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A B S T R A C T

Background: Anxiety disorders and major depressive disorder (MDD) have been associated with increased and
blunted HPA axis reactivity to social stress. However, research focusing on associations between HPA axis re-
sponses to stress and symptoms of anxiety and depression among individuals without a diagnosis remains an
understudied area of research.
Methods: One hundred forty-three adults (52% female) completed the Trier Social Stress Test (TSST).

Symptoms of depression and anxiety were assessed prior to the TSST using the anxiety and depression subscales
of the Hospital Anxiety and Depression Scale (HADS). HPA axis responses were assessed by measuring salivary
cortisol at baseline and following the TSST. Reactivity to and recovery from stress were assessed using multilevel
growth modeling controlling for age, BMI, and sex among the full sample and a subset of cortisol responders
(n=72).
Results: Anxiety symptoms were positively associated with flatter recovery slopes among the full sample (t

(122.3)= 2.082, p= .039). Among cortisol responders, depression symptoms were associated with steeper
reactivity (t(63.32)= 2.53, p= .026) and recovery (t(58.75)=−2.20, p= .03). Anxiety symptoms were asso-
ciated with marginally flatter reactivity (t(64.00)=−1.97, p= .053) and significantly flatter recovery (t
(59.22)= 2.29, p= .025).
Conclusion: Symptoms of anxiety and depression among individuals without a psychiatric diagnosis are as-

sociated with blunted and exaggerated cortisol responses to and recovery from stress. Such patterns could in-
dicate increased risk for unhealthy HPA axis dysregulation, allostatic load, and disease.

1. Introduction

The ability to rapidly and adaptively respond to environmental
threats and stressors is critical to survival. Interactive physiological
responses involving the hypothalamic-pituitary-adrenal (HPA) axis and
autonomic nervous systems influence metabolic, immune, and cardio-
vascular parameters in order to aid the body in responding appro-
priately to environmental demands (McEwen, 1998). This process of
achieving stability through change, first introduced by Sterling and
Eyer (Sterling and Eyer, 1988), is known as ‘allostasis’. While highly
adaptive in the short-term, chronic exposure to stress mediators can
lead to ‘allostatic load’—wear and tear of the body characterized by
dysregulated physiological responses to stress—and disease (McEwen,

2008). One such mediator is the glucocorticoid (GC) cortisol, which is
the end product of the HPA axis. Cortisol serves a variety of crucial roles
in promoting allostasis, including mediating and suppressing healthy
stress responses (Sapolsky et al., 2000). However, chronic exposure to
GCs can lead to structural changes in the brain regions responsible for
modulating the stress response (e.g. the hippocampus) and may con-
tribute to the pathophysiology of anxiety and mood disorders (McEwen,
2003, 2004; McEwen and Gianaros, 2010).

In order to investigate how mood and other psychiatric disorders
are associated with HPA axis stress responses, many researchers have
utilized lab-based social stress paradigms in conjunction with salivary
cortisol sampling. Meta-analytic studies have indicated that major de-
pressive disorder (MDD) is associated with blunted cortisol responses to

https://doi.org/10.1016/j.psyneuen.2018.11.035
Received 16 August 2018; Received in revised form 25 October 2018; Accepted 23 November 2018

⁎ Corresponding author at: Lehrstuhl Gesundheitspsychologie, Friedrich-Alexander-University, Erlangen-Nürnberg (FAU) Nägelsbachstr. 49a, 91052 Erlangen,
Germany.

E-mail address: nicolas.rohleder@fau.de (N. Rohleder).

Psychoneuroendocrinology 102 (2019) 44–52

0306-4530/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2018.11.035
https://doi.org/10.1016/j.psyneuen.2018.11.035
mailto:nicolas.rohleder@fau.de
https://doi.org/10.1016/j.psyneuen.2018.11.035
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2018.11.035&domain=pdf


laboratory stressors (Burke et al., 2005), and that this association may
be sex-dependent, with women exhibiting blunted and men elevated
responses (Zorn et al., 2017). Although many studies have evaluated
cortisol responses in the context of clinical depression, relatively few
have investigated associations between cortisol responses and sub-
clinical depressive symptomology. Results have been mixed. One recent
study of healthy older adults found that depressive symptoms predicted
elevated cortisol responses to social stress among healthy older adults
(Puig-Perez et al., 2016). Conversely, a larger study, also consisting of
older adults, reported decreased reactivity with increasing depressive
symptoms (de Rooij et al., 2010). Moreover, these associations may be
sex-dependent: another study indicated that women exhibit blunted
reactivity/recovery patterns in response to an interpersonal stressor
while men exhibit steeper reactivity and recovery slopes (Powers et al.,
2016). Overall, the association between depressive symptoms and
cortisol responses among individuals without a diagnosed depressive
mood disorder remains unclear.

Anxiety disorders have also been associated with differences in
cortisol responses to laboratory social stressors; however, results have
been inconsistent (Elnazer and Baldwin, 2014). For example, one study
found that social phobia was associated with increased cortisol re-
activity (Furlan et al., 2001). Meanwhile, other studies have failed to
detect differences in a variety of physiological responses, including
cortisol, between those with social phobia and healthy controls (Espín
et al., 2016; Klumbies et al., 2014). As with MDD, there is evidence that
the effect of anxiety disorders on cortisol responses are sex-dependent,
with women exhibiting attenuated and men elevated cortisol output
following acute stress (Zorn et al., 2017). The relationship between
anxiety symptoms and cortisol responses to stress among individuals
without a clinical diagnoses of an anxiety disorder remains under-
studied; however, there is evidence suggesting that recent anxiety
symptoms are associated with blunted cortisol responses across a range
of individuals including undergraduates of both sexes (Crisan et al.,
2016), adult men (Brooks and Robles, 2009), and older adults of both
sexes (de Rooij et al., 2010). Conversely, another study found that
women with higher sub-clinical symptoms exhibited steeper reactivity
and recovery slopes in response to an interpersonal stressor compared
to men (Powers et al., 2016).

Although there is a relative dearth of research focusing on the role
of comorbidity in the relationship between depression/anxiety and
cortisol responses to stress, anxiety and mood disorders are well known
to be highly comorbid (Brown et al., 2001), and there is evidence that
comorbidity may alter such associations. Specifically, comorbid de-
pression and anxiety disorders have been associated with increased
adrenocorticotropic hormone (ACTH) reactivity relative to pure MDD
or anxiety disorders (Young et al., 2004). Another study indicated that
increased cortisol reactivity was present in pure anxiety disorders only,
with participants with comorbid MDD exhibiting no increased re-
activity relative to healthy controls (Yoon and Joormann, 2012). Still
other studies found no significant effect of comorbidity (Burke et al.,
2005; Steudte-Schmiedgen et al., 2017; Wichmann et al., 2017). More
research is needed to elucidate the influence, if any, of comorbidity on
the on the relationship between depression/anxiety and cortisol re-
sponses.

In summary, existing research suggests that both anxiety and de-
pressive disorders may influence cortisol responses to stress. These as-
sociations may be dependent on sex and comorbidity status. While the
majority of studies have focused on populations with clinical diagnoses
of anxiety disorders and/or MDD, relatively few have focused on an-
xiety and depressive symptomology among individuals without a di-
agnosis of depression. Moreover, few studies have analyzed both re-
activity and recovery trajectories in the context of depression, instead
focusing exclusively on reactivity or overall response ‘output’ (e.g. area
under the curve). This is common among studies utilizing laboratory-
based stressors and cortisol sampling, and while there has been an in-
crease in studies examining recovery, there remains a dearth of research

explicitly analyzing reactivity and recovery (Ji et al., 2016). Therefore,
the aim of the present study was to examine how anxiety and depressive
symptoms are associated with cortisol reactivity and recovery trajec-
tories among a healthy sample of adults without a depression or anxiety
disorder diagnoses. Given the effects of sex and comorbidity status
observed in the clinical literature, we also explored interactions be-
tween anxiety and depressive symptoms and those symptoms and sex in
predicting cortisol responses. Finally, we conducted these analyses
using both our full sample and a subset of cortisol responders only.

2. Material and methods

2.1. Participants

The sample consisted of 149 adult participants from three studies
carried out in the Laboratory for Biological Health Psychology between
2009 and 2017. Data from study 1 has been reported previously (e.g.
Gianferante et al., 2014; Kuras et al., 2017). All participants were in
good health and were recruited from Brandeis University and the
greater Boston, MA area via flyers and local advertisements. All parti-
cipants were screened for medical and psychological conditions via
telephone prior to being invited to participate. Exclusion criteria in-
cluded self-reported current or past history of chronic cardiovascular or
psychiatric illness—including depression and anxiety disorders—at the
time of screening, current tobacco use, use of hormonal contraception
or any other drug that may alter hormonal responses, previous ex-
perience with the stress protocol, and a body mass index (BMI) outside
the range of 18–35 kg/m2. Female participants were all tested during
the luteal phase of their menstrual cycle to minimize the impact of
menstrual cycle variation in stress hormones. No participants took part
in more than one study. Six participants were excluded from analyses:
one due to extremely high baseline cortisol concentration (> 6 SD
above the mean), two due to highly atypical spikes in cortisol indicative
of measurement error, and three due to missing questionnaire data. The
final sample consisted of 143 adults (52% female), with age ranges
varying by study (Study 1: n=81, range=18–65, mean=37.2,
SD=18.1; Study 2: n=16, range=18–29, mean=21.6, SD=3.4;
Study 3: n=46, range= 18–22, mean= 18.8, SD=1.1).

2.2. Procedures

All three studies utilized similar procedures and took place in the
same laboratory. The protocols for studies 1 and 3 incorporated a re-
peated stress testing component; however, as repeated stress testing
was not of interest to this study, only data and procedural details re-
lated to the initial stress exposure are presented here. All participants
were invited to the laboratory in the afternoon between 13:30 and
18:30 to minimize the impact of diurnal variations in hormone con-
centrations. Participants were instructed to refrain from eating or
drinking anything aside from water in the hour prior to arrival. The
specific procedures of the study were described in detail, and informed
consent was obtained. Participants in studies 1 and 2 were compensated
$100 and $50, respectively, and those in study 3 received university
credit. The Brandeis Institutional Review Board approved all proce-
dures in all studies.

After consent was obtained, participants in studies 1 and 2 had an
intravenous catheter placed in the non-dominant arm for the collection
of blood samples. No biological measures derived from blood samples
are the subject of this study. Participants then provided an initial saliva
sample and were seated comfortably in an quiet waiting room, where
they completed a battery of questionnaires. Procedure schedules spe-
cific to each study are summarized in Fig. 1. Generally, a resting period
was followed by exposure to the Trier Social Stress Test (Kirschbaum
et al., 1993). Participants provided saliva samples immediately before
and at similar intervals immediately after, through 60min post-TSST.
Saliva was collected using Salivette collection devices (Sarstedt,
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Newton, NC). Details on collection and storage of Salivettes are de-
scribed below.

2.3. Measures

Anxiety and depressive symptoms were assessed prior to the TSST
using the Hospital Anxiety and Depression Scale (HADS; Zigmond and
Snaith, 1983). The scale consists of 14 items measuring symptom se-
verity on a scale of 0–3 with subscales for anxiety (HADS_A) and de-
pression (HADS_D), and a range of possible scores for each subscale of
0-21. The subscales were designed to distinguish between the two sets
of symptoms while avoiding ‘noise’ from somatic or serious mental
disorders (Zigmond and Snaith, 1983). The scale performs well in
identifying symptom severity, and demonstrates good internal con-
sistency across subscales on average (Chronbach’s alpha= .83 and 0.82
for HADS-A and HADS-D, respectively; Bjelland et al., 2002) and ac-
ceptable in our sample (Cronbach’s alpha= .79 and 0.80 for HADS-A
and HADS-D, respectively). Cut-off scores of 8+ for both subscales
demonstrate the optimal balance between sensitivity and specificity for
identifying cases of anxiety disorders and depression, with sensitivity
and specificity of approximately .8 for both subscales (Bjelland et al.,
2002).

2.4. HPA axis stress responses

HPA axis responses to stress were assessed by measuring salivary
free cortisol. Saliva samples were collected at the time points outlined
in Fig. 1, and were immediately stored at -30C until processing. Prior to
analysis, samples were thawed and centrifuged at 2000×g and 20C for
10min. Cortisol was measured using a competitive chemiluminescence
immunoassay (IBL-International, Toronto, ON, Canada). All samples
were assayed in duplicate, with intra- and inter-assay CV’s below 10%.

2.5. Statistical analyses

All statistical analyses were conducted using R version 3.5.0 (R
Development Core Team, 2018). Multilevel modeling were fitted using
the lme4 package (Bates et al., 2015), with p-values supplied by the
lmerTest package (Kuznetsova et al., 2017), and plotting created using
the ggplot2 package (Wickham, 2009).

Cortisol concentrations were log-transformed to adjust for skewness.
Cortisol peaks were identified following a procedure adapted from
Lopez-Duran et al. (2014). Peaks were initialized as the first post-stress
sample that was followed by a decline or a “plateau” (defined as a
subsequent sample< 10% above the selected sample). If any sub-
sequent samples were> 10% above the previously defined peak, that
sample was selected as the peak. Because detecting differences in cor-
tisol responses to a stressor logically necessitates the success of that
stressor eliciting a response in the first place, it is necessary to utilize a
reasonable, biologically plausible threshold to differentiate cortisol
“responders” from “non-responders” (Miller et al., 2013). Cortisol re-
sponders were defined as those with raw baseline-to-peak increases
greater than 1.5 nmol/l following thresholds described by Robert Miller
et al. (2013). Baseline cortisol was defined as the sample taken

immediately prior to TSST onset. For non-responders, “peak” times and
samples were then defined as the mode peak time of the responders
(30min post-TSST onset).

Preliminary analyses included t-tests to identify differences by sex
or responder status, and Pearson correlations to identify bi-variate as-
sociations among HADS subscales, cortisol baseline and BTP, and cov-
ariates. The data structure utilized in the multilevel models has been
summarized previously by others (e.g. Lopez-Duran et al., 2014).

The efficacy of the TSST was assessed using an unconditional
growth multilevel model, incorporating a reactivity slope (time in
minutes from baseline to peak in relation to peak) and recovery slope
(time in minutes from peak to final sample in relation to peak) si-
multaneously. Therefore, the reactivity slope variable is equal to 0
during the recovery phase, the recovery phase is equal to 0 during the
reactivity phase, and the peak is represented as the intercept when both
the reactivity and recovery slopes are equal to 0. If the TSST is effica-
cious in eliciting a cortisol response, the reactivity slope should be
significant and positive, indicating that cortisol concentrations in-
creased in response to the TSST. Likewise, a significant and negative
recovery slope would be indicative of a typical cortisol response. Both
reactivity and recovery slopes were included in addition to intercepts as
random effects, with individual participants treated as the grouping
variable. Because reactivity, recovery, and peaks are all correlated, the
covariances of these random effects were estimated in all models as
well.

A series of conditional growth models were then fit to address re-
search aims. In order to evaluate the relationships between depression
and anxiety symptoms and cortisol reactivity to and recovery from
stress, we first fit a model that included HADS_A and HADS_D, sex
(female), age, BMI, and dummy-coded study variables as fixed effects
(Model 1).

Although our sample did not include anyone with a diagnosed
psychiatric disorder, some participants reported scores greater than the
recommended threshold for identifying possible caseness of anxiety or
depression disorders. In order to test whether the relationships between
HADS subscales and reactivity and/or recovery varied among those
having HADS subscale scores above the threshold, we first constructed
a dummy variable identifying observations that had any HADS subscale
greater than or equal to the recommended threshold of 8 (i.e.
“HADS8”). We then included that variable in three-way interactions
with HADS subscales, reactivity, and recovery in Model 2. Those in-
teractions were not significant, indicating that the relationships be-
tween HADS subscales and cortisol reactivity and recovery did not
differ among those with scores above the threshold. As a result, the
three-way interactions were dropped from subsequent models.

Given existing evidence that comorbidity may influence HPA axis
responses to stress, we then tested whether the relationship between
anxiety and cortisol reactivity and recovery was moderated by anxiety
(and vice versa) by computing a model containing three-way interac-
tions of HADS_A, HADS_D, and reactivity/recovery (Model 3). Finally,
in order to investigate the role of sex in the relationships between de-
pression, anxiety and cortisol reactivity and recovery we fit a model
incorporating three-way interactions of HADS subscales, reactivity/re-
covery, and sex (Model 4). The statistical models for these analyses are

Fig. 1. Study timelines. Time (in min) is in relation to TSST onset. Saliva sampling time points are represented as numbered boxes.
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as follows:

2.5.1. Unconditional growth model
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2.5.4. Model 3
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All models were applied to both the full sample and the cortisol
responder subset. HADS subscales, BMI, and age were standardized to
have means of 0 and standard deviations of 1 (i.e. “z-score”) in order to
facilitate model convergence. Results were considered significant at the
p< = .05 level, with p-values for multilevel model fixed effects cal-
culated using Satterthwaite's approximation of degrees of freedom.

3. Results

3.1. Descriptive statistics

Seventy-two (50.3%) of participants had baseline-to-peak con-
centrations greater than 1.5 nmol/l and were classified as cortisol re-
sponders. A greater proportion of males responded to the TSST com-
pared to females (58% vs. 43.2%); however, this difference was not
statistically significant (χ2(1)=3.10, p= .078). Descriptive statistics by
responder type and sex are summarized in Table 1. Mean HADS_A
scores were slightly above the threshold of 8 recommended (Mean=
8.5) to identify caseness of anxiety among the full sample and re-
sponders, indicating that on average participants in our sample were
showed symptoms of mild anxiety (Stern, 2014). Responders were
younger on average than non-responders, though this difference did not
reach statistical significance (t(141)= 1.8, p= .07). Body mass index,
log baseline cortisol and HADS subscales did not differ significantly on
average between responders and non-responders (all p’s> .3). Males
had significantly higher BMI on average overall (t(141)= 2.85,
p= .005), but not among responders (t(70)= 1.73, p= .09). Females

scored significantly higher on the HADS_A compared to males on
average overall (t(141)= 2.68, p= .008); however, the mean differ-
ence did not reach statistical significance among the responder subset (t
(70)= 1.86, p= .06). Age, log-transformed baseline cortisol, and
HADS_D scores did not differ significantly by sex among the entire
sample or the responder subset (all p’s> .1).

3.2. Correlations

The HADS_A subscale was highly positively correlated with HADS_D
for both the full sample and responder subset (Full sample: r= .64,
p < .001; Responders: r= .69, p < .001). Baseline-to-peak cortisol
calculated using log-transformed values was positively correlated with
HADS_D among responders (r= .24, p= .04) but not the full sample
(r= .11, p= .21) or HADS_A for either sample (Full sample: r= .08,
p= .29, Responders: r= .02, p= .85). All other Pearson correlations
of study variables for the full sample and responder subset are sum-
marized in Table 2.

3.3. Unconditional growth models

Cortisol responses by study and responder status are depicted in
Fig. 2. The unconditional growth model of the full sample indicates that
the TSST elicited a robust cortisol response (Reactivity β= .007, t
(141.3)= 4.19, p < .001; Recovery β =−0.010, t(135.0)=−14.66,
p < .001). The unconditional growth model of the cortisol responder
subset indicated steeper reactivity slopes and similar recovery slopes
compared to the full sample (Reactivity β= .024, t(71.0)= 12.31,
p < .001; Recovery β =−.014, t(60.4)= −15.25, p < .001).

3.4. Conditional growth models

All conditional growth models for both the full sample and re-
sponder subset are summarized in Table 3. Interactions with reactivity
and recovery reflect how a predictor is associated with reactivity or
recovery slopes. A positive interaction with reactivity indicates that the
predictor is associated with a steeper reactivity slope; conversely, a
positive interaction with recovery indicates that the predictor is asso-
ciated with less steep (i.e. flatter) recovery slope. Fixed effects that are
not interactions represent how the peak (i.e. intercept) is associated
with the predictor, holding all other variables constant.

3.4.1. Full sample
Among the full sample, females had significantly lower peaks than

males (Female β =-0.29, t(135)=−2.566, p= .011). The interaction
of female sex and reactivity was statistically significant, such that fe-
males had less steep reactivity slopes compared to males
(Female×Reactivity β = −.008, t(135)=−2.203, p= .029). The
interaction of female sex and recovery showed a similar pattern—such
that females had less steep recovery slopes than men—but did not reach
statistical significance (Female×Recovery β= .003, t(126.5)= 1.839,
p= .068).

Neither of the interactions of HADS subscales and reactivity were
statistically significant (HADS_A×Reactivity β =-0.0003, t
(134.8)= .013, p= .99; HADS_D×Reactivity β= .004, t
(134.1)= 1.497, p= .14). The interaction of HADS_A and recovery
was significant, such that greater HADS_A scores were associated with
less steep recovery slopes (HADS_A×Recovery β= .0019, t
(122.3)= 2.082, p= .039). The relationship between HADS_D and
recovery exhibited an opposite pattern, with higher scores predicting
steeper recovery; however, the interaction did not reach statistical
significance (HADS_D×Recovery β=−.0017, t(119.6)=−1.845,
p= .068). HADS_A was not associated with peak cortisol concentra-
tions (HADS_A β=−.099, t(135.1)=−1.354, p= .178), while
higher HADS_D scores were associated with higher peaks (HADS_D
β= .177, t(135)= 2.298, p= .023).
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Model 2 revealed that having HADS_A or HADS_D scores greater
than or equal to 8 did not moderate HADS subscale interactions with
reactivity (Reactivity×HADS_A×HADS8 β=−.003, t
(131.2)=−.33, p= .74; Reactivity×HADS_D×HADS8 β= .002, t
(131.3)= .21, p= .83) or recovery (Recovery×HADS_A×HADS8
β=−.002, t(118.9)=−.80, p= .42; Recovery×HADS_D×HADS8
β=−.002, t(119.6)= .552, p= .58).

Model 3 did not reveal statistically significant three-way interac-
tions of HADS_A, HADS_D and reactivity
(Reactivity×HADS_A×HADS_D β= .002, t(133)= 1.125, p= .26)
or HADS_A, HADS_D and recovery (Recovery×HADS_A×HADS_D
β=−.0006, t(116.1)=−.883, p= .38). Likewise, in Model 4 sex did
not moderate associations between HADS subscales and reactivity
(Reactivity×HADS_A× Female β= .0004, t(132.4)=−.093,
p= .93; Reactivity×HADS_D× Female β= .0041, t(131.7)= .881,

p= .38) or recovery (Recovery×HADS_A× Female β=−.0012, t
(121.5)=−.648, p= .52; Recovery×HADS_D× Female β= .0007, t
(119.3)= .422, p= .67).

3.4.2. Responder subset
Among responders, sex was not associated with peaks or reactivity

slopes (Female β=−.275, t(63.96)=−1.904, p= .06;
Female×Reactivity β=−.005, t(63.76)=−1.098, p= .28). The
female sex by recovery interaction was significant, such that females
had less steep recovery slopes compared to men (Female×Recovery
β= .004, t(54.6)= 2.363, p= .02).

The reactivity by HADS_A interaction approached but did not reach
statistical significance, such that higher HADS_A scores were marginally
associated with less steep reactivity slopes (Reactivity×HADS_A
β=−.006, t(64.00)=−1.97, p= .053). This pattern was similar for
recovery and statistically significant, such that higher HADS_A scores
predicted less steep recovery slopes (Recovery×HADS_A β= .003, t
(59.22)= 2.29, p= .025). HADS_A scores did not predict peak log
cortisol concentrations (HADS_A β=−.09, t(64.08)=−.96, p= .34).

The reactivity by HADS_D interaction was statistically significant,
such that higher HADS_D scores were associated with steeper reactivity
slopes (Reactivity×HADS_D β= .007, t(63.32)= 2.53, p= .026).
Similarly, HADS_D significantly moderated recovery such that greater
HADS_D scores predicted steeper recovery slopes (Recovery×HADS_D
β=−.003, t(58.75)=−2.20, p= .03). HADS_D did not predict log
cortisol peaks (HADS_D β= .15, t(64.08)= 1.538, p= .13). Predicted
log cortisol trajectories by HADS_A, HADS_D, and sex are depicted in
Fig. 3.

Model 2 revealed that having HADS_A or HADS_D scores greater
than or equal to 8 did not moderate HADS subscale interactions with
reactivity (Reactivity×HADS_A×HADS8 β=−.008, t
(60.3)=−.79, p= .43; Reactivity×HADS_D×HADS8 β= .006, t
(60.3)= .57, p= .57) or recovery (Recovery×HADS_A×HADS8
β= .005, t(52.4)= 1.21, p= .23; Recovery×HADS_D×HADS8

Table 1
Descriptive statistics of study variables by responder status and sex.

Total Sample Responders Non-Responders

T M F T M F T M F

N 143 69 74 72 40 32 71 29 42
48.3% 51.7% 50.3% 55.6% 44.4% 49.7% 40.8% 59.2%

Age 29.5 ± 16.3 29 ± 15.9 30.1 ± 16.8 27.1 ± 15.2 29.7 ± 16.4 23.9 ± 13.1 32 ± 17.1 28 ± 15.4 34.7 ± 17.9
BMI 24.1 ± 3.8 25 ± 3.9 23.2 ± 3.5 24 ± 3.8 24.7 ± 3.9 23.1 ± 3.6 24.1 ± 3.8 25.4 ± 3.9 23.3 ± 3.5
Cortisol baseline 11.5 ± 7 11.6 ± 6.3 11.4 ± 7.6 11.1 ± 6.2 11.3± 5.8 11 ± 6.8 11.9 ± 7.7 12.1 ± 7.1 11.8 ± 8.2
Cortisol BTP 4.2 ± 10.6 5.6 ± 10.9 2.9 ± 10.1 11.4 ± 10.1 12.1 ± 9.5 10.4 ± 11 −3 ± 4 −3.3 ± 4.7 −2.8 ± 3.5
HADS_A 8.5 ± 4.2 7.5 ± 4.3 9.3 ± 3.9 8.8 ± 4 8 ± 4.6 9.7 ± 2.9 8.1 ± 4.3 6.9 ± 3.8 9 ± 4.5
HADS_D 6.3 ± 4.6 5.7 ± 4.4 6.8 ± 4.7 6.3 ± 4.4 5.6 ± 4.4 7.3 ± 4.2 6.2 ± 4.8 5.9 ± 4.5 6.5 ± 5.1

Table 2
Pearson correlations of study variables.

Age BMI Cortisol
baseline

Cortisol BTP HADS_A

BMI 0.29***
0.35**

Cortisol baseline −0.43*** −0.12
−0.23† −0.20†

Cortisol BTP −0.02 0.02 −0.29***
0.03 0.09 −0.423***

HADS_A −0.03 0.05 −0.06 0.07
−0.14 0.04 −0.01 0.02

HADS_D 0.08 0.16† −0.02 0.11 0.64***
0.01 0.16 −0.13 0.24* 0.69***

Notes: † p < .1, * p < .05, ** p < .01, *** p < .001. Correlations in bold are
calculated from the full sample, unbolded correlations are among responders
only. Cortisol baseline is in units of log-transformed nmol/l. Cortisol BTP
(baseline-to-peak) was calculated using log-transformed nmol/l concentrations.

Fig. 2. Average cortisol response by responder status and study. Error bars represent standard error of the mean.
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β=−.009, t(56.9)=−1.90, p= .06).
Model 3 did not reveal statistically significant three-way interac-

tions of HADS_A, HADS_D and reactivity
(Reactivity×HADS_A×HADS_D β= .001, t(63.36)= .72, p= .48) or
HADS_A, HADS_D and recovery (Recovery×HADS_A×HADS_D
β=−.001, t(56.71)=−1.21, p= .23). Likewise, in Model 4 sex did
not moderate associations between HADS subscales and reactivity
(Reactivity×HADS_A× Female β= .011, t(60.85)= 1.835, p= .07;
Reactivity×HADS_D× Female β=−.002, t(60.42)=−.36, p= .72)
or recovery (Recovery×HADS_A× Female β=−005, t
(57.9)=−1.439, p= .16; Recovery×HADS_D×Female

β=−.0004, t(57.33)=−.16, p= .87).

4. Discussion

The present study sought to examine the relationships between non-
somatic symptoms of depression and anxiety and cortisol responses to
and recovery from acute stress among healthy adults without a diag-
nosis of anxiety or mood disorders. Among a sample of cortisol re-
sponders and non-responders, we found that females exhibited blunted
responses to stress, with lower peaks and more shallow reactivity
slopes. Females exhibited flatter recovery slopes on average, though

Table 3
Conditional model summaries among the full sample and responder subset.

Full Sample Responders

M1 M2 M3 M4 M1 M2 M3 M4

(Intercept) 2.375*** 2.595*** 2.346*** 2.377*** 2.804*** 3.096*** 2.737*** 2.808***
(0.097) (0.022) (0.105) (0.097) (0.117) (0.295) (0.139) (0.119)

Reactivity 0.012*** 0.016* 0.01** 0.011*** 0.028*** 0.033*** 0.026*** 0.028***
(0.003) (0.007) (0.003) (0.003) (0.003) (0.009) (0.004) (0.003)

Recovery −0.012*** −0.011*** −0.011*** −0.012*** −0.015*** −0.015*** −0.014*** −0.015***
(0.001) (0.003) (0.001) (0.001) (0.001) (0.004) (0.002) (0.001)

Female −0.293* −0.256* −0.289* −0.289* −0.275† −0.182 −0.232 −0.302*
(0.114) (0.118) (0.115) (0.115) (0.145) (0.154) (0.153) (0.147)

HADS_A −0.099 0.310 −0.102 −0.035 −0.091 0.612* −0.093 −0.166
(0.073) (.215) (0.073) (0.101) (0.096) (0.276) (0.096) (0.128)

HADS_D 0.177* −0.100 0.157† 0.118 0.152 −0.465 0.105 0.206
(0.077) (0.241) (0.081) (0.112) (0.1) (0.313) (0.113) (0.15)

HADS8 −0.292 −0.537†
(0.220) (0.287)

HADS_A:HADS8 −0.421† −0.635*
(0.236) (0.311)

HADS_D:HADS8 0.300 0.681*
(.255) (0.332)

Reactivity:Female −0.008* −0.008* −0.008* −0.005 −0.004 −0.006
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)

Reactivity:HADS_A 0.000 0.000 0.000 −0.005† −0.006† −0.008*
(0.002) (0.002) (0.003) (0.003) (0.003) (0.004)

Reactivity:HADS_D 0.004 0.003 0.001 0.007* 0.006† 0.008†
(0.003) (0.003) (0.004) (0.003) (0.003) (0.004)

Reactivity:HADS8 −0.008 −0.008
(0.007) (0.009)

Recovery:Female 0.003† 0.003† 0.003† 0.004* 0.004† 0.005**
(0.001) (0.001) (0.001) (0.002) (0.002) (0.002)

Recovery:HADS_A 0.002* 0.002* 0.002† 0.003* 0.003* 0.004*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002)

Recovery:HADS_D −0.002† −0.001 −0.002 −0.003* −0.002 −0.003
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002)

Recovery:HADS8 −0.000 0.002
(0.003) (0.004)

Reactivity:HADS_A:HADS_D 0.002 0.001
(0.002) (0.002)

Recovery:HADS_A:HADS_D −0.001 −0.001
(0.001) (0.001)

Reactivity:HADS_A:Female 0.000 0.011†
(0.005) (0.006)

Reactivity:HADS_D:Female 0.004 −0.002
(0.005) (0.005)

Recovery:HADS_A:Female −0.001 −0.004
(0.002) (0.003)

Recovery:HADS_D:Female 0.001 0
(0.002) (0.002)

Reactivity:HADS_A:HADS8 −0.003 −0.008
(0.008) (0.010)

Reactivity:HADS_D: HADS8 0.002 0.006
(0.009) (0.010)

Recovery:HADS_A: HADS8 −0.002 0.005
(0.003) (0.004)

Recovery:HADS_D: HADS8 0.002 −0.009†
(0.003) (0.005)

Notes: † p < .1, * p < .05, ** p < .01, *** p < .001. Numbers in parentheses are standard errors. HADS_A and HADS_D scores are standardized with a mean of 0
and standard deviation of 1. All models include z-scores for Age and BMI as well as dummy-coded study variables predicting intercepts, reactivity and recovery (not
summarized).
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this association did not reach statistical significance. Among the full
sample, anxiety was significantly associated with flatter recovery
slopes. This association formed the tail end of an overall pattern con-
sisting of increased anxiety symptoms predicting blunted reactivity and
lower peaks, though those predictors did not reach statistical sig-
nificance. Individuals with higher depressive symptoms exhibited an
opposite pattern of responses on average, with higher peaks and steeper
reactivity and recovery slopes; however, the coefficients predicting
reactivity and recovery did not reach statistical significance. Given that
the magnitude of the slopes of HADS_A and HADS_D predicting re-
activity and recovery were similar, the smaller standard error of the
HADS_A×Recovery slope accounts for the difference in statistical
significance.

Among responders, we found similar patterns of anxiety and de-
pressive symptoms predicting cortisol reactivity and recovery, but of
greater magnitude compared to the full sample. Anxiety symptoms
were marginally associated with blunted reactivity and significantly
associated with flatter recovery, while depressive symptoms sig-
nificantly predicted steeper reactivity and recovery slopes. Anxiety and
depressive symptoms did not predict cortisol peaks among responders.
Females had marginally lower peaks, and significantly flatter recovery
slopes, but not reactivity slopes.

Having a HADS subscale value greater than or equal to the re-
commended cutoff of 8 for identifying possible caseness of anxiety or
depression did not moderate any of the relationships between HADS
subscales and reactivity or recovery in either the full sample or re-
sponder subset. Likewise, anxiety and depressive symptoms did not
interact to predict peaks, reactivity or recovery slopes, nor did sex
moderate any relationships between anxiety and depressive symptoms
and the cortisol response among either the full sample or responder
subset.

Our findings add to the limited existing research indicating that
depressive symptoms can be associated with elevated cortisol responses
to stress among individuals without psychiatric diagnoses (Powers
et al., 2016; Puig-Perez et al., 2016). Our results also indicate that

previously observed relationships between anxiety symptoms and
blunted cortisol responses to stress are not limited to men or older
adults (Brooks and Robles, 2009; de Rooij et al., 2010). The opposite
relationship observed between anxiety and depressive symptoms and
cortisol responses also sheds light on why previous findings have been
inconsistent and why individuals with comorbid anxiety and depressive
disorders fail to exhibit altered HPA axis responses while patterns
emerge in isolation. Given that anxiety and depressive symptoms are
highly correlated, it is possible that the individual effects of each
symptom type cancel each other out when they occur at a similar
magnitude. The differences in magnitude of the associations between
depressive and anxiety symptoms and the cortisol response between the
full sample and responder subset highlights the importance of taking
into account responder status when evaluating predictors of reactivity
and recovery. Even though the patterns of associations were similar,
including non-responders in the analysis diluted the magnitude of as-
sociations. Thus, it appears that including the responses of non-re-
sponders in analyses may add noise to models assessing relationships
with cortisol responses and obscure important findings. Our results also
highlight another important emergent pattern: anxiety and depressive
symptomology may influence the cortisol stress response in different or
opposite directions than their respective psychiatric disorders. Our re-
search supports existing literature suggesting that sub-clinical anxiety
and depression are associated with blunted and heightened responses,
respectively. Conversely, clinically MDD has thus far generally shown
an opposite pattern, while results have been inconsistent in the context
of diagnosed anxiety disorders. More observational, experimental, and
longitudinal research will be needed to tease apart how depressive and
anxiety symptom severity and clinical diagnoses impact HPA axis re-
sponses to stress.

The results of the present study fit into a larger pattern of associa-
tions depression symptoms and HPA axis responses being inconsistent
or in different directions compared to diagnosed MDD. This pattern is in
contrast to the literature concerning cardiovascular responses, which
generally show consistent and congruent associations with depressive

Fig. 3. Predicted cortisol values based on Model 1 among cortisol responders by HADS subscale values and sex. All other covariates held constant at sample means.
Greater HADS_A was associated with blunted responses and recovery, while greater HADS_D predicted steeper response and recovery slopes.
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symptoms and MDD (Carroll et al., 2017). In the context of depression,
alterations to the HPA axis response may depend on a variety of factors.
For example, chronicity has been shown to influence the directionality
of associations between depression symptoms and cortisol responses to
stress in a curvilinear fashion, with recent-onset predicting elevated and
chronic symptoms predicting blunted responses (Booij et al., 2013; Zorn
et al., 2017). There is evidence that alterations of HPA axis responses
associated with depression may also dissipate in conjunction with re-
mission (Zorn et al., 2017). Conversely, alterations to HPA axis re-
sponses may precede future re-occurrence of depression (Calhoun et al.,
2012). Taken together the findings of the present study and others
portray a dynamic and interactive relationship between HPA axis re-
sponses and depression. Initial plasticity of the HPA axis may give way
to alterations that are more consistent in directionality and more per-
manent in nature as symptom duration and severity increases. Un-
fortunately, HPA axis responses have not been studied as extensively in
the context of anxiety symptoms and disorders, and the evidence that
exists is mixed. Nevertheless, it is possible that such inconsistencies also
stem from a similarly dynamic and interactive relationship between
anxiety and HPA axis functioning. More longitudinal studies will be
needed to tease apart how cortisol responses to stress and symptoms of
anxiety and depression are associated with the development of HPA
axis dysregulation and psychopathology.

Our results suggest that the altered cortisol responses associated
with anxiety and depressive symptoms, independent of a clinical di-
agnosis, could potentially play a role in patterns of HPA axis dysregu-
lation characteristic of allostatic overload. Indeed, depressive symp-
toms have been associated with indices of allostatic load (Kobrosly
et al., 2014). Moreover, allostatic load, MDD, and anxiety disorders are
thought to alter brain structures responsible for the modulation of the
HPA axis (e.g. hippocampus shrinkage), which in turn contributes to
the dysregulation of other allostatic systems leading to increased risk of
major disease (McEwen, 2003). Such alterations are thought to occur
gradually, and the role of depression appears to depend on the duration
of symptoms (Bremner et al., 2000; McEwen, 2003). While there is a
relatively large amount of research focusing on depression and its re-
lationship with allostatic load and its role in altering brain structures
and regulating the HPA axis, less is known about anxiety symptoms and
associated disorders in this context (Gale et al., 2015; Juster et al.,
2010). Regardless, our results suggest that both depressive and anxiety
symptoms—independent of diagnosis—may be enough to begin po-
tentially harmful alterations to HPA axis functioning in response to
acute stress.

This study has some important limitations that should be con-
sidered. First, although the we sought to investigate anxiety and de-
pressive symptoms among individuals without psychiatric illness, the
average scores of the HADS anxiety subscale for our sample were
slightly above the cut-off recommended for caseness of anxiety dis-
orders, suggesting that our sample was mildly anxious (Stern, 2014).
Second, the HADS does not evaluate symptom duration, which may
play an important role in how anxiety and/or depression impacts HPA
axis functioning (McEwen, 2003). Third, while two of the studies in-
cluded in the dataset recruited adults of all ages, a majority of our
sample were undergraduate students in an academically rigorous uni-
versity setting which may limit the generalizability of the findings.
Finally, many of our central findings were more pronounced among or
limited to cortisol responders. While this reduction in effect size among
the full sample could be the result of noise added by non-responders (as
discussed above), it is also possible that the study simply did not have
the statistical power to detect differences. However, this explanation
fails to explain why the effects were more pronounced among the
smaller subset. Regardless, we were unable to evaluate how symptoms
of anxiety and/or depression were associated with HPA axis response to
and recovery from acute stress among those who did respond to the
TSST.

5. Conclusions

In summary, we found that anxiety symptoms were associated with
blunted responses to and recovery from an acute psychosocial stressor,
while depressive symptoms were associated with steeper response and
recovery slopes. These patterns of associations were stronger among
cortisol responders. These findings add to a growing body of research
demonstrating heterogeneity of associations between HPA axis re-
sponses to stress and symptoms of anxiety and depression, and highlight
the importance of taking responder status into account when analyzing
cortisol responses to and recovery from stress. These results also in-
dicate that anxiety or depressive symptoms—independent of a diag-
nosed disorder—may be enough to alter HPA axis functioning, which in
turn may contribute to allostatic load and disease. Longitudinal ap-
proaches and research incorporating measures of symptom duration
may help explain the emerging contradictory associations between
cortisol responses and sub-clinical symptomology vs. clinical psychia-
tric disorders.
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