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A B S T R A C T

Objectives: Dysfunctions in stress biology are hypothesized to contribute to anxiety disorders, and to be ame-
liorated during successful treatment, but limited clinical data exist to support this hypothesis. We evaluated
whether increases in morning cortisol and the diurnal cortisol slope, markers of stress biology, are associated
with clinical response to chamomile therapy among subjects with generalized anxiety disorder (GAD).
Methods: Among 45 subjects with DSM-IV diagnosed GAD in an open-label clinical trial of chamomile, salivary
cortisol was assessed for three days each pre- and post-treatment, at 8am, 12pm, 4pm, and 8pm. Mixed model
analyses assessed whether GAD symptom change predicted the degree to which cortisol levels changed during
treatment.
Results: Symptom improvement during treatment was significantly associated with pre-to-post treatment
changes in cortisol. Subjects who experienced more symptomatic improvement experienced significant increases
in their morning salivary cortisol (β = 0.48, p < 0.001), and a greater decrease in cortisol from morning to the
rest of the day (β= 0.55, p < 0.001). In addition, at baseline a lower cortisol level (β=−0.24, p= 0.023) and
a lesser decrease in cortisol after morning (β = 0.30, p = 0.003) were associated with greater symptomatic
improvement.
Conclusion: Increases in morning salivary cortisol and the diurnal cortisol slope are associated with symptom
improvement in chamomile treatment of GAD. Response to treatment for GAD could partially stem from nor-
malization of stress biology dysfunction, but further work involving establishing abnormalities within-sample,
ruling out of confounds (e.g., sleep), and a placebo control is necessary to conclude an amelioration effect.
Registration code: NCT01072344.
URL: https://clinicaltrials.gov/ct2/show/NCT01072344.

While many effective psychopharmacological (Baldwin et al., 2011)
and psychosocial treatments (Cuijpers et al., 2014) for Generalized
Anxiety Disorder (GAD) exist, the neurobiological mechanisms of these
therapies remain poorly defined. Amelioration of dysregulated stress
biology has been proposed as a candidate mechanism for the effects of
these treatments (Bandelow et al., 2016; Elnazer and Baldwin, 2014).
Acute and chronic release of cortisol is a widely-studied component of
hypothalamic-pituitary-adrenal axis (HPA) activity. For healthy in-
dividuals without psychiatric co-morbidities, circulating cortisol is at its
peak at the time surrounding awakening, with an increase in the
30–45 min after awakening, and a sharp decline throughout the day.
This pattern is known as the cortisol awakening response (CAR), of
which awakening cortisol is a component (Steptoe, 2007). Lower
awakening cortisol has been characterized as a prognostic marker for

the development of a new anxiety disorder (Nederhof et al., 2015) and
the persistence of existing anxiety disorders (Vreeburg et al., 2013).

Studies often find adults with GAD have a lower awakening salivary
and plasma cortisol levels and a less steep diurnal cortisol slope relative
to psychiatrically healthy controls (Bandelow et al., 2016; Elnazer and
Baldwin, 2014; Hoehn-Saric et al., 1991; Vreeburg et al., 2010). Null
non-replications or even opposite results have also been reported
(Phillips et al., 2011; Steudte et al., 2011; Wang et al., 2017). Further
research on large, clearly-defined samples is clearly required to dis-
ambiguate a conflicting body of literature.

Somewhat more consistently, individuals with GAD have been
found to have relatively lower levels of hair cortisol, which may be
indicative of hypocortisolism (Miller et al., 2007; Steudte et al., 2011;
Wells et al., 2014; though see Steudte-Schmiedgen et al., 2017 for a
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nonreplication). While long periods of acute stress in non-psychiatric
populations may be associated with hypercortisolism or overactivation
of the HPA axis (Chrousos and Gold, 1992), literature on chronically
stressed individuals such as those with PTSD and victims of childhood
sexual abuse often find evidence for diminished cortisol release and/or
sensitivity (Herane Vives et al., 2015; Morris et al., 2012; Steudte et al.,
2013). In particular, chronic stress that consistently activates the HPA
axis may eventually promote downregulation of cortisol release, the
density of cortisol receptors, and even the activity of cortisol receptors
(Fries et al., 2005).

In a recent report identifying cortisol abnormalities in GAD patients,
peripheral blood mononuclear cells in patients with GAD (relative to
healthy controls) were found to exhibit diminished sensitivity to cor-
tisol (Wang et al., 2017). Furthermore, GAD patients in this study had
elevated methylation of the NR3C1 promoter gene, which correlated
with diminished transcription of the GRα glucocorticoid receptor
(Wang et al., 2017). Both sets of findings (i.e., regarding hair cortisol
and diminished glucocorticoid sensitivity) are consistent with the per-
spective that the cortisol system is desensitized in GAD, possibly
through chronic overactivation of the HPA through the stress of GAD
symptomatology.

Minimal research has examined how cortisol indicators of any kind
track symptomatic improvements in GAD treatment for adolescents and
adults (Elnazer and Baldwin, 2014). Among adolescents and adults, the
few findings that exist come from cognitive-behavioral therapy (CBT),
an evidence-based treatment for GAD (Cuijpers et al., 2014). Child and
adolescent anxiety patients who were treatment responders to CBT for
several anxiety disorders (including GAD) tended to exhibit a relative
increase in morning cortisol during treatment compared to non-re-
sponders, in addition to a greater decline in cortisol throughout the day
(Dierckx et al., 2012). In a small study comparing a group of 20 adults
who received CBT for anxiety compared to 8 untreated but anxiety-
symptomatic adults, greater decreases in afternoon cortisol were ob-
served among treated as compared to untreated subjects (Tafet et al.,
2005). If subjects with GAD suffer from a chronic overactivation of the
HPA axis that leaves them with a dampened release of cortisol, treat-
ment-related increases in awakening cortisol and a greater absolute
decrease in cortisol throughout the day may reflect a biological “nor-
malization” of cortisol dynamics.

To date, there are no clear published data on changes in cortisol
associated with degree of symptom change during psychopharmacolo-
gical GAD treatment in an adult sample. Furthermore, current studies
have generally not controlled for covariation between baseline
symptom levels and changes in cortisol, which in the absence of a
placebo group means that obtained results could have been due to si-
multaneous regression to the mean of both symptom and cortisol levels.

To investigate whether changes in cortisol are associated with
symptomatic improvement in the psychopharmacological treatment of
GAD, we measured salivary cortisol multiple times throughout the day
across three consecutive days before and after treatment in a clinical
trial of chamomile extract for GAD (Mao et al., 2014). We hypothesized
that, concordant with small-sample findings in CBT for adults and
adolescents (Dierckx et al., 2012; Tafet et al., 2005), patient increases in
morning cortisol and the diurnal cortisol slope following treatment
would be associated with superior symptomatic change, controlling for
covariation between baseline symptom severity and cortisol levels pre-
and post-treatment. We also explored whether baseline cortisol levels
predicted degree of treatment response.

1. Methods

1.1. Subjects

Subjects were adults (> 18 years) with a DSM-IV diagnosis of GAD
as a primary disorder recruited from a psychiatric clinic at a major
research hospital and from primary care practices. All diagnoses were

determined using the MINI-SCID/P structured interview to assess for
the presence of specific DSM-IV Axis I disorders (First et al., 2001).
Discrepancies in diagnostic assessment for inclusion into the study were
resolved by conferencing and consensus between the investigators of
the trial. Subjects diagnosed with Axis I psychosis, bipolar disorder, or
substance abuse or dependence were excluded from participation. In
addition, while past history of major depressive disorder and current
mood symptom elevation were allowable, patients could not be in a
current, SCID-diagnosed major depressive episode.

Overall, 179 subjects began the trial. The last 49 subjects entering
the trial were assessed for salivary cortisol at baseline and after 8 weeks
of chamomile treatment.

1.2. Trial setting

The details of the trial design have been published previously (Mao
et al., 2014), and the trial is registered at ClinicalTrials.gov (NC-
T01072344). The overall study is a randomized-placebo controlled trial
(RCT) to evaluate whether long-term use of chamomile will result in
decreased relapse of GAD symptoms as compared to placebo. In the
open-label phase, chamomile was associated with a clinically sig-
nificant reduction in core GAD symptomatology (Keefe et al., 2016),
and the second, randomized phase found that a blinded switch to pla-
cebo predicted return of GAD symptoms relative to chamomile con-
tinuation (Mao et al., 2016). In addition, a prior RCT found a significant
advantage for chamomile over placebo in acute-phase treatment of
GAD (Amsterdam et al., 2009) with a response rate comparable to that
of tested anxiolytic and antidepressant therapies for GAD. For this
manuscript, we analyzed an exploratory subset of the data from phase I,
when all participants were given an open-label administration of
pharmaceutical-grade, standardized chamomile extract capsules to-
taling 1500 mg/daily for 8 weeks (Mao et al., 2014).

1.3. Biological measures

Subjects were requested to collect saliva samples at home using
Cortisol-Salivettes® (Sarstedt, Nümbrecht, Germany). All subjects were
instructed by study personnel on how to properly sample saliva by a
research staff member (approximately 0.5 mL minimum), in addition to
being given detailed written instructions. For an hour before collection,
subjects were instructed to avoid any food or drink aside from tap
water, any brushing of teeth, and any smoking. Subjects were also in-
structed to rinse their mouth 3–5 min prior to every collection for 30 s
with very cold water. Finally, they were instructed to store as soon as
possible all samples in the freezer until bringing them in for collection
by research staff.

Salivary cortisol was collected at upon awakening at 8am, 12pm,
4pm, and 8pm for three concurrent days prior to the initiation of
treatment (Baseline), and subsequently for concurrent three days prior
to their final assessment for the open-label phase of treatment (Week 8).
Multiple days were sampled to more reliably assess a patient's cortisol
profile across different situational factors (Hellhammer et al., 2007). A
limitation of the sampling approach is that because cortisol samplings
were performed by the patient during their day-to-day lives, the precise
timing of the measurements cannot be guaranteed (e.g., that the subject
indeed woke up at 8:00am as instructed and took the measurement
quickly thereafter). However, cortisol patterns from ambulatory as-
sessments tend to be similar to those obtained in laboratory studies, and
timing problems with ambulatory assessment are likely to be more
random (i.e., adding noise and reducing statistical power) rather than
systemic (i.e., adding bias) (Kudielka et al., 2012). We did not sample
cortisol 30–45 min after awakening, which would have permitted
measurement of the full CAR response. Every subject had a maximum of
24 measurements, corresponding to four measurements per day across
three-days each pre- and post-treatment.

Saliva samples were frozen and stored at −20 °C until analysis.
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After thawing, salivettes were centrifuged at 3000 rpm for 5 min, which
resulted in a clear supernatant of low viscosity. Salivary concentrations
were measured using commercially available chemiluminescence im-
munoassay with high sensitivity (functional sensitivity
range = 0.008 μg/dL to 0.017 μg/dL) (IBL International, Hamburg,
Germany) (Westermann et al., 2004). The reportable range of salivary
cortisol was 0.005–4 μg/dL. The intra- and inter-assay coefficients for
cortisol were below 8%.

The average subject had 94.3% of pre-treatment measurements
completed (mean = 11.3), and 92.8% of post-treatment measurements
completed (mean = 11.1). Three different cortisol indices were ex-
amined: (1) morning cortisol (i.e., 8am); (2) post-awakening cortisol
(i.e., 12/4/8pm); (3) and the change in cortisol between these two
measurement sets (i.e., the diurnal cortisol slope). For all analyses,
cortisol levels (nmol/L) were log-10 transformed with a plus one con-
stant to ameliorate non-normality, which substantially improved nor-
mality (Shapiro-Wilk W untransformed = 0.64; W trans-
formed = 0.96).

1.4. Psychological measures

1.4.1. GAD-7
The GAD-7 was the primary continuous outcome measure in the

trial. The GAD-7 is a brief subject-report measure of GAD symptoma-
tology and its functional burden, as per DSM-IV criteria for the disorder.
It has been shown to have good internal consistency, criterion validity,
and sensitivity to treatment (Löwe et al., 2008). Within this sample, the
GAD-7 exhibited excellent internal consistency (alpha = 0.90). Sub-
jects reported on their symptoms using the GAD-7 at Baseline, Week 2,
Week 4, and Week 8 of treatment. Total GAD-7 symptom change was
calculated as the difference between Week 8 and Baseline GAD-7 totals.

1.4.2. Mao expectancy of treatment effects (METE)
The instrument is a 4-question subject-report questionnaire rated on

a scale of 1–5 (wherein 1 is total disagreement with a statement and 5 is
total agreement), which assesses a subject's expectation that treatment
will relieve his/her primary anxiety symptoms and increase his/her
coping abilities and vitality (Keefe et al., 2017). Sample items include a
subject's relative agreement with the statements that with chamomile
treatment “I will be able to cope with my anxiety better” and that “The
symptoms of my anxiety will disappear.” The METE had good internal
consistency in our sample (Cronbach's alpha = 0.88), and has been
found to predict symptom relief during treatment (Keefe et al., 2017).
Subjects completed the METE at baseline.

1.5. Analyses

1.5.1. General analysis
All analyses were conducted in the R statistical computing language

(R Development Core Team, 2016). Primary analyses were conducted
in a mixed regression framework using the R packages “lmer” (Bates
et al., 2016) and “lmerTest” (Kuznetsova et al., 2016). Fixed effect
coefficients are presented as standardized betas. 95% bootstrapped
percentile confidence intervals were constructed for mixed model fixed
effect estimates using 1000 replicates.

1.5.2. Modeling change in cortisol over time
A random subject-specific intercept was included to account for

within-subject correlations in cortisol measurements. Two time in-
dicators for cortisol were modeled as fixed effects nested within sub-
jects. The first time indicator modeled the change in salivary cortisol
from 8am (morning cortisol) to the rest of the day (i.e., Within-day
time). As there was relatively little absolute change in cortisol between
12pm, 4pm, and 8pm and more regular measurements throughout a
day would be necessary to construct a full cortisol curve, these last
three time points were assigned the same within-day time indicator

coding (i.e., 1). Measurements on different consecutive days were
modeled as correlated samples of an underlying trait-like cortisol pat-
tern. The second time indicator indicated whether a given measurement
was taken pre- or post-treatment (i.e., Pre-to-post treatment). An in-
teraction between the two time indicators indicated whether cortisol at
each measurement point and the change in cortisol throughout the day
was significantly different post-treatment as compared to pre-treat-
ment. All collected awakening and post-awakening measurements were
used in the model, under the assumption that any given unobserved
measurement was missing at random (Rubin and Little, 2002).

1.5.3. Hypothesis testing framework
A single omnibus model was used to test all hypotheses. The pri-

mary subject-level predictor in the model was baseline-to-post treat-
ment change in GAD-7 score (i.e., GAD-7 change). Baseline GAD-7
scores were entered as a covariate, including interactions with time. If
baseline GAD-7 were not included in the model, any obtained re-
lationships between changes in cortisol and symptomatic improvements
could easily be due to regression to the mean simultaneously occurring
for both variables. In addition, subject pretreatment expectancies for
treatment improvement were entered as a clarifying covariate of the
relationship between symptom change and cortisol change to control
for this component of the placebo effect, as expectancies predict
symptom change in this trial (Keefe et al., 2017).1 The predicted vari-
able in the mixed model was a given salivary cortisol measurement.

Our primary subject-level predictor of interest (GAD-7 change) and
the two subject-level covariates (baseline GAD-7, expectancies) were
included as both main effects and as interactions with time. All three
subject-level variables were allowed to interact in a two-way interac-
tion with each time indicator (i.e., Within-day time or the Pre-to-post
treatment), and together as a three-way interaction between each pre-
dictor and each time indicator (e.g., GAD-7 change x Within-day time x
Pre-post treatment). As such, each predictor was allowed to predict
both pre-treatment cortisol levels (i.e., cortisol in the morning mea-
surements, and the within-day change in cortisol) and how those cor-
tisol levels changed pre-to post-treatment.

Due the exploratory nature of these analyses, we employed the
Benjamini-Yekutieli correction method using the R function “p.adjust”
to robustly control for the false discovery rate with an alpha = 0.05
(Benjamini and Yekutieli, 2001), which are reported as adjusted p-va-
lues. Our primary tests concerned the covariance between GAD-7
symptom change and both baseline CORT (morning and slope) and
change in CORT pre-to-post treatment, representing p-values to be ad-
justed.

2. Results

2.1. Demographics and clinical information on subject subsample with
CORT measurements

Forty-five subjects were trial completers with pre- and post-treatment
measurements of salivary cortisol, and four subjects did not have usable
post-treatment cortisol measurements. Of these subjects, two were lost to
follow-up, one was withdrawn from the trial due to an unstable preexisting
medical condition, and one was withdrawn due to medication non-com-
pliance. The average subject in this subsample experienced a change of 9.4
(SD 5.5) points on the GAD-7, which was the outcome criterion used in the
following analyses. 71.1% of subjects (n = 32) qualified as a clinical re-
sponder to treatment using the a priori criteria defined by the trial protocol
(≥50% reduction from baseline GAD-7 score and final Clinical Global
Impression score of ≤3) (Mao et al., 2014).

1 Results without expectancies as a covariate show the same direction and pattern of
statistical significance as when they are included. Analyses controlling for expectancies
are presented here as they were the planned analyses for this manuscript.
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The average subject reported that they had experienced their cur-
rent episode of GAD for at least 10 years, and had tried at least 1 other
treatment for their GAD prior to entrance into the trial. 33.3% of pa-
tients had a past history of major depressive disorder, but did not have a
current diagnosis. Other information on subject demographics and
clinical characteristics can be seen in Table 1.

2.2. Basic CORT dynamics and change

At baseline, the average subject in the trial was estimated as having
a salivary cortisol level of 6.1 nmol/L at awakening (8am), and a
diurnal cortisol slope of decreasing cortisol to 3.6 nmol/L at 12pm,
2.6 nmol/L at 4pm, and 1.1 nmol/L at 8pm.

Controlling for depression symptom severity using the Beck
Depression Inventory, which covaried with GAD symptom severity
(r = 0.31), patients with more severe GAD symptoms had significantly
lower morning cortisol (β = −0.26 [-0.43 to −0.08], SE = 0.09,
df = 130.3, t = −2.78, p = 0.006) and less steep cortisol slopes from
morning to the rest of the day (β = 0.22 [0.07 to 0.40], SE = 0.08,
df = 462.0, t = 2.71, p = 0.007). The average subject in the trial did
not experience any changes in their morning cortisol (β=−0.17 [-0.39
to 0.04], SE = 0.11, df = 104.5, t = −1.60, p = 0.113) or the diurnal
cortisol slope (β = 0.18 [-0.06 to 0.42], SE = 0.12, df = 882.9,
t = 1.47, p = 0.142) from pre-to post-treatment.

2.3. Change in CORT and symptom improvement

Symptomatic improvement in GAD was significantly correlated with
changes in cortisol levels during treatment. Subjects who experienced a
relative increase in their awakening cortisol level during treatment
experienced significantly more GAD symptom improvement (β = 0.48
[0.22 to 0.73], SE = 0.13, df = 955.9, t = 3.68, p < 0.001, adjusted
p = 0.001; see Fig. 1). Furthermore, subjects whose cortisol levels
decreased more during the day post-treatment as compared to pre-
treatment (i.e., had a greater diurnal cortisol slope) had significantly
more symptom improvement (β = −0.55 [-0.85 to−0.26], SE = 0.15,
df = 954.9, t = −3.74, p < 0.001, adjusted p = 0.001).2 However,
the estimated correlation between morning cortisol level and diurnal
cortisol slope was high (r = 0.70), indicating that these findings are
overlapping in information. Notably, neither relationship differed as a

function of having a history of major depressive disorder (interaction
ps = 0.483 and 0.738 for morning cortisol and diurnal cortisol slope,
respectively).

2.4. Baseline CORT correlations with symptom improvement

Baseline cortisol levels correlated with subsequent symptomatic
outcomes. Subjects who had less of a decline in cortisol during the day
at baseline tended to have greater symptomatic improvements
(β = 0.30 [0.09 to 0.51], SE = 0.10, df = 955.9, t = 2.97, p = 0.003,
adjusted p = 0.009). Furthermore, subjects with lower awakening
cortisol at baseline responded better to treatment (β = −0.24 [-0.45 to
−0.02], SE = 0.10, df = 291.0, t = −2.28, p = 0.023, adjusted
p = 0.049). Further information on all predictors and covariates with
time can be found in Table 2.

3. Discussion

While many researchers hypothesize that stress biology dysregula-
tion is implicated in the etiology of GAD, few data exist to support a
relationship between stress biology and clinical response to psycho-
pharmacological drugs (Bandelow et al., 2016; Elnazer and Baldwin,
2014). In this exploratory investigation conducted in the context of a
trial of chamomile for patients with GAD, we found that greater
symptom improvement was associated with pre-to-post treatment in-
creases in morning cortisol levels. In addition, patients with more
symptom improvement tended to experience a relatively steeper
diurnal cortisol slope after awakening post-treatment as compared to
pre-treatment, although the diurnal cortisol slope was strongly linked to
morning cortisol levels.

Our findings regarding cortisol and symptom change are consistent
with small-sample reports of cortisol changes in CBT for GAD, which
have found that increases in awakening cortisol or increases in the
diurnal cortisol slope correlated with treatment success (Dierckx et al.,
2012; Tafet et al., 2005). Contrary to our findings, in studies of ger-
iatric-onset GAD subjects, reduced cortisol over the course of taking
escitalopram (a selective serotonin reuptake inhibitor) or diazepam (a
benzodiazepine) were associated with greater improvements in anxiety
symptomatology (Lenze et al., 2011; Pomara et al., 2005). The dis-
cordant findings between adolescent/adult and geriatric GAD treatment
studies are potentially because the neurobiology of GAD differs be-
tween geriatric-onset GAD versus early or adult onset-GAD (Mantella
et al., 2008; Vreeburg et al., 2013). It is also possible that the bio-
mechanisms by which chamomile and CBT work to treat GAD differ
from those of SSRIs and benzodiazepines, which may imply divergent
influences on stress biology.

Patients with more severe GAD symptoms had lower morning cor-
tisol and a less steep diurnal cortisol slope prior to treatment. If lower
awakening cortisol and a less steep diurnal cortisol slope are indeed
biomarkers of GAD, increases in these cortisol indicators among parti-
cularly successful cases may reflect an amelioration of cortisol ab-
normalities related to the disorder. However, within-study comparisons
with psychiatrically healthy subjects are necessary to firmly establish
the existence of a cortisol abnormality that is “normalized,” especially
given the inconsistency in the GAD cortisol literature (Bandelow et al.,
2016; Elnazer and Baldwin, 2014; Wang et al., 2017).

It was also found that subjects who began the trial having a lower
morning cortisol and a less steep diurnal cortisol slope had significantly
greater benefit from treatment. This pattern of findings—wherein lower
morning cortisol at baseline predicts treatment success, and those
whose morning cortisol increases over treatment tend to do best—may
suggest that chamomile could especially benefit subjects with these
biomarkers. A placebo- or active-treatment controlled trial would be
necessary to establish whether these cortisol patterns generally describe
successful GAD therapies, or are more specific to particular active
treatments.

Table 1
Baseline characteristics of subject subsample with CORT measurements (n = 45).

Baseline Variables No. (%) or Mean (SD)

Age, y 45.60 (16.40)
Gender (% Female) 29 (64%)
Race (% Caucasian) 28 (62%)
Ethnicity (% Hispanic) 3 (7%)
% Unemployed 11 (24%)
% Married 10 (22%)
% Prior MDD diagnosis 15 (33.3%)
Baseline BDI 20.9 (10.5)
Age at first GAD episode 18.82 (13.75)
Duration of current GAD episode (years) 10.77 (17.43)
Number of previous treatments for GAD 1.11 (1.11)
Baseline GAD-7 15.82 (2.77)
Pre-Post GAD-7 Improvement 9.40 (5.48)

BDI = Beck Depression Inventory; GAD-7 = Generalized Anxiety Disorder 7-Item Scale;
MDD = Major Depressive Disorder.

2 As a check on our findings, we furthermore examined whether other baseline vari-
ables predicted pre-to-post treatment changes in cortisol (see Appendix 1). Both the
duration of the current GAD episode and baseline depression severity as measured by the
Beck Depression Inventory predicted pre-to-post cortisol changes. However, when in-
cluding these interactions in the overall model, all originally obtained patterns were re-
tained and remained statistically significant.
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Future investigations of chamomile might also measure other
neural- and bio-markers that could elucidate the mechanism(s) of
chamomile's possible effects on stress biology, such as glucocorticoid
sensitivity or receptor transcription (Wang et al., 2017). Chamomile
extract and its flavonoid compounds (e.g., apigenin) exhibit anxiolytic
effects in animal models (McKay and Blumberg, 2006), downregulating
the HPA axis (Reis et al., 2006; Yamada et al., 1996). Apigenin speci-
fically binds to GABA receptors, though not at benzodiazepine receptors
(Avallone et al., 2000; Campbell et al., 2004; Losi et al., 2004). Api-
genin may also act in part through inhibiting NMDA-glutamatergic
neurotransmission and glutamatergic release, decreasing overall net-
work excitation (Chang et al., 2015; Losi et al., 2004).

3.1. Limitations

The present exploratory study has several limitations, which restrict
the interpretation and generalizability of our findings. Firstly, our
sample consisted of only 45 subjects. While this is larger than many
reviewed GAD cortisol studies (Elnazer and Baldwin, 2014; Tafet et al.,
2005), it is nevertheless a relatively small sample. However, our use of
multiple days and time-points of cortisol measurements per subject pre-
and-post treatment allows for more reliable cortisol estimates, com-
pared to designs using single measurements (Hellhammer et al., 2007).
Secondly, due to the nature of the follow-up phase in the parent trial,
entailing a smaller sample of only treatment responders who were

Fig. 1. Model-estimated change in 8am (i.e., awakening) salivary cortisol levels from pre-to post-chamomile treatment, as a function of GAD-7 symptom improvement during treatment.
Model covariates have been set to their mean values, and bars are standard errors for the estimates. Positive values indicate that CORT was higher at 8am post-treatment as compared to
pre-treatment. Increased symptom improvement was associated with relative increases in 8am CORT (p = 0.002).

Table 2
Mixed model coefficients for omnibus model.

Term Standardized Beta (95% CI)

Morning CORT at pre-treatment
Baseline GAD-7 −0.06 [-0.26 to 0.12]
GAD-7 Change* −0.24 [-0.43 to −0.04]
Patient Expectancies 0.11 [-0.06 to 0.27]
Within-day CORT slope pre-treatment
Baseline GAD-7 x Within-day CORT Slope 0.00 [-0.18 to 0.21]
GAD-7 Change x Within-day CORT Slope** 0.30 [0.10 to 0.51]
Patient Expectancies x Within-Day CORT Slope −0.07 [-0.25 to 0.09]
Change in morning CORT pre-to-post treatment
Baseline GAD-7 x Pre-post CORT Change** −0.32 [-0.53 to −0.07]
GAD-7 Change x Pre-post CORT Change*** 0.48 [0.21 to 0.71]
Patient Expectancies x Pre-post CORT Change** −0.32 [-0.55 to −0.09]
Change in within-day CORT slope pre-to-post treatment
Baseline GAD-7 x Within-day CORT Slope x Pre-post CORT Change† 0.24 [-0.05 to 0.50]
GAD-7 Change x Within-day CORT Slope x Pre-post CORT Change*** −0.56 [-0.84 to −0.26]
Patient Expectancies x Within-Day CORT Slope x Pre-post CORT Change** 0.38 [0.13 to 0.64]

† = p < 0.10; * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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randomized to chamomile continuation or placebo, we were unable to
examine the long-term predictive clinical value or stability of cortisol
changes. Lastly, although chamomile has evidenced controlled efficacy
(Amsterdam et al., 2009; Mao et al., 2016), without a placebo control
group in this phase of treatment we cannot conclude that changes are
attributable to active effects of chamomile, even as we controlled for
patient expectancies (a component of placebo effects) in our analysis.

Moreover, a placebo group would protect against the possibility that
the observed findings represent a correlated regression to the mean of
GAD-7 scores and cortisol levels. On the other hand, we included
baseline levels of GAD-7 scores in the model and allowed them to
predict change in cortisol, which partially protects against the possi-
bility that our obtained findings are epiphenomenal. Indeed, higher
baseline GAD-7 scores predicted changes in cortisol that were opposite
those predicted by GAD-7 symptom improvement, which is the con-
verse direction that would be expected by a regression to the mean of
GAD-7 scores (see Table 2).

Furthermore, due to the pre-post design we cannot conclude whe-
ther GAD symptom improvement leads to changes in cortisol, whether
cortisol changes precede GAD symptom improvement, or whether they
occur relatively simultaneously due to a shared causal pathway. For
example, treatment-related improvements in sleep quality and reg-
ularity (e.g., from reduced stress, somnolent effects of chamomile)
could promote shifts in awakening and daily cortisol secretion, which
would make cortisol changes biomarkers of treatment success rather
than a mechanism (Meerlo et al., 2008). More regular measurement of
cortisol levels throughout treatment would allow for a mediational test
of the relationship between cortisol and symptom change, as would
simultaneous examination of other factors changing alongside cortisol.
Additional cortisol measurements during the day would have also al-
lowed greater precision and description of cortisol dynamics associated
with GAD (e.g., measuring the full CAR).

3.2. Future directions

Our findings provide preliminary evidence consistent with the fra-
mework that changes in stress biology correlate with therapeutic re-
sponse to chamomile for GAD. These results inform a need for a com-
prehensive study of stress biology changes in the treatment of GAD,
including more frequent cortisol measurements during treatment, use of
placebo- and active treatment comparators, and an examination of what
baseline cortisol abnormalities may exist through use of a healthy
control sample within the same study. Future work should investigate
whether change in cortisol may be a common or unique biomarker or
mechanism for treatment-related GAD improvements. Furthermore,
given that psychopharmacological and psychological treatments for
GAD are on average equally efficacious, it would be intriguing to ex-
amine whether particular cortisol profiles at baseline may help predict
whether specific subjects will especially benefit from a particular
treatment for GAD.
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Appendix Table 1. Baseline Variables and Pre-Post CORT Changes

Baseline Variables Change in Morning CORT Change in Diurnal CORT Slope

Age, y ns ns
Gender (Female) ns ns
Race (Caucasian) ns ns
Age at first GAD episode ns ns
Duration of current GAD episode (years) β = −0.23, p = 0.024 ns
Number of previous treatments for GAD ns ns
Prior major depressive disorder diagnosis ns ns
Beck Depression Inventory score β = −0.20, p = 0.022 β = 0.28, p = 0.024
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