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1. Introduction
Within the framework of the stress-vulnerability model of schizophrenia (Walker & Diforio
1997; Walker et al., 2004), it has been proposed that stress contributes to the development of
psychosis through effects of the hypothalamic pituitary adrenal (HPA) axis, and interaction
of cortisol with dopaminergic neurotransmission and hippocampal circuitry (Corcoran et al.,
2003; Thompson et al., 2004). HPA-axis abnormalities, specifically elevated cortisol levels,
have been observed in first-episode drug-naïve patients with schizophrenia (Ryan et al.,
2004), in the siblings of patients with a psychotic disorder (Collip et al., 2011; Habets et al.,
2012), and in adolescents with schizotypal personality disorder (Weinstein et al., 1999;
Walker et al., 2001; Mittal et al., 2007); it has also been associated with the later
development of psychotic disorder among adolescents at increased clinical risk (Walker et
al., 2010). This increased cortisol secretion is considered to reflect HPA axis hyperactivity
in the context of impaired negative feedback (Walker & Diforio, 1997), and may index
heightened sensitivity or impaired tolerance to stress.

In support of the premise that increased cortisol levels are related to stress sensitivity in
individuals vulnerable to psychosis, there is evidence that siblings of probands with
psychotic disorder experience heightened cortisol responses to daily stressors compared to
controls (Collip et al., 2011), and that cortisol secretion in response to a laboratory stress
challenge in clinical high risk (CHR) patients is intermediate to that of healthy controls and
schizophrenia patients (Mizrahi et al., 2012). Furthermore, both daily hassles (Thompson et
al., 2007) and impaired stress tolerance (Corcoran et al., 2012) have been associated with
cortisol levels in CHR patients. Cortisol secretion has also been associated with positive
symptoms in patients with psychotic disorder (Belvederi Murri et al., 2012), in their siblings
(Collip et al., 2011), and in individuals at increased clinical risk (Walker et al., 2001;
Corcoran et al., 2012), while mood symptoms have been variably associated with cortisol
levels in CHR cohorts (Thompson et al., 2007; Corcoran et al., 2012).
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Psychotropic medications are known to influence HPA axis function (e.g., Pariante et al.,
2012). Given the growing body of research pointing to the effects of antidepressant and
antipsychotic medications in modulating symptoms and conversion to psychosis in the
prodrome (reviewed in Walker et al., 2009), exploration of the relationship between
psychotropic treatments and cortisol secretion in CHR subjects is highly relevant.

In the current study, we examined basal cortisol secretion in both CHR patients and healthy
controls. Based on the literature reviewed above, we hypothesized that CHR patients would
exhibit higher basal cortisol levels than controls; we also hypothesized that cortisol levels
would be significantly related to increased stress sensitivity (Thompson et al., 2007;
Corcoran et al., 2012) and positive symptoms (Walker et al., 2001) when accounting for
medication status and demographic variables (age, gender) relevant to cortisol secretion and
symptoms (Walker et al., 2010). In an exploratory manner, we examined the association of
basal salivary cortisol with other symptoms characteristic of CHR patients (negative,
depressive and anxiety), as well as with transition to psychotic disorder.

2. Methods
Participants

Clinical high risk patients (ages 12 – 25) were ascertained at the Center of Prevention and
Evaluation (COPE), an observational cohort study at the New York State Psychiatric
Institute of Columbia University, using the Structured Interview for Prodromal Syndromes /
Scale of Prodromal Symptoms (SIPS/SOPS; Miller et al., 1999) to determine CHR status.
Patients were treated naturalistically with antidepressants (serotonin reuptake inhibitors,
SSRIs), and more rarely, with second generation antipsychotics. Exclusion criteria included
history of threshold psychotic symptoms, significant risk of harm to self or others, major
medical illness, attenuated psychotic symptoms occurring solely in the context of substance
intoxication or withdrawal, and IQ < 70. Data were available for eventual transition to
psychotic disorder within 2 years (yes/no), which was defined using the “Presence of
Psychosis” criteria of the SIPS/SOPS (Miller et al., 1999). Age-similar healthy controls were
recruited from the same source communities as the CHR patients in the New York
metropolitan area, using websites, fliers, brochures and educational presentations in the
community. Additional exclusion criteria for healthy controls included family history of
psychotic disorder, history of adoption, diagnosis of DSM-IV cluster A personality disorder,
and any Axis-I DSM-IV diagnosis within the prior two years. Diagnostic status of healthy
controls was determined with the Diagnostic Interview for Genetic Studies (DIGS;
Nurnberger et al., 1994) for participants age 18 and older, and with the Schedule for
Affective Disorders and Schizophrenia for School-age Children — Present and Lifetime
version (KSADS-PL; Birmaher et al., 1997) for participants under 18. This study was
approved by the Institutional Review Board of the New York State Psychiatric Institute, and
all participants provided written informed consent if 18 or older, or assent with written
parental consent if 17 or younger.

Measures
Salivary Cortisol—Salivary cortisol secretion is a reliable indicator of free cortisol in
plasma, and salivary cortisol sampling is a widely validated method of indexing HPA axis
function (Kelly et al., 2008). Salivary cortisol levels have been correlated with serum and
24-hour urine cortisol levels in children and adults (Woodside et al., 1991; Putignano et al.,
2001). Cortisol secretion follows a daily circadian rhythm: the lowest levels generally occur
around midnight and levels then typically begin to rise before waking (Wust et al., 2000),
with a daily peak between 5:00 am and 8:00 am. This peak is then followed by a rapid
decline for the next few hours, and then a gradual decline over the remainder of the day
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(Shirtcliff et al., 2011). As repeated sampling of salivary cortisol secretion over the course of
a full cycle was not tenable for many CHR patients, we obtained a single salivary cortisol
sample. However, due to the diurnal pattern of cortisol levels, we standardized the time of
day at which the sample was collected for all participants.

Participants arrived at the clinic at approximately 11 a.m. After sitting quietly for 30
minutes, participants provided a saliva sample for the salivary cortisol measure. Samples
were collected using Sarstedt (Germany) polyester swabs without preparation. Participants
were instructed to place the swab in their mouth, between their lower lip and gum, and to
keep it there until it was wet, a process supervised by research staff. When deemed
saturated, the swab was placed in a Salivette plastic vial and capped and labelled. Within
hours, the samples were stored at −25 degrees Celsius at the New York State Psychiatric
Institute. Samples were then transported to the Nathan Kline Institute, where they were
weighed, centrifuged and analysed by the Analytical Psychopharmacology Laboratory under
the supervision of Thomas A Cooper. This methodology is similar to that employed in a
prior study in another similarly-ascertained CHR cohort (Corcoran et al., 2012).

Symptoms—The Structured Interview for Prodromal Syndromes/Scale of Prodromal
Symptoms (SIPS/SOPS; Miller et al., 1999) was used not only for initial case identification
and determination of eventual transition to threshold psychosis but also to assess attenuated
positive, negative and disorganization symptoms, in addition to “impaired stress tolerance.”
Hamilton Rating Scales were used to assess depressive (Hamilton, 1960) and anxiety
(Hamilton, 1976) symptoms separately. Details of current use of psychotropic medication
(serotonin reuptake inhibitors and/or atypical antipsychotics) were obtained from
participants. No patients reported taking any other class of psychotropic medication. For the
purpose of analysis, psychotropic medication status was categorized as yes/no.

Statistical Analyses—Data distributions were examined for outliers and deviation from
normality. Two outliers were excluded from the analysis (cortisol measures > 3 standard
deviations from the mean). The main dependent variables (cortisol and symptom measures)
survived normality testing and thus were analysed employing parametric methods. Given
evidence of the influence of psychotropic medication on the HPA axis (Pariante et al., 2004;
Zhang et al., 2005), we compared the total CHR patient group, as well as the medication-
free (i.e. not on antidepressants or antipsychotics) and medicated (i.e. taking an
antidepressant and/or antipsychotic) CHR subgroups separately, to the healthy controls. As
there are normative developmental increases (Walker et al., 2001) and gender differences
(Walder et al., 2012) in cortisol secretion, age and gender were included as covariates in
statistical analyses.

Analyses of covariance (ANCOVA), with age and gender added as covariates, were used to
evaluate differences in cortisol levels and symptom measures between CHR patients and
healthy controls, with further analyses stratifying CHR patients by medication status. Partial
correlations were conducted for cortisol measures and clinical symptoms within the CHR
group, controlling for age and medication status. Exploratory analyses were conducted to
determine associations of cortisol measures with transition to psychosis within two years.

Alpha was set at .05 for hypothesized differences between CHR subjects and controls, and
for hypothesized associations of salivary cortisol secretion with impaired stress tolerance
and positive symptoms. All other analyses have an alpha of .005, adjusting for multiple (i.e.
11) comparisons (group differences for six symptoms, correlations with cortisol for four
symptoms, and comparison of converters vs. non-converters).
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3. Results
Demographic and clinical characteristics

CHR patients and controls did not differ significantly in age or ethnicity (dichotomized to
“Caucasian” and “non-Caucasian”; see Table 1 for details). The patient group, however, had
a significantly larger proportion of males than did the control group (p=.002; Table 1). Nine
of the CHR patients were taking antidepressants (SSRIs), of which five were also taking a
second generation antipsychotic, and 3 patients were taking a second-generation
antipsychotic only; thus 12 (36%) were in the medicated subgroup, whereas 21 (64%) were
medication-free. There were no significant differences in age (t32=−.04, p=.96), gender
(χ2

1=.013, p=.91), or ethnicity (χ2
1=3.09, p=.08) between CHR patients who were taking

medications and those who were not. All of the healthy controls were medication-free.

Salivary cortisol secretion
Salivary cortisol secretion (ng/mL) was not significantly related to demographic
characteristics (age, gender, or ethnicity) in the total sample or in the CHR or healthy control
groups separately (data not shown). Compared to healthy controls (n=13), the entire group
of CHR patients (n=33) exhibited a trend for increased basal salivary cortisol secretion
(F1,44=3.34, p=.07;Table 1). However, the subgroup of CHR patients who were medication-
free (n=21) had significantly higher cortisol secretion than both the CHR subgroup taking
psychotropic medication (mean (SD): medication-free CHR= 2.31(.99); medicated CHR =
1.59 (.62); F1,31= 1.81, p = 0.04) and healthy controls (healthy controls = 1.44 (.67); F1,32=
5.41, p = 0.03); see Table 1 and Figure 1.

Salivary cortisol secretion and symptoms—As expected, CHR patients had
significantly greater symptom severity than normal controls in all symptom domains
assessed by the SIPS/SOPS (Table 1; all p values≤0.004), as well as more severe depressive
(p=.001) and anxiety symptoms (p=0.01); however, the difference in anxiety symptoms was
not considered significant after correction for multiple comparisons. Among patients,
symptoms were not significantly related to medication status or demographic characteristics
(gender, ethnicity or age), with the exception that negative symptoms were negatively
related to age (r=−.30, p=.04). In the 23 CHR patients for whom symptoms and salivary
cortisol were measured within the same 30 days (mean (SD)=12(8) days), salivary cortisol
secretion was not significantly related to any symptoms; however, there was a trend
association between cortisol and impaired stress tolerance (r=.53, p=.06), uncorrected for
multiple comparisons (Table 2). Among the 33 CHR patients, 9 (27.3%) made the transition
to psychosis during the two-year follow-up period. This converter subgroup had relatively
less basal salivary cortisol secretion (mean (SD) = 1.74 (.66) ng/ml) than those CHR patients
who did not develop psychosis (2.16 (1.0) ng/ml); this difference did not reach statistical
significance in this small cohort (t31 = 1.15, p =.26). Forty-four percent of patients who later
transitioned to psychosis were taking psychotropic medications at baseline (4 out of 9), in
contrast to 33.3% of the non-converter group.

4. Discussion
Our study extends work by Walker and colleagues (Mittal et al., 2007; Walker et al., 2001;
Weinstein et al., 1999), showing that adolescents at heightened clinical risk for psychosis
have elevated baseline salivary cortisol secretion as compared with healthy controls; this
finding was especially clear among CHR patients who were medication-free. These results
support the proposal that excess activation of the HPA axis and/or neuroendocrine
abnormalities characterize the psychosis risk state for at least a subset of patients.
Additionally, cortisol secretion was related to impaired stress tolerance at a trend level (.06),
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which is consistent with findings obtained with a separate but similarly-ascertained CHR
cohort who were assessed for basal cortisol secretion using a similar design (Corcoran et al.,
2012). However, basal salivary cortisol secretion was not significantly related to other
symptoms, in contrast to other studies that have reported associations with positive (Walker
et al., 2001) and mood symptoms (Thompson et al., 2007).

Of interest is our finding that CHR patients who were medication-free had significantly
greater basal salivary cortisol secretion than both healthy controls and CHR patients who
reported taking psychotropic medication. Antidepressant and antipsychotic medications have
been reported to dampen HPA axis activity through effects on central nervous system
glucocorticoid receptors (Walker et al., 2008; Pariante et al., 2012). Both antipsychotic
(Mondelli et al., 2010; Zhang et al., 2005; Scheepers et al., 2001) and antidepressant
(Pariante et al., 2004) treatment can lead to decreased baseline and stress-reactive cortisol
levels. Research to date on pharmacological treatment (both second-generation
antipsychotics and SSRIs) in CHR patients provides some evidence for treatment-associated
reductions in symptoms and in transition to psychosis (reviewed in Walker et al., 2009). It is
plausible that the efficacy of these medications is at least in part mediated by “normalizing”
HPA axis functioning. The potential efficacy of cognitive behavioural therapy in CHR
patients might also be mediated by effects on stress sensitivity and the HPA axis. It may be
useful then to include simple salivary assay of cortisol secretion as a biomarker in clinical
trials in CHR patients, for both pharmacological and non-pharmacological treatment
strategies.

In exploratory analysis, we observed non-significantly lower baseline cortisol levels in
patients who later transitioned to psychosis, in contrast to the findings of Walker et al.
(2010). This may be related to the fact that a higher proportion of patients in the converter
group were taking psychotropic medications, and thus suggests that characterization of HPA
axis function in psychosis and the high risk state may benefit from further examination in
medication-free samples. However, these results must be interpreted tentatively given the
reduced power of this analysis.

Limitations of the study include its small sample size (with the risk for Type 2 error), the
gender and ethnicity imbalance between CHR patients and healthy controls (Kudielka &
Kirschbaum 2005; Fuller-Rowell et al., 2012), no documentation of phase of menstrual
cycle for females, which may be relevant to HPA axis activity (Walder et al., 2012), a
predominantly male sample of CHR patients (limiting generalizability) and shortcomings
relative to the methodology of cortisol sampling (single measure), detailed in Corcoran et
al., 2012. Furthermore, although we endeavoured to minimize the effect of contextual stress
(e.g., that associated with participating in an assessment session) by adding a 30 minute
“resting period” prior to obtaining the salivary sample, it is possible that the effects of
novelty or anticipation (Weinstein et al., 1999) influenced the level of cortisol measured in
some patients. An experimental study with repeated cortisol sampling would be needed in
order to fully tease apart stress-related from basal cortisol secretion.

Despite its limitations, this study contributes to the growing literature on HPA axis activity
in clinical high risk patients, adding further evidence that baseline cortisol secretion is
increased during the at-risk state in at least a subset of patients, and that it is related to stress
sensitivity; our findings also suggest that the use of antipsychotics and antidepressants may
have a “normalizing” effect on HPA axis activity in high risk states.
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Figure 1. Mean cortisol levels displayed by group
Figure representing mean cortisol by group, including bars representing standard deviation.
The “y” axis represents cortisol levels measured in ng/mL. Baseline cortisol was sampled at
11.30 am (see text). Healthy controls, n=13; CHR, medicated: clinical high risk subjects
taking SSRIs and/or atypical antispsychotics, n=12; CHR, medication-free: n=21.
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Table 1

Demographics, salivary cortisol and symptoms in clinical high risk patients and healthy controls.

Total CHR (n=33) Medication Free CHR
a
 (n=21) Healthy Controls (n=13)

Demographics

  Gender (% males) 91%** 90.5%** 46%

  Race/Ethnicity (% Caucasian) 56%
b 40% 85%

  Age (M(SD)) 18.6 (3.1) 18.6 (2.9) 20.3 (4.2)

Endocrine measure

  Baseline salivary cortisol (M(SD)) 2.05 (0.93)
c 2.31 (.99)* 1.44 (0.67)

Scale of Prodromal Symptoms (M(SD))

 Positive symptoms*** 11.5 (4.9) 12.2 (5.1) 0.7 (.85)

 Negative symptoms*** 11.3 (5.2) 12.5 (5.2) 1.9 (1.9)

 Disorganization symptoms*** 6.0 (2.9) 6.4 (3.0) 0.8 (1.2)

 Impaired stress tolerance** 2.0 (1.8) 2.2 (1.9) 0.1 (0.3)

Hamilton Scales (M(SD))

 Anxiety* 8.5 (6.3) 7.9 (5.5) 1.9 (1.9)

 Depressive symptoms** 9.5 (5.8) 9.9 (6.1) 1.5 (1.7)

Note. CHR=Clinical high risk; M=mean; SD=Standard deviation. Baseline salivary cortisol sampled at 11:30am, measured in ng/mL.

Asterisks correspond to p values related to comparisons between patient groups and healthy controls; age and gender were added as covariates for
the between-group comparisons of cortisol and symptom measures.

a
The subgroup of CHR patients who were not receiving psychotropic medications.

b
Among the total CHR group, 8.7% were African-American, 26.1% Hispanic, and 8.7% were more than one race. Among medication-free CHR

patients, 6.7% were African-American, 40% were Hispanic and 13.3% were more than one race. All non-Caucasian healthy controls were African-
American.

c
Compared to controls, p=.07.

*
p<0.05;

**
p<0.01;

***
p<0.001.
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Table 2

Partial correlation coefficients for salivary cortisol and symptoms in clinical high risk patients, controlling for
age and medication status.

Baseline Salivary Cortisol (ng/ml)

r p-value

Scale of Prodromal Symptoms

 Positive Symptoms −.22 .36

 Negative Symptoms −.06 .78

 Disorganization Symptoms −.44 .19

 Impaired Stress Tolerance .53 .06

Hamilton

 Anxiety Symptoms −.09 .62

 Depressive Symptoms −.08 .85

Note. Hypothesized associations of salivary cortisol with positive symptoms and impaired stress tolerance have an alpha of .05. For the other
correlations, we used an alpha of .005, correcting for multiple comparisons.
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