Fm + Fs)

2.7. Statistical analysis

Traditional effect size calculation employs the use of a
standardized difference score, statistic d. In order to calculate
d, the mean of the control group is subtracted from the mean
of the experimental group and the difference is divided by the
pooled standard deviation. Kirsch and Sapirstein (42) outline that
in order to calculate the effect size of a placebo, the effects of a
no-placebo control group would be required. This requirement
introduces complexity to the situation as placebos themselves are
generally used as the control group. To ameliorate this problem, the
calculation of within-cell or pre-post effect sizes were determined
by the subtraction of posttreatment mean scores from pretreatment
mean scores, and the difference was divided by the pooled standard
deviation. Calculation of effect sizes for studies that did not
provide posttreatment standard deviations (SD) were executed by
using pretreatment SDs in place of pooled standard deviations.
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Calculation of effect size for studies that reported the standard
error (SE) of hot flash frequency were executed by multiplying this
value by the square root of the group sample size to obtain the
standard deviation (SD) for effect size calculation. Additionally,
for studies examining the effects of differing doses, a single effect
size was calculated for each dosage and entered independently
into the analysis. Once these calculations are completed for the
placebo control group and the experimental medication group,
it is now possible to estimate the proportion of the response
to the medication that is duplicated by the administration of a
placebo. This is done by subtracting the pre-post effect size of the
placebo control group from the pre-post effect size of the treatment
group, resulting in the difference representing the unique effect of
the treatment group not accounted for by the administration of
a placebo.

With the exception of one study (55), all included randomized
trials were a parallel study design. The remaining study was a
cross-over design for which only the first arm of the crossover
was included in analysis. This first arm of the crossover included
differing doses of paroxetine and two placebo groups. Three
of the included studies (54, 56) report mean daily hot flash
frequency at baseline and mean weekly reduction of hot flash
frequency at endpoint. Due to this, the baseline daily average
was multiplied by seven to create a baseline weekly average. The
endpoint average weekly reduction was then subtracted from the
baseline weekly average and the difference is referred to as the
endpoint weekly average of hot flash frequency. For those studies
that reported baseline daily hot flash frequency, this difference is
then divided by seven to obtain an endpoint daily average hot
flash frequency.

3. Results

3.1. Search results and study selection

A total of 114 references were identified through the
previously mentioned electronic search strategy. Ninety-nine of
these references were excluded based on examination of their titles
and abstracts, leaving 15 references for which full-text manuscripts
were obtained for further investigation. Ten of these articles
were excluded based on inclusion criteria. One manuscript (57)
met all inclusion criteria except had inadequate data reported
to calculate within-group effect sizes. Figure 1 depicts the study
flow diagram and includes details of reasons for exclusion of
studies. Six randomized controlled trials, reported in 4 papers,
met the pre-determined inclusion criteria and were included in
the analysis.

The six RCTs included a total of 1,486 menopausal and post-
menopausal women, in addition to women experiencing vasomotor
symptoms without the specification of menopausal status. Hot
flash frequency and severity were assessed for a period ranging
from 8 weeks to 24 weeks. The participant age range was 36 to
76 years of age with a predominately ethnically Caucasian/White
study population, when reported. African American/Black was the
second most frequently reported ethnicity.

The six RCTs were reported in 4 published articles, with
one article containing results of two separate trials (54). The
remaining trial (58) was not published in manuscript form but
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was registered and data was reported to ClinicalTrials.gov. Table 1
further describes study characteristics of included RCTs.

3.2. Risk of bias within studies

Risk of bias of included clinical trials, as measured using
the Cochrane Risk of Bias tool, is reported in Figure 2. Overall,

Citations obtained by
search strategy: 114

Citations excluded by
screening titles/abstracts: 99

[ Full-text articles assessed ]

for eligibility: 15

Articles excluded: 10
e Did not meet inclusion criteria: 10
o no placebo group: 5
o not randomized: 2
o not assessing hot flash frequency: 2
o insufficient data reported for effect
size calculation: 1

y

RCTs met inclusion
criteria and included in
analysis: 6

FIGURE 1
Study flow diagram.

TABLE 1 Studies included in analysis.

10.3389/fpsyt.2023.1204163

no clinical trials were found to contain any domains that
demonstrated a high risk of bias. Three studies demonstrated an
unclear risk of bias for the domain of allocation concealment
as the published findings did not provide enough information
to make a determination. Similarly, two studies demonstrated
an unclear risk of bias for the domain of random sequence
generation as inadequate information was provided regarding
sequence generation. Based on these findings, there is no concern
for risk of bias within studies to have a significant effect on our
findings for within-group effect sizes.

3.3. Percentage reduction across studies

The first result of interest, especially for individuals considering
using paroxetine as a VMS treatment, is a simple examination of
average percentage reduction of symptomatology across studies.
Average percentage reduction for both paroxetine and placebo was
calculated for each study. These averages were then combined
and weighted by sample size to determine the weighted average
percentage reduction of hot flash frequency across all studies
included. Calculations indicate that paroxetine reduced hot flashes
by 51% on average (—5.67 hot flashes per day) with placebo
reducing hot flashes by 39% on average (—4.34 hot flashes per
day). These results indicate that based on a simple inspection
of frequencies, the pharmaceutical effect of paroxetine seemed to
decrease hot flashes by an additional 12% than placebo. In its
simplest form, this means that on average, individuals who were
administered paroxetine experienced an additional reduction of
just over one hot flash per day compared to those who received a
placebo. While this inspection of frequencies is informative, more
critical information is gained from the calculation of effect sizes for
each treatment group.

Study design Treatment period Study arms: number  Study population
of subjects per arm
Stearns et al. (55) Stratified, randomized, 8-Week Paroxetine 10 mg/d: 37 Women experiencing > 2 hot
double-blind, cross-over, Paroxetine 20 mg/d: 38 flashes per day for 1 month or
placebo-controlled Placebo: 76 longer prior to enrollment
Simon et al. (54) Multi-center, double-blind, 12-Week Paroxetine 7.5 mg/d: 301 Menopausal females > 40
Study #1 placebo-controlled, phase 3 Placebo: 305 years experiencing > 7
study moderate to severe hot flashes
per day before screening
Simon et al. (54) Multi-center, double-blind, 24-Week Paroxetine 7.5 mg/d: 284 Menopausal females >40
Study #2 placebo-controlled, phase 3 Placebo: 284 years experiencing >7
study moderate to severe hot flashes
per day before screening
Simon et al. (59) Randomized, double-blind, 16-Week Paroxetine 20 mg/d: 6 Postmenopausal women >40
placebo- and active-controlled Raloxifene 60 mg/d: 18 years experiencing >5 hot
Placebo: 18 flashes per week
Capriglione et al. (56) Randomized, double-blind, 16-Week Paroxetine 7.5 mg/d: 42 Postmenopausal,
placebo-controlled Placebo: 38 gynecological cancer
survivors
Noven Therapeutics (58) Multicenter, randomized, 8-Week Paroxetine 7.5 mg/d: 49 Menopausal women >40
double-blind, Placebo: 52 years experiencing and
placebo-controlled average of >7 moderate to
severe hot flashes per day
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Risk of bias within studies

3.4. Effect size results of individual studies

The only non-parallel study design was a four-arm crossover
study design in which researchers examined differing doses of
paroxetine (10 mg/d and 20 mg/d) against two placebo groups
designed to match the 10 mg and 20 mg group (55). Both phases of
the study consisted of 4 intervention weeks; however, only phase 1
data was included in this analysis to avoid any effect from treatment
cross-over. Results from this study report a significantly greater
reduction in hot flash frequency and severity for both treatment
arms. Our analysis is congruent with these results regarding
frequency, finding a drug response effect size (d) of 0.91 and 0.76 for
the paroxetine 10 mg and 20 mg groups, respectively, and a placebo
response effect size (d) of 0.30 and 0.35 for the 10 mg and 20 mg
placebo groups. These findings indicate that for hot flash frequency,
approximately only 33% of the drug response can be accounted for
by the exhibited placebo response in the 10 mg group and ~46%
can be accounted for by the placebo response in the 20mg group.
Concerning hot flash severity, researchers assessed this variable
through the measurement of a daily composite severity score which
was calculated by multiplying the number of corresponding hot
flash severity (mild, moderate, severe, or very severe) by their
respective assigned values of 1, 2, 3, or 4. These values were added
together to generate a summary score. Effect size analysis for hot
flash severity indicates a drug response effect size (d) of 0.74 and
0.81 for the 10 mg and 20 mg groups, respectively, and a placebo
response effect size (d) of 0.32 and 0.33 for the 10 mg and 20 mg
placebo groups. These findings indicate that for hot flash severity,
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the placebo response accounts for ~43% of the exhibited drug
response in the 10 mg group and 41% in the 20mg group.

The first of the two studies leading to the FDA approval
of paroxetine mesylate 7.5mg was a 12-week, Phase III clinical
trial evaluating paroxetine mesylate 7.5 mg against placebo for
moderate-to-severe VMS, with hot flash frequency and severity
being the primary outcomes measured (54). Results from this 12-
week study show a greater mean weekly reduction in VMS daily
frequency for the paroxetine 7.5 mg group than for the placebo
group at endpoint (—43.5 and —37.3, respectively; p = 0.009).
While this difference in mean weekly reduction at endpoint is
statistically significant, our analysis finds a drug response effect
size (d) of 1.28 and a placebo response effect size (d) of 1.21,
indicating that ~95% of the drug response can be accounted for
by the exhibited placebo response. Similarly, the analysis found a
drug response effect size (d) of .33 and a placebo response effect
size (d) of 0.29 for change in hot flash severity, indicating that
~88% of the change in hot flash severity was accounted for by
the exhibited placebo response. The method used to calculate hot
flash severity for both studies used during FDA approval has been
previously discussed.

The second study used for FDA approval is a 24-week, Phase
III clinical trial also evaluating paroxetine mesylate 7.5 mg against
placebo for moderate-to-severe VMS (54). While the duration of
the study was 24 weeks, treatment endpoint used for data analysis
by investigators was at 12 weeks, with the 24-week endpoint
used as an additional efficacy endpoint to examine persistence of
treatment benefit. Results from this study also show a superior
mean weekly reduction in VMS frequency for the paroxetine
mesylate 7.5mg group compared to placebo at 12 weeks (-37.2
and—27.6, respectively; p = 0.0001). While this difference in mean
weekly reduction at endpoint is also statistically significant, our
analysis finds a drug response effect size (d) of 1.38 and a placebo
response effect size (d) of 0.99, indicating that ~72% of the drug
response can be accounted for by the exhibited placebo response.
The analysis for hot flash severity found a drug response effect
size (d) of 0.40 and a placebo response effect size (d) of 0.22,
indicating that ~55% of the drug response can be accounted for
by the exhibited placebo response.

A 12-week study examined paroxetine (20 mg/d) against non-
active placebo and active-control group (raloxifene 60 mg/d) (59).
This study examined groups with very small sample sizes, inhibiting
the ability for investigators to detect significant changes between
groups. Both hot flash frequency and severity were measured, with
a hot flash severity score being calculated as follows:

1 (number of weekly mild hot flashes)
+ 2 (number of weekly moderate hot flashes)
+ 3 (number of weekly severe hot flashes)
+ 4 (number of weekly very severe hot flashes)

Results from this study indicate no significant difference in
hot flash frequency between paroxetine (20 mg/d) and placebo at
endpoint; however, paroxetine had a greater numerical reduction
of hot flash frequency. Conversely, the placebo group was the
only group with a significant reduction of hot flash severity
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at endpoint with a greater numerical reduction in hot flash
severity than the paroxetine group. It should be of note that in
addition to small sample sizes limiting ability to detect significant
differences between groups, it also influences effect size calculation
within groups dues to dramatic differences in standard deviations
at baseline between groups. Keeping the difference in standard
deviation in mind, the effect size analysis for hot flash frequency
indicates a drug response effect size (d) of 0.63 and a placebo
response effect size (d) of 0.92. Similarly, the effect size analysis for
hot flash severity indicates a drug response effect size (d) of 0.38 and
a placebo response effect size (d) of 0.81. These analyses indicate
that for hot flash frequency, the placebo response effect size was
~1.5 times greater than the drug response effect size. Regarding hot
flash severity, the analysis indicates that the placebo response effect
size was ~2 times greater than the drug response effect size.

A more recent study conducted in 2016 was a 16-week clinical
trial examining the effects of paroxetine 7.5mg against placebo
in gynecological cancer survivors (56). Results from this study
indicate a significantly greater reduction in mean weekly VMS
frequency for paroxetine 7.5 mg than for placebo at week 16 (—46.5
and —39.3, respectively; p = 0.009). While a significant difference
exists for mean VMS frequency reduction, our analysis finds a
drug response effect size (d) of 1.94 and a placebo response effect
size (d) of 1.74, indicating that ~90% of the drug response can
be accounted for by the exhibited placebo response. Although it
was an included study measure, the published manuscript for this
clinical trial failed to report baseline and endpoint VMS severity,
therefore it is not feasible to calculate pre-post effect sizes for either
study arm. Despite not reporting baseline and endpoint (week 16)
VMS severity, the authors do report a significant difference in mean
weekly reductions from baseline to week 4, with the paroxetine
group being superior (—0.09 and —0.05; p = 0.0048).

The most recent study being the eight-week efficacy and safety
study performed by Noven Therapeutics examined the effect of
paroxetine mesylate 7.5 mg against placebo (58). Results from this
study indicate greater reduction in mean weekly VMS frequency
for the paroxetine 7.5mg group than for placebo, although the
difference was not significant (—42.2 and —35.5, respectively; p
= 0.0541). Our analysis finds a drug response effect size (d) of
1.92 and a placebo response effect size (d) of 1.34, indicating that
~70% of the drug response can be accounted for by the exhibited
placebo response. Hot flash severity scores were calculated for
each participant using the following formula, with Fm representing
the frequency of moderate hot flashes and Fs representing the
frequency of severe hot flashes experienced in the designated
treatment week:

(2x Fm + 3 x Fs) — (Fm + Fs)

Results indicate a significant difference in favor of the
paroxetine group for mean change from baseline in hot flash
severity (—0.133 and —0.066, p = 0.0364). Effect size analysis for
hot flash severity finds a drug response effect size (d) of 0.44
and a placebo response effect size (d) of 0.26, indicating that
~59% of the drug response can be accounted for by the exhibited
placebo response.
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TABLE 2 Sample and effect size for hot flash frequency for included
studies.

Paroxetine Placebo

n d d
Stearns et al. (55) (10 mg) 37 0.91 39 0.30
Stearns et al. (55) (20 mg) 38 0.76 37 0.35
Simon et al. (54) (12 Week) 301 1.28 305 1.21
Simon et al. (54) (24 Week) 284 1.38 284 0.99
Simon et al. (59) 6 0.63 18 0.92
Capriglione et al. (56) 42 1.94 38 1.74
Noven (2015) 49 1.92 52 1.34

TABLE 3 Sample and effect size for hot flash severity for included studies.

Paroxetine Placebo
n

Stearns et al. (55) (10mg) 37 0.74 39 0.32
Stearns et al. (55) (20mg) 38 0.81 37 0.33
Simon et al. (54) (12 Week) 301 0.33 305 0.29
Simon et al. (54) (24 Week) 284 0.40 284 0.22
Simon et al. (59) 6 0.38 18 0.81
Noven (2015) 48 0.44 51 0.26

3.5. Synthesis of effect size results

The summary of sample size and effect size for hot flash
frequency in included studies is found in Table 2. Results of effect
size calculations indicate that the mean effect size across treatment
(paroxetine) groups for hot flash frequency, weighted for sample
size, was 1.35 SDs. Additionally, the mean effect size across placebo
groups for hot flash frequency, weighted for sample size, was
1.07 SDs. Kirsch and Sapirstein (42) found that if there are no
significant pretreatment between-group differences, the difference
between pre-post effect sizes of the treatment and control group
is equivalent to the conventional effect size calculation. Therefore,
the difference between these within-group effect sizes for hot flash
frequency indicates a mean unique treatment effect size of .28 SDs.
These findings indicate that across all studies included in analysis,
~79.26% of the response to paroxetine for hot flash frequency is
accounted for by a placebo response, resulting in a mean true drug
effect of 20.74% at most.

The summary of sample size and effect size for hot flash
severity in included studies is found in Table 3. Results of effect
size calculation indicate that the mean effect size across treatment
(paroxetine) groups for hot flash severity, weighted for sample size,
was 0.41 SDs. Additionally, the mean effect size across placebo
groups for hot flash severity, weighted for sample size, was .28 SDs.
Using the same precedent as before, the difference between these
within-group effect sizes for hot flash severity indicates a mean
unique treatment effect size of 0.13 SDs. These findings indicate
that across all studies included in analysis, ~68.29% of the response
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to paroxetine for hot flash severity is accounted for by a placebo
response, resulting in a mean true drug effect of 31.71% at most.

4. Discussion

These findings indicate that for the average individual taking
paroxetine, ~79% of their experienced reduction in hot flashes
would also have been achieved through the administration of
an inert placebo. Previous meta-analyses have noted this modest
treatment benefit when paroxetine is compared to placebo,
specifically in the two clinical trials used for FDA approval (60).
Despite minor treatment benefit and a vote against its approval
by the U.S. FDA Advisory Committee for Reproductive Health
Drugs panel, paroxetine mesylate 7.5 mg was eventually approved
by the FDA for treatment of moderate-to-severe VMS. It is
important to note that these findings do not reflect the percentage
of individuals who may benefit from paroxetine treatment, rather
the percentage of the reduction in frequency that is accounted for
by the placebo response.

It can be hypothesized that paroxetine’s unique treatment
effect is a result of its specific pharmacological effect in the
reduction of hot flashes; however, without fully understanding
its mechanisms, we cannot definitively know. The lack of clarity
regarding the mechanisms by which paroxetine has an effect on
hot flashes has not been fully determined by research. The limited
understanding regarding the mechanism of clinical action of
common antidepressants has resulted in difficulty identifying their
specific pharmacological effects for depression. In the same light,
once the effect size of the placebo response has been accounted
for in the included clinical trials, it is still not feasible to make the
claim that the resulting effect is solely due to the pharmacological
mechanisms of paroxetine. One possibility for this difference in
efficacy, although admittedly controversial, is that paroxetine may
act as an active placebo in the treatment of vasomotor symptoms.
Active placebos, while still acting as a placebo in clinical trials, are
by their very definition distinct from inert (or inactive) placebos
in that they are active medications without a documented specific
activity for the targeted condition or symptom. The utility of active
placebos is their pharmacological generation of side effects, a subset
of side effects distinct from those experienced by individuals only
administered an inactive placebo.

As pharmacological advancements have been made, they have
routinely been coupled with the expectation of side effects to some
degree. The expectation of side effects plays a critical role in clinical
trials for pharmacological substances for many reasons, two of
which are important to discuss in light of these findings. First,
in blinded clinical trials involving the administration of inactive
placebos, the expectation of side effects can elicit those side effects
even in participants randomized to the placebo group. Second, in
clinical trials involving the administration of active placebos, the
pharmacologically induced side effects of these active placebos can
lead participants to conclude that they are in the active medication
arm of the study simply due to the experience of side effects. This
conclusion can spark the generation of even greater expectancies
of symptom reduction. It is important to note that the complex
interplay between placebos and side effects, both pharmacologically
induced and not, is interwoven throughout the entire construction
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of clinical trials and must be analyzed in an attempt to avoid letting
this relationship muddy the proverbial waters of the study drug’s
pharmacological effect.

This knowledge of the role of expectancy in the placebo
effect provides evidence for the previous claim of paroxetine’s
role as an active placebo in VMS treatment. When participants
in these inactive placebo clinical trials have the expectation of
side effects, their experience of them, or lack thereof, can lead to
the assumption of being randomized to the corresponding study
group. This may result in both an enhanced placebo effect in active
drug groups and a weakened placebo effect in placebo groups.
Evidence of this relationship can be observed in findings from
a meta-analysis of fluoxetine that reported a correlation of 0.85
between the therapeutic effect of the drug and the percentage
of patients reporting side effects (61). In summary, the ability
of participants to correctly identify their assigned treatment arm
through the experience of side effects may serve as a mechanism
of enhancement for an overall placebo effect of paroxetine that has
been misidentified as the apparent drug effect.

While this analysis is able to identify the magnitude of
placebo response, it is unable to identify the actual placebo effect
across clinical trials. As previously discussed, a placebo response
includes changes that could also have occurred without giving the
participant a placebo. In order to analyze the placebo effect, it
is necessary to also identify the natural history effects that occur
in a no-treatment or wait-list control group. This information
would allow one to conclude what proportion of the exhibited
placebo response is a result of generated expectancies from placebo
administration, eliminating the variance accounted for by what
would have happened regardless of the placebo administration.

Individual study results were fairly consistent; however, three
findings for hot flash frequency stand out as noteworthy. First,
the Stearns et al. (55) clinical trial exhibits by far the strongest
unique drug effect size in the 10mg group (d = 0.61), with
the placebo response only accounting for 33% of the exhibited
treatment response. This magnitude of placebo response is much
closer to the expected magnitude of placebo response found for an
FDA approved drug, yet it stands alone in the included trials. At
face value, these results provide evidence for paroxetine’s efficacy;
however, the remaining trials analyzed tell a different story. It
may be that this trial contains unique qualities that increased
the efficacy of paroxetine on VMS frequency. Stearns et al. (55)
was the only cross-over trial, yet only data from the first phase
was used, and had the lowest threshold for hot flash frequency
inclusion criteria. Despite these qualities, it remains unknown why
this trial stands out regarding hot flash frequency and severity effect
size, but it speaks to the importance of needing multiple, well-
designed clinical trials to determine replicability and efficacy of
novel treatments. The second noteworthy finding regarding hot
flash frequency is found in the incredible magnitude of placebo
response found in the Simon et al. (54) 12-week study. Results
from this study indicate that ~95% of the exhibited drug response
was accounted for by placebo response. What makes this finding
so noteworthy is that this was one of two trials leading to FDA
approval of paroxetine, with the remaining trial resulting in ~72%
of the drug response being accounted for by the placebo response.
While one set of results does not speak for all, anytime the placebo
response accounts for 95% of a treatment effect, it should seriously
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call into question the efficacy of the treatment, not directly lead it
to approval. The third finding of interest is that results from Simon
etal. (59) also stand out from the rest regarding hot flash frequency
and severity. These peculiar findings can be accounted for in that
very small sample sizes lead to skewed baseline standard deviations,
which resulted in larger effect sizes for the placebo group than
for the paroxetine group, despite a minor numerical advantage for
paroxetine in the reduction of hot flash frequency.

It is at this point that there is enough data to perform a
risk-benefit analysis to determine whether or not paroxetine is
a worthwhile treatment option for VMS symptoms. While this
decision is subjective and influenced by many factors, common
benefits are that paroxetine is an FDA approved treatment
that provides an alternative to hormone replacement therapy
and provides a pharmacological treatment for those who are
seeking one. Additionally, based on the data across studies, the
individual can also expect to see a benefit of an average hot
flash frequency reduction by 51% which is rightfully the most
desirable aspect of using paroxetine for VMS treatment. These
benefits are now held in comparison to the potential adverse side
effects of paroxetine. Potential adverse effects common to the use
of SSRIs include changes in mood, serotonin syndrome, akathisia
(a sense of restlessness and inability to sit still), bone fracture,
and its contraindications for other treatments such as monoamine
oxidase inhibitors, thioridazine, and pimozide (35). Despite the
low dosage of paroxetine (7.5mg) and the administration to an
older population, the treatment still carries the warning for mood
changes. Additionally, paroxetine has been found to reduce the
efficacy of tamoxifen for breast cancer treatment. The mechanism
by which this occurs is that paroxetine is found to inhibit CYP2D6,
which is an enzyme that converts tamoxifen to active metabolites
(57). This specific contraindication is very concerning as breast
cancer survivors may be more likely to experience more moderate
to severe hot flashes as the onset of menopause in this population
can be very abrupt. Overall, the use of paroxetine should co-occur
with the monitoring of these potential adverse events and should
avoid the concomitant use monoamine oxidase inhibitors and other
serotonergic medications.

The final point of discussion is that one should take serious
note of the fact that the administration of a sugar pill (placebo)
accounted for 79% of the effect had by paroxetine. Because
placebos are not identified as a treatment for hot flashes, the
only reasonable conclusion is that there exist mechanisms at
work in the placebo effect that have a significant impact on
hot flash frequency and severity. The identification of these
mechanisms will allow for their implementation into behavioral
approaches to VMS treatment in an effort to increase efficacy with
limited intervention.

Overall, these results lead to a different conclusion than
previous meta-analyses conducted on the efficacy of paroxetine.
Others have analyzed the difference between groups on hot flash
frequency and severity reduction, concluding that paroxetine is an
effective treatment for hot flashes (60, 62, 63), but have failed to
assess just how much of that treatment response is accounted for by
the placebo response. A significant difference between study groups
is critical, but a p-value of less than .05 does not mean that one can
disregard the effect sizes and conclude all treatment response is the
result of a unique drug effect.
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4.1. Limitations

One limitation of this meta-analysis is the limited pool of
literature and data to draw from. The effect size calculations
executed in this meta-analysis were from six studies, however
this is also a reflection of the limited studies that originally
lead to the FDA approval of paroxetine as a non-hormonal
treatment for vasomotor symptoms. Despite the small group of
studies analyzed, there is a sufficient patient population across
included studies to draw meaningful conclusions regarding the
magnitude of the placebo response in clinical trials of paroxetine
for vasomotor symptoms.

As previously discussed, one included study (59) had very small
sample sizes in each treatment arm, resulting in the inability to
detect significant differences between groups. The inclusion of this
study in effect size calculation presents a limitation as dramatic
differences in baseline standard deviations influence effect size
calculation. However, this potentially skewed effect size is corrected
for once the weighted mean effect size is calculated for each group,
using sample size as the weight. In an attempt to ensure accurate
data representation, the weighted mean effect sizes were calculated
for hot flash frequency and severity a second time, this time
removing data from Simon et al. (59). Results from this calculation
concerning hot flash frequency did not change the weighted overall
effect size for the paroxetine or placebo group. Results concerning
hot flash severity did not have any effect on the overall weighted
effect size of the paroxetine group but did result in a decrease
of the weighted effect size for the placebo group by 2/100t
point (d = .26). This minor decrease in placebo response effect

of a

size results in a minor shift in percentage of severity effect size
accounted for by placebo response, changing the proportion from
68% to 63%.

5. Conclusion

This is the first meta-analysis to analyze the magnitude of
placebo response in clinical trials of paroxetine for the treatment
of vasomotor symptoms. The results of within-group effect size
calculations have called into question the actual efficacy of the
only FDA approved, non-hormonal treatment for hot flashes
by demonstrating that the placebo response accounts for ~80%
and 67% of the treatment response for hot flash frequency
and severity, respectively. These findings have led us to four
main conclusions. First, there needs to be a reevaluation of the
prescription of paroxetine mesylate as a first line, nonhormonal
treatment for VMS. The information regarding placebo response
found in the administration of paroxetine constitutes informed
consent information that may be discussed on an individual
basis between patient and healthcare provider in deciding on
treatment for VMS. Second, further research and consideration
of paroxetine may be warranted. Third, there is a pressing
need to identify more efficacious treatments for VMS. Additional
research must be done to establish and provide more clinically
effective alternatives to hormone therapy for VMS. Finally,
these findings exhibit the need for further investigation into
the mechanisms of the exhibited placebo response as a means
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of potentially utilizing such mechanisms in non-pharmaceutical
treatments for VMS.
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