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ABSTRACT

Objective: To provide a critical appraisal of the primary
clinical trials exploring the use of glabellar botulinum toxin
type A (BTA) injections in the treatment of major depressive
disorder (MDD) and propose future directions for research
on this topic.

Data Sources: A search in PubMed, Scopus, and Google
Scholar databases was performed in September

2017. Search terms included (“botulinum” OR “botox”
OR“abobotulinumtoxin” OR “onabotulinum” OR
“onabotulinumtoxin” OR “botulinumtoxin”) AND
(“antidepressant” OR “depression” OR “depressive” OR
“depressed”). No other search parameters were utilized.

Study Selection: Studies were selected for review if they
were found to be a primary clinical trial on the use of BTA for
the treatment of MDD.

Data Extraction: Six studies were identified and scored by
the authors using a 5-point Jadad scoring system.

Results: Three of the 6 studies were found to be of high
quality with a Jadad score > 3. The remainder had Jadad
scores of 1.

Conclusions: In general, the results from the reviewed
studies suggest that BTA may be a promising treatment for
MDD. However, these findings need to be interpreted with
caution due to several limitations of the reviewed studies
such as lack of a priori hypotheses, limited sample sizes,

large gender bias, and significant difficulty in ensuring
blinding.
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D epression is the leading cause of disability worldwide, with
a 12-month prevalence of around 6.6%."? Despite the large
number of biological interventions clinicians have at their disposal,
a significant percentage of patients with major depressive disorder
(MDD) fail to achieve remission with these treatments.> Thus,
there is a need to develop novel strategies to treat MDD. In recent
years, the use of botulinum toxin injections for the treatment of
MDD has garnered significant public and scientific interest. In this
review, we examined the quality and implications of the primary
clinical trials in existence to date for the use of botulinum toxin in
the treatment of MDD.

The concept of injecting botulinum toxin type A (BTA) into the
glabella, the area of the forehead above and between the eyebrows,
was initially based on the principal of the facial feedback hypothesis,
which states that facial muscles do not just express emotion but
contribute, in part, to its experience. The foundation of the facial
feedback hypothesis dates back as early as 1872 when Charles
Darwin described “peculiar furrows formed on the forehead”
formed by the perpetual contraction of the brow’s “grief muscles”
in patients diagnosed with chronic melancholia.* Now termed the
omega sign, the wrinkling of the skin above the nose and between the
eyebrows resembles the Greek letter omega and is associated with
hyperactivity of the corrugator supercilli and procerus muscles.’
Darwin postulated that the free expression by outward signs of
an emotion intensifies its experience, and repression of outward
signs of an emotion dampens it.® In 1911, Swiss neurologist Otto
Veraguth described another physical finding seen in individuals
diagnosed with melancholia, a triangle-shaped fold formed by the
brow and medial half of the upper eyelid termed the Veraguth-fold.”
These early observations helped set the stage for the development
of the modern-day facial feedback hypothesis, which stipulates
that posing a facial expression should increase the intensity of the
emotional experience and inhibiting a facial expression should
dampen the intensity of the emotional experience.®

The facial feedback hypothesis has been supported by a wide
body of modern-day evidence.”"!* For example, when individuals
are asked to imitate facial expressions or body postures seen in
photographs, they tend to experience the congruent emotion that
is mimicked.’ Feelings of aggressiveness have been reported to be
triggered by the involuntary squinting that occurs when subjects
are made to face the sun.!” Similarly, elevated electromyographic
activity of the corrugator muscles has been shown to correlate
with elevated feelings of aggression and sympathetic tone,
namely increased pupil size and skin conductance, when subjects
actively imitated angry facial expressions or even simply observed
them.!! In patients with facial neuromuscular disorders, the
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B Botulinum toxin type A (BTA) glabellar injection may offer
a novel strategy in the treatment of major depressive
disorder (MDD).

B Current evidence on BTA efficacy in MDD lacks
methodological rigor, but results from initial studies are
promising.

B Future studies will need to address the methodological
limitations of the initial studies and investigate the
underlying mechanism of BTA efficacy before it can be
effectively utilized in the treatment of MDD.

severity of depressive symptoms has been found to have
a correlation with particular impairments in the ability to
smile.!? Interestingly, subjects receiving botulinum toxin
injections into the corrugator muscles have been shown to
have diminished functional magnetic resonance imaging
activation of the amygdala when either mimicking or
simply observing angry and sad facial expression seen in
photographs.'

Complementary and alternative medical therapies
have long had roots in the facial feedback hypothesis. In
electroacupuncture, the YingTang site, corresponding to
the center of the glabella, is often targeted in the treatment
of depression. In a 2004 study, 30 one-hour sessions using
a needle delivering current at 80-90 hz to generate visible
muscle contractions at the YingTang and Baihui (superior-
most point on the scalp) sites demonstrated an equal
antidepressant efficacy to that of amitriptyline controls at 6
weeks.!* In another controlled crossover trial,'® 25 healthy
subjects demonstrated that acupressure on the YingTang site
versus a sham site led to a significant decrease in bispectral
index and spectral edge frequency on electroencephalogram
(EEG), a finding similarly observed with administration of
sedatives. Additionally, laughter therapy and laughter yoga
have evidence supporting their use in elevating mood and
reducing anxiety.'®!” True spontaneous laughter, triggered
by either external or internal stimuli, has also been shown
to be more efficacious than purposeful, simulated laughter,
although both exert a significantly positive effect on
mood.'®1?

However, not all studies have supported the facial feedback
hypothesis. A recent meta-analysis?® of 17 psychological
studies failed to support the findings from the original
study by Strack et al,*! which originated the facial feedback
hypothesis.?? In addition, Séderkvist et al** demonstrated a
feedback effect, but this effect did not persist beyond critical
actions of smiling and frowning, thus challenging the long-
term effects of BTA on the basis of facial feedback.

Findings from studies using glabellar injection of BTA
in MDD were previously analyzed in meta-analyses and
reviews.?>** The main aim of this review is not to synthesize
results from a meta-analytic perspective as done previously.
Instead, this review is an attempt to critically appraise the
methodological limitations and clinical relevance of the
findings from BTA clinical trials in an effort to propose
future directions in this field of research.

METHODS

In September 2017, a nonsystematic literature search was
made in the databases Pubmed, Scopus, and Google Scholar
for primary clinical trials involving the use of botulinum
toxin in the treatment of MDD, with quality assessed by the
authors using a 5-point Jadad scoring system.? Search terms
included (“botulinum” OR “botox” OR “abobotulinumtoxin”
OR “onabotulinum” OR “onabotulinumtoxin” OR
“botulinumtoxin”) AND (“antidepressant” OR “depression”
OR “depressive” OR “depressed”). No other search
parameters were utilized. This literature search resulted
in a total of 6 clinical trials?®-3! that examined the use
of botulinum toxin injections for the treatment of MDD
(Table 1). All of these studies employed US Food and Drug
Administration (FDA)-approved BTA, namely BOTOX
(onabotulinumtoxin A), because it is the only BTA product
approved by the FDA to reduce forehead lines for cosmetic
reasons. Jadad scores were given as follows with a maximum
total of 5 points: randomization: not randomized (0),
described as randomized (1), randomization described
and appropriate (2); blindness: not blind (0), described as
double-blind (1), double-blind described and appropriate
(2); and dropouts: not described (0), dropouts described (1).
Although all 6 studies are included, this review more heavily
focused on studies with higher Jadad scores. In addition,
2 pooled meta-analyses utilizing data from a subset of
these 6 primary trials?®*" were identified, namely the
published works of Parsaik et al** and Magid et al.>* These
2 publications?*** are not included in the scoring given that
the aim of this article is to explore primary clinical trials,
although they are incorporated in the narrative review.

RESULTS

Jadad scoring of the 6 studies is provided in Table 2,
with the simple mean score of these 6 studies being 2.33.
Of 6 studies reviewed, 3 studies had Jadad scores of 1. The
first of these was Finzi and Wasserman’s 2006 case series
with 10 female patients who were followed for 8 weeks
after administration of BTA. This case series?® reported
the highest recovery and remission rates (90% and 80%,
respectively) of all 6 BTA trials. The second study with a
Jadad score of 1 was published in 2013 by Hexsel et al*’
and was a 12-week open-label uncontrolled trial with a
total of 25 depressed versus 25 nondepressed subjects, with
the depressed group showing more than a 50% reduction
in Beck Depression Inventory scores at 12 weeks and no
mention of remission rates. This was the only study that
administered an additional BTA touch-up dose after 4
weeks. The authors?’ did not clarify the rationale for having
a depressed versus a nondepressed group rather than a
placebo group, which would have provided for a better
research design overall. Another notable limitation of the
first 2 studies?®?” was the use of a subjective scale to assess
depression (ie, Beck Depression Inventory) rather than a
more objective assessment tool.
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Table 1. Summary of Clinical Trials for the Use of Botulinum Toxin Type A in Major Depressive Disorder

Experimental Group

Control Group

n n Primary Outcome

Study Design Subjects Intervention (total=121) Intervention (total=114) Measure
Finzi and Open-label case Moderate-severe MDD: BTA 29 units 10 BDI-Il at 8 wk: recovery
Wasserman study 9 subjects, bipolar rate 90%; remission
2006%° depression: 1 subject, rate 80%
100% female, mean
age48y
Wollmeretal Double-blind, Mild-moderate MDD, BTA 29 units 15 Volume- 15 HDRS-17 at 6 wk: partial

201228 randomized, 67% female, mean (women), matched response rate 86.7%
placebo- age51y BTA 39 units saline vs 26.7%; significant
controlled trial (men) response rate 60.0% vs

13.3%
Hexsel et al Open-label, Moderate-severe MDD vs  BTA 20 units 21 BTA 20 units 25 Mean BDI-Il scores: 27.4

2013% nonrandomized healthy controls, 100% +touch-up +touch-up vs 6.7 at baseline, 12.5
trial female, mean age 50 y BTX after BTX after vs 4.0 at 12 wk; mean

4 wk 4wk self-esteem scores: 13.9
vs 24.6 at baseline, 16.9
vs 24.2 at 12 wk
Finzi and Double-blind, Mild-moderate MDD, BTX 29 units 33 Volume- 41 MADRS at 6 wk:

Rosenthal randomized, 90% female, mean (women), matched significant response

2014%° placebo- age 48y BTX 40 units saline rate 52% vs 15%;
controlled trial (men) remission rate 27%

vs 7%
Magid et al Double-blind, Mild-severe MDD, 93% BTA 29 units 11 BTAfirst, Volume- 19 placebo  HDRS-21 at 6 wk:

201430 randomized, female, mean age 49y (women), 17 BTX- matched first partial response rate
placebo- BTA 39 units second saline 73% BTX-first, 65% BTX-
controlled (men) second, 5% placebo;
crossover trial significant response

rate 55%, 24%, and 0%,
respectively
Zamanian et Randomized, Mild-severe MDD, 50% BTA unspecified 14 Unspecified 14 Mean BDI-l scores at
al 201737 placebo- female, mean age 39y quantity placebo 6 wk: 19 vs 24 (P=.004)

controlled trial

Abbreviations: BDI=Beck Depression Inventory, BTA =botulinum toxin type A, BTX =botulinum toxin, HDRS =Hamilton Depression Rating Scale,
MADRS = Montgomery-Asberg Depression Rating Scale, MDD =major depressive disorder.

Table 2. Jadad Scoring of Clinical Trials

Randomization Blindness Dropouts
Study (0-2) (0-2) (0-1)  Total
Finzi and Wasserman 0 0 1 1
20062°
Wollmer et al 201228 2 1 1 4
Hexsel et al 2013%7 0 0 1 1
Finzi and Rosenthal 2014%° 1 1 1 3
Magid et al 20143° 2 1 1 4
Zamanian et al 20173 1 0 0 1

The remaining 4 studies were randomized controlled
trials (RCTs). The most recent RCT, published by Zamanian
etalin 2017,%! was a 6-week placebo-controlled trial of BTA
in depressed versus nondepressed subjects that also received
aJadad score of 1 given alack of a description of what placebo
was used as well as no mention of blinding. However, this
was the only study conducted with equal numbers of male
and female subjects (ie, 14 males and 14 females), while
the other clinical trials were heavily biased toward female
subjects (case series by Finzi and Wasserman?®® with 100%
female, Hexsel et al*” with 100% female, Wollmer et al?® with
67% female, Finzi and Rosenthal?® with 90% female, and
Magid et al* with 93% female).

The remaining 3 studies scored more favorably, with
Jadad scores > 3. The 2012 study by Wollmer et al,?® notably
the only RCT to have an a priori hypothesis, was conducted
in 30 subjects with mild-moderate MDD and showed
a response rate of 60% and remission rate of 33% for the
BTA group versus a 13% response and remission rate in the
placebo group. The 6-week double-blind, placebo-controlled
RCT by Finzi and Rosenthal®® revealed a response rate of
52% and a remission rate of 27% versus 15% and 7% for
placebo, respectively. This study was followed up by a double-
blind, placebo-controlled crossover study by Magid et al*
in 2014 in which mild to moderately depressed subjects
demonstrated a 55% response rate in the BTA-first group,
24% in the BTA-second group, and 0% in the placebo group.
The placebo-second group was not analyzed in this study due
to carry-over effects from BTA in the first phase of the study.
In addition, there was an uneven distribution of subjects in
the 3 subject groups analyzed (ie, 11 subjects in the BTA-
first group, 19 subjects in the placebo-first group, and 17
subjects in the BTA-second group). This study®® may have
been underpowered, as the power analysis was conducted
with only a 3-point difference on the 21-item Hamilton
Depression Rating Scale and not the 17-item version.
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The reviewed-studies found BTA to be a well-tolerated
treatment for depression, and only minimal adverse effects
were reported. The most common adverse effects found
to be significantly different from placebo included local
irritation at the injection site and transient headache. It is
unusual to find fewer adverse effects in studies that have
such low placebo responses as in the reviewed studies.

DISCUSSION

Although the results from the reviewed studies appear
promising, the clinical evidence to support the use of BTA
in patients with MDD is still preliminary. In addition to
reviewing some of the limitations of the BTA studies, several
important questions need to be addressed to confirm BTA’s
efficacy and enable optimal use of this novel antidepressant
strategy.

A significant limitation of the reviewed studies is
whether blinding can be maintained with BTA given that
it has significant cosmetic effects easily discernable both by
the raters and the study subjects. Unblinding is likely one
of the major reasons that the reviewed studies reported
significantly low placebo and high response rates. In the
Wollmer et al study,®® despite several efforts to ensure
blinding, nearly 90% of study subjects could accurately guess
their group at the end of the study. With the low placebo
response rates across the board (ie, 13.3%,%® 15%,%’ and
0%-5%°7), these trials appear to have much lower placebo
rates than those usually observed in the majority of clinical
trials with antidepressants. A 2002 review>? of 75 double-
blind placebo-control trials of antidepressants for MDD
demonstrated that the mean +SD placebo response rate is
29.7% +8.3%. It has been suggested that the actual mean
placebo response rate in MDD is closer to the 35%-45%
range, as most negative trials are typically unpublished.*
Interestingly, one of the reviewed studies? still reported
low placebo response and remission rates (ie, 15% and
7%, respectively) despite lack of any significant association
between changes in Montgomery-Asberg Depression Rating
Scale (MADRS)** scores and the percent of subjects who
could correctly guess their group allocation. The study by
Magid et al*® reported a 0% response rate in the placebo
group, which raises even bigger concerns for unblinding at
least among the raters if not the study subjects. This same
study®® additionally reported that most raters correctly
guessed the active treatment group as opposed to the
placebo group.

To an extent, the informed consent procedure itself
contributes to some degree of unblinding. Given that subjects
become highly attentive to the somatic and psychological
changes disclosed in the informed consent procedure, they
frequently use this information to see through the double-
blind.>>% Therefore, it is imperative that future trials employ
amore convincing placebo than normal saline to more closely
mimic all or at least some of the unblinding properties and
adverse effects of BTA without, of course, causing its own
adverse effects. One such alternative would be the use of

collagen filler as a placebo, as it visibly reduces glabellar
lines without impacting corrugator and procerus tone.
One may consider pursuing a 3-armed study comparing
the antidepressant efficacy of collagen monotherapy versus
BTA monotherapy versus BTA plus collagen combination
therapy. It is worth noting that combination therapy of BTA
and collagen filler has been found to result in a significantly
greater objective improvement in glabellar frown scores over
BTA monotherapy without increasing patient discomfort or
procedure-related complications.?” If subjective cosmetic
improvement truly is not a factor in the antidepressant
action of BTA, one would expect the antidepressant effect
of combination and BTA monotherapy groups to be similar.
Given that these trials have shown antidepressant activity
in around 6 weeks, such a study design seems feasible. In
future studies, unblinding should be evaluated at various
points in the trial by assessing the group allocation
perceptions. Other possibilities to help reduce the effects
of unblinding in future trials include utilizing a crossover
study design and long treatment durations given that the
placebo effect, regardless of the treatment arm, tends to
somewhat diminish over a prolonged duration.

One clinically relevant question to ask is if there is
a relationship between BTA dose and antidepressant
response. On the basis of currently available data, it is
rather difficult to answer this question because 426-2° of
the 62°-3! studies reviewed employed almost the same dose
of BTA that ranged from 29 to 40 units for female subjects
and 39 to 40 units for male subjects. One study®! did not
report BTA dose, and the study by Hexsel et al?” used 20
units at baseline followed by a booster dose at week 4 of
the study. In the future, it will be important to use a fixed-
dose design with multiple doses to find out if any other
BTA doses will be more (or less) effective than those used
in the reviewed studies. In addition, since most reviewed
studies used a single-injection strategy, it will be extremely
useful to conduct longer-duration studies to see how long
the efficacy of a single injection lasts and when, if ever, a
maintenance BTA dose will be required to maintain the
response after 24 weeks (which, according to the Magid et
al study,*® was the longest period that subjects in a crossover
study maintained the response after a single BTA injection).
As stated earlier, the only study that included a booster dose
at 4 weeks?” actually used a lower initial dose (20 units) in
comparison to the other studies, so the results should be
interpreted accordingly.

An intriguing question, which is somewhat linked with
the mechanism of action of BTA, is whether there is a
relationship between a change in baseline glabellar frown
line scores and antidepressant response. Most studies that
assessed glabellar frown lines saw no correlation between
the frown scores and treatment response. Hexsel et al?’
reported no baseline differences in glabellar frown line
scores at rest or with maximum frowning between the
depressed versus nondepressed subjects. Resting and
maximum frowning scores were also assessed in the
24-week crossover trial by Magid et al** and showed that
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while antidepressant response was maintained through
this study period in the BTA-first group, the frown scores
came back to the baseline value, further supporting a lack
of relationship between frown score and antidepressant
response. Finzi and Rosenthal’s study?® was only able to
demonstrate a trend toward significance in an association
between frown scores and treatment response, although
this study did not require an observable frown at rest as
an inclusion criterion. Notably, in this study 5 of the 13
patients with no baseline frown at rest still experienced
full remission after BTA treatment. On the other hand, the
study by Wollmer et al?® did report a significant association
between frown line scores and BTA response. Interestingly,
1 patient in this study remitted despite the misperception
of being on placebo, possibly due to a lack of any noticeable
cosmetic changes in frown lines. A notable point related
to the relationship between frown line scores and BTA
response is that most reviewed studies based their frown
scores on maximal voluntary frowning effort, which may
vary between patients based on the extent of their voluntary
effort, muscle strength and its innervation, and frequency
of using these frown muscles.

That only 1 study reported any statistically significant
correlation between BTA response and frown line scores
brings up the possibility that BTA may possibly work
independently of frown lines and outside the context of
the facial feedback hypothesis. An interesting and relatively
recent hypothesis that may explain the mechanism of
antidepressant response with BTA is a possibility of
retrograde axonal flow of BTA. This hypothesis is supported
by the retrograde transport of BTA by central neurons and
motor neurons to the afferent synapses in an animal study.*®
In contrast to facial feedback theory, this hypothesis provides
a more plausible explanation for a lack of relationship
between furrow lines and antidepressant response of BTA.
In future clinical trials, it would be interesting to investigate
the placebo response in depressed subjects without frown
lines so that there is minimal risk for unblinding. Future
trials should have at least 2 active groups, 1 with frown lines
and the other without, which will answer the question of
whether frown lines are a marker of BTA response or not.

Another clinically relevant question that needs to be
investigated is whether BTA can be used as monotherapy,
as most study subjects in these trials were treated with
antidepressants concurrently. Although Finzi and
Rosenthal® demonstrated higher remission rates among
study subjects taking antidepressants concurrently than
those on BTA as monotherapy, a remission rate of 21%
was reported with BTA monotherapy. Future studies will
require larger samples that are adequately powered, not only
to investigate a differential BTA response in combination
with various antidepressant agents, but also to differentiate
between the clinical and demographic characteristics of
study subjects in BTA augmentation versus monotherapy
groups. The information garnered from this study design
may be highly relevant to understanding BTA's mechanism
of action in various subtypes of depressed patients, especially

Glabellar Botulinum in Depression

in'reference to different neurotransmitter systems that may
mediate its differential response.

Furthermore, future research will need to address the
effect of sex on BTA response. With the exception of the
study by Zamanian et al,’! most studies were conducted
predominantly in female subjects, ranging from 67% in the
Wollmer et al study?® to 100% in the Hexsel et al study.?’
Thus, the 3 RCTs with high Jadad scores?®~*° were done
predominantly with female subjects. It is possible that this
research attracts female participants because of the cosmetic
value of BTA injection for them. Large clinical trials will be
required with a balanced representation of male and female
subjects to rule out any sex effects with BTA treatment.

It will also be clinically useful to see if BTA will be
effective in alleviating depressive symptoms when given
in nonglabellar facial muscles that confer sadness, such as
the depressor anguli oris, or if BTA given in multiple facial
muscles is more effective than glabellar injection itself.
Further, clinical trials exploring the efficacy of BTA in bipolar
depression are warranted. Thus far, only 1 patient, from Finzi
and Wasserman’s study,?® has been trialed on BTA for the
treatment of bipolar depression and has demonstrated a
favorable response.

Likewise, research investigating methods of activating
and increasing muscular tone in facial musculature involved
in smiling for the purposes of mood enhancement is also an
intriguing area of exploration. With efficacy demonstrated
in the treatment of epilepsy, a 2011 pilot study® on the use
of external trigeminal nerve stimulation in the treatment of
MDD yielded promising results. A 2013 study*’ suggested
that modulating emotion through external functional
electrical stimulation may be possible, although more
research is needed in this area. There have been some
anecdotal reports suggesting that individuals receiving
glabellar paralysis may experience a reduction in their
ability to express and relate the emotions of fear, anger, and
sadness with others in socially appropriate circumstances.*!
While this is a concerning potential side effect of BTA
therapy, emotional and affective blunting has been reported
with selective serotonin reuptake inhibitors (SSRIs) as well,
along with the development of an “SSRI-induced apathy
syndrome™*2~# However, antidepressant effects of BTA are
potentially mediated by apparent emotional blunting caused
by blockade of muscles used in the expression of sad or
despondent emotions.

CONCLUSION

Although the results from the reviewed studies provide
evidence supporting the use of glabellar BTA injections for
the treatment of MDD, future studies with larger and more
balanced sample populations, more convincing placebo
controls, and improved assurance of blinding are required
to further elucidate the role of BTA in the treatment of MDD.
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