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Abstract
Background—Stress sensitivity and HPA axis activity may be relevant to the development and
expression of psychotic disorders. Cortisol secretion has been associated with positive symptoms
both in patients with psychotic disorders and in young people at clinical risk for psychosis. Herein,
we aimed to replicate these findings, to determine which positive symptoms may be associated
with cortisol levels, and to explore any associations with affective symptoms and impaired stress
tolerance.

Methods—Thirty-one clinical high risk patients were evaluated in cross-section for associations
between salivary cortisol levels upon clinic entry at 11 am, demographic variables, and clinical
symptoms.

Results—Salivary cortisol levels were unrelated to medication exposure or demographics, except
for higher levels in the ten females studied. Salivary cortisol bore no relationship to overall
positive symptom severity but was associated with anxiety, as well as with suspiciousness and
impaired stress tolerance, which were themselves highly intercorrelated.

Conclusions—Cortisol secretion in the context of a putative novel social situation (i.e. clinic
entry) may be a biological correlate of suspiciousness, impaired stress tolerance and affective
symptoms in individuals vulnerable to developing psychosis. These associations are consistent
with findings from experience sampling studies in individuals at risk for psychosis as well as basic
studies of animal models of schizophrenia.
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1. Introduction
For several decades, it has been theorized that stress sensitivity and activity of the
hypothalamic pituitary adrenal (HPA) axis, as indexed by cortisol secretion, may be relevant
to the development and expression of psychotic disorders such as schizophrenia (Rosenthal,
1970; Walker and Diforio, 1997). Studies from the early seventies showed that cortisol
secretion escalates in the period leading up to psychosis relapse (Sachar et al., 1970) and
exacerbation (Franzen, 1971). In the past decade, Walker and colleagues have demonstrated
that cortisol secretion is related in cross-section to positive symptom severity in both
patients with schizophrenia (Walder et al., 2000) and in young people at heightened clinical
risk for the disorder (Walker et al., 2001), with more recent research (Walker et al., 2010)
suggesting that elevated basal salivary cortisol secretion may have predictive value for
development of psychotic disorder. Cortisol secretion is an easily assayed biological
correlate of the stress sensitivity that is hypothesized to play a role in the generation of
positive symptoms (Corcoran et al., 2003), a theorized mechanism supported by both
neuroimaging (Garner et al., 2005; Soliman et al., 2008) and preclinical (Lodge and Grace,
2006) studies. The findings by Walker and colleagues are in need of additional support, as
another research group has reported different findings, namely an association of plasma
morning cortisol secretion not with positive symptoms, as measured with the Brief
Psychiatric Rating Scale, but instead with “hassles” and affective symptoms of depression
and anxiety (Thompson et al., 2007a).

Herein, we aimed to determine if we could replicate the findings of association of cortisol
secretion with positive symptoms in at-risk individuals (Walker et al., 2001), with similar
but albeit more limited methodology, sampling salivary cortisol and utilizing symptom
measures designed specifically for clinical high risk patients. We also explored whether
cortisol secretion was related to specific positive symptoms and/or to affective symptoms
and increased sensitivity to everyday stress or “hassles”.

2. Experimental/materials and methods
2.1. Participants

Participants were a subgroup of patients consecutively enrolled early in Phase I (2002–2003)
of the Recognition and Prevention (RAP) Program clinical high risk research program in
New York. The RAP program designates a hierarchy of risk states, based 1) solely on
negative symptoms, 2) on attenuated positive symptoms and 3) finally on the presence of a
schizophrenia-like psychosis (Cornblatt et al.,2003). This study was circumscribed to this
second group, entitled clinical high risk positive on the basis of positive symptoms (CHR+),
as these are most analogous to the ultra high risk patients and schizotypal patients in which
cortisol secretion has been previously studied (Walker et al., 2001; Thompson et al., 2007a;
2007b; Walker et al., 2010). The presence of a CHR+risk state was determined using
modified criteria (Lencz et al., 2003) from the Structured Interview for Prodromal
Syndromes/Scale of Prodromal Symptoms (SIPS/SOPS; Miller et al., 2003), and is
analogous to the Attenuated Positive Symptom Syndrome (APSS) described in the SIPS/
SOPS, except that duration of the prodromal state is not limited to the previous year.
Exclusion criteria included Axis I diagnoses of psychotic disorder, schizophrenia spectrum
disorders, and bipolar disorder, as well as mental retardation (IQ<70), current substance
dependence, lack of fluency in English and any history of neurological, neuroendocrine or
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medical conditions which may affect brain functioning. All procedures were approved by
the Institutional Review Board at the Zucker Hillside Hospital, as well as by the Institutional
Review Board at the New York State Psychiatric Institute, where the lead author was in
research training. Adult participants and parents of minors provided written informed
consent, whereas minors provided written assent only.

2.2. Demographic and clinical characteristics
Participants were queried as to demographic characteristics (age, sex, parental
socioeconomic status) (the higher SES among two custodial parents — ranked from 5 (low)
to 1 (high) (Hollingshead, 1957)). Prescription of antipsychotic or antidepressant
medication, as reported by the participant, was each coded as yes/no. The Scale of
Prodromal Symptoms (SOPS; Miller et al., 2003) was employed to measure severity of
specific and overall positive symptoms, negative symptoms, and a “general symptom”
entitled “impaired tolerance to normal stress”, which queries as to sensitivity to normal
everyday stressors and hassles. (Anchors for “prodromal” ratings of this item include
“thrown off by unexpected happenings in the usual day”; “increasingly challenged by daily
experiences” and “avoids or is overwhelmed by stressful situations that arise during the day”
(Miller et al., 2003).) Other SOPS “general” symptoms evaluated in an exploratory fashion
included sleep impairment and motor abnormalities. Anxiety was assessed with the Beck
Anxiety Inventory (Beck et al., 1998), whereas depressive symptoms were determined using
a composite score on the Beck Depression Inventory (Beck et al., 1996) and the Children’s
Depression Inventory (Kovacs, 1985). Participants ages sixteen and younger were
administered the CDI and those ages seventeen and older the BDI. To ensure comparability
of these two measures, a total depression score was calculated as a percentage of the
maximum possible score. As in previous studies of cortisol in clinical high risk patients
(Walker et al., 2001; Thompson et al., 2007a), cortisol was assayed one day before clinical
measures were administered.

2.3. Cortisol assays
Salivary cortisol measures were obtained at clinic arrival at 11 am, at the onset of a day of
clinical and neuropsychological assessment. 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 labeled. Within hours, the samples were stored at −25
°C at the Zucker Hillside Hospital. Samples were then transported on dry ice to the Nathan
Kline Institute, where they were weighed, centrifuged and analyzed by the Analytical
Psychopharmacology Laboratory under the supervision of T.A. Cooper. (Of note, this
methodology differs from that of Walker and colleagues, who use a passive drip collection
technique to assay salivary cortisol.)

Salivary cortisol secretion is a reliable indicator of free cortisol in plasma, the biologically
active hormone (van Eck et al., 1996), and salivary cortisol assays have been employed as
an index of HPA axis activity in several hundred studies (Nejtek, 2002; Schwartz et al.,
1998; Silver et al., 1983). Salivary cortisol levels have been correlated with serum and 24-
hour urine cortisol levels in children and adults (Bober et al., 1988; Burke et al., 1985;
Woodside et al., 1991; Hermus et al., 1993). In adolescents, salivary cortisol sampling is the
method of choice as venipuncture has been associated with dropout rates as high as 67%
(Susman et al., 1997), especially among more impaired individuals. The high interreliability
of cortisol levels across subsequent days when assayed at the same time within individuals is
such that one day of sampling is likely sufficient (Carrion et al., 2002).
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2.4. Statistical analysis
Descriptive statistics were employed to represent demographic, clinical and endocrine data.
The relationship of demographic variables and medication status (yes/no) to symptoms and
cortisol values was explored to identify any potentially confounding demographic variables.
Correlational analyses were done to examine the associations among cortisol values with
symptoms, using Spearman’s rho, and scatterplots were examined for outliers (given the
limited sample size). Partial correlations were done with any potentially confounding
variables, including demographics or medication status. Alpha was set at .05 for the
hypothesized association of salivary cortisol levels with overall positive symptom severity,
as well as for the analyses of salivary cortisol with specific positive and affective symptoms,
and stress sensitivity. Bonferroni correction was done for six exploratory tests of
association: salivary cortisol levels with three symptoms (negative symptoms, sleep
impairment, and motor abnormalities), and intercorrelations among the three symptoms
associated with cortisol (suspiciousness, impaired stress tolerance, anxiety).

3. Results
There were 31 clinical high risk (CHR+) patients (21 males; 10 females), 71% white,
ascertained from both urban and suburban areas of Queens and counties of Long Island,
New York, who arrived promptly to the clinic at 11 am and for whom sufficient saliva was
available for assay of cortisol. The ranges and means (SD) of the baseline “11 am” salivary
cortisol levels, demographic variables and clinical symptom ratings in this cohort are
presented in Table 1, as well as their correlations with salivary cortisol values. Among
demographic variables, only sex was related to cortisol secretion, as females had a higher
mean cortisol value than males (2.3 (SD 1.3)ng/ml vs. 1.4 (SD 1.0)ng/ml; p=.04); no
symptoms varied by sex (data not shown). None of the other demographic variables (e.g.
socioeconomic status, age) were associated with cortisol secretion (Table 1) or symptoms
(data not shown). The prescription of antipsychotics (13%) was unrelated to salivary cortisol
levels (yes: 1.4 (SD 0.7)ng/ml vs. no: 1.8 (SD 1.2)ng/ml; p=.57) but the prescription of
antidepressants (27%) was associated with higher cortisol values at a trend level (yes: 2.3
(SD 1.5)ng/ml vs. no: 1.5 (SD 0.9); p=.09).

Although cortisol secretion bore no relationship to overall positive symptom severity
(Spearman’s rho=−.05; p=.80) it was associated specifically with suspiciousness
(Spearman’s rho=.39; p=.04) (Table 1, Fig. 1). Among affective symptoms, cortisol
secretion was related to both anxiety (Spearman’s rho=.38, p=.04) and impaired stress
tolerance (Spearman’s rho=.42, p=.02) (Table 1, Fig. 1). The inclusion of antipsychotics
(yes/no) and antidepressants (yes/no) in regression models did not change the strength of
these associations of cortisol with suspiciousness, anxiety or impaired stress tolerance (data
not shown).

Among these clinical features – suspiciousness, anxiety and impaired stress tolerance – that
were associated with salivary cortisol secretion, suspiciousness was highly correlated with
impaired stress tolerance (Spearman’s rho=.57, p=.001) (see Fig. 1), even with Bonferroni
adjustment for multiple comparisons (alpha=.05/6=.008). These several associations held
even with adjustment for age and sex (data not shown). In exploratory analyses, cortisol
secretion bore no association with negative symptoms, sleep impairment or motor
abnormalities (Fig. 1). (Due to the small size of this sample, there was insufficient power to
explore a relationship between cortisol levels and eventual conversion to psychosis.)

Corcoran et al. Page 4

Schizophr Res. Author manuscript; available in PMC 2013 July 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



4. Discussion
In this cross-sectional study of a cohort of clinical high risk patients, cortisol secretion, as
measured by salivary assay, was not associated with overall positive symptoms, despite our
hypothesis that it would be, but was related to suspiciousness, anxiety and impaired stress
tolerance (and with depression at a trend level). The association with affective symptoms is
consistent with findings by Thompson et al., 2007a, in which morning cortisol was assayed
in a similarly ascertained cohort but from serum (rather than saliva) samples. As in this 2007
study by Thompson and colleagues, single assays of cortisol secretion were unrelated to
concurrent total positive symptom severity. However, we uniquely examined the association
of cortisol secretion to specific positive symptoms, and found an association with
suspiciousness; both cortisol secretion and suspiciousness were also correlated with the
SOPS item “impaired tolerance to normal stress.”

As saliva was assayed at clinic arrival, the resulting cortisol levels may be more an index of
response to novelty than of baseline HPA axis activity. Of interest, the mean “11 am”
salivary cortisol level at clinic entry in this study of 1.7 (SD 1.1)ng/ml is nearly identical to
the mean “11 am” salivary cortisol observed in healthy adolescents upon arrival at a
laboratory for psychological research in another study, which is 1.7 (SD 0.8)ng/ml (Klimes-
Dougan et al., 2001), despite some differences in methodological details. The psychological
correlates of this relatively heightened endocrine response to novelty, especially involving
contact with other people in an evaluative context, would be expected to include the arousal
of anxiety and stress sensitivity. Elevated salivary cortisol secretion has been associated with
shyness in young children (Kagan et al., 1988), internalizing problems in adolescents
(Klimes-Dougan et al., 2001), and anxiety and withdrawal behavior across development
(Flinn and England, 1997). Among individuals with vulnerability for psychosis, this anxiety
and heightened cortisol secretion in a social evaluative context would be expected to be
accompanied by the cognate of suspiciousness, through the use of externalizing appraisals
(Garety et al., 2001).

These associations of cortisol secretion with affective and positive symptoms (paranoia) are
consistent with findings from momentary assessment technology studies with individuals
with vulnerability to psychosis (i.e. affected probands in remission and unaffected family
members), in which experience to everyday stress elicits negative emotions, enhanced
salivary cortisol secretion and subtle psychotic experiences, including paranoia (Myin-
Germeys et al., 2001; Myin-Germeys and van Os, 2007; Simons et al., 2008; Collip et al.,
2011a, 2011b). As in the current study of clinical high risk patients, the association of
cortisol secretion with positive symptoms in individuals at genetic high risk for
schizophrenia could not be accounted for by its association with affective symptoms (Collip
et al., 2011a, 2011b). Of interest, such stress sensitivity (assessed with momentary
assessment technology) may be an endophenotype of psychosis proneness, as it cosegregates
in twin studies (Lataster et al., 2008), and its association may be moderated by allelic
variations in schizophrenia susceptibility genes i.e. brain-derived neurotrophic factor
(BDNF) and catechyl-O-methyl transferase (COMT),(Simons et al., 2008; van Winkel et al.,
2008), particularly, as in the case of COMT, in patients with schizophrenia spectrum
disorders (Collip et al., 2011b).

The neural mechanisms by which enhanced stress sensitivity can lead to positive symptoms
have been elaborated by Grace and colleagues using animal models of schizophrenia (Lodge
and Grace, 2006). The ventral subiculum is a central component in mediating stress
responses and in context-dependent processing. The ventral subiculum determines the
proportion of dopaminergic neurons in the ventral striatum that can be phasically activated
by the pedunculopontine tegmental nucleus (PPTg), which conveys the “signal” of sensory
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stimuli. In a schizophrenia model, abnormally increased activity in the ventral subiculum
would lead to increased striatal dopamine activity, which has been associated with both
positive symptoms in patients (Laruelle and Abi-Dargham, 1999), and with cortisol release
in response to a stressor in individuals with psychosis proneness (psychometric negative
schizotypes) (Soliman et al., 2008). As theorized by Heinz (2002): “stress-induced or
chaotic activation of dopamine release may attribute incentive salience to otherwise
irrelevant stimuli and thus be involved in the pathogenesis of delusional mood and other
positive symptoms”.

It cannot be ruled out, however, that stress sensitivity, and its correlates in affective
symptoms and suspiciousness, may characterize a group of clinical high risk patients who
meet putatively prodromal criteria but who are not among those individuals who eventually
develop psychotic disorder. Although Walker et al. (2010) identified increased cortisol
secretion as a predictor of conversion to psychosis in 56 clinical high risk patients,
Thompson et al. (2007b) found the opposite, albeit in a smaller sample — specifically
increased cortisol secretion, and more severe depressive and anxiety symptoms, in clinical
high risk patients who appeared to be “false positives” in terms of psychosis development.
Differences in sample ascertainment and methodology may account for the discrepant
findings in those two studies. Our sample size was too small to address the question of
predictive value of cortisol secretion for “conversion” to psychosis.

Limitations of this study are its cross-sectional design, limited assay of salivary cortisol
secretion (one sample only), small sample size and absence of a comparison group. A single
assay of cortisol might not have covered the intra-individual variability that characterizes
cortisol measurements and may have contributed to Type II error, obscuring a potential
association between salivary cortisol and total positive symptoms that was found by other
investigators in both clinical high risk (Walker et al., 2001) and genetic high risk cohorts
(Collip et al., 2011a). The superior methodology used by Walker and colleagues includes
multiple assays of salivary cortisol over several hours beginning at 9 am to capture diurnal
variation in basal secretion of cortisol, whereas our single salivary assay at 11 am may
simply elicit a stress response to a novel experience. Walker and colleagues also use a more
standardized methodology, which includes providing specific instructions to participants as
to refraining from caffeine, alcohol, dairy products and nonprescription medications, as well
as brushing teeth within 30 min prior to sampling. By contrast, in the current study, no
restrictions were placed on smoking, caffeine intake, and eating, and there was no
documentation for females of phase of the menstrual cycle. Of note, methodological
differences make it difficult to compare the mean salivary cortisol level for high-risk
patients in this study (1.7 (SD 1.1)ng/ml) with that of Walker and colleagues, who find
overall means of ~4.5 ng/ml for salivary cortisol assessed sequentially at 9 am, 10 am and
then 11 am in clinical high risk adolescents (Mittal et al., 2007; Walker et al., 2010). Our
study was also likely underpowered, such that there was insufficient variance among
positive symptoms to detect an association with cortisol, save for suspiciousness, which was
more severe. Also, minor physical anomalies were not assessed, which have been associated
with cortisol secretion in clinical high risk patients (Mittal et al., 2007).

These limitations can be addressed in future studies of clinical high risk patients and
matched controls, which should use momentary assessment technology with concurrent
salivary cortisol assay, as developed and utilized by Myin-Germeys and colleagues, to
clarify the in vivo temporal relationship of cortisol secretion to symptoms in CHR patients
(Myin-Germeys et al., 2001; Myin-Germeys and van Os, 2007; Simons et al., 2008; Collip
et al., 2011a). Cortisol reactivity in CHR patients could also be examined in response to a
social stressor in the laboratory, as well as its correlates in other parameters, including
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momentary affect and positive symptoms, and autonomic variables (e.g. heart rate
variability, vagal tone, etc.).

In conclusion, these data add to the growing literature that stress sensitivity and affective
symptoms in clinical high risk patients have a biological correlate in the HPA axis, relevant
for development of treatment strategies to target this stress sensitivity.
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Fig. 1.
Associations of morning salivary cortisol with symptoms (Spearman rho).
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Table 1

Endocrine, demographic and clinical characteristics of the CHR+cohort.

Range Mean (SD) Associations with cortisol (Spearman’s rho)

11 am salivary cortisol values (ng/ml) 0.3–5.0 1.7 (1.1)

Age 12–18 15.6 (2.0) −.01

Socioeconomic status 1–5 2.2 (.89) −.02

Hypothesized associations

SOPS total positive symptom scores 3–13 7.7 (3.4) −.05

 SOPS unusual thought content 0–5 1.5 (1.7) .08

 SOPS suspiciousness 0–5 2.8 (1.4) .38*

 SOPS grandiosity 0–3 .37 (.85) −.30

 SOPS perceptual disturbances 0–5 1.7 (1.8) −.12

 SOPS conceptual disorganization 0–5 1.4 (1.3) −.11

SOPS D4 “Impaired Tolerance to Normal Stress” 0–5 2.1 (1.8) .42*

Beck Anxiety Inventory scores .02–.71 .21 (.16) .38*

Composite depression scores .04–.57 .30 (.14) .36

Exploratory

SOPS total negative symptoms 1–22 9.3 (4.9) .07

SOPS D1 “Sleep Disturbance” 0–5 2.2 (2.0) .17

SOPS D4 “Motor Disturbances” 0–5 0.9 (1.2) .10

*
Uncorrected alpha<.05.
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