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of mood disorders.

Converging lines of evidence suggest a role for facial expressions in the pathophysiology and treatment

To determine the antidepressant effect of onabotulinumtoxinA (OBA) treatment of corrugator and

13 November 2013

Accepted 20 November 2013 procerus muscles in people with major depressive disorder, we conducted a double blind, randomized,

placebo-controlled trial. In an outpatient clinical research center, eighty-five subjects with DSM-IV
major depression were randomized to receive either OBA (29 units for females and 40 units for

gzvgg:ﬁii:numtoxin A males) or saline injections into corrugator and procerus frown muscles (74 subjects were entered into
Depression the analysis). Subjects were rated at screening, and 3 and 6 weeks after OBA treatment. The
Double blind primary outcome measure was the response rate, as defined by > 50% decrease in score on the
Clinical trial Montgomery—Asberg Depression Rating Scale (MADRS). Response rates at 6 weeks from the date of
Antidepressant injection were 52% and 15% in the OBA and placebo groups, respectively (Chi-Square (1) = 11.2,
Corrugator p < 0.001, Fisher p < 0.001). The secondary outcome measure of remission rate (MADRS score of 10 or

less) was 27% with OBA and 7% with placebo (Chi-square (1) = 5.1, p < 0.02, Fisher p < 0.03). Six weeks
after a single treatment, MADRS scores of subjects were reduced on average by 47% in those given OBA,

and by 21% in those given placebo (Mann—Whitney U, p < 0.0005).

In conclusion, a single treatment with OBA to the corrugator and procerus muscles appears to induce a
significant and sustained antidepressant effect in patients with major depression.
Trial Registration: clinicaltrials.gov Identifier: NCT01556971.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Major depressive disorder (MDD) is common, costly, and
disabling (Greden, 2001; Nierenberg and DeCecco, 2001; Ustiin
et al., 2004). The World Health Organization has concluded that
MDD is the greatest cause of disease burden in North America
(Mathers and Loncar, 2006). The large scale Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) study indicated that up
to a third of depressed patients may not reach remission despite
multiple drug trials. In addition, troubling side effects, such as
decreased libido, anorgasmia, insomnia and nausea, are often re-
ported with current antidepressants, and they are a major reason
why patients discontinue treatment and subsequently relapse
(Pollack and Rosenbaum, 1987; Remick et al., 1989; Baldessarini and
Marsh, 1990; Clayton et al., 2006). Thus, there is a need for the
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development of new effective and better-tolerated treatments for
depression.

Charles Darwin (1872) and William James (1890) proposed a
novel theory of emotion: that the facial expressions feed informa-
tion back to the brain, thereby influencing emotions positively or
negatively. Multiple experimenters have subsequently confirmed
aspects of this so-called “facial feedback hypothesis” (Strack et al.,
1988; Adelmann and Zajonc, 1989; Larsen et al, 1992). For
example, voluntary contraction of facial muscles into a smile or a
frown can induce feelings of happiness or sadness respectively
(Soussignan, 2002; Lewis, 2012), influence the emotional appraisal
of events (Flack, 2006; Neal and Chartrand, 2011), and cause spe-
cific changes in the autonomic nervous system (Ekman et al., 1983).

Facial expressions of negative emotions such as fear, sadness
and anger, all involve contraction of the corrugator muscles
(Ekman, 2007). Multiple lines of evidence specifically implicate the
corrugator muscles in depression. Thus, corrugator activity is
greater and fails to decrease normally with happy imagery in
depressed subjects (Schwartz et al., 1976). Normal subjects who
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viewed unhappy imagery had an increase in both depressed mood
and corrugator activity, two variables that are highly correlated
(Teasdale and Bancroft, 1977). Facial electromyography has been
shown to be a predictor of treatment outcome in depression
(Carney et al,, 1981; Greden et al., 1985). Nevertheless, these cor-
relations do not demonstrate a causal role for corrugator muscles in
depression, which has not been researched until recently.

Botulinum toxin injection of muscles reversibly blocks acetyl-
choline release from neuronal axons into the synapse, inhibiting
neuromuscular transmission (Burgen et al., 1949). Onabotululi-
numtoxinA (OBA) is one distinct subtype of botulinum toxin, and
was the first botulinum toxin subtype to be FDA approved for the
treatment of frown lines. OBA is now one of several botulinum
toxins that are commercially available. Injection of OBA into the
corrugator and procerus muscles (between the eyebrows) revers-
ibly inhibits frowning for about three months (Carruthers and
Carruthers, 1992) and provides a method for specifically and
reversibly inhibiting frown facial expressions. Medical indications
now outnumber cosmetic ones for the use of OBA. If the facial
feedback hypothesis is correct and, specifically, if corrugator muscle
activity is capable of propagating or enhancing sad or depressed
feelings, we hypothesize that OBA injections into these muscles
should have antidepressant properties.

In an open study of OBA injected into the frown muscles of ten
depressed patients, Finzi and Wasserman, 2006, reported that eight
out of ten went into remission after one treatment with OBA. Their
study was limited, however, by its small sample size, lack of con-
trols, and lack of blinding. Wollmer et al., 2012, in a small (N = 30)
randomized, placebo controlled trial of OBA in depressed patients
found a statistically significant (60%) response rate in OBA-treated
subjects versus 13% in controls, but remission rates were not
significantly different. They confined their study to patients who
had both observable frowns and treatment-resistant depression. To
evaluate the general therapeutic efficacy of OBA as a treatment for
major depression, we have conducted a larger study with a broader
clinical spectrum of patients. As in the study of Wollmer et al., we
used a randomized double-blind design in which subjects received
either OBA or placebo injections into the corrugator and procerus
muscles as a treatment for major depressive disorder (MDD).

2. Methods
2.1. Patients

Subjects were recruited from advertisements placed in the local
newspapers in the Washington, DC metropolitan area; from the
Internet; and from local physicians. The study protocol and adver-
tisements were approved by the Institutional Review Board,
Quorum Review Seattle, Washington. Advertisements stated that
we were recruiting depressed people for a double blind random-
ized clinical trial of OBA for depression. No mention was made as to
any expected efficacy. Male or female outpatients aged 18—65
years, with a DSM-IV diagnosis of current MDD (APA, 1994), based
on the MINI (Sheehan et al.,, 1998), administered by a trained
research psychiatrist, were eligible to participate. Subjects received
no monetary compensation for participation.

Subjects were required to have a MADRS (Montgomery and
Asberg, 1979) score > 26 at screening, and a Clinical Global
Impression — Severity (CGI-S) (Guy, 1976) score > 4 at screening.
Women of childbearing potential were required to be on an
acceptable form of birth control, and neither pregnant nor lactating.
Subjects were only included if judged by the investigator to be able
to comply with all the requirements of the study.

Subjects were excluded if they had another Axis I disorder as a
principal diagnosis in the 6 months prior to screening, had a history

of substance abuse or dependency in the 2 months prior to
screening, tested positive for illicit drugs on urine drug screen,
endorsed MADRS item 10 (suicidal ideas) at a level of 5 or more or
had attempted suicide in the six months prior to screening, were
considered to be at a significant risk of committing homicide, or
had an unstable medical condition. Patients were excluded from
the study if they had been treated with OBA in the 12 months prior
to screening. Subjects were also excluded if there had been a
change in their medication or psychotherapy treatment regimen in
the month preceding screening, or had been refractory to three or
more adequate antidepressant treatments with methods that have
different mechanisms of action.

All subjects provided written informed consent after complete
description of the study and before their inclusion.

2.2. Study design

Eligible subjects were randomly assigned, at the time of
screening, to receive either OBA (Botox Cosmetic, Allergan) or
placebo (0.9%NaCl) injections. Injections were made using insulin
syringes with 30 gauge needles at five specific injection points into
the corrugator and procerus muscles, as previously described (Finzi
and Wasserman, 2006). The 100 unit vial of OBA was reconstituted
with 1.0 ml of 0.9% NaCl. The 0.29 ml total injection volume (29
units) for females was divided into five injections: 0.07 ml (7 units)
in the procerus muscle, 0.06 ml (6 units) in the medial part of the
corrugator muscle, and 0.05 ml (5 units) in the middle part of the
corrugator muscle .The injection sites are standard for the treat-
ment of frowning (Carruthers and Carruthers, 1992). Higher dos-
ages of OBA were given to male (Supplemental Fig. 2) vs. female
subjects (40 vs 29 units), as per usual clinical protocol, because of
the greater average corrugator and procerus muscle mass generally
found in men. The study lasted 6 weeks and patients were assessed
psychiatrically at screening, and 3 and 6 weeks after injection with
OBA or placebo.

Syringes prepared for OBA or placebo injection were optically
indistinguishable from each other. Patients were randomly
assigned to either group in blocks of 4. Syringes were prepared by a
study nurse, under the direction of a physician who did not have
contact with the patients. Patients and clinicians who had patient
contact were blind to treatment allocation. A single clinician, who
had no contact with psychiatrists, performed all injections. In-
jections were performed at a separate building location from

Table 1
Baseline characteristics of patient groups [Mean =+ standard deviation].
OBA Placebo
Age, Y 479 + 103 489 +9.3
Sex, No. (%) F 32 (96) 37 (90)
Age at first depressive episode, mean 27.1 + 121 272 + 135
Duration of current episode, months, mean 195+ 189  34.6 + 445
Patients on current antidepressants. No. (%) 14 (42) 17 (41)
Current antidepressants, mean 0.5+ 0.7 0.5 + 0.6
Patients treated with antidepressants, No. (%) 31(94) 32(78)
Number of different antidepressants tried 22+ 1.2 1.8 +13
in lifetime, mean

Number of previous depressive episodes, mean 59+ 59 69 +78
Patients with recurrent depression, no. (%) 30 (91) 33 (80)
Days between visit 1 and injection, mean 88+ 7.2 9.0+ 74
BDI-II, mean 304 +9.7 28.8 + 8.1
MADRS, mean 31.6 + 3.8 312 +36
CGI — S, mean 46+ 0.5 46+ 0.5
Baseline frown score 0.52 + 0.5 049 + 0.5

Abbreviations: BDI-II, Beck Depression Inventory I, MADRS, Montgomery-Asberg
Depression Rating Scale, CGI-S, Clinical Global Impression — Scale. Data are pre-
sented as the mean =+ standard deviation.
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ratings, which led to a mean time lag of 9 days between screening
and injections (Table 1). No instructions were given to either sub-
jects or to rating psychiatrists as to what physical changes in facial
expression might occur. All patients were assessed photographi-
cally, at the time of injection and at the final patient visit, at rest and
after maximal voluntary frowning (effortful). Photographs of sub-
jects were rated blindly by two Board-certified dermatologists who
did not know or treat any of the study subjects, according to a
standardized four-point frown clinical severity score, with 0 signi-
fying no frown, and 3 signifying maximal frown (Honeck et al.,
2003). Frown data were categorized as follows: BL-R (initial visit,
at rest), BL-E (initial visit, effortful), 6W-R (6 weeks, at rest), and
6WE (6 weeks, effortful). Only the injecting clinician photographed
subjects and photographs were reviewed only after the clinical trial
was completed. Subjects’ medication and psychotherapy regimens
remained unchanged throughout the course of the trial.

To help assess the blinding of the trial, after completion of the
trial psychiatric raters were shown photographs of subjects taken
during their initial and final visit. They were then asked to guess
which treatment they thought subjects had received. Subjects were
also asked, after trial completion, to state which treatment they
thought they had received.

2.3. Outcome measures

All patients were assessed at three visits (screening, and 3- and
6-weeks post injection) with the MADRS and, with the CGI, by
trained research psychiatrists, and completed the Beck Depression
Inventory II (BDI) (Beck et al., 1961, 1996). The primary outcome
measure was response to treatment, as defined as a 50% or greater
decrease in MADRS from baseline. Secondary outcome measures
included remission rate, as defined by a MADRS score of 10. or
lower. Other secondary outcome measures included changes in BDI
and CGI scores.

3. Statistical analysis

All subjects who met inclusion criteria and had at least one visit
value in addition to a screening value were entered into the anal-
ysis. Chi square statistics and Fisher exact tests were used to assess
response rates, and differences in response rates were assessed
with the non-parametric Mann—Whitney U test. Descriptive sta-
tistics were obtained and tests for the statistical assumptions of
normality and homogeneity of variance were made. These statis-
tical assumptions were satisfied.

The time point data were analyzed using mixed model analysis
of variance to assess the difference in MADRS scores between the
two treatment groups over time. This method, designed for
repeated measures, does not require complete data. Thus all sub-
jects who satisfied inclusion conditions and had a least one visit
value in addition to screening, were entered into the analysis. Any
variation in group size reports (in the text or figures) are the result
of varying numbers of data points per subject post screening. The
mixed model ANOVA produces three statistical F tests. There is a
test between the two treatment groups, OBA vs. placebo, a test of
the time profile (baseline vs. week 3 vs. week 6) and the treatment
group interaction over time. The Akaike Information criterion (AIC)
was used in comparing model covariance structures. Statistical
significance was set at the 0.05 level (two-tailed), with the Bon-
ferroni correction applied as statistically necessary to correct for
multiple comparisons where applicable. We analyzed CGI data by
considering those who were judged to be much improved on the
CGI scale (a score of 2 or less). To assess the relationship between
frown variables and MADRS response to OBA, we analyzed the
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Fig. 1. MADRS scores over time (mean + standard error of the mean), in the OBA(33)
and placebo(41) groups at 3 and 6 weeks versus baseline.

difference in scores between baseline (BL) and week 6(6W) for both
effortful and resting frown by means of logistic regression.

We calculated the percentage of subjects who correctly guessed
their treatment condition. Since the majority of subjects guessed
their treatment condition correctly at the end of the study, we
investigated whether the results of the study might have been
biased by this potential breach of the blind. In order to do so we
performed a two by three ANOVA on MADRS scores. The two
groups were OBA and placebo, and the three categories of guessers
were those who guessed correctly, those who guessed incorrectly,
and those who did not guess at all.

4. Results
4.1. Patients

121 subjects were screened. 36 subjects were excluded as they
did not meet inclusion/exclusion criterion. The 85 subjects who
met DSM-IV criteria for MDD were randomized, 41 subjects were
randomized to receive OBA and 44 to receive placebo. Eleven pa-
tients were excluded: 8 patients in the OBA group; 3 for withdrawal
of consent, 1 for protocol violation (starting a new antidepressant),
4 were lost to follow-up; and 3 in the placebo group; 2 for protocol
violations (starting new antidepressants), 1 was lost to follow-up.
Thus there were 33 subjects in the OBA group and 41 in the pla-
cebo group. Of the 74 subjects used in the analysis, 69 had complete
data; the other five subjects had incomplete data but were used in
the mixed model ANOVA. Of these five subjects, four placebo
subjects missed the second visit (week 3), and one OBA subject
missed week 3. Fisher’s exact test did not reveal any significant
differences in dropout rate between the two arms of the study.

As expected by randomization, OBA and placebo groups did not
differ significantly in any of the demographic or clinical baseline
variables (Table 1). After screening, subjects received their in-
jections a mean of 8.8(0OBA) or 9.0(placebo) days later (N.S). 91% of
the OBA, and 80% of the placebo subjects suffered from recurrent
depression. 42% of OBA, and 41% of placebo subjects were currently
on antidepressants. The mean resting baseline frown score (scale
0—4) was low for both OBA and placebo groups, 0.52 and 0.49,
respectively (N.S.) (Table 1). 3 patients complained of temporary
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side effects: one placebo complained of vivid dreams and head-
aches, one placebo patient complained of headaches, and one OBA
patient complained of headaches.

4.2. Efficacy

Response rates at 6 weeks from the date of injection were 52%
and 15% in the OBA and placebo groups, respectively (Chi-Square
(1) = 11.2, p < 0.001, Fisher p < 0.001). The remission rate at 6
weeks, as judged by MADRS, was significantly higher in the OBA
group, 27% (9 of 33), than in the placebo group, 7% (3 of 41), (Chi-
square (1) = 5.1, p < 0.02, Fisher p < 0.03). There was an 7.7 dif-
ference in the MADRS scores between the two treatment groups at
week 6 (Table 3). The effect size, or Cohen’s d, was 0.84.

The MADRS mixed model ANOVA interaction test which as-
sesses the three time period MADRS response profile for the two
treatment groups was F(2,139) = 10.03, p < 0.0001 (See Fig. 1). The
difference between the OBA least square mean of 18.9 and the
placebo least square mean of 24.9 at week 3 was statistically sig-
nificant, F (1,159) = 11.2, p < 0.001. Likewise the difference at week
6, was also statistically significant, F (1,160) = 19.4, p < 0.0001 (See
Fig. 1). Comparing the scores at the six-week visit versus baseline,
there was a significant improvement in the OBA group compared to
the placebo group; there was a 47.0% reduction in MADRS scores for
OBA, versus a 20.6% reduction for placebo subjects, (Mann—Whit-
ney U, p < 0.0005).

Secondary measures of mood and clinical status with other
measures corroborated the results seen in the MADRS analyses. For
the BDI, a significant mixed model interaction was observed be-
tween the drug and depression scores over time (ANOVA, F
(2,139) = 11.3, p < 0.0001). At week 6, the difference between the
two groups viz 6.8 was statistically significant, F(1,150) = 11.4,
p < 0.001. Analysis of the CGI data at 3 weeks showed that for the
OBA subjects, 16 of 32 were much improved vs 9 of 38 placebo
subjects, Fisher p value of 0.03. At the 6 week visit, 21 of 33 OBA
subjects vs 8 of 41 placebo subjects were much improved, Fisher p
value of 0.0001.

4.3. Frown analysis

Logistic regression of the changes in frown scores from baseline
(BL)to 6W for resting(R) and effortful(E) frown scores was used to
assess the association between these changes and OBA response
profile (i.e. responders versus non-responders). Frown score dif-
ferences were associated with 57% of the non-responders (8 of 14)
and 69% of the responders (11 of 16) (See Table 2). The overall total
association (19 of 30; 63%) as compared to the benchmark 50%
association, has a statistical difference via the binomial test with a P
value of 0.07 (trending towards significance). In other words, there
was a trend towards changes in frown scores predicting improve-
ment following OBA treatment.

Table 2
Logistic regression means and classification matrices using frown difference scores
to predict MADRS responders.

Classification OBA subjects

Actual Estimated Total
Non-responder Responder

Non responder 8 6 14

Responder 5 11 16

Total 13 17 30

Percent correctly classified = 63.3%

8/14 Non-Responders were correctly classified. 11/16 Responders were correctly
classified. Thus 19/30 (63.3%) were correctly classified.

Table 3
MADRS scores over time.

MADRS [mean (SD)]

Week 0 Week 3 Week 6
OBA 31.6 (3.9) 18.9(9.3) 16.9 (9.2)
Placebo 31.2 (3.7) 249 (7.9) 24.6 (9.2)

The difference between the OBA mean of 18.9 (9.3) and the placebo mean of 24.9
(7.9) at week 3 was statistically significant, via the Bonferroni corrected individual
comparison hypothesis, F(1,159) = 11.2, p < 0.001. Likewise the difference at week
6, Botox mean 16.9 (9.2), placebo mean 24.6 (9.2) was also statistically significant, F
(1,160) = 19.4, p < 0.0001 (See Fig. 1) and Table 3. Comparing the scores at the six-
week visit versus baseline, there was a significant improvement in the OBA group
compared to the placebo group; there was a 47.0% reduction in MADRS scores for
OBA, versus a 20.6% reduction for placebo subjects, (Mann—Whitney U, p < 0.0005).

As expected (Carruthers and Carruthers, 1992), the OBA group
had a decreased ability to form an effortful frown at 6 weeks. The
mean effortful frown at baseline, 1.9, decreased to 0.43 at 6 weeks,
in the OBA group. Non-parametric Wilcoxon Signed Rank Test,
p < 0.0001.

After completion of the clinical trial psychiatric evaluators
correctly guessed 73% of group allocations. Among those subjects
who received OBA, 52% correctly guessed treatment, 33% incor-
rectly guessed, and 15% made no guess. Among those who received
placebo, 46% guessed correctly, 39% incorrectly, and 15% made no
guess. To assess whether unblinding might have influenced the
outcome of different groups (those who guessed correctly, incor-
rectly or did not guess at all), we assessed MADRS scores in a two-
treatment by three-guess categories ANOVA. In the two-by-three
interaction F-test, F was 2.68 (P = 0.36). While the overall MADRS
outcome for the two treatments was preserved, the pattern over
the three guess categories was statistically flat within both the OBA
and placebo groups. In other words, there was no difference in the
change in MADRS between those who guessed their condition
correctly and those who did not.

5. Discussion

The present study supports earlier research suggesting that OBA
injected into the corrugator and procerus muscles can have anti-
depressant effects in people with major depressive disorder (Finzi
and Wasserman, 2006; Wollmer et al., 2012; Finzi, 2013). The
present study takes these findings further in a few ways: First, it is
the largest controlled study to date; second, we found a significant
increase in remissions following OBA vs. placebo; third, the patient
population was not selected for treatment resistance (less than half
were on antidepressants).

To the extent that our study covers the same territory as that of
Wollmer et al. (2012), our results are similar. Specifically, they
observed a 47.1% vs. 9.2% reduction in Hamilton D 17 scores, in the
OBA versus placebo groups whereas we observed a 47.3% vs. 20.6%
reduction in MADRS scores in the corresponding groups. Similarly,
Wollmer et al., 2012, reported a 60.0% vs. 13.3% response in the OBA
vs placebo group, as measured by Hamilton D 17 scores, while we
observed, as measured by MADRS, a 52% vs 15% response.

In the current findings, there was some suggestion of differential
efficacy between OBA as a monotherapy (remission rate of 21%)
versus OBA as an augmentation of ongoing antidepressant treat-
ment (remission rate of 36%). The higher remission rate when OBA
is used as an augmentation treatment vs. monotherapy may sug-
gest that the treatment is more effective in the latter context. This
point will need to be confirmed in larger studies.

In contrast to the earlier study, our trial did not require subjects
to have any specific facial characteristics, such as the ability to form
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a frown or the presence of a resting frown, in order to be included.
An observable frown at rest was not found necessary for
improvement in major depression with OBA. In analyzing the
relationship between frown data and response, we found that 5 of
13 patients who had no discernible frown at rest at their baseline
visit nevertheless experienced full remission after receiving OBA.

Although there was no significant correlation between change
in frown scores and change in mood, there was a trend in that di-
rection (P = 0.07). If this trend is borne out in subsequent studies or
proves significant in larger N studies, that would support the facial
feedback hypothesis. We do need to acknowledge the limitations of
snapshots in assessing ever-changing facial expressions that might
influence mood.

Psychiatrists who saw photographs of the subjects taken before
and after the study were able to guess correctly in about three
quarters of cases which treatment condition had been given.
However, this does not necessarily mean that the blind was vitiated
in the actual clinical situation. Guessing the treatment condition of
subjects from snapshots presented to clinicians side by side is a
poor reflection of the realities of a clinic situation in which raters
saw patients three weeks apart interspersed with many other pa-
tients in a busy clinic setting. In the latter scenario, it seems highly
unlikely that minor frown changes (the change in baseline frown
scores across the study was not statistically significant) would be
discerned. Patients, reviewing their own experiences in the study,
reached similar conclusions to those reached by the raters.
Although this could suggest a breach of the blind, it is also possible
that patients who felt happier might have been more likely to guess
the active condition correctly based on their mood improvement.
Even if the blind were breached, however, the question arises as to
whether that was of consequence to treatment outcome. Results of
the ANOVA that examined the relationship between direction of
guessing versus MADRS response yielded no significant findings.
This could be construed to suggest that guessing correctly does not
in and of itself influence treatment outcome. This question will
beneed to be clarified by further studies and we have provided
specific details of our protocol to facilitate replication by others.

It is worth noting that unblinding has been a common problem
in many so-called double-blind clinical trials, where several in-
vestigators have reported that at least three-quarters of partici-
pants correctly guessed their treatment assignment after the trial
was over (Rabkin et al., 1986; Bang et al., 2004; Perlis et al., 2010).

The placebo response in the present study was lower than has
been reported for many depression trials. Possible explanations for
this are: (1) We offered no reimbursement to study subjects, which
might have helped in the selection of appropriate subjects; (2)
Placebo response has been shown to correlate with the number of
psychiatric assessment visits (Rutherford et al.,, 2009), and our
study had only two follow-up visits compared to the usual four to
six: and (3) It is of course possible that unblinding might have
weakened the placebo effect notwithstanding the absence of an
association between guess status and MADRS responses.

If OBA proves to be an effective treatment for depression, it
would be particularly useful insofar as it should have no adverse
interactions with concurrent medications, since OBA injected as per
the current protocol is not absorbed systemically. Since the action
of OBA in preventing muscle contraction is temporary, lasting on
average about three months, we would anticipate that patients may
need to receive repeated treatments in order to maintain the
improvement.

There are several possible mechanisms by which OBA may help
alleviate depression. First, frowning may affect the way people feel
about themselves when they look in the mirror and the way others
respond to them. OBA, by reducing the level of frowning may cause
others to respond in a way that influences mood favorably. Happier

facial expressions may influence mood by facilitating more positive
social interactions with others (Heckmann et al., 2003). Finally, in
line with the facial feedback hypothesis that inspired this study,
frowning may in and of itself be depressogenic . Thus, reduction in
frowning may be in and of itself therapeutic.

We suggest that the brain continuously monitors the relative
valence of facial expressions and that mood responds accordingly.
We term this emotional proprioception (Finzi, 2013), and suggest
that it represents an important pathway for the brains’ evaluation
of emotional states. According to this model, the brain continuously
assesses the extent of facial muscle contraction and muscle tension
by proprioception. One can view the state of corrugator muscle
tension as part of a neuronal circuit involving the brainstem, with
motor input from the facial nerve and sensory afferents from facial
and trigeminal cranial nerves. OBA treatment of the corrugator
muscle, would interrupt the normal circuitry, reduce distress sig-
nals to the brain and thereby influence mood in a favorable way.
This model is also supported by work showing that OBA treatment
of the frown muscles modifies emotional perception (Niedenthal
et al., 2009; Neal and Chartrand, 2011) and amygdala activation
(Hennenlotter et al., 2009).

We acknowledge the following limitations of our study: (1) Too
few men were included for us to draw conclusions about the value
of OBA in men with depression: (2) We followed subjects for only
six weeks; and (3) There was an average delay of 9 days after
screening before subjects received their injections. It is possible
that depression levels changed in the 9 days between screening and
injection. However, there was no difference in the duration of the
delay between those receiving OBA vs placebo, and no apparent
reason why the delay in being injected should have favored one
condition over the other. Future studies should obtain the baseline
rating, randomize, and begin treatment all on the same day.

Potential advantages of OBA treatment for MDD include: (1) An
excellent safety record for OBA injections into the corrugator and
procerus muscles (Brin et al., 2009); (2) The long-lasting effect of a
single dose should help compliance, which can be a problem in the
treatment of depression (Serna et al., 2010); (3) Because of expected
long treatment intervals, it is reasonably cost-effective (Beer, 2010);
and (4) There are few drug interactions with locally injected OBA.
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