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Abstract

Objectives—This study characterized the time course, duration of improvement and clinical
predictors of placebo response in treatment of menopausal hot flashes.

Methods—Data were pooled from two trials conducted in the MsFLASH network, providing a
combined placebo group (N=247) and a combined active treatment group (N=297). Participants
recorded hot flash frequency in diaries twice daily during treatment (week 0-8) and subsequent
follow-up (week 9-11). The primary outcome variable was clinically significant improvement,
defined as >=50% decrease in hot flash frequency from baseline and calculated for each week in
the study. Subgroups were defined a priori using standard clinical definitions for significant
improvement and partial improvement. Clinical and demographic characteristics of the
participants were evaluated as predictors of improvement.

Results—Clinically significant improvement with placebo accrued each treatment week, with
33% significantly improved at week 8. Of placebo responders who were improved at both weeks 4
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and 8, 77% remained clinically improved at week 11 after treatment ended. Independent predictors
of significant placebo improvement in the final multivariable model were African American race
(OR 5.61, 95% ClI: 2.41-13.07, p<0.001); current smokers (OR 2.30, 95% ClI: 1.05-5.06, p=0.038);
and hot flash severity in screening (OR 1.45, 95% ClI: 1.00-2.10, p=0.047).

Conclusions—<Clinically significant improvement with placebo accrued throughout treatment
with a time course similar to improvement with active drug. A meaningful number of participants
in the placebo group sustained a clinically significant response after stopping placebo pills. The
results suggest that non-specific effects are important components of treatment and warrant further
studies to optimize their contributions in clinical care.
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Introduction

Nonspecific effects play a significant role in symptom improvement in a wide range of
medical conditions, particularly those that have components of pain or psychological
symptoms (1). A placebo elicits nonspecific effects and may do so by administration of an
inert substance, a sham treatment or any treatment that is supported by belief that it will
work (2). As discussed by Roberts (3), there is no single placebo effect and no consensus on
a definition of placebo, with the result that identification and understanding of non-specific
effects in treatment responses must be evaluated in the context of specific treatments.

Placebo effects are expected in hot flash treatment. A Cochrane review of 9 placebo-
controlled trials of oral estrogen therapy for menopausal hot flashes clearly indicated the
efficacy of hormone therapy but also showed that those with placebo treatment had a mean
reduction of 58% in hot flash frequency (4). A pooled analysis of 10 clinical trials of non-
hormonal pharmacologic therapies for menopausal hot flashes showed that responses to
placebo ranged from 27% to 52% (5).

There is a prevailing view that a placebo response in medical treatment is characterized by
rapid but transient improvement (6). While brief and partial responses to placebo treatment
are clearly observed in clinical trials, there is also evidence of sustained improvement due to
nonspecific effects, although a specific time course that clearly characterizes placebo
responses has not been identified.

The considerable variability in the rates of placebo response is dependent on the type of
disorder and numerous other factors such as the severity of symptoms, patient
characteristics, particularly anxiety, mood or pain levels, treatment expectations of the
clinician and patient, suggestibility, spontaneous recovery and regression to the mean, but
none have exclusively or consistently characterized a placebo response. Data show that
when information provided to patients was positive rather than negative or neutral, positive
treatment effects significantly increased for both placebo and active drug treatment (7, 8).
Other data show that placebos given after active drug treatment maintained the active drug
outcome with reduced side effects (9). When drug administration was concealed to eliminate
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awareness of when treatment was given (as with computer-controlled infusion), there was a
significant reduction in response to placebo and also to active drug; drug doses had to be
doubled to achieve the same results (10). In a trial of phytotherapy for menopausal hot
flashes, predictors of responses to placebo and active treatment differed, suggesting that
different mechanisms may underlie these responses (11).

The MsFlash network previously reported the efficacy of treatment for menopausal hot
flashes in two randomly-assigned, double-blind trials of medications compared to matched
pill placebo and had a moderate placebo response rate of approximately 31%-36% (12, 13).
The objectives of this secondary analysis of data from these trials were to: 1) identify the
time course of the placebo improvement and compare the time course of improvement
between drug and placebo; 2) identify the extent of sustained placebo improvement; and 3)
estimate associations of clinical characteristics with placebo improvement.

METHODS

Study Design

This is a secondary analysis of placebo data pooled from two clinical trials in the MsFlash
(Menopausal Strategies: Finding Lasting Answers to Symptoms and Health) Network that
compared active medications for menopausal hot flashes with identical-appearing,
pharmacologically inert placebo pills. In the primary trials, the efficacy and tolerability of
the SSRI escitalopram (10-20 mg/d) was evaluated in 205 participants (12), and the efficacy
of low-dose oral 17-beta estradiol (0.5 mg/d) and the SNRI venlafaxine XR (75 mg/d) was
evaluated in 339 participants (13). In both trials, participants completed daily diaries for at
least 3 weeks of screening, were randomized to 8 weeks of double-blinded treatment with
active medication or matching placebo pills, and recorded vasomotor symptoms in daily
diaries throughout the study, as previously described (14). Treatment assignment was double
blinded, using a computerized randomization algorithm (15). Participants took 1 pill per day
for 8 weeks, with an increase to 2 pills/day for weeks 5-8 in the escitalopram study if
symptoms were not improved at week 4. The study procedures were otherwise identical in
the drug and placebo treatment arms throughout the 8 weeks of treatment. After 8 weeks of
double-blind treatment, the pills were stopped for those taking 1 pill/day and tapered to 1
pill/day and then stopped for those who increased the dose in the escitalopram study. A brief
telephone contact was conducted at 3 or 4 weeks after treatment endpoint to query symptom
status. The daily diary reports for week 11 (3 weeks after treatment endpoint) provided the
information on hot flash frequency at week 11. The trials were approved by the Institutional
Review Boards at each participating site, and participants provided written informed
consent.

Participant Selection

Participants were recruited for the clinical trials between July 2009 and October 2012,
primarily by means of purchased mailing lists and health-plan enroliment files. In the
escitalopram trial, the hot flash criteria required at least 28 hot flashes or night sweats per
week as recorded in diaries twice daily for two screening weeks, ratings of bothersome or
severe hot flashes/night sweats on 4 or more days or nights in each week, and no decrease
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hot flash frequency in the third screening week greater than 50% from the mean frequency
in the first 2 screening weeks. In the estradiol/venlafaxine trial, the hot flash criteria were the
same, with exception of hot flash frequency, which required at least 14 hot flashes/night
sweats per week in the first two screening weeks. Both trials included ages 40-62 years,
required general good health as determined by medical history, a brief physical exam and
standard blood tests, and being in the menopause transition (amenorrhea >=60 days in the
past year) or postmenopause (defined as >=12 months since the last menstrual period, or bi-
lateral oophorectomy, or FSH >20 mIU/mL and estradiol <=50 pg/mL in the absence of a
reliable menstrual marker (e.g., hysterectomy with ovarian preservation, progesterone-
releasing intra-uterine device or endometrial ablation). Exclusion criteria included use of
prescription, over-the-counter or herbal therapies for hot flashes in the past 30 days,
hormones, hormonal contraception, selective estrogen receptor modulators (SERMS) or
aromatase inhibitors in the past 2 months, current severe medical illness, major depressive
episode, drug or alcohol abuse in the past year, suicide attempt in the past 3 years, lifetime
diagnosis of bipolar disorder or psychosis, uncontrolled hypertension, history of endometrial
or ovarian cancer, myocardial infarction, angina or cerebrovascular events, or other
preexisting medical conditions.

Data Collection

After a brief telephone screen, eligible volunteers were mailed a baseline questionnaire to
assess self-reported health and demographics and daily diaries to record frequency, severity
and bother of hot flashes each morning and evening for 2 weeks. After clinic review of these
data, women who continued to meet eligibility criteria were scheduled for 2 clinic screening
visits within a 2 to 3-week interval. Participants continued to rate hot flashes twice daily and
met hot flash eligibility criteria for a total of 3 screen weeks. At the second screen visit,
eligible women were randomly assigned double blind to a treatment arm for 8 weeks, using
a dynamic randomization algorithm (15) with stratification for clinic site in both studies and
for race in the escitalopram study. Telephone contact was made one week after
randomization to assess protocol adherence and adverse events. A clinic visit or telephone
contact was scheduled at 4 weeks, and a clinic visit was scheduled at 8 weeks after
randomization. Participants completed self-report questionnaires at the screen visits and
treatment week 8 and continued to record hot flash information in diaries twice daily. Daily
diaries were continued throughout treatment and the brief follow-up period.

Study Variables

The primary outcome variable was clinically significant improvement, defined as >=50%
decrease in hot flash frequency from baseline and calculated at each treatment week. Hot
flash frequency was the total number of hot flashes and night sweats in a 24-hour period,
calculated from the daily diaries of each subject; the mean of daily totals was calculated for
each subject for each week. Baseline hot flash frequency was the mean of daily totals
reported in the first two screening weeks.

Predictor variables were baseline characteristics of hot flashes and standard clinical and
demographic factors. These included the frequency, variability, severity and bother of hot
flashes in the screen weeks, menopausal status (transition or postmenopause), duration of
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hot flashes (years), body mass index (BMI, kg/m2), current smoking (yes, no), alcohol use
(>=1/day), anxiety (HSCL mean score) (16), depression (PHQ-9) (17), employed full time
(yes, no), education (<= HS, all other), adverse events (yes, no, week 4), age and self-
reported race (white, African American, other). Hot flash variability in the screen period was
defined as the participant’s deviation around her mean hot flash frequency in the first two
screen weeks. Scores for hot flash severity (rated 1 to 3, mild to severe) and bother (rated 1
to 4 (none to a lot) were calculated in the same manner as hot flash frequency, using the
mean of daily ratings in the first two screen weeks; baseline scores were the means of the
daily ratings for the first two screen weeks.

Statistical Analysis

Data from the two MsFlash trials were pooled to provide a combined placebo group
(N=247) and a combined active treatment group (N=297). To determine if the patterns of
clinically significant improvement in hot flashes over time differed between the two
protocols, a logistic model was fit to test the interaction between protocol and study time
separately for placebo and drug participants.

Baseline characteristics of the combined active and placebo groups that were pooled from
the two studies are presented with means and standard deviations for continuous variables
and frequencies and percentages for categorical variables. The statistical significance of
differences between groups was calculated with t or chi-square tests as appropriate (shown
in Table 1). The percent reduction in hot flash frequency from baseline was calculated for
each participant in each treatment arm at each week of the trial. The percentage of
participants who reported clinically significant improvement in hot flashes from baseline is
shown by intervention group for each treatment week (Figure 1). Logistic regression was
used to test the effect of time (weeks 1-8), intervention (active versus placebo) and their
interaction. Among those who ever had >=50% improvement from baseline, the percentages
at the first clinically significant improvement are presented for each treatment week (Table
2). Placebo participants who reported clinically significant improvement in hot flash
frequency by week 4 were divided into early responders (clinical improvement at week 1 or
2) and later responders (clinical improvement at week 3 or 4), with the percentages who
remained clinically improved at weeks 5, 6, 7, 8 presented in Figure 2. Differences between
the percentages of early and later responders were evaluated using a repeated measures
logistic regression model of clinical improvement as a function of response type (early vs
later) and week (5, 6, 7, 8). Logistic regression was used to model clinically significant
improvement with placebo at week 8 as a function of a series of the potential predictors
listed in Table 1. Predictor variables that were associated with improvement at p<=0.20 in
univariate models were included in multivariable analysis. Inclusion in the final
multivariable model was guided by statistical significance at p<=0.05 (shown in Table 3).
This statistics-based approach for selecting covariates was used because we had no a priori
theoretical hypothesis for which variables would be confounding or effect-modifying, and at
the same time we aimed to prevent over-fitted models. Intent-to-treat analysis included all
available data of the study participants. All models were adjusted for protocol and clinical
site.
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Statistical power calculations were computed using publicly available software at
<swogstat.org>. Assumptions were based on data in the sample and included number of
participants, placebo improvement of 50% or more and a binomial test with 2-sided
significance level of 0.05. Given 225 participants, there was 80% power to detect an odds
ratio of 2.3 or higher for factors with a prevalence of 35% and an odds ratio of 2.8 or higher
for factors with a prevalence of 20%. Analyses were conducted using SAS Version 9.3 (SAS
Institute, Inc., Cary, NC). Statistical tests were 2-sided and considered significant at p<0.05.

Before pooling the data, the patterns of clinical improvement in hot flashes over the trial
period for the placebo and active drug participants did not differ between the two protocols
(interaction for active drug p=0.13, for placebo p=0.92). Table 1 shows that there were no
significant differences in baseline characteristics between the combined placebo group and
the combined active treatment group. In the combined placebo group, the mean frequency of
hot flashes at baseline was 8.5 (SD 5.0)/day, 74% were postmenopausal, and the mean age
was 54.3 (SD 3.8) years.

Time course of placebo improvement

The incidence of clinically significant improvement was greater at each of the 8 treatment
weeks in both the placebo and active drug groups (Figure 1). In the placebo group, 10%
improved at week 1, and 33% were improved at week 8. In the active drug group, 17%
improved at week 1, and 54% were improved at week 8. Improvement in the active drug
group was of greater magnitude as expected (P=<0.001), but there was no significant
interaction between time and treatment group (P=0.88), indicating that the time course of
improvement was similar in the active drug and placebo groups.

First clinically significant improvement

The first occurrence of clinically significant improvement in the placebo group was greatest
at treatment week 1 (20%), but clinically significant improvement continued to occur
throughout the 8 weeks of treatment (Table 2). In the placebo group, the cumulative
proportion of first improvement increased to 68% at week 4, with the remaining 32% of the
clinically improved having their first occurrence of improvement between weeks 5 and 8.
Again, the pattern was similar to the active drug group, where the first clinically significant
improvement at the same time points was 25%, 73% and 27%, respectively.

We further investigated whether the earliest placebo improvers (clinically significant
improvement in weeks 1-2) compared to later improvers (first clinically significant
improvement in weeks 3-4) remained improved in weeks 5-8. Figure 2 indicates that more
early improvers were also improved in weeks 5-8, although the comparison with later
improvers did not reach significance (P=0.076). The proportion of early improvers who
remained improved appeared to decrease slightly at week 8 (Figure 2), but these data do not
indicate whether this decrease would continue with extended time.
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Sustained placebo improvement

Further analysis of improvement subgroups (defined a priori as sustained improvement
(clinically significant improvement in hot flash frequency of 50% or more from baseline at
both week 4 and week 8), partial improvement (30% to 50% improvement at week 4 and/or
week 8) or no improvement (<30% improvement at week 4 and week 8) indicated that 20%
of the placebo group (46/231) had sustained improvement of 50% or more at both week 4
and week 8. Another 13% were significantly improved only at week 8, 5% were
significantly improved only at week 4, and 25% had partial improvement at week 4 or week
8 or both. Thirty-eight percent had no improvement with placebo throughout the study.

At the week 11 follow-up, we investigated whether the participants who sustained
improvement on placebo pills remained improved after stopping or tapering placebo pills at
week 8. Based on daily diary reports, 77% (34/44) of the sustained improvers remained
significantly improved at week 11; 6 (14%) declined to partial improvement (30%-50%
improvement from baseline); and 4 (9%) were no longer improved (<30% improvement
from baseline). Of 29 participants at week 11 who were significantly improved at week 8
but not week 4, 16 (55%) remained significantly improved at week 11, 8 (28%) declined to
partial improvement, and 5 (17%) were no longer improved.

Predictors of placebo improvement

Table 3 shows associations of the baseline characteristics with clinically significant
improvement at week 8 in the placebo group. Significant predictors of improvement in
univariate analysis included being African American (OR 7.52. 95% ClI: 3.31 - 17.08,
p<0.001), current smoking (OR 3.50, 95% CI: 1.707.23, p<0.001), having greater severity of
hot flashes in the screen period (OR 1.79, 95% CI: 1.27-2.52, p<0.001), and younger age at
screening (OR 0.62, 95% CI: 0.42-0.93, p=0.021). In the final multivariable model, the
significant independent predictors of placebo improvement after adjustment for the presence
of all other variables in the model were African American race, current smoking and greater
severity of hot flashes in the screen period (Table 3). The odds of improvement with placebo
in adjusted analysis were more than 5 1/2 times higher in African American compared to
white women, over 2 times higher for smokers compared to non-smokers, and
approximately 1 % times higher for each one point increase in the average severity of hot
flashes in the screen period.

The same model was repeated to estimate associations of the baseline characteristics for the
outcome of sustained improvement (defined as clinically significant improvement at both
weeks 4 and 8). Both the univariate associations and the final reduced model were similar to
the results shown in Table 3, which were for clinically significant improvement at week 8.

DISCUSSION

This study showed that clinically significant improvement with placebo gradually increased
through 8 weeks of double-blind treatment, with 33% of the placebo group improved at
treatment endpoint. While the magnitude of improvement with placebo was significantly
less than improvement with active drug, as was previously reported in the primary clinical
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trials (12, 13), the time course of improvement with placebo pills was markedly similar to
that of active drug, with a clinically meaningful response accruing throughout the treatment
period. Moreover, it appeared that early improvers (clinically improved in weeks 1 or 2)
largely sustained significant improvement throughout the study interval and did not swiftly
return to unimproved. Of the participants who were significantly improved at both week 4
and week 8, 77% remained clinically improved after stopping the study pills. This time
course of improvement challenges the belief that placebo response is typically characterized
by rapid and transient improvement that is quickly lost (6) inasmuch as a meaningful
proportion of participants appeared to sustain clinical improvement during and after
treatment with placebo pills.

Rates of placebo improvement are known to vary widely and are greatly influenced by
context and a variety of other sources that limit comparisons across studies. Patient
characteristics and settings, treatment expectations, suggestibility, psychological states,
natural improvement with time and regression to the mean have all been associated with
placebo response rates (3, 18). The rate of placebo improvement in the present trials ranged
from 31% to 36%, which was well within the bounds of moderate placebo improvement. In
10 trials of pharmacologic treatments for hot flashes, placebo improvement ranged from
21%-52%. In a pooled analysis of these trials, 37% of placebo patients had at least a 50%
reduction in hot flash scores (5). A Cochrane review of estrogen therapy trials indicated that
the mean reduction in hot flash frequency was 58% with placebo treatment (4).

In this study, the independent contributors to significant placebo improvement in the final
multivariable model were African American race, current smoking and greater severity of
hot flashes in the screen period. Data indicate that African American women have the
highest rate of hot flash reporting (19-22), but we know of no other studies that evaluated
race as a predictor of placebo improvement. In a study of hot flashes and race/ethnicity from
the Study of Women’s Health Across the Nation, African Americans had greater sensitivity
to somatic symptoms (19), but it is not known whether greater symptom sensitivity extends
to greater placebo improvement.

Current smoking is associated with greater frequency of hot flashes (23-26), but we know of
no studies that evaluated smoking as a predictor of placebo response. Other data suggest that
the association of smoking with hot flashes may involve alterations in neurotransmitter
metabolism in the dopaminergic system, which has also been considered a candidate
neurotransmitter both for the development of hot flashes (23) and for high placebo responses
(27, 28). Thus we speculate that the association between smoking and placebo improvement
may involve the dopaminergic system, but studies to identify these associations are needed.

Symptom severity before treatment has been frequently identified as a predictor of placebo
response, usually indicating that those with less severe symptoms were more likely to
respond to placebo (18, 29, 30). However, the opposite association was observed in the
present study. We speculate that this was due in part to the narrow range of the symptom
severity scale and to the exclusion of women with inconsistent or low ratings of hot flash
severity in the screen period. The exclusion of participants whose hot flashes fluctuated
widely or improved during the screen period may also be the reason that our hypothesis that
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placebo improvement could be predicted by greater within-subject variability in hot flash
frequency during the screen period was not supported.

Whether mechanisms underlying responses to placebo and active drug differ is not well
understood. One study of menopausal hot flashes observed differences between the
predictors of response to placebo and active drug, which suggested that distinct mechanisms
may be operating in the two treatment conditions (11). However, other data suggest that
responses to placebo and active drug have shared biological mechanisms (8), particularly if
the placebo effect is considered a neurobiological phenomenon (28). Further studies to
identify neurobiological mechanisms that may underlie responses to both placebo and drug
are needed to elucidate the complexity of placebo improvement.

Although the study cannot differentiate between placebo response, spontaneous
improvement and regression to the mean, it is important to consider the possibilities of
spontaneous improvement and regression to the mean as components of placebo
improvement. In further studies of placebo effects, a second control group that is not given
either active medication or placebo could better address the question of regression to the
mean. Although the mean natural duration of menopausal hot flashes is considerable,
ranging from about 4 years to more than 10 years (31), and participants were selected for
stable ratings of hot flashes in the screen period, it is possible that variations in hot flash
frequency could account for placebo improvement. It should also be noted that one protocol
required a relatively high frequency of hot flashes in the screen period, suggesting the
possibility that subsequent decreases were a return to more usual levels of hot flashes or that
hot flashes improved with time for reasons other than the direct effects of study pills. The
sustained improvement observed for some participants after discontinuing the placebo pills
could also be interpreted as a possible regression to the mean, inasmuch as placebo effects
after discontinuing pills are believed to be relatively rare.

Other limitations of the study include the 8-week treatment duration, which is a common
duration for acute treatment trials to identify drug response relative to placebo but limits
evaluation of long-term improvement. However, the present findings were supported in a
controlled trial of botanical supplements to reduce hot flashes, where a similar time course
of placebo improvement was sustained for 12 months (32). The exclusion of participants
who improved or had large fluctuations in symptom levels during the screen period may
have resulted in underestimating the incidence of placebo improvement in this study.
Possible predictors of placebo improvement were limited to the clinical and demographic
characteristics of these generally healthy mid-life women, who volunteered for treatment of
menopausal hot flashes; other factors that were not evaluated in this study may be important
contributors to placebo response. These findings may not be generalizable to women with
other demographic characteristics or treatment conditions, and further studies, particularly
those that include neurobiological factors, are needed.

Recognizing placebo phenomena is important for clinical practice, where the power of non-
specific effects far exceeds what is commonly accepted (3). The effectiveness of most
treatments may be substantially increased by implementing procedures that promote
nonspecific effects, among which positive information and expectations about treatments of
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both clinicians and patients are the most well-known. This study showed that clinically
significant improvement with placebo accrued throughout treatment with a time course
similar to improvement with active drug, and the majority of clinically significant improvers
on placebo sustained improvement in the follow-up period after stopping placebo pills.
Although it is beyond the objectives of this study, the findings of sustained responses to
placebo raise the controversial issue of the ethical and practical roles of utilizing placebos in
clinical practice, particularly when potential benefits of placebo treatments may outweigh
adverse events of active drugs. The results indicate that non-specific effects of treatment are
important components of clinical care and warrant further studies to optimize their
contributions to clinical improvement.
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Combined Active

- 4= Combined Placebo

1 2 3 4 5 6 7
Week

Figure 1. Percent of Participants Reporting Clinically Significant |
From Baseline by Intervention Arm

mprovement in Hot Flashes

Data points are the percent improved at each time point in the placebo group (N=247) and in
the active drug group (N=297). Not all participants had data at all weeks.

Repeated measures logistic regression modeled 50% reduction

in HF from baseline (yes/no)

as a function of intervention (active drug vs. placebo), week (1-8) as a continuous variable

and intervention*week, adjusted for study and clinic center.

Main effects of intervention and week, P<0.001 for each; interaction between intervention

and week, P=0.88.
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90 -
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Figure 2. Percent of Early Placebo Responders Reporting Clinically Significant Improvement in
Weeks 5-8
P=0.076 for the main effect of difference in clinically significant improvement in weeks 5-8

compared between early responders (responded in weeks 1-2, n=40) versus later responders
(responded in weeks 3-4, n=37).

(P values for responder group x week: week 5: P=0.095; week 6: P=0.14; week 7: P=0.045;
week 8: P=0.43).

P values are from a repeated measures logistic regression model modeling 50% reduction in
HF from baseline (yes/no) as a function of response type (early/later), adjusted for week
(5,6,7,8) and clinic center.
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