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Key words: Background: This study investigated the efficacy of a succulent, Caralluma fimbriata extract (CFE) in reducing
Anxiety anxiety and stress in healthy adults.

Stress Methods: An 8 week double-blind randomised clinical trial, in which 97 adults self-reporting mild to moderate
ggislslzna anxiety were given 500 mg b.d. CFE (n = 49), or 500 mg b.d. placebo (n = 48). Anxiety and stress were mea-

sured at baseline, week 4, and week 8 to investigate the timing of treatment effect using the GAD-7, Perceived
Stress Scale (PSS), Positive and Negative Affect Schedule (PANAS), and salivary cortisol. Data were analysed
using mixed ANOVAs on SPSS v.24.

Results: Results indicated a significant reduction in anxiety and stress in both groups at week 4 and week 8. The
reduction in the CFE group was significantly greater (p < .05) than in the placebo group on the GAD-7 and PSS
at week 4 and week 8, and in Negative affect at week 4. Improvement in Positive affect was greater in the CFE
group than in the placebo group at week 8. Cortisol analysis indicated that CFE may act through the
Hypothalamic-Pituitary-Adrenal (HPA) axis, showing statistically significant changes in males, but not in fe-
males.

Limitations: Self-reported instruments involve subjective interpretation thus salivary cortisol was employed as a
more objective measure. The study would benefit from a larger sample and longer trial, and the inclusion of a
wait-list group to allow comparison between treatment and no treatment.

Conclusions: The findings indicate that CFE is superior to placebo in reducing subclinical anxiety and stress over

Pregnane glycosides
Complementary therapy
HPA axis

8 weeks.

1. Introduction

The global prevalence of diagnosed anxiety disorders in Western
cultures is greater than 10 percent (Baxter et al., 2013). There are also
substantial numbers of people who experience anxiety but have not
been diagnosed with a disorder. There is a growing consensus that
stress and subclinical (mild to moderate) anxiety also reduce quality of
life (Rapaport et al., 2005), and merit treatment (Olatunji et al., 2007).

Pharmaceutical treatments for anxiety come with the risk of adverse
effects such as diarrhea and nausea, habituation, dependency and
withdrawal, and low to zero efficacy for subclinical presentations
(Barrett et al., 2001; Eisenberg et al., 2011; Mathew et al., 2008). Even
so, approximately two thirds of Australian prescriptions are prescribed
for sub-clinical presentations (Ellis and Smith, 2002; Jureidini and
Tonkin, 2006). Alternative treatments have grown in popularity, with
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an estimated 43 percent of anxiety sufferers using some form of com-
plementary therapy (Eisenberg et al., 1998; Kessler et al., 2001).

The evidence base for herbal alternatives however, is poor
(Beaubrun and Gray, 2000; Ernst, 2006), and a need exists for well-
documented preventative interventions for subclinical cases, from the
alternative sector. Caralluma fimbriata extract (CFE) may be a candidate
for this gap.

Caralluma is a succulent genus that has been traditionally used in
India as an appetite suppressant during famine (Adnan et al., 2014).
Pregnane glycosides in CFE are most likely responsible for this effect,
through their action on the hypothalamus and the cortisol response
(Komarnytsky et al., 2013a,b; Vajha et al., 2014). The majority of CFE
research focuses on appetite and weight loss in both males and females
aged 25 to 60 years (Arora et al, 2015; Astell et al., 2013;
Kamalakkannan et al., 2010; Kumar et al., 2013; Kuriyan et al., 2007).
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One study (Griggs et al., 2015) found CFE effective in the management
of Prader-Willi syndrome, reducing not only hyperphagia but also a
number of behavioural traits which broadly overlap with anxiety.

Saivasanthi et al. (2011) had previously explored traditional claims
of the herb's use as an anti-inflammatory and analgesic, and observed a
significant anxiolytic effect of CFE on mice, comparable to Diazepam
using the Elevated Plus Maze (EPM). The EPM is used to detect anxiety
behaviour in rodents. Greater frequency and time in an open arm of an
elevated maze is associated with lower anxiety (Cruz et al., 1994;
Espejo, 1997; Lister, 1987).

Rajendran et al. (2014) similarly found treatment with CFE was
associated with significant improvements in nootropic and anxiolytic
activity for mice, also using the EPM. These findings of enhanced
cognition and reduced anxiety raised clinical interest in CFE as a pos-
sible alternative to medications such as benzodiazepines, the most
prescribed pharmaceutical anxiolytics, which can have adverse effects
on cognitive function (Kumar et al., 1987; Lader, 2011). It also high-
lighted the possible use of CFE for conditions that co-present with an-
xiety and cognitive decline, such as Alzheimer's Disease.

However, while the EPM has been validated for anxiety behaviours
in animals (Lister, 1987), its generalisability to humans has been
questioned (Borsini et al., 2002). The present study provides the first
human trial of CFE for anxiety, adding the biomarker of cortisol to the
trial, which has not been measured in mice models of CFE trials.

While cortisol in mice has not been measured in prior CFE trials,
Chen et al. (2016) analysed cortisol and brain-derived neurotropic
factor (BDNF) in rodents exhibiting anxiety behaviours. They identified
the same hormonal channel in rodents through which CFE's active
compound (pregnane glycoside) acts in humans, inhibiting cortisol
production (Komarnytsky et al., 2013). This channel, the HPA axis,
regulates anxiety through cortisol (de Kloet, Joéls, and Holsboer, 2005;
Tsigos and Chrousos, 2002). Therefore, if CFE's biochemical properties
include compounds known to lower the cortisol response via the HPA
axis, CFE may be an alternative treatment for mild to moderate stress
and anxiety. The biomarker of cortisol was therefore added to the
present study. Since cortisol responses are mediated by gender, with
males typically demonstrating a greater response, gender was ac-
counted for in cortisol analyses (Kirschbaum et al., 1992; Smyth et al.,
1998; Tsigos and Chrousos, 2002; Young and Korszun, 1999).

Weight also has a well-documented influence on anxiety in both
men and women (Rivenes et al., 2009; Zhao et al., 2009), and may itself
be influenced by CFE's anorexigenic effects. It is a potentially con-
founding variable, so changes in weight and BMI during the interven-
tion were monitored to account for these potential confounders.

It is hypothesised that a reduction in anxiety and stress over eight
weeks would be significantly greater in the active treatment group than
in the placebo group in all measures.

2. Methods
2.1. Clinical trial

The University of the Sunshine Coast's Human Research Ethics
Committee granted ethics approval (S/16/936) to conduct a double-
blind randomised placebo controlled clinical trial of Caralluma fimbriata
supplement. The study was registered as a clinical trial with the
Australian New Zealand Clinical Trials Registry (ACTRN:
12616000741482; https://www.anzctr.org.au).

2.2. Participants

Participants were recruited through voluntary sampling using di-
gital advertising (Facebook), a dedicated website (anxietytrial.com.au),
and the clinical trial database of RDC Clinical. A psychology clinic and a
medical clinic also recommended patients to the trial.

Male and female participants were included for assessment if they
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were over 18 years, self-reported mild to moderate anxiety on the GAD-
7, were not diagnosed with a mood disorder, were generally healthy
(BMI < 30), and had given written informed consent.

Once participants were recruited they were mailed the product and
three salivary cortisol test kits. Participants were emailed a
SurveyMonkey link to the trial survey questionnaire at three time points
during the trial: baseline, week 4, and week 8. Reply paid envelopes
were provided for saliva sample kits, to be mailed to Australian Clinical
Labs in Melbourne by the participants. Saliva integrity remained intact,
unrefrigerated, throughout the postage process. Pathology results were
sent electronically from Australian Clinical Labs to the investigator
within a week of receiving the samples.

After screening interviews (via telephone) with 130 potential par-
ticipants, 13 were excluded (12 for medical excluding conditions and 1
for being under 18 years), and 117 healthy adults aged 18-70 years
were randomised into two groups. Twenty participants were lost to
follow-up, leaving 97 active participants at completion (49 in the active
group, and 48 in the placebo group). Eight participants (all from the
placebo group) were assigned as Intention to Treat (ITT) after com-
pleting baseline and week 4 surveys, but not week 8. The “last ob-
servation carried forward” method was used for ITT, in which the last
observed value was used to fill in a missing value at a later point
(Unnebrink and Windeler, 2001). Thus, week 4 values were carried
forward to week 8, for the eight participants who left the study between
week 4 and week 8. A further eight participants did not submit ade-
quate cortisol samples, so their data were not used for cortisol results.

The mean age of participants was 44 years (Table 1). The total
sample was 71% female. The mean weight at baseline was 76.5kg. The
mean BMI at baseline was 26. The majority of participants were non-
smokers (91%), consumed 3 or less drinks per week (75%), and re-
ported undertaking regular weekly exercise (55%).

2.3. Materials

2.3.1. Generalized anxiety disorder 7-item (GAD-7)

The GAD-7 (Spitzer et al., 2006) consisted of seven items regarding
the previous two weeks (e.g., I have trouble relaxing). Scoring was on a
four point Likert scale, where 0 = not at all; 1 = several days; 2 = more
than half the days; and 3 = nearly every day. Cut-off scores for the GAD-7
are 5, 10, and 15 (minimal, mild, moderate, and severe). The internal

consistency of the GAD-7 is excellent (Cronbach's a = 0.92;
Table 1
Participant demographics at baseline.
Group
Demographics Total N =97  Active Treatment Placebo n = 48
n =49
Age (years)
Mean (SD) 44.2 (14.11) 44.5 (15.22) 44.0 (13.04)
Range 18-79 19-76 18-79
Gender (number, %)

Female 69 (71.1%) 35 (71.4%) 34 (70.8%)
Male 28 (28.9%) 14 (28.6%) 14 (29.2%)
Weight Mean kg (SD)  76.58 (16.44)  76.36 (14.22) 76.80 (18.58)
BMI Mean (SD) 26.25 (4.39) 26.14 (3.56) 26.37 (5.13)

Smoking; number, (%)
Yes 6 (6.2%) 3 (6.1%) 3 (6.2%)
No 91 (93.8%) 46 (93.9%) 45 (93.8%)

Alcohol (number per week, %)
0 43 (44.3%)
3 or less 30 (30.9%)
Over 3 24 (24.8%)
Regular weekly exercise
Yes (number, %)
No (number, %)

21 (42.8%)
14 (28.6%)
14 (28.6%)

22 (45.8%)
16 (33.3%)
10 (20.9%)

54 (55.7%)
43 (44.3%)

29 (59.2%)
20 (40.8%)

25 (52.1%)
23 (47.9%)

Note. No significant differences between treatments at baseline (p < .05, two-
tailed).
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Spitzer et al., 2006).

2.3.2. Perceived stress scale (PSS)

The PSS (Cohen and Williamson, 1988; Cohen et al., 1983) con-
sisted of ten items regarding the previous month (e.g., “In the past
month how often have you felt that things were going your way?”).
Scoring was on a five point scale, where 0 = never; 1 = almost never;
2 = sometimes; 3 = fairly often; and 4 = very often. The PSS reports ex-
cellent reliability (Cronbach's a = 0.89; Roberti et al., 2006).

2.3.3. Positive and negative affect schedule (PANAS)

The PANAS (Watson and Clark, 1994) consisted of 20 items; 10
positive words (e.g., excited), and 10 negative words (e.g., irritable).
Scoring was on a five point Likert scale, where 1 = very slightly or not at
all; 2 = a little; 3 = moderately; 4 = quite a bit; and 5 = extremely. Par-
ticipants were asked how they felt over the previous week and answers
were grouped into two subscales; Positive Affect (PA) and Negative
Affect (NA). Both subscales showed strong internal consistency in non-
clinical samples of over 1,000 participants (Cronbach's a = 0.89 for PA;
a = 0.85 for NA; Crawford and Henry, 2004).

2.3.4. Cortisol

Salivary cortisol (nmol/L) was collected from each participant to
gain a biological measure of daily stress (Smyth et al., 1998). The
Elecsys Cortisol II (Adamek, 2015) is a validated assay used by Aus-
tralian Clinical Labs for analysing samples. Although it is an objective
measure of stress (Hellhammer et al., 2009; Kahn et al., 1988), cortisol
is limited by confounding variables (such as time of day and medical
conditions) that could not all be controlled. Participants were asked to
provide their samples under the same conditions each time (before
breakfast, brushing teeth, and applying makeup). Each outcome was
also measured at four weeks to investigate the timing of any potential
treatment effect.

2.4. Procedures

2.4.1. Randomisation

Participants were randomised into two groups (active or placebo)
through the allocation of numbered treatment bottles. Bottles were
randomly allocated a number using the software Sealed Envelope
(“Sealed Envelope,” 2017) and were labelled identically except for the
allocation number. The active treatment and the placebo were identical
looking capsules. Participants were allocated containers in numerical
sequential order. The randomisation code was maintained in-
dependently to keep the investigator blind to treatment allocation, and
to facilitate randomisation breaking in the case of an adverse event. The
investigator was informed of group allocation post-trial for statistical
analyses.

2.4.2. Interviews

Potential participants were provided with information about the
product and screened for exclusion criteria at a baseline interview. They
were advised they could withdraw at any time. If they wished to pro-
ceed, an email was sent with the GAD-7, demographic questions, a
consent form, and a Research Project Information Sheet. Participants
were included after the consent form was received and the baseline
GAD-7 was screened. They were then mailed the saliva sample kits and
treatment bottles and emailed the PSS and PANAS to complete before
commencing treatment. All measures were resent at week 4 and week 8.
If no response was received within 3 days, participants were followed
up by telephone call to reduce attrition.

2.4.3. Interventions

Standardisation of CFE primary production was undertaken by
Green Chem Bangalore with quality assurance of active compound
quantification. Capsules (active and placebo) were produced in
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Australia by Pharmako Biotechnologies and registered with the
Therapeutic Goods Administration, with certificates of analysis pro-
vided, ensuring standardisation of bioactive compounds.

Participants were allocated bottles containing either active treat-
ment or placebo. Each participant was instructed to take two capsules,
one in the morning and one in the evening 30 min before food for eight
weeks. The active treatment contained 500 mg Caralluma adscendens
var. fimbriata, and the placebo contained 500 mg maltodextrin, both in
a gelatine capsule. Caralluma fimbriata Extract (SLIMALUMA) was
supplied by Gencor Pacific Limited, Hong Kong and was manufactured
by Green Chem, Bangalore.

2.5. Data analyses

Analyses were completed using IBM Statistical Package for Social
Sciences (SPSS) version 24. Data screening confirmed that data were
complete and scores were within expected range. A priori power ana-
lyses conducted using G*Power version 3.1.9.2 (Buchner et al., 2014)
determined a sample size of 86 was required to attain a power of 0.80
for two-tailed tests detecting a medium effect size. This indicated that
the initial sample size (N = 117) was adequate. The data were screened
for univariate outliers (z scores were used at p < .001), and all cases
were retained. After losing twenty participants to follow-up, the final
sample size remained adequate (N = 97) based on the a priori power
analyses. Data were inspected for normality through visual inspections
of histograms, and distribution appeared normal. Shapiro-Wilk statis-
tics indicated a slight positive skewness for GAD-7, the three appetite
subscales, and cortisol in the active group, and GAD-7 and cortisol for
the placebo group. Data transformations were not applied since skew-
ness was mild and the selected statistic of ANOVA is considered to be
robust against mild to moderate violations of normality when those
violations are not due to outliers, which they were not (Tabachnick and
Fidell, 2014).

Mixed 2 x 3 ANOVAs were conducted for each outcome. The be-
tween groups variable (active treatment, placebo) and the repeated
measures variable (time of measurement; baseline, week 4, and week 8)
were assessed at an alpha level of 0.05. Pairwise comparisons were
made to investigate changes in treatment effect over time, using a
Bonferroni adjustment. Cohen's d was calculated for each pairwise
comparison and small, medium, and large effects were reported (0.20,
0.50, and 0.80 respectively). A paired sample t-test analysed changes in
weight and BMI during the intervention to check for variables that may
confound anxiety results. Main effects for time and treatment were
measured, and eta-squared calculations were reported for small,
medium, and large effect sizes (0.02, 0.13, and 0.26 respectively).

Assumptions for homogeneity were assessed for between groups
measures using Levene's test, and assumptions of sphericity were
checked for repeated measures using Mauchly's test. Homogeneity was
not violated in any of the ANOVAs reported, and where violations for
sphericity were found, the Greenhouse-Geisser adjustment was applied
to the degrees of freedom.

Cortisol data were analysed separately for males and females be-
cause prior research indicated that ovarian hormones can modify cor-
tisol levels in the HPA axis (Nolen-Hoeksema, 2001).

3. Results
3.1. Baseline measures

The active treatment group and placebo group were evenly matched
at baseline in all demographics, with no significant differences between
groups (Table 1). There were also no significant differences between
groups at baseline for any of the scales or subscales: Anxiety, F
(1,95) = 0.148, p = .701; Stress, F(1,95) = 0.005, p = .944; Positive
Affect, F(1,95) = 1.714, p = .194; Negative Affect, F(1,95) = 0.411,
p = .523; Cortisol, F(1,95) = 0.538, p = .465.
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Table 2
Mean weight, BMI, and Standard Deviations (SD) at baseline and week eight.
Group
Measurement Active treatment Placebo
Mean weight (kg)
Baseline (SD) 76.4 (14.2) 76.6 (18.6)
Week eight (SD) 76.8 (13.9) 77.2 (18.6)
Mean BMI
Baseline (SD) 26.1 (3.6) 26.2 (5.1)
Week eight (SD) 26.2 (3.5) 26.5 (5.2)

Note. No significant differences between baseline and week 8 in weight or BMI
for either group (p < .05, two-tailed).

3.2. Changes in weight and BMI from baseline to week eight

A paired samples t-test found changes in weight and BMI from
baseline to week 8 in the active group to be non-significant; t
(48) = —0.62, p = .541, and t(48) = —0.68, p = .503 for weight and
BMI respectively. Changes in weight and BMI for the placebo group
were also non-significant; t(47) = —1.51, p=.137, and t
(47) = —1.60, p = .121 for weight and BMI respectively. Table 2 shows
mean weight and BMI for both groups.

3.3. Mood measures

Mood measures (GAD-7 for anxiety, PSS for stress, PANAS for po-
sitive affect and negative affect, and Cortisol) were recorded at base-
line, week 4, and week 8. The mean group scores for each scale are
presented in Table 3.

Differences Between Groups in Anxiety (GAD-7). Fig. 1 depicts
the mean anxiety scores for both groups at each time point. Mauchly's
test indicated that the assumption of sphericity had been violated for
the main effect of the anxiety measure, x%(2) = 8.95, p =.011.
Therefore, the degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (¢ = 0.92). The interaction of the treat-
ment group and time was significant, indicating that anxiety scores
were significantly lower in the active group than in the placebo group, F
(1.83,174.18) = 5.08, p = .009, 172 = 0.051 (a large effect size). The
power of the interaction was strong at 0.79. Pairwise comparisons at
week 4 revealed that the active group had significantly lower anxiety
than the placebo group, t(95) = —2.93, p = .004, d = 0.59 (a medium
effect size). Week 8 comparisons revealed a similar result, with the
active group showing significantly lower anxiety than the placebo
group, t(95) = —2.76, p = .007, d = 0.56 (a medium effect size).

There were also significant main effects for time, F
(1.83,174.18) = 78.28, p < .001, ;12 = 0.452 (a large effect size). This
indicated that anxiety reduced for both groups at week 4 and week 8
regardless of the treatment. The main effect of treatment was also sig-
nificant, F(1,95) = 6.71, p = .011, 7° = 0.066 (a medium effect size),
showing that the active group overall experienced significantly less
anxiety than the placebo group.

Differences Between Groups in Stress (PSS). Fig. 2 depicts the
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mean stress scores for both groups at baseline, week 4, and week 8.
Mauchly's test indicated that the assumption of sphericity had not been
violated for the main effect of stress. The interaction of treatment group
and time was significant, indicating that stress scores were significantly
lower in the active group than in the placebo group, F(2,190) = 6.19,
p =.002, ;12 = 0.061 (a medium effect size). The power of the inter-
action was strong at 0.88. Pairwise comparisons at week 4 revealed that
the active treatment group had a significantly lower level of stress than
the placebo group, t(95) = —2.43 p = .017, d = 0.49 (a medium effect
size). Similarly, week 8 pairwise comparisons revealed that the active
treatment group reported a significantly lower level of stress than the
placebo group, t(95) = —2.78, p = .007, d = 0.56 (a medium effect
size).

There were significant main effects for time, F(2,190) = 70.33,
p < .001, nz = 0.425 (a large effect size). This indicated that mean
stress levels reduced for both groups regardless of treatment. The main
effect for treatment was also significant, F(1,95) = 4.72, p = .032,
7% = 0.047 (a small effect size). This showed that overall, the active
group experienced significantly less stress than the placebo group.

Differences Between Groups in Positive Affect (PA). Fig. 3 de-
picts the mean positive affect scores for both groups at baseline, week 4,
and week 8. Mauchly's test indicated that the assumption of sphericity
had not been violated. The interaction of treatment group and time was
not significant, F(2,190) = 1.60, p = .205. The power of the interaction
was low at 0.34. Pairwise comparisons at week 4 also revealed a non-
significant difference between groups, t(95) = 1.71, p = .091. Week 8
pairwise comparisons however, revealed that the active treatment
group reported a significantly higher positive affect than placebo, t
(95) = 2.55, p = .012, d = 0.51 (a medium effect size).

There were significant main effects for time, F(2,190) = 12.67,
p < .001, 7 = 0.118 (a large effect size) indicating that positive affect
increased for both groups. The main effect for treatment was also sig-
nificant, F(1,95) = 4.89, p = .029, 5?> = 0.949 (a large effect size),
meaning that overall, the active group experienced significantly more
positive affect than the placebo group.

Differences Between Groups in Negative Affect (NA). Fig. 4 de-
picts the mean negative affect scores for both groups at baseline, week
4, and week 8. Mauchly's test indicated that the assumption of spheri-
city had not been violated for the main effect of negative affect. The
interaction of treatment group and time was not significant, F
(2,190) = 1.37, p = .257. The power of the interaction was low at 0.30.
Pairwise comparisons at week 4 revealed that the active treatment
group had a significantly lower level of negative affect than the placebo
group, t(95) = —2.04 p = .044, d = 0.42 (a medium effect size). By
week 8, the pairwise comparisons revealed no significant difference in
negative affect between groups, t(95) = —1.72, p = .089.

There were significant main effects for time, F(2,190) = 47.84,
p < .001, * = 0.335 (a large effect size) indicating that negative affect
decreased for both groups regardless of treatment. However, the main
effect for treatment was not significant, F(1,95) = 3.05, p = .084. This
showed that overall, the difference between the active group and the
placebo group was not significant.

Table 3
Mean Scores (SD) for each scale and subscale.
Instrument Group
Active treatment Placebo
Baseline Week 4 Week 8 Baseline Week 4 Week 8
Anxiety M SD 10.04 (2.88) 5.43%, ** (2.61) 5.18%, ** (3.81) 10.27 (3.00) 7.52* (4.24) 7.40* (4.07)
Stress M SD 23.57 (4.86) 16.92%, ** (5.40) 15.82%,** (6.55) 23.65 (5.59) 19.85* (6.48) 19.54* (6.67)
Positive affect M SD 26.92 (6.13) 29.53* (8.28) 31.56*,** (7.88) 25.17 (7.03) 26.75* (7.72) 27.42% (8.47)
Negative affect M SD 26.86 (6.79) 20.22%, ** (7.04) 20.14* (7.82) 27.77* (7.24) 23.25* (7.54) 22.75 (7.08)
Male cortisol M SD 12.27 (6.08) 10.91 (5.79) 8.09** (4.66) 11.07 (3.77) 11.57 (4.15) 12.79 (4.47)
Female cortisol M SD 12.97 (5.53) 12.90 (6.55) 12.48 (6.25) 14.97 (8.28) 13.82 (6.83) 14.67 (6.77)
Note. * = statistically significant difference (p < .05) from Baseline; ** = statistically significant difference (p < .05) from placebo group at the same time point.
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Fig. 3. Mean Positive Affect scores from the PANAS at baseline, week 4, and
week 8 for the active group and placebo group. Error bars represent standard
error of the mean.

Differences Between Groups in Cortisol. Fig. 5 depicts the mean
cortisol readings for males and females in both groups at baseline, week
4, and week 8.

Mauchly's test indicated that the assumption of sphericity had not
been violated for the main effect of cortisol in either the male or the
female analyses. For males, the interaction of treatment group and time
was significant, F(2,46) = 3.68, p = .033. The power of the interaction
was average, at 0.65. Fig. 6 depicts the pairwise comparisons at each
time point. Pairwise comparisons at week 4 showed no significant dif-
ference between groups, t(23) = —0.33, p = .742. Pairwise compar-
isons at week 8 however, revealed that the male active group had a
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Fig. 4. Mean Negative Affect scores from the PANAS at baseline, week 4, and
week 8 for the active treatment group and placebo group. Error bars represent
standard error of the mean.

significantly lower cortisol reading than the male placebo group, t
(23) = —2.55, p =.018, d = 1.03 (a large effect size). In the male
group, there were no significant main effects for time, F(2,46) = 0.64,
p = .534, and no significant main effects for treatment, F(1,23) = 0.91,
p = .349.

For females, the interaction of treatment group and time was not
significant, F(2,124) = 0.38, p = .685. Pairwise comparisons showed
no significant difference between groups at week 4, t(62) = —0.55,
p = .587, or at week 8, t(62) = —1.30, p = .198. In the female group,
there were no significant main effects for time, F(2,124) = 0.31,
p =.736, and no significant effects for treatment, F(1,62) = 1.37,
p = .246.

4. Discussion

The current study is the first analysis of CFE's anxiolytic action on
humans, exploring its efficacy in reducing anxiety and stress in healthy
adults, using self-report measures and the biomarker of salivary cor-
tisol. The timing of any potential treatment effect was also investigated,
with outcomes measured at week 4 and at week 8.

The active treatment group reported a significantly lower anxiety
score (GAD-7) and stress score (PSS) than the placebo group at week 4
and at week 8. Clinical relevance was also indicated by the mean an-
xiety scores in the active treatment group, which declined from the
scale's moderate range to mild range during the intervention (Fig. 1).
Moreover, the standard deviation of that mean included 14 participants
who decreased anxiety by two severity ranges (e.g., from moderate to
minimal). This provided a measure of reliable change (i.e., a change in



G. Kell et al.

Baseline B Week 4

18
16
14
12
10

Mean cortisol (nmol/L)

o N B O

Active Placebo

Male

B Week 8

Journal of Affective Disorders 246 (2019) 619-626

Baseline mWeek4 ® Week8

Active Placebo

Female

Fig. 5. Mean cortisol readings. Error bars represent standard error of the mean.

score that represents a shift from a dysfunctional to a functional range;
Jacobson et al., 1984). Furthermore, these results from CFE treatment
were comparable to reliable change results on the GAD-7 from Cogni-
tive Behavioural Therapy (Griffiths and Griffiths, 2015), albeit in a
smaller sample. The PSS does not have cut-off scores for severity ranges,
so reliable change could not be quantified for stress (Klein et al., 2016).

Pairwise results showed that stress reduction in the active group
continued after week 4, whereas it plateaued in the placebo group,
suggesting that a placebo effect faded in time while a real effect con-
tinued. Furthermore, all Intention To Treat participants were in the
placebo group and no participants in the active treatment group
stopped taking the product.

The subscales of positive affect and cortisol (in males) approached a
significant difference between active and placebo groups at week 4, and
reached significance by week 8. This may indicate that positive affect
and male cortisol require more time for an effect. The significant cor-
tisol result may also indicate that CFE acts in a deliberate fashion on the
HPA axis, although the biochemical mechanism for this action requires
further investigaton, and a larger male sample size than this study
obtained.

The subscale of negative affect did not show any significant differ-
ence between active and placebo groups at week 8, yet there was a
difference in week 4. This is explained by the nature of the PANAS,
which asked participants how they felt over the previous week. In
contrast, the GAD-7 and PSS asked participants how they felt over the
previous two weeks and a month, respectively. By considering a longer
time frame, the GAD-7 and PSS possibly capture a more stable and
hence more accurate measure of affect than the PANAS.

No significant difference between groups was observed for female
cortisol, but ovarian hormones can modify the HPA axis and male

18
16
14
12
10

Cortisol (nmol/L)

o N B O ®

cortisol responses in anxiety trials are often more pronounced (Nolen-
Hoeksema, 2001). This result was therefore anticipated and was likely
due to confounding hormonal variables. The non-significant results on
the subscales of negative affect and female cortisol then, did not un-
dermine support for the hypothesis.

4.1. Implications

While preliminary, this research carries the significant implication
of a possible phytotherapeutic treatment for subclinical anxiety and
stress. Considering (a) the adverse side effects of prescription anxioly-
tics (Mathew et al., 2008); (b) the growing popularity of herbal treat-
ments (Cohen et al., 2005); (c) prior research of CFE's anxiolytic effect
in mice (Rajendran et al., 2014); and (d) the evidence that pregnane
glycosides active in CFE inhibit cortisol, a key player in the HPA axis's
regulation of anxiety in humans (Komarnytsky et al., 2013; Tsigos and
Chrousos, 2002), the clinical changes in anxiety indicated in this study
favour the therapeutic use of CFE as a herbal anxiolytic.

4.2. Limitations and recommendations

The effect sizes on the primary outcomes suggested good internal
validity, but the study has limitations. First, while the decrease in an-
xiety for the active group was significant, it could be argued that the
clinical relevance was marginal. The mean anxiety score of the active
group reduced from moderate to mild, but the standard deviation of
that mean included 13 participants who remained within the moderate
range throughout treatment, so that the reduction in their scores did not
necessarily represent a clinical change. A larger sample and longer trial
is recommended to test the strength of the apparent treatment effect.

g Active
== Placebo

Baseline

Week 4

Week 8

Time

Fig. 6. Mean cortisol reading at each time point for the active and the placebo group. Error bars represent standard error of the mean.
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Also, since the PSS did not have cut-off scores for severity ranges, future
research could employ an instrument such as the DASS-42 to obtain a
measure of stress with cut-off scores to assess clinical significance of
stress reduction. The inclusion of a wait-list group is also recommended.
This would likely improve results that were approaching significance by
allowing comparison between treatment and no treatment.

Second, self-reporting instruments involve the subjective inter-
pretation of items. The more objective measure of salivary cortisol was
employed to reduce this error, but this was only meaningful in male
participants. The low power of the significant result for males reflects
the small sample size of male participants, and this sample size presents
a serious limitation to any claim that CFE acts on cortisol with any
certainty. A larger sample size tested over a longer period is not only
recommended but necessary for future research, and this would reduce
the chances of a Type II error.

Third, the possible confounders of BMI and gender were considered
(Rivenes et al., 2009; Zhao et al., 2009). BMI did not significantly
change in either group throughout the study, suggesting that it would
not have confounded results, and gender was accounted for in cortisol
testing. However, anxiety and stress can be impacted by variables not
accounted for in this study, such as sleep and personality (Thomsen
et al., 2003; Wetherell et al., 2001). Future research should account for
more covariates that may impact the efficacy of CFE.

Finally, this study analysed mild to moderate anxiety and excluded
participants with more severe presentations. This limits the gen-
eralisability only to a healthy population. It is therefore recommended
that future research include participants with health conditions that are
often comorbid with anxiety.

5. Conclusion

Despite the above limitations, this study indicates that 1 g/day of
CFE over eight weeks is effective for reducing anxiety and stress in
healthy adults. The significant change in male cortisol by week 8 sup-
ports the premise that CFE acts via cortisol regulation. The implication
of this finding is that CFE could be a phytotherapeutic treatment for
subclinical anxiety and stress, and should be the subject of further re-
search, particularly into its affect on hormonal activity in humans.
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