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Abstract

Background—Conventional drug treatments for Generalized Anxiety Disorder (GAD) are often
accompanied by substantial side effects, dependence, and/or withdrawal syndrome. A prior
controlled study of oral chamomile (Matricaria chamomilla L.) extract showed significant efficacy
versus placebo, and suggested that chamomile may have anxiolytic activity for individuals with
GAD.

Hypothesis—We hypothesized that treatment with chamomile extract would result in a
significant reduction in GAD severity ratings, and would be associated with a favorable adverse
event and tolerability profile.

Study Desigh—We report on the open-label phase of a two-phase randomized controlled trial of
chamomile versus placebo for relapse-prevention of recurrent GAD.

Methods—Subjects with moderate to severe GAD received open-label treatment with
pharmaceutical-grade chamomile extract 1,500 mg/day for up to 8 weeks. Primary outcomes were
the frequency of clinical response and change in GAD-7 symptom scores by week 8. Secondary
outcomes included the change over time on the Hamilton Rating Scale for Anxiety, the Beck
Anxiety Inventory, and the Psychological General Well Being Index. Frequency of treatment-
emergent adverse events and premature treatment discontinuation were also examined.
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Results—Of 179 subjects, 58.1% (95% CI: 50.9% to 65.5%) met criteria for response, while
15.6% prematurely discontinued treatment. Significant improvement over time was also observed
on the GAD-7 rating (B =-8.4 [95% CI = -9.1 to —7.7]). A similar proportion of subjects
demonstrated statistically significant and clinically meaningful reductions in secondary outcome
ratings of anxiety and well-being. Adverse events occurred in 11.7% of subjects, although no
serious adverse events occurred.

Conclusion—Chamomile extract produced a clinically meaningful reduction in GAD symptoms
over 8 weeks, with a response rate comparable to those observed during conventional anxiolytic
drug therapy and a favorable adverse event profile. Future comparative effectiveness trials between
chamomile and conventional drugs may help determine the optimal risk/benefit of these therapies
for patients suffering from GAD.
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Introduction

Generalized anxiety disorder (GAD) is a common form of anxiety with manifestations
including excessive worry, poor concentration, restlessness, muscle tension, irritability,
fatigue, and sleep difficulties that have occurred for 26 months (American Psychiatric
Association, 2000). Lifetime prevalence for GAD ranges from 3.7-9.0% of the population in
Europe and the United States (Asnaani et al., 2010; Kessler et al., 2012; Wittchen et al.,
2011). It is also one of the most common psychiatric disorders in primary care (Davidson et
al., 2010; King et al., 2008). While around 46-56% of GAD patients qualify for remission
over the course of 8-12 years, 36-43% of patients will experience relapse (Bruce et al.,
2005; Francis et al., 2012; Penninx et al., 2011; Yonkers et al., 2003). Although patients with
GAD do experience a decline in psychiatric severity over time, the absolute magnitude of
that improvement is modest if untreated (Ramsawh et al., 2008).

One of the most commonly prescribed psychopharmacological therapies for GADsymptoms
are benzodiazepine tranquilizers (Baldwin et al., 2012; Reinhold and Rickels, 2015; Rickels
and Rynn, 2002; Stahl, 2002). Although effective as a short-term therapy, extended use of
benzodiazepines can result in tolerance, habituation, and withdrawal syndrome (Ashton,
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2005; Bateson, 2002; Biggio et al., 2003; Bonavita et al., 2002). Furthermore,
benzodiazepines result in relatively non-specific suppression of autonomic arousal, causing
many to experience neurocognitive impairments (e.g., memory consolidation deficits) while
the drug is active (Barker et al., 2004; Lader, 2011; Stewart, 2005), which may make
benzodiazepine use prohibited in particular situations of cognitive alertness.

Other classes of medication (e.g. serotonin-1, receptor partial agonists, serotonin reuptake
inhibitors) also demonstrate anxiolytic activity (Baldwin et al., 2011; Gelenberg et al., 2000;
Mitte et al., 2005). However, the commonly used selective serotonin reuptake inhibitors are
often associated with weight gain, insomnia, daytime somnolence, jitteriness, agitation, and
sexual side effects (Ferguson, 2001; Goethe et al., 2007). Concerns over side effects may
influence a patient’s attempts to treat their anxiety, with around half of treatment-seeking
GAD patients tolerating qualifying symptoms for at least 2 years prior to pursuing medical
attention (median delay between 6 to 14 years), and a third of those patients ignoring given
psychiatric referrals (Baldwin et al., 2012; Kessler et al., 1998). By contrast, many
individuals with anxiety and severe depression report attempts to use a complementary or
alternative therapy to treat their problem, and endorse a high acceptability of the treatment
modality (Kessler et al., 2001; Mclintyre et al., 2016).

As one of the most established herbal remedies, chamomile (Matricaria chamomilla L. or
Matricaria recutita) has been employed as a carminative (anti-colic), antiseptic, and
anxiolytic (Blumenthal et al., 1998; Bruni et al., 1997; Di Stasi et al., 2002; Merzouki et al.,
2000; Pieroni et al., 2002; Singh et al., 2011; Srivastava et al., 2010). Although substantial
animal data support the anxiolytic properties of chamomile and several of its flavonoid
constituents (Avallone et al., 1995; Nakazawa et al., 2003; Paladini et al., 1999; Reis et al.,
2006; Yamada et al., 1996; Zanoli et al., 2000), few clinical trials have been undertaken in
humans. To date, there has been one randomized, double-blind, placebo-controlled trial of
chamomile safety and efficacy in individuals with GAD (Amsterdam et al. 2009). In this
small proof-of-concept study, patients experienced a significantly greater reduction in
anxiety symptoms when randomly assigned to chamomile versus placebo (p= 0.047).

Building upon its biological plausibility as an active anxiolytic and demonstrated
preliminary controlled effects (Amsterdam et al., 2009), we hypothesized that treatment with
pharmaceutical grade oral chamomile extract would result in a significant reduction in GAD
severity ratings and be associated with a favorable adverse event and tolerability profile. We
report acute-phase open-label findings here to allow effect comparisons with the placebo-
controlled findings from the original clinical trial of chamomile (Amsterdam et al., 2009), as
the open-label conditions in the present trial better resemble how chamomile would be
administered in clinical practice. In addition, we decided to separately examine the open-
label findings as active drug effects tend to be underestimated in placebo-controlled trials of
anxiety and depression. This is due to lowered patient expectancies of treatment efficacy that
stem from the knowledge of possibly being treated with an inert compound (Rutherford et
al., 2015; Rutherford et al., In press; Rutherford et al., 2009). We provide results on long-
term safety and effectiveness with subsequent continuation chamomile therapy versus
placebo among responders who remained well for an additional 4 weeks of consolidation
therapy after this open-label phase in a related paper [Mao Phytomedicine citation TK].
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A detailed description of the study design and procedures (Trial Registration Number
NCTO01072344) is available (Mao et al., 2014). Subjects were recruited from media and print
advertisements approved by the Institutional Review Board (IRB) of the University of
Pennsylvania, and from subjects referred from the outpatient Family Medicine clinic at the
University of Pennsylvania Medical Center. All study-related procedures were performed at
the Depression Research Unit of the University of Pennsylvania Medical Center.

Subject enrollment occurred from March 2010 to November 2014. Inclusion and exclusion
criteria are described in the associated continuation-phase randomized controlled trial (RCT)
paper [Mao Phytomedicine citation TK].

Matricaria chamomilla L. 500 mg dry extract per capsule was pharmaceutical grade. A
complete description of active constituents, extraction methods used, certificate of analysis,
figure of the High Performance Liquid Chromatography fingerprint, and details on
preparation, packaging, and quality control for consistent production of the study drug is
provided in our related paper [Mao Phytomedicine citation TK]. Product approval for use in
GAD was further granted in a “Safe to Proceed” letter by the Food and Drug Administration
on December 17, 2009 (IND 107,206).

Study procedures

After a description of the study was provided to subjects, written informed consent was
obtained in accordance with the ethical standards of the IRB of the University of
Pennsylvania. The study was conducted using Good Clinical Practice guidelines with
oversight by the local Office of Human Research and an independent Data and Safety
Monitoring Board.

Psychiatric diagnoses was verified using the Structured Clinical Interview for DSM-IV-TR
Axis | Disorders (SCID-I; (First et al., 2001). The best estimate of the number of prior GAD
episodes (as defined by DSM-IV criteria) that occurred since onset of the disorder were
obtained from subjects at their initial interview using the SCID interview format. Medical
history, physical examination, weight and blood pressure, and laboratory tests (including
hepatic, renal, and thyroid panels, pregnancy test in women, urine screen for drug abuse, and
electrocardiogram) were performed.

Outcome measures

Outcome measures were obtained at baseline and after treatment weeks 2, 4, and 8. The
protocol-designated primary outcome was frequency of response at week 8 defined as a
>50% reduction in baseline GAD-7 score plus a final CGI-S score of 1 (i.e., normal), 2 (i.e.,
borderline), or 3 (i.e., mild symptoms). Responders at week 8 continued on consolidation
chamomile therapy for an additional 4 weeks. Non-response was defined as a <50%
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reduction in total GAD-7 score or a CGI-S score =4 at study week 8. The primary
continuous outcome measure was change in GAD-7 scores.

Secondary outcome measures included: change from baseline on the Hamilton Rating Scale
for Anxiety (HAM-A) (Hamilton, 1959); change in Beck Anxiety Inventory (BAI) (Beck et
al., 1988) score; and change in baseline Psychological General Well Being Index (PGWB;
(Wiklund et al., 1992) and PGWB-Anxiety subscale scores.

In addition, a listing of probable and definite reported and elicited adverse events was
compiled (NIMH, 1985). Adverse events were ascertained by both spontaneous subject
reports and clinician-elicited queries and vital sign monitoring at each study visit.

To assure uniform treatment procedures among clinicians, clinical management was
conducted in a structured fashion (Fawcett et al., 1987). A fixed-flexible dosing strategy
with chamomile 1,500 mg (three 500-mg capsules) daily was employed. This dose was
selected based upon prior observation of superior efficacy and tolerability versus placebo at
a dose of 1,100 mg daily (Amsterdam et al., 2009). This strategy also afforded subjects the
opportunity to receive maximum chamomile dosing from treatment onset and the ability to
reduce the daily dose to a minimum of 500 mg (if warranted). Drug accountability and
capsule counts were performed at each study visit.

Sample size justification

A full account of sample size determination for the open-label phase portion of the study is
described in the associated continuation RCT paper [Mao Phytomedicine citation TK]. The
resulting sample size of 180 subjects allowed us to test our primary study hypothesis (i.e.,
relapse-prevention) with 80% power to detect a difference between chamomile versus
placebo at the 0.05 level, as well as any within-subject change of clinical importance
(within-person Cohen’s d> 0.8).

Statistical procedures

Linear mixed model tests using restricted estimation of maximum likelihood were employed
to estimate change over time in primary and secondary continuous outcome measures.
Random slopes and intercepts were used to measure change in symptomatic outcome
measures. All available symptom measurements obtained at baseline and weeks 2, 4, and 8
were included in the analyses in an intention-to-treat design using all observations. Time
was parameterized in a linear fashion as the percentage of average change over time in study
completers occurring cumulatively between each time unit (e.g., between baseline and week
2), summing to 1.

Outcome measurements with missing items had data imputed using a random forest
imputation algorithm (Stekhoven and Biihmann, 2012). 95% likelihood profile confidence
intervals were calculated for all mixed model fixed effect coefficient estimates. We used
statistical packages “Ime4” (Bates et al., 2016) and “ImerTest” (Kuznetsova et al., 2016) in
the R statistical computing language (R Development Core Team, 2016).
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Overall, 180 subjects were enrolled and 179 subjects took at least one dose of study drug.
One subject was categorized as a screen failure for not meeting all inclusion criteria.

Table 1 displays baseline clinical and demographic characteristics of the treatment sample.
Subjects had a mean (SD) age of 45.7 years (SD 15.3; range 19.7-78.3). Among patients,
119 (66.5%) were women, 134 (74.9%) were Caucasian; 31 (17.3%) were African
American; 10 (5.6%) were Asian American; 8 (4.5%) were Hispanic American; and 6
(3.4%) were multiracial.

The mean (SD) baseline GAD-7 score among all subjects was 15.1 (3.1), with the majority
of subjects having moderate severity on the CGI-S score: 151 (84.4%) moderate, 27 (15.1%)
marked, and 1 (0.6%) severe. Mean age at illness onset was 21.5 (SD 15.4) years of age, and
most subjects reported chronic symptoms (lasting >2 years) with a mean illness duration of
8.4 (SD 13.9) years. Most subjects reported taking at least one prior pharmacological or
psychotherapeutic treatment for GAD, with the mean number of prior treatments being 1.5
(SD 1.7). In addition, 56 subjects (31.3%) also met DSM-IV criteria for concurrent major
depressive episode, although anxiety symptoms were their primary complaint.

Overall, 28 subjects (15.6%) prematurely discontinued treatment during the initial 8 weeks
of therapy (see Fig. 1). Only one subject was withdrawn from the trial for study drug
nonadherence of at least 70%.

Primary outcome measure: Clinical response—Overall, 104 subjects (58.1%) (95%
Cl: 50.9% to 65.5%) met criteria for treatment response (according to GAD-7 and CGI-S
scores at week 8 endpoint). Among the 151 treatment completers at week 8, 44 (29.1%) had
a final CGI -S score of 1 (normal), 45 (29.8%) a CGI-S score of 2 (borderline), 31 (20.5%) a
CGI-S score of 3 (mild), 27 (17.9%) a CGI-S score of 4 (moderate), and 2 (1.3%) a final
CGI-S score of 5 (marked) symptom.

None of the baseline demographic or clinical variables were significant or trend-level
predictors of a response at week 8 (controlling for baseline GAD-7 score; findings available
upon request). Baseline GAD-7 scores were also not a significant predictor of response (OR
=1.00 [95% CI = 0.91-1.11], p=0.938).

Primary outcome measure: Change in GAD-7—There was a statistically significant
and clinically meaningful reduction in GAD-7 total score over time by week 8 (B = —8.4
[95% CI = -9.1 to —7.7], standardized = -1.6 [95% Cl = -1.7 to —1.4], df=159.9, ¢=
-23.4, p<0.001; see Fig. 2). The average subject demonstrated a reduction from moderate-
to-severe anxiety symptoms (i.e., GAD-7 = 15.1) to mild anxiety symptoms (i.e., GAD-7 =
6.7). Forty-two subjects (23.5%) had a rapid response to chamomile, showing =50%
reduction from total baseline GAD-7 score after 2 weeks of treatment.
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Secondary outcome measures—There was a statistically significant and clinically
meaningful reduction over time for the HAM-A score (B =-9.0 [95% CI: -9.7 to —8.4],
standardized 8= -1.7 [95% CI: -1.8 to -1.6], df= 166.3, = -26.2, p< 0.001; see Fig. 2).
In addition, there was a statistically significant and clinically meaningful reduction in mean
self-reported BAI score over time by week 8 (B=-9.2 [95% CI: -10.4 to -7.9],
standardized 8= -1.0 [95% CI: -1.2 to -0.9], df=170.8, r= -14.5, p< 0.001; see Fig. 2).

Finally, there was a statistically significant and clinically meaningful improvement by week
8 in PGWB total score (B=17.5 [95% CI: 15.2 to 19.8], standardized = 1.0 [0.9 to 1.1], df
=154.83, t=-14.95, p< 0.001; see Fig. 3). An increase in functioning was observed via the
PGWB-AnXxiety subscale (B = 5.6 [95% CI: 4.8 to 6.3], standardized = 1.2 [1.0 to 1.3], df
=154.1, = 14.1, p<0.001). All other PGWB subscales also demonstrated improvement in
functioning, including PGWB-Depression (8= 1.8 [95% CI: 1.4 to 2.1], standardized 5=
0.6 [0.5t0 0.7], df=160.8, £=9.0, p< 0.001), PGWB-Positive Well-Being (B = 2.9 [95%
Cl: 2.4 to 3.3], standardized f=0.8 [0.6 t0 0.9], df=152.2, t=11.5, p< 0.001), PGWB-
Self Control (B= 2.8 [95% CI: 2.3 to 3.2], standardized = 0.9 [0.8 to 1.0], 7= 169.0, ¢=
12.2, p<0.001), PGWB-General Health (B=1.5[95% CI: 1.1 to 1.9], standardized 8= 0.5
[0.4 t0 0.7], df=153.0, £=6.9, p<0.001), and PGWB-Vitality (8= 3.0 [95% CI: 2.4 to
3.5], standardized = 0.8 [0.6 to 0.9], df=157.1, t=10.7, p< 0.001).

Safety and tolerability

No subjects required dose reduction during the trial. Twenty-one subjects (11.7%)
experienced at least one adverse event judged as either probably or definitely related to
treatment. Exact adverse events reported are displayed in Table 2.

Subjects reported a mean (SD) of 0.14 (0.41) (range, 0-2) adverse events rated as ‘probably’
or ‘definitely’ related to treatment. Overall only 4 adverse events were classified as moderate
severity, while the remainder were classified as mild. No serious adverse events occurred
during the trial. The most common adverse events were drowsiness (7= 13; 7.2%) and
dysgustia (n=7; 3.9%).

Discussion

Current psychopharmacological interventions for GAD are not meeting the needs of many
individuals. In this open-label trial, we found that chamomile therapy over 8 weeks was
associated with a clinically meaningful response in 58.1% of subjects, as well as similar
rates of improvement in observer and self-rated outcome measures. Chamomile dosage of
1,500 mg was well-tolerated with no severe adverse events reported. Almost one-quarter of
patients were rapid responders to chamomile, attaining at least 50% reduction in GAD-7
symptom scores within 2 weeks of initiating treatment.

The clinical response rate in this study (58.1%) was similar to the 57.1% response rate from
our prior placebo-controlled acute-treatment chamomile trial (Amsterdam et al., 2009). In
addition, the average reduction in HAM-A score in this trial (9.0 points) was close to that of
the placebo-controlled trial (approximately 7.5 points). Thus, there is some indication that
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the efficacy of chamomile was comparable across both trials, which were conducted at the
same clinical site.

Moreover, the absolute response rates reported across both trials are akin to those reported in
earlier controlled trials of benzodiazepines and selective serotonin reuptake inhibitors in
GAD (Mitte et al., 2005). However, a direct comparison of chamomile versus conventional
anxiolytics has not been reported. In addition, the current study demonstrated an
exceedingly favorable adverse event and tolerability profile for chamomile, confirming
observations from our prior placebo-controlled trial. These findings may make chamomile
therapy attractive to individuals with GAD who express concerns over adverse events with
conventional anxiolytics (McHugh et al., 2013).

Chamomile’s anxiolytic mode of action is not well-characterized. However, several lines of
evidence suggest that several of its flavonoid constituents may produce anxiolytic activity by
affecting -y-amino butyric acid (GABA), noradrenalin (NA), dopamine (DA), and serotonin
neurotransmission or by modulating hypothalamic-pituitary-adrenocortical axis function
(Awad et al., 2007; Hanrahan et al., 2011; Lorenzo et al., 1996; Marder and Paladini, 2002;
Reis et al., 2006). In addition, apigenin (a chamomile constituent) has been shown to bind to
benzodiazepine receptors and reduce GABA-activated activity in cultured nerve cells, an
effect that is blocked by the benzodiazepine receptor antagonist Ro 15-1788 (Avallone et al.,
1995). In addition, the semi-synthetic chamomile derivative, 6,3"-dinitro-flavone, has been
found to be 30-fold more potent than diazepam at the benzodiazepine receptor (Viola et al.,
1995). Given the observed clinical response in this study and past research (Amsterdam et
al., 2009), more translational research is needed to elucidate the underlying mechanism of
chamomile’s anxiolytic effect.

Several caveats should be considered in the interpretation of the current findings. The overall
design of the current study precluded our ability to utilize a placebo comparator group in the
present analysis (Mao et al., 2014). This limitation constrained our ability to estimate the
anxiolytic efficacy of chamomile versus placebo, and to directly replicate our prior findings
(Amsterdam et al., 2009). Thus, it is possible that the observed reduction in anxiety scores in
this trial may result from a regression toward the statistical mean, or a placebo effect
unrelated to an active effect of chamomile. Nevertheless, in the later phase of the trial in
which responders to chamomile were double-blind randomized to chamomile continuation
or placebo withdrawal, patients withdrawn from chamomile exhibited significantly worse
GAD-7 scores across follow-up [Mao Phytomedicine citation TK].

Finally, it is possible that the apparent beneficial effect of chamomile may be limited to
individuals with more moderate GAD, and that more severe GAD symptoms (or anxiety
disorders other than GAD) would not benefit from chamomile therapy. However, there was
no indication of a significant relationship between intake symptom severity and likelihood of
attaining a clinical response, nor between any clinical variables and response rates.
Additional studies will be needed to replicate the current observations.
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Conclusion

Despite the limitations of the present study, to date, this analysis represents the largest
prospective trial of the safety and effectiveness of chamomile extract for moderate to severe
GAD. Given the observed effect size, we speculate that chamomile extract may produce a
more favorable risk/benefit ratio than conventional anxiolytic agents. However, future
comparativestudies comparing chamomile extract to conventional GAD therapies will need
to be undertaken.
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Figure 1.
CONSORT Diagram
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Figure 2. Change in anxiety symptomatology over acute treatment
All indices of GAD-specific and general anxiety symptomatology improved over the course

of treatment (p < .001). GAD-7 = Generalized Anxiety Disorder scale; HAM-A = Hamilton
Anxiety Rating Scale; BAI = Beck Anxiety Inventory.
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Figure 3. Change in psychological well-being over acute treatment

All subscales of the Psychological General Well Being Index improved significantly over the
course of 8 weeks of chamomile treatment (0 <.001). PGWB-Anx = Anxiety; PGWB-Dep =
Depression; PGWB-PWB = Positive well-being; PGWB-SC = Self-control; PGWB-GH =

General health; PGWB-VT = Vitality.
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Table 1

Baseline characteristics of study subjects (n = 179)

Baseline Characteristics

No. (%) or Mean (SD)

Age

45.7 (15.3), range (19.7 to 78.3)

Gender (% Female)

119 (66.5%)

Race (% Caucasian)

134 (74.9%)

Ethnicity (% Hispanic) 8 (4.5%)
% Unemployed 31 (17.3%)
% Married 67 (37.4%)
Age at first GAD episode 215 (15.4)
Duration of current GAD episode (years) | 8.4 (13.9)
% Current major depressive episode 56 (31.3%)
Number of psychiatric co-morbidities 0.7 (0.9)
Number of previous treatments for GAD | 1.5 (1.7)
GAD-7 15.1 (3.1)
HAM-A 14.7 (3.6)
BAI 16.9 (9.4)
PGWB-Anxiety 9.3(3.9)
CGI-S 4.2 (0.4)

Page 16

BAI = Beck Anxiety Inventory; CGI-S = Clinical Global Impression-Severity; GAD-7 = Generalized Anxiety Disorder 7-tem Scale; HAM-A =

Hamilton Rating Scale for Anxiety; PGWB = Psychological General Well Being.
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Table 2

Adverse events potentially related to treatment by type

Type of Adverse Event | No. (%) of patients reporting (n = 179)
Diarrhea 1 (<1%)

Drowsiness 13 (7.2%)

Fatigue 1 (<1%)

Herbal taste lingering 7 (3.9%)

Indigestion 1 (<1%)

Nausea 2 (1.1%)

Some patients experienced more than one adverse event.
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