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Abstract:
Depression in Individuals at Clinical High-Risk for Psychosis:

The Association with Life Stressors, Stress Sensitivity, and Basal Cortisol Levels

By Emerald Yuan

Introduction: Elevated rate of depression has climbed up to 32.8 percent. Studies suggest that
the Hypothalamus-Pituitary-Adrenal Axis (HPA) axis disturbances precede depression. Previous
studies have shown that CHR-P participants have higher baseline depression, Life Event Stress
(LES), and Daily Stress Inventory (DSI) ratings than healthy controls. The present study
investigates the associations of LES, DSI, stress sensitivity, and basal cortisol with depressive
symptoms in CHR-P youth. We hypothesized that greater stress exposure, daily stress, stress
sensitivity, and cortisol levels, are associated with greater depression symptoms among CHR-P
youth.

Methods: The study sample included baseline data from North American Prodromal
Longitudinal Study-3 (N=806, age 12 to 30). At baseline, the CHR-P group met standard criteria
for CHR-P based on SIPS scores on attenuated positive symptom severity ratings. Calgary
Depression Scale for Schizophrenia (CDSS) was used to measure current depressive symptom
severity over the past two weeks. The modified LES and DSI were administered. Salivary
cortisol, LES, DSI, and CDSS were all log-transformed in the analysis. Multiple linear
regression was used to predict CDSS.

Results: CHR-P individuals have significantly higher scores in LES, stress sensitivity, DSI, and
CDSS compared to controls. However, basal cortisol levels were not significantly higher in the
CHR group compared to controls. Life Event Stress total score, CHR, and stress sensitivity
together were positively associated with CDSS (R2=0.42, p<0.001). Stress sensitivity played a
partial mediating role in the relationship between LES and CDSS, and there was no significant
moderation effect of cortisol in any models.

Conclusion: Our findings suggest that stress sensitivity may be a key factor in the development
of depression in CHR individuals, while cortisol levels may not play a significant role. These
results underscore the importance of considering life stressors and stress sensitivity in the
assessment and treatment of depression in this population and suggest the need for longitudinal
follow-ups to further explore the role of cortisol as a potential biomarker.
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Abstract:

Depression in Individuals at Clinical High-Risk for Psychosis:

The Association with Life Stressors, Stress Sensitivity and Basal Cortisol Levels

By Emerald Yuan

Introduction: Elevated rate of depression has climbed up to 32.8 percent. Studies suggest that
the Hypothalamus-Pituitary-Adrenal Axis (HPA) axis disturbances precede depression. Previous
studies have shown that CHR-P participants have higher baseline depression, Life Event Stress
(LES), and Daily Stress Inventory (DSI) ratings than healthy controls. The present study
investigates the associations of LES, DSI, stress sensitivity, and basal cortisol with depressive
symptoms in CHR-P youth. We hypothesized that greater stress exposure, daily stress, stress
sensitivity, and cortisol levels, are associated with greater depression symptoms among CHR-P
youth.

Methods: The study sample included baseline data from North American Prodromal
Longitudinal Study-3 (N=806, age 12 to 30). At baseline, the CHR-P group met standard criteria
for CHR-P based on SIPS scores on attenuated positive symptom severity ratings. Calgary
Depression Scale for Schizophrenia (CDSS) was used to measure current depressive symptom
severity over the past two weeks. The modified LES and DSI were administered. Salivary
cortisol, LES, DSI, and CDSS were all log-transformed in the analysis. Multiple linear
regression was used to predict CDSS.

Results: CHR-P individuals have significantly higher scores in LES, stress sensitivity, DSI, and
CDSS compared to controls. However, basal cortisol levels were not significantly higher in the
CHR group compared to controls. Life Event Stress total score, CHR, and stress sensitivity
together were positively associated with CDSS (R2=0.42, p<0.001). Stress sensitivity played a
partial mediating role in the relationship between LES and CDSS, and there was no significant
moderation effect of cortisol in any models.

Conclusion: Our findings suggest that stress sensitivity may be a key factor in the development
of depression in CHR individuals, while cortisol levels may not play a significant role. These
results underscore the importance of considering life stressors and stress sensitivity in the
assessment and treatment of depression in this population and suggest the need for longitudinal
follow-ups to further explore the role of cortisol as a potential biomarker.



Introduction and Scientific Background:

In 2020, Major Depressive Disorder (MDD) affected an estimated 21 million adults in the
United States, accounting for 8.4 % of the population (NIMH., 2022.; Proudman et al., 2021).
According to the National Institute of Mental Health, young adults aged 18-25 have the highest
prevalence of 17% of major depressive episodes (National Institute of Mental Health [NIMH],
2020). Recent research reveals that the elevated rate of depression has persisted into 2021,
climbing up to 32.8 percent (Ettman et al., 2022). MDD is also highly recurrent, with a 60%
lifetime risk of recurrence after the first episode (Monroe, 2011).

Despite its high prevalence, the causes of depression remain unknown. While it is well
established that genetic factors and adverse experiences, such as exposure to stress and
disruptions in social relationships increase the risk for depression, the neurobiological substrates
underlying depression have not been established. But research findings have suggested several
different neurobiological pathways. For example, neurotransmitter systems, especially dopamine
and serotonin (Kambeitz and Howes, 2015), inflammatory processes (Nikkheslat et al., 2020;
Nettis et al., 2021), neurotrophic factors (Lee and Kim, 2010), oxidative stress (Park et al., 2019;
Lindqvist et al.,2017) and dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis
(Cattaneo et al., 2020; Nikkheslat et al., 2020), have been implicated in MDD. The HPA axis is
the neural system that governs the secretion of the stress hormone, cortisol and has been
hypothesized to mediate the relation between stress exposure and risk for MDD. As described
below, the proposed study is concerned with the relation of cortisol with depression in youth.
Stress, the HPA Axis, and Depression

It has been estimated that exposure to chronic stress accounts for 80% of the onset of

major depressive episodes (Slavich and Irwin, 2014). This estimation is based on the 80% of



community cases of depression are preceded by stressors (Mazure, 2006). The HPA axis plays a
key role in maintaining body homeostasis and the body’s responses to stress. Stress results in the
hypothalamus’s release of a corticotropin-releasing hormone (CRH), activating the pituitary
gland to secrete adrenocorticotropic hormone (ACTH). This information was then transferred to
the adrenal cortex where cortisol is released into the blood (Jacobson, 2005; Mikulska et al.,
2021). Increased cortisol level then leads to the inhibition of CRH and ACTH secretion by a
negative feedback loop through glucocorticoid receptors in the hippocampus (Liberzon et al.,
2001).
Cortisol and Stress

Cortisol is secreted in response to stressful situations in order to enhance return to
homeostasis (Stetler et al., 2011). It reduces the inflammatory response and is responsible for
protecting the body from an excessive immune response (Morey et al., 2015; Vitlic et al., 2014).
The impact of the severity of early life stress is also found to be associated with diurnal cortisol
(Hunter et al., 2011), and this effect is moderated by puberty (King et al., 2017). Changes in the
activity of the HPA axis also occur diurnally. This is related to the regulation of circadian
rhythms, which explains why cortisol levels are observed the highest in the morning (i.e. cortisol
awakening response, or CAR) (Pruessner et al., 1997; Wust et al., 2020). Following the CAR, the
total diurnal cortisol release is sometimes estimated as the area under the curve with respect to
ground (AUCg) (Golden et al., 2013).
Cortisol and Depression

Cross-sectional studies showed elevated cortisol levels in those with MDD compared to
healthy controls (Islam et al., 2018; Khan et al., 2019; Bertollo et al., 2020). Previous studies

also show that increased depressive symptoms are associated with elevated hair cortisol (Freeney



& Kenny, 2022), elevated CAR response (Baliyan et al., 2022), and elevated AUCg (LeMoult et
al., 2015; Nikkheslat et al., 2020). This association is found to be especially robust in depression
with psychotic and melancholic features (Owens et al., 2014; Schatzberg et al., 2013; Lamers et
al., 2013; Keller et al., 2016), but not always in mild or atypical forms of MDD (Nandam et al.,
2020; Herane-Vives et al., 2018; Keller et al., 2016). However, contradictory findings were also
reported suggesting that long-term hair cortisol and short-term saliva cortisol showed
inconsistent association with MDD (Herane-Vives et al., 2020; Steudte-Schmiedgen et al., 2017;
Ford et al., 2019; Zajkowska et al., 2022). Atypical depression was also found to have lower
cortisol levels (Herane-Vives et al., 2018; Juruena et al., 2018; Yehuda et al., 2011).
Clinical High-Risk for Psychosis

In early detection and prevention of schizophrenia and other psychotic disorders,
researchers suggest the pre-onset or “prodromal period” that stems from the evidence of brain
structural changes and decline in function around the time of psychosis onset (Addington et al.,
2012). Identifying predictors and mechanisms of conversion to psychosis among such
individuals ascertained to be in a clinical high-risk (CHR) or prodromal clinical state are critical
steps in the search for preventive interventions (Cannon et al., 2008). Achieving these aims
requires large sample sizes and long-term follow-ups, and most of the time requires collaborated
consortiums.
Cortisol and Psychosis

Cortisol hypersecretion is also linked with psychosis, and it has been suggested that it
may result from increased dopaminergic activity (Schatzberg et al., 1985). In one of the largest
longitudinal studies of individuals at Clinical High Risk (CHR) for psychosis, the North

American Prodrome Longitudinal Study (NAPLS 2), elevated cortisol levels predicted
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prodromal progression (Cullen et al., 2020; Walker et al., 2013; Worthington et al., 2021).
Studies using other cohorts also found similar outcomes, where daily stressors and elevations in
diurnal cortisol in late childhood/early adolescence were associated with an increased risk for
developing attenuated psychotic symptoms (Cullen, et al., 2021). However, meta-analyses
showed a mixed relationship between cortisol and psychosis progression (Chaumette et al.,
2016). The effects of psychotropic medications, including antipsychotics and antidepressants,
may account for the variable findings (Subramaniam et al., 2019).
Depression and Schizophrenia

It has been shown that depression and schizophrenia are highly comorbid (Dai et al.,
2018). A meta-analysis found that the pooled prevalence of comorbid depression and
schizophrenia was 28.6% (Li et al., 2020). Depression is also the most common comorbid
diagnosis in CHR individuals NAPLS-3, with 49% of enhanced and 44% of non-enhanced
participants meeting the criteria for depression (Addington et al., 2022). Depression was found to
be one of the leading causes of suicide in schizophrenia (Hettige et al., 2018; Shargh et al., 2016;
Yan et al ., 2012; Sher & Kahn, 2019).
The Current Study

The current study examined the relationship between trauma and depression symptoms in
the NAPLS-3 cohort and found that CHR participants who experience trauma have statistically
significantly higher baseline depression compared to those who did not experience trauma
(Farris, 2022). However, the association between life event stress and depressive symptom
severity in NAPLS-3 has not been examined. And the interaction between life events stress and

baseline cortisol levels in depressive symptoms is still unknown.



The present study will utilize data from the North American Prodrome Longitudinal
Study 3 [NAPLS 3, (Addington et al., 2022). The purpose of this study is to investigate whether
exposure and sensitivity to stress and basal cortisol differed between CHR subgroups with and
without depression and whether depression ratings are correlated with cortisol levels at baseline.
Based on the literature, it is hypothesized that a) CHR youth with depression will have greater
exposure and distress in relation to stressors, and elevated basal cortisol compared to CHR youth
without depression; b) individuals with more severe depression ratings will manifest higher

stress exposure and cortisol levels.



Methods:

Participants:

The study sample included participants between the ages of 12 and 30 years from the
multisite NAPLS-3 (Addington et al., 2022). To increase the likelihood of predicting transition to
psychosis, they enriched the sample of CHR participants who met CHR criteria to predict a 40%
likelihood of transition. This “enhanced criteria” was based on the Risk Calculator designed from
NAPLS-2 (Cannon et al., 2016). Enhanced criteria were that participants had to (i) rate 4
(moderately severe) or higher on either P1-unusual thought content or P2-suspiciousness, or (ii)
rate 3 (moderate) on both P1 and P2 or (iii) demonstrate impaired performance on either the
Hopkins Verbal Learning Test-Revised (HVLT-R) or the Brief Assessment of Cognition
in Schizophrenia (BACS) symbol coding. Impaired performance was a score on the HVLT-R or
BACS symbol coding that was at or below the 10th percentile base on norms for youth or for
adults (Addington et al., 2022).

NAPLS-3 consists of 560 CHR participants who met enhanced criteria, and 96 healthy
controls. All participants were recruited between February 2015 and November 2018 through
extensive referral networks at each participating site (eg, healthcare providers, educators,
mailings, and postings). NAPLS-3 is a five-year study with recruitment for three years and
follow-up assessments for two years. Clinical and biomarker assessments were conducted every
two months for the first 8-months with clinical follow-up assessments occurring at 12, 18, and 24
months. If an individual made the transition to psychosis, they received a full clinical and
biomarker assessment at that time. This assessment would then be followed up one year later for
a clinical assessment. This study presented here will only include baseline measures to avoid the

caveat of attrition.
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Measures:
Structured Clinical Interview for the DSM-5 (SCID-5)

Structured Clinical Interview for DSM-V was conducted used assess current and lifetime
depression as well as other Axis 1 disorders (First et al., 2015).

Calgary Depression Scale for Schizophrenia (CDSS)

The CDSS (Addington et al., 2007) was used to measure current depressive symptom
severity over the past two weeks and has been validated in CHR individuals and demonstrated
good psychometric properties (Addington et al., 2014).

Life Events Scale (LES)

The Peri Life Events Scale (LES) was administered for life events and sensitivity to stress
(Dohrenwend et al., 1978). The LES was modified to exclude items that would be of unlikely
relevance to the adolescent/young adult age range included in this study (e.g., getting a divorce,
encountering serious financial loss). The modified version of the LES included 59-items
pertaining to significant events or life changes that could conceivably be experienced at any of
the ages included in the study sample. Events on the LES have been designated as “independent”
of or “dependent” on an individual's characteristics. Items are also classified as positive or
negative (Dohrenwend et al., 1978). Participants indicated whether the LE occurred at any point
in their life. Interviewers queried participants about their level of subjective stress for each LE
endorsed on a 7-point Likert scale ranging from “occurred but was not very stressful” to “caused
me to panic.”

Cortisol
To assess cortisol, a minimum of three saliva samples were obtained at each of the five

assessments over eight months (Addington et al., 2022). In order to maintain uniformity, samples



were collected at hourly intervals during the baseline and follow-up assessments. The samples
were obtained in specimen tubes prelabeled with an ID, sample numbers, and collection time,
and samples were stored at —20 °C until assayed. Participants were given instructions about food,
beverage, substance consumption, and exercise; these data were also recorded for the previous
evening and morning. All sites sent samples via commercial carrier on dry ice to Emory
University where they were inventoried and stored in freezers upon arrival. For the salivary
cortisol assay, the Salimetrics (Salimetrics, LLC, College Park, Pa) High Sensitivity Salivary
Cortisol Enzyme Immunoassay Kit was used. This assay captures the full range of salivary
cortisol levels (0.003 to 3.0 pg/dL) requiring only 25 uL of saliva per test. Samples were assayed
in duplicate.
Daily Stress Inventory (DSI)

Daily Stress Inventory (DSI) is a 58-item measure to examine the impact of minor
stressful events over the last 24 hours (Brantley et al., 1987; Addington et al., 2022). Examples
of such items include “interrupted while talking”, “had a minor accident (broke something, tore

clothing)”, “had your sleep disturbed.” Participants indicated if the event occurred and rated each

event on a 7-point Likert scale (Brantley et al., 1987).
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Results:

In this study, data analysis was conducted using the R programming language.
Demographic characteristics for each diagnostic group are presented in Table 1. Independent
sample t-tests were conducted for continuous measures and gender. Cohen’s D was calculated for
effect sizes of the significance. Consistent with previous reports, CHR-P individuals have
significantly higher LES, stress sensitivity, DSI, and CDSS scores compared to controls (p<.01).
However, contrary to previous research that look at CHR and control groups (Carol and Mittal,
2015; Carol et al., 2017), basal cortisol levels are not significantly higher in CHR group
compared to controls (p >0.1, see Table 1). This result, however, is consistent with a recent study
that also found an insignificant difference in resting cortisol between the two groups (Ristanovic
et al., 2023). Consistent with previous research, females have higher stress sensitivity (F=21.71,
p<.001) and higher CDSS scores than males (F=10.07, p<.01) (Nayak et al., 2018). LES, DSI,
and cortisol did not yield significant sex differences. Additionally, bivariate correlations among
continuous variables of interest are presented in Table 2. CDSS is positively correlated with LES
sum of stress (r=0.36, p<.001), DSI total (r=0.38, p<.001), and stress sensitivity (r=0.45,
p<.001). Cortisol is positively correlated with age (r=0.21, p<.001) alone. However, after
correcting for sampling time, none of the measures were correlated with basal cortisol.

A stepwise linear regression with age and sex as covariates were then performed to find
the best-fitting model (See Figure 1). Adding cortisol into the regression model does not
significantly improve the model's fitness. Life Event Stress total score (b=0.28, SE=0.04,
p<0.001), CHR (b=-0.47, SE=0.30, p<.001), and stress sensitivity (b=0.13, SE=0.01, p<0.001)

together were positively associated with CDSS (R2=0.41, p<0.001), with age and sex as
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covariates (See Table 3). To avoid multicollinearity, total DSI is not included, because stress
sensitivity is a measure derived from DSI total score and the two are therefore highly correlated.

A multivariate linear regression by CHR and control subgroups was performed (See
Table 4). LES, DSI, and stress sensitivity were significantly associated with CDSS in all CHR-P
groups (p<.001). Specifically, stress sensitivity accounts for the largest amount of variance in
CDSS (R*=0.21, b=0.15, SE =0.01, p<.001). None of the predictors are associated with CDSS in
the control group, perhaps because the control group’s variance in the predictors and CDSS is
lower in magnitude (range = 0-7, mean =0.59, SE = 0.13).

Moderation Effect

Given that significant main effects was found for all those variables, the interaction term
for CHR: LES or CHR: stress sensitivity was added to the main regression model using the same
stepwise procedure. The interaction effect between LES and CHR is not statistically significant
(p = 0.08), although there may be a potential effect (See Figure 2). No interaction effect was
found between stress sensitivity and CHR or cortisol and LES. The addition of the interaction
term did increase the model's R-squared value slightly from 0.4102 to 0.4127. However, further
analysis or larger sample size (for example, looking at the long-term follow-ups) may be needed
to determine the significance of this potential effect.

It does not appear that there is a significant moderation effect of either LES: CHR or
stress sensitivity: CHR on the relationship between LES or stress sensitivity, respectively, and
CDSS scores. While some of the models showed potential effects, none of them reached
statistical significance. Therefore, it may be concluded that the relationship between LES and

stress sensitivity with CDSS is not significantly moderated by the CHR diagnostic group.
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No moderation effect of cortisol in any models (LES, CHR, stress sensitivity) was found
to be significant (p >0.1), suggesting that cortisol might not be a contributing factor in a higher
CDSS score.

Mediation Effect

To further examine the relationship between LES, CHR status, and stress sensitivity,
mediation analyses were conducted in R using the mediation package (Tingley et al., 2014). The
results indicate that stress sensitivity partially mediates the relationship between LES and CDSS,
with a significant average causal mediation effect (ACME) of 0.1046 (p < 0.001) and an average
direct effect (ADE) of 0.2894 (p < 0.001). The total effect of LES on CDSS (i.e., the sum of the
direct and indirect effects) is 0.3940 (p < 0.001). The proportion of the total effect mediated by
stress sensitivity is 0.2643, indicating that approximately 26% of the total effect of LES on
CDSS is mediated by stress sensitivity. Overall, the analysis suggests that stress sensitivity plays
a partial mediating role in the relationship between LES and CDSS.

The mediation effect was also tested for cortisol. As described above, cortisol is not a
significant contributor to the main model. When cortisol was added as the mediator in the model,
the ADE and Total Effect are both significant (p < 0.001), meaning that there is a direct effect of
LES on CDSS, regardless of the level of cortisol. However, the ACME and Proportional
Mediation are not significant (p = 0.92), indicating that there is no evidence of a mediated effect

of LES on CDSS through cortisol.
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Discussion:

The current study aims to examine the HPA axis dysfunction and how cortisol might act
as a biomarker that influences stress and depression symptom severity in a large sample of CHR
youth and controls. As the first study that looks at stress and cortisol levels in NAPLS-3, we
investigate the associations of LES, DSI, stress sensitivity, and basal cortisol with depressive
symptoms in CHR-P youth. In line with the hypotheses, CHR-P individuals report more daily
stressors and stressful life events. They also scored higher on CDSS. However, after adjusting for
potential confounders (age and sex) and correcting for sampling time, cortisol does not differ
significantly between the two diagnostic groups (CHR-P versus Healthy Controls). This contrasts
previous studies that found CHR has elevated baseline cortisol compared to controls using the
NAPLS-1 dataset (Walker et al., 2013). However, a recent study using the NAPLS-2 cohort also
found that only CHR converters were characterized by elevated basal cortisol relative to healthy
controls (Cullen et al., 2020). This might explain the non-significant distinction between CHR
and Controls in baseline cortisol levels. Thus, employing longitudinal follow-ups might therefore
reveal different patterns across CHR individuals and controls.

The regression analysis showed that age, sex, LES, stress sensitivity, and CHR status
were all significant predictors of CDSS scores, explaining 41% of the variance in CDSS scores.
Specifically, stress sensitivity was found to be the strongest predictor of CDSS scores, with a
partial mediating effect on the relationship between LES and CDSS scores. Multivariate
regression based on the group also found that this association is only statistically significant in
the CHR group but not in the control group. This suggests that individuals who have experienced

more stress in their lives may be more susceptible to depression, and stress sensitivity may be a
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key factor in the higher depression symptom severity in CHR individuals, but this association
might not be prominent in healthy controls.

We did not find a significant moderation effect of cortisol on any of our models,
suggesting that basal cortisol levels may not play a significant role in more severe depression
symptoms in CHR individuals. However, it is important to note that the mediation analysis did
not completely rule out the possibility of cortisol playing a mediating role in the relationship
between LES and CDSS scores. Longitudinal follow-ups should be included for further analyses.

Overall, our findings highlight the importance of considering life stressors and stress
sensitivity in the development of depression in CHR individuals. Future research may benefit
from investigating other potential mediators, such as cognitive or emotional factors, that may
help explain the relationship between life stressors and depression in this population.
Limitations:

While this study provides important insights into the relationship between life stressors,
cortisol levels, and depressive symptoms in CHR-P youth, there are several limitations that must
be acknowledged. Firstly, this is the first study that primarily looks at depression symptom
severity instead of psychosis symptom severity in CHR-P cohorts. Although we did not find a
significant association between cortisol levels and depression symptom severity, there might still
be some relatedness of cortisol with other diagnostic measures such as the Structured Interview
for Psychosis-Risk Syndromes (SIPS) and others. Future studies could explore the relationship
between cortisol levels and other diagnostic measures in CHR-P youth to gain a more
comprehensive understanding of the role of cortisol in the development of psychosis.

Secondly, this study did not assess other potential confounders that could impact the

relationship between stress, cortisol, and depressive symptoms. These include psychiatric
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medications, socioeconomic status, childhood trauma, and genetic vulnerability. Previous
research has demonstrated that these factors can significantly impact HPA axis function and
stress response in individuals with psychosis (Labad et al., 2015; Lederbogen et al., 2011;
Mondelli and Ciufolini, 2017). Therefore, the lack of assessment of these factors in our study is a
limitation that should be addressed in future research.

In conclusion, while this study provides important insights into the relationship between
life stressors, cortisol levels, and depressive symptoms in CHR-P youth, the limitations of this
study should be considered when interpreting the results. Future research should aim to address
these limitations and further explore the complex relationship between stress, cortisol, and
psychosis risk.

Directions for Future Research:

These results highlight the complex nature of the relationship between stress, cortisol
levels, and depressive symptoms in the context of CHR-P. It is possible that other factors, such as
genetic susceptibility or neurobiological changes, may play a more prominent role in the
development of depressive symptoms in this population. This inconsistency in the association
between stress and cortisol levels in at-risk youth has been noted in previous studies that
employed different measures (Cullen et al., 2014b; Labad et al., 2015; Thompson et al., 2007).
Additionally, studies in healthy subjects have not shown correlations between self-reported stress
and cortisol (Cummins and Gevirtz, 1993; Vedhara et al., 2003). It has been suggested that
individual differences in HPA responsivity to stress, which are influenced by genetic variants
such as FKBP5, CRHR1, NR3C1, NR3C2, and other vulnerability factors, may be responsible
for the inconsistent patterns of association between stressors and cortisol levels that have been

observed (Hartling et al., 2019; Mondelli and Ciufolini, 2017; Starr et al., 2019; Utge et al.,
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2018). Therefore, further research is needed to fully understand the complex mechanisms
underlying HPA responsivity to stress and its relationship with depressive symptoms in CHR-P
individuals. Additionally, future studies could benefit from using more extensive cortisol
sampling protocols and taking into account the impact of psychiatric medications and other
confounding factors.

Recent research has also suggested that the relationship between cortisol levels and
psychiatric symptoms in CHR-P individuals may be influenced by other factors, such as
hippocampal volume (Bohlken et al., 2020; Rosell et al., 2021). Research has suggested that
chronic stress exposure and elevated cortisol levels may lead to hippocampal volume reduction
in individuals with psychosis (Ristanovic et al., 2023; Lataster et al., 2011; Mondelli et al.,
2011). Additionally, in CHR-P individuals, a smaller hippocampal volume has been associated
with a higher risk of converting to psychosis (Carrién et al., 2011). Future studies could
investigate the potential mediating effect of cortisol levels on hippocampal volume in CHR
converters and explore the implications of these findings for the development of interventions
targeting the HPA axis in this population. Furthermore, it is important for future studies to
consider the impact of psychiatric medications and other confounding factors on cortisol levels
in CHR-P individuals. This would provide insight into the potential biological mechanisms
underlying the association between stress, cortisol, and psychosis development in at-risk youth.
Conclusion:

The present study investigated the association between depression in individuals at
CHR-P and life stressors and basal cortisol levels. Our results suggest that stress sensitivity may
be a key factor in the development of depression in CHR individuals, with stress sensitivity

partially mediating the relationship between life stressors and depression. However, we did not
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find significant evidence of a mediating role of basal cortisol levels in this relationship. These
findings emphasize the importance of considering the impact of life stressors and stress
sensitivity when developing interventions for depression in CHR individuals.

Overall, our study contributes to the growing body of literature on the relationship
between stress, cortisol levels, and depression in the context of CHR-P. The findings suggest that
stress sensitivity and stress exposure may be important factors to consider in the assessment and
treatment of depressive symptoms in this population, while cortisol levels may not be as

informative.



Tables and Figures

Table 1. Demographics based on Diagnostic Groups

Subject Types
All Control CHR-P
N (%) 806 96 (11.9%) | 710 (88.1%)
Sox Male (%) 433 (53.7%) | 48 (50%) 385 (54.3%)
Female (%) 373 (46.3%) | 48 (50%) 325 (45.7%)
Age (SE) 1824 (0.14) | 18.60 (0.43) | 1827(0.16)
Major Depressive Disorder (296.20-311) (%) 348 (43.2%) | 2 (2%) 346 (48.7%)




Table 2. Descriptive Statistics for Predictor Variables in NAPLS 3

Subject Types t-test

All(n=747)  Control 96) CHR (651) Sig:

LES sum 95.73(4.91)  53.48(526)  101.65(5.51)  0.001*
Stress Sensitivity 3.01(0.04)  2.04(0.08)  3.14(0.04)  <0.001%
DSI 65.41(1.89)  34.86(4.00)  69.63(2.03)  <0.001*
CDSS 5.65(.16) 0.59(.13) 6.35(.17) <0.001%

Baseline Cortisol .139 (4.6E-3)  .137 (9.3E-3)  .140 (5.1E-3)  0.25

Cohen’s d

0.355

1.015

0.679

1.364

0.042

Standard errors of the means (SE) were shown in parenthesis.
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Table 3. Bivariate Correlations among Variables

Age CDSS Cortisol Sensitivity LES sum
1. CDSS 0.08*
2. Baseline Cortisol 0.10** 0.05
3. DSI stress sensitivity 0.00 0.45** 0.00
4. LES sum of stress 0.42*%* 0.36** 0.03 0.25%*
5. DSI total 0.04 0.38** -0.01 0.74%** 0.34%*
* P<0.05

** P<0.001
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Table 4. Final Multivariate Linear Regression for CDSS

CDSS
Predictor R? b(SE) p

0.41 <.001
Intercept 0.024(.07) 0.74
LES sum of stress 0.21(.04) <.001
CHR | Control -0.47(04) <.001
Stress Sensitivity 0.09(.01) <.001
Age .0021(.00) 0.504
Sex 0.03(.03) 0.211
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Table S. Multivariate Linear Regression by Group

All CHR Control
Predictor R?> b(SE) p R? b(SE) p R?> b(SE) p
LES 13 0.42(.04) <.001 .35 0.29(.04) <.001 .03 0.09(.07) 0.36
Cortisol 02 0.24(20) 022 .03 0.05(.19)) 0.8 .04 0.46(32) 0.25
Stress Sensitivity .21 0.15(.01) <.001 .15 0.11(.01) <.001 .07 0.06(.03) 0.1
DSI 15 037(.03) <001 .11 027(.03) <.001 .04 0.09(.06) 0.1

All predictors were adjusted for age and sex as covariates.
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Figure 1. Stepwise Linear Regression
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Figure 1. A stepwise linear regression with age and sex as covariates were performed to find the
best-fitting model. Adding cortisol into the regression model does not significantly improve it,
but others (LES, CHR status, Stress Sensitivity) all contribute significantly (p<.01) to the model,
and the final model results in an R square of 0.41 (See Table 3). To avoid multicollinearity, total
DSI is not included, because stress sensitivity is a measure derived from DSI total score and the

two are therefore highly correlated.



Figure 2. LES and CDSS colored with Stress Sensitivity
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Figure 2. LES total score showed a positive correlation with CDSS scores. Each color-coded
dots represent one individual subject. As we can see from the graph, individual dots with

stronger colors tend to cluster with higher CDSS and higher LES scores.
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Figure 3. Moderation Effect of CHR on LES and Stress Sensitivity respectively
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Figure 3. The interaction effect between LES and CHR is not statistically significant (p = 0.08),
although there may be a potential effect. No interaction effect was found between stress
sensitivity and CHR or cortisol and LES. It does not appear that there is a significant moderation
effect of either LES: CHR or stress sensitivity: CHR on the relationship between LES or stress
sensitivity, respectively, and CDSS scores. While some of the models showed potential effects,

none of them reached statistical significance.
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Figure 4. Mediation Effect of Stress Sensitivity on LES to CDSS.
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Figure 4. Based on the results and the provided mediation plot, it appears that stress sensitivity
partially mediates the relationship between LES and CDSS. This is shown by the significant
average causal mediation effect (ACME) of 0.1046 (p < 0.001) and an average direct effect
(ADE) 0f 0.2894 (p < 0.001). The total effect of LES on CDSS is 0.3940 (p < 0.001), with
approximately 26% of the total effect mediated by stress sensitivity.
The black line represents the model before mediation, and the blue line represents the model
after mediation. The black line has a steeper slope, while the blue line is flatter, indicating the
mediating effect of stress sensitivity. It is important to note that other potential mediators and

moderators may also influence this relationship and should be considered in future research.



27

References:

Addington, D., Addington, J., & Maticka-Tyndale, E. (1993). Assessing depression in schizophrenia:
The Calgary Depression Scale. The British Journal of Psychiatry. Supplement, 22, 39—-44.

Addington, J., Liu, L., Brummitt, K., Bearden, C. E., Cadenhead, K. S., Cornblatt, B. A., Keshavan,
M., Mathalon, D. H., McGlashan, T. H., Perkins, D. O., Seidman, L. J., Stone, W., Tsuang, M. T.,
Walker, E. F., Woods, S. W., & Cannon, T. D. (2022). North American Prodrome Longitudinal
Study (NAPLS 3): Methods and baseline description. Schizophrenia Research, 243, 262-267.
https://doi.org/10.1016/j.schres.2020.04.010

Addington, J., Shah, H., Liu, L., & Addington, D. (2014). Reliability and Validity of the Calgary
Depression Scale for Schizophrenia (CDSS) in Youth at Clinical High Risk for Psychosis.
Schizophrenia Research, 153(0), 64—67. https://doi.org/10.1016/j.schres.2013.12.014

Bertollo, A. G., Grolli, R. E., Plissari, M. E., Gasparin, V. A., Quevedo, J., Réus, G. Z., Bagatini, M.
D., & Ignacio, Z. M. (2020). Stress and serum cortisol levels in major depressive disorder: A
cross-sectional study. AIMS Neuroscience, 7(4), 459—469.
https://doi.org/10.3934/Neuroscience.2020028

Bocharova, M., Agustini, B., Young, A., & Juruena, M. (2017). HPA Axis Function as Biomarker for
Atypical and Melancholic Depression. Frontiers in Psychiatry, 8.
https://doi.org/10.3389/conf.fpsyt.2017.48.00006

Brantley, P., Waggoner, C., Jones, G., & Rappaport, N. (1987). A Daily Stress Inventory:
Development, reliability, and validity. Journal of Behavioral Medicine, 10, 61-73.
https://doi.org/10.1007/BF00845128

Braun, A., Liu, L., Bearden, C. E., Cadenhead, K. S., Cornblatt, B. A., Keshavan, M., Mathalon, D.
H., McGlashan, T. H., Perkins, D. O., Seidman, L. J., Stone, W., Tsuang, M. T., Walker, E. F.,
Woods, S. W., Cannon, T. D., & Addington, J. (2022). Bullying in clinical high risk for psychosis
participants from the NAPLS-3 cohort. Social Psychiatry and Psychiatric Epidemiology, 57(7),
1379-1388. https://doi.org/10.1007/s00127-022-02239-5

Cattaneo, A., Ferrari, C., Turner, L., Mariani, N., Enache, D., Hastings, C., Kose, M., Lombardo, G.,
McLaughlin, A. P., Nettis, M. A., Nikkheslat, N., Sforzini, L., Worrell, C., Zajkowska, Z.,
Cattane, N., Lopizzo, N., Mazzelli, M., Pointon, L., Cowen, P. J., ... Pariante, C. M. (2020).
Whole-blood expression of inflammasome- and glucocorticoid-related mRNAs correctly
separates treatment-resistant depressed patients from drug-free and responsive patients in the
BIODERP study. Translational Psychiatry, 10(1), Article 1.
https://doi.org/10.1038/s41398-020-00874-7

Chaumette, B., Kebir, O., Mam-Lam-Fook, C., Morvan, Y., Bourgin, J., Godsil, B. P., Plaze, M.,
Gaillard, R., Jay, T. M., & Krebs, M.-O. (2016). Salivary cortisol in early psychosis: New
findings and meta-analysis. Psychoneuroendocrinology, 63, 262-270.
https://doi.org/10.1016/j.psyneuen.2015.10.007



https://doi.org/10.1016/j.schres.2020.04.010
https://doi.org/10.1016/j.schres.2013.12.014
https://doi.org/10.3934/Neuroscience.2020028
https://doi.org/10.3389/conf.fpsyt.2017.48.00006
https://doi.org/10.1007/BF00845128
https://doi.org/10.1007/s00127-022-02239-5
https://doi.org/10.1038/s41398-020-00874-7
https://doi.org/10.1016/j.psyneuen.2015.10.007

28

Cui, Y., Zhang, H., Wang, S., Lu, J., He, J., Liu, L., & Liu, W. (2022). Stimulated Parotid Saliva Is a
Better Method for Depression Prediction. Biomedicines, 10(9), Article 9.
https://doi.org/10.3390/biomedicines 10092220

Cullen, A. E., Fisher, H. L., Gullet, N., Fraser, E. R., Roberts, R. E., Zahid, U., To, M., Yap, N. H.,
Zunszain, P. A., Pariante, C. M., Wood, S. J., McGuire, P., Murray, R. M., Mondelli, V., &
Laurens, K. R. (2022). Cortisol Levels in Childhood Associated With Emergence of Attenuated
Psychotic Symptoms in Early Adulthood. Biological Psychiatry, 91(2), 226-235.
https://doi.org/10.1016/j.biopsych.2021.08.009

Cullen, A. E., Addington, J., Bearden, C. E., Stone, W. S., Seidman, L. J., Cadenhead, K. S., Cannon,
T. D., Cornblatt, B. A., Mathalon, D. H., McGlashan, T. H., Perkins, D. O., Tsuang, M. T,
Woods, S. W., & Walker, E. F. (2020). Stressor-Cortisol Concordance Among Individuals at
Clinical High-Risk for Psychosis: Novel Findings from the NAPLS Cohort.
Psychoneuroendocrinology, 115, 104649. https://doi.org/10.1016/j.psyneuen.2020.104649

Dai, J., Du, X., Yin, G., Zhang, Y., Xia, H., Li, X., Cassidy, R., Tong, Q., Chen, D., Teixeira, A. L.,
Zheng, Y., Ning, Y., Soares, J. C., He, M.-X., & Zhang, X. Y. (2018). Prevalence, demographic
and clinical features of comorbid depressive symptoms in drug naive patients with schizophrenia
presenting with first episode psychosis. Schizophrenia Research, 193, 182—187.
https://doi.org/10.1016/j.schres.2017.06.029

Ettman, C. K., Cohen, G. H., Abdalla, S. M., Sampson, L., Trinquart, L., Castrucci, B. C., Bork, R.
H., Clark, M. A., Wilson, L., Vivier, P. M., & Galea, S. (2022). Persistent depressive symptoms
during COVID-19: A national, population-representative, longitudinal study of U.S. adults. The
Lancet Regional Health — Americas, 5. https://doi.org/10.1016/j.1ana.2021.100091

Feeney, J., & Kenny, R. A. (2022). Hair cortisol as a risk marker for increased depressive symptoms
among older adults during the COVID-19 pandemic. Psychoneuroendocrinology, 143, 105847.
https://doi.org/10.1016/j.psyneuen.2022.105847

First, M. B., Williams, J. B. W., Karg, R. S., & Spitzer, R. L. (2016). User s guide for the SCID-5-CV
Structured Clinical Interview for DSM-5® disorders: Clinical version (pp. xii, 158). American
Psychiatric Publishing, Inc.

Golden, S. H., Sanchez, B. N., Wu, M., Champaneri, S., Diez Roux, A. V., Seeman, T., & Wand, G. S.
(2013). Relationship between the cortisol awakening response and other features of the diurnal
cortisol rhythm: The Multi-Ethnic Study of Atherosclerosis. Psychoneuroendocrinology, 38(11),
2720-2728. https://doi.org/10.1016/j.psyneuen.2013.06.032

Herane-Vives, A., de Angel, V., Papadopoulos, A., Wise, T., Chua, K.-C., Strawbridge, R., Castillo,
D., Arnone, D., Young, A. H., & Cleare, A. J. (2018). Short-term and long-term measures of
cortisol in saliva and hair in atypical and non-atypical depression. Acta Psychiatrica
Scandinavica, 137(3), 216-230. https://doi.org/10.1111/acps. 12852

Herane-Vives, A., Young, A. H., Wise, T., Aguirre, J., de Angel, V., Arnone, D., Papadopoulos, A., &
Cleare, A. J. (2020). Comparison of short-term (saliva) and long-term (hair) cortisol levels in
out-patients with melancholic and non-melancholic major depression. BJPsych Open, 6(3), e41.
https://doi.org/10.1192/bj0.2020.8



https://doi.org/10.3390/biomedicines10092220
https://doi.org/10.1016/j.biopsych.2021.08.009
https://doi.org/10.1016/j.psyneuen.2020.104649
https://doi.org/10.1016/j.schres.2017.06.029
https://doi.org/10.1016/j.lana.2021.100091
https://doi.org/10.1016/j.psyneuen.2022.105847
https://doi.org/10.1016/j.psyneuen.2013.06.032
https://doi.org/10.1111/acps.12852
https://doi.org/10.1192/bjo.2020.8

29

Hettige, N. C., Bani-Fatemi, A., Sakinofsky, I., & De Luca, V. (2018). A biopsychosocial evaluation
of the risk for suicide in schizophrenia. CNS Spectrums, 23(4), 253-263.
https://doi.org/10.1017/S1092852917000128

Hunter, A. L., Minnis, H., & Wilson, P. (2011). Altered stress responses in children exposed to early
adversity: A systematic review of salivary cortisol studies. Stress, 14(6), 614—626.
https://doi.org/10.3109/10253890.2011.577848

Islam, M. R., Islam, M. R., Ahmed, I., Moktadir, A. A., Nahar, Z., Islam, M. S., Shahid, S. F. B.,
Islam, S. N., Islam, M. S., & Hasnat, A. (2018). Elevated serum levels of malondialdehyde and
cortisol are associated with major depressive disorder: A case-control study. SAGE Open
Medicine, 6,2050312118773953. https://doi.org/10.1177/2050312118773953

Jacobson, L. (2005). Hypothalamic-pituitary-adrenocortical axis regulation. Endocrinology and
Metabolism Clinics of North America, 34(2), 271-292, vii.
https://doi.org/10.1016/j.ecl.2 1

Juruena, M. F., Bocharova, M., Agustini, B., & Young, A. H. (2018). Atypical depression and
non-atypical depression: Is HPA axis function a biomarker? A systematic review. Journal of
Affective Disorders, 233, 45—67. https://doi.org/10.1016/].jad.2017.09.052

King, L. S., Colich, N. L., LeMoult, J., Humphreys, K. L., Ordaz, S. J., Price, A. N., & Gotlib, I. H.
(2017). The impact of the severity of early life stress on diurnal cortisol: The role of puberty.
Psychoneuroendocrinology, 77, 68—74. https://doi.org/10.1016/j.psyneuen.2016.11.024

Kline, E. R., Seidman, L. J., Cornblatt, B. A., Woodberry, K. A., Bryant, C., Bearden, C. E.,
Cadenhead, K. S., Cannon, T. D., Mathalon, D. H., McGlashan, T. H., Perkins, D. O., Tsuang, M.
T., Walker, E. F., Woods, S. W., & Addington, J. (2018a). Depression and clinical high-risk
states: Baseline presentation of depressed vs. non-depressed participants in the NAPLS-2 cohort.
Schizophrenia Research, 192, 357-363. https://doi.org/10.1016/j.schres.2017.05.032

Kline, E. R., Seidman, L. J., Cornblatt, B. A., Woodberry, K. A., Bryant, C., Bearden, C. E.,
Cadenhead, K. S., Cannon, T. D., Mathalon, D. H., McGlashan, T. H., Perkins, D. O., Tsuang, M.
T., Walker, E. F., Woods, S. W., & Addington, J. (2018b). Depression and clinical high-risk
states: Baseline presentation of depressed vs. non-depressed participants in the NAPLS-2 cohort.
Schizophrenia Research, 192, 357-363. https://doi.org/10.1016/j.schres.2017.05.032

Li, W, Yang, Y., An, F.-R., Zhang, L., Ungvari, G. S., Jackson, T., Yuan, Z., & Xiang, Y.-T. (2020).
Prevalence of comorbid depression in schizophrenia: A meta-analysis of observational studies.
Journal of Affective Disorders, 273, 524-531. https://doi.org/10.1016/j.jad.2020.04.056

Lindqvist, D., Dhabhar, F. S., James, S. J., Hough, C. M., Jain, F. A., Bersani, F. S., Reus, V. 1.,
Verhoeven, J. E., Epel, E. S., Mahan, L., Rosser, R., Wolkowitz, O. M., & Mellon, S. H. (2017).
Oxidative stress, inflammation and treatment response in major depression.

Psychoneuroendocrinology, 76, 197-205. https://doi.org/10.1016/j.psyneuen.2016.11.031
Major Depression. (n.d.). National Institute of Mental Health (NIMH). Retrieved September 23, 2022,

from https://www.nimh.nih.gov/health/statistics/major-depression
Mazure, C. M. (1998). Life Stressors as Risk Factors in Depression. Clinical Psychology: Science and

Practice, 5(3), 291-313. https://doi.org/10.1111/].1468-2850.1998.tb00151.x



https://doi.org/10.1017/S1092852917000128
https://doi.org/10.3109/10253890.2011.577848
https://doi.org/10.1177/2050312118773953
https://doi.org/10.1016/j.ecl.2005.01.003
https://doi.org/10.1016/j.jad.2017.09.052
https://doi.org/10.1016/j.psyneuen.2016.11.024
https://doi.org/10.1016/j.schres.2017.05.032
https://doi.org/10.1016/j.schres.2017.05.032
https://doi.org/10.1016/j.jad.2020.04.056
https://doi.org/10.1016/j.psyneuen.2016.11.031
https://www.nimh.nih.gov/health/statistics/major-depression
https://doi.org/10.1111/j.1468-2850.1998.tb00151.x

30

Mikulska, J., Juszczyk, G., Gawronska-Grzywacz, M., & Herbet, M. (2021). HPA Axis in the
Pathomechanism of Depression and Schizophrenia: New Therapeutic Strategies Based on Its
Participation. Brain Sciences, 11(10), 1298. https://doi.org/10.3390/brainscil1101298

Monroe, S., & Harkness, K. (2011). Recurrence in Major Depression: A Conceptual Analysis.
Psychological Review, 118, 655—674. https://doi.org/10.1037/a0025190

Morey, J. N., Boggero, I. A., Scott, A. B., & Segerstrom, S. C. (2015). Current Directions in Stress
and Human Immune Function. Current Opinion in Psychology, 5, 13—-17.
https://doi.org/10.1016/j.copsyc.2015.03.007

Nettis, M. A., Lombardo, G., Hastings, C., Zajkowska, Z., Mariani, N., Nikkheslat, N., Worrell, C.,
Enache, D., McLaughlin, A., Kose, M., Sforzini, L., Bogdanova, A., Cleare, A., Young, A. H.,
Pariante, C. M., & Mondelli, V. (2021). Augmentation therapy with minocycline in
treatment-resistant depression patients with low-grade peripheral inflammation: Results from a
double-blind randomised clinical trial. Neuropsychopharmacology, 46(5), Article 5.
https://doi.org/10.1038/s41386-020-00948-6

Nikkheslat, N., McLaughlin, A. P., Hastings, C., Zajkowska, Z., Nettis, M. A., Mariani, N., Enache,
D., Lombardo, G., Pointon, L., Cowen, P. J., Cavanagh, J., Harrison, N. A., Bullmore, E. T.,
Pariante, C. M., & Mondelli, V. (2020). Childhood trauma, HPA axis activity and antidepressant
response in patients with depression. Brain, Behavior, and Immunity, 87, 229-237.
https://doi.org/10.1016/].bbi.2019.11.024

Park, C., Rosenblat, J. D., Brietzke, E., Pan, Z., Lee, Y., Cao, B., Zuckerman, H., Kalantarova, A., &
Mclntyre, R. S. (2019). Stress, epigenetics and depression: A systematic review. Neuroscience
and Biobehavioral Reviews, 102, 139—152. https://doi.org/10.1016/j.neubiorev.2019.04.010

Proudman, D., Greenberg, P., & Nellesen, D. (2021). The Growing Burden of Major Depressive
Disorders (MDD): Implications for Researchers and Policy Makers. Pharmacoeconomics, 39(6),
619-625. https://doi.org/10.1007/s40273-021-01040-7

Pruessner, J. C., Wolf, O. T., Hellhammer, D. H., Buske-Kirschbaum, A., von Auer, K., Jobst, S.,
Kaspers, F., & Kirschbaum, C. (1997). Free Cortisol Levels after Awakening: A Reliable
Biological Marker for the Assessment of Adrenocortical Activity. Life Sciences, 61(26),
2539-2549. https://doi.org/10.1016/S0024-3205(97)01008-4

Ristanovic, 1., Haase, C. M., Lunsford-Avery, J. R., & Mittal, V. A. (2022). The relationship between
stress responding in family context and stress sensitivity with sleep dysfunction in individuals at
clinical high-risk for psychosis. Journal of Psychiatric Research, 149, 194-200.
https://doi.org/10.1016/].jpsychires.2022.02.038

Ristanovic, 1., Vargas, T. G., Damme, K. S. F., & Mittal, V. A. (2023). Hippocampal subfields, daily
stressors, and resting cortisol in individuals at clinical high-risk for psychosis.
Psychoneuroendocrinology, 148, 105996. https://doi.org/10.1016/j.psyneuen.2022.105996

Schatzberg, A. F., Rothschild, A. J., Langlais, P. J., Bird, E. D., & Cole, J. O. (1985). A
corticosteroid/dopamine hypothesis for psychotic depression and related states. Journal of
Psychiatric Research, 19(1), 57-64. https://doi.org/10.1016/0022-3956(85)90068-8



https://doi.org/10.3390/brainsci11101298
https://doi.org/10.1037/a0025190
https://doi.org/10.1016/j.copsyc.2015.03.007
https://doi.org/10.1038/s41386-020-00948-6
https://doi.org/10.1016/j.bbi.2019.11.024
https://doi.org/10.1016/j.neubiorev.2019.04.010
https://doi.org/10.1007/s40273-021-01040-7
https://doi.org/10.1016/S0024-3205(97)01008-4
https://doi.org/10.1016/j.jpsychires.2022.02.038
https://doi.org/10.1016/j.psyneuen.2022.105996
https://doi.org/10.1016/0022-3956(85)90068-8

31

Shargh, N. A., Rostami, B., Kosari, B., Toosi, Z., & Majelan, G. A. (2016). Study of Relationship
Between Depression and Quality of Life in Patients With Chronic Schizophrenia. Global Journal
of Health Science, 8(3), 224-229. https://doi.org/10.5539/gjhs.v8n3p224

Sher, L., & Kahn, R. S. (2019). Suicide in Schizophrenia: An Educational Overview. Medicina, 55(7),
361. https://doi.org/10.3390/medicina55070361

Slavich, G. M., & Irwin, M. R. (2014). From Stress to Inflammation and Major Depressive Disorder:
A Social Signal Transduction Theory of Depression. Psychological Bulletin, 140(3), 774-815.
https://doi.org/10.1037/a0035302

Stetler, C., & Miller, G. E. (2011). Depression and hypothalamic-pituitary-adrenal activation: A
quantitative summary of four decades of research. Psychosomatic Medicine, 73(2), 114—126.
https://doi.org/10.1097/PSY.0b013e31820ad12b

Subramaniam, A., LoPilato, A., & Walker, E. F. (2019). Psychotropic medication effects on cortisol:
Implications for research and mechanisms of drug action. Schizophrenia Research, 213, 6—14.
https://doi.org/10.1016/j.schres.2019.06.023

Vitlic, A., Lord, J. M., & Phillips, A. C. (2014). Stress, ageing and their influence on functional,
cellular and molecular aspects of the immune system. Age, 36(3), 9631.
https://doi.org/10.1007/s11357-014-9631-6

Worthington, M. A., Walker, E. F., Addington, J., Bearden, C. E., Cadenhead, K. S., Cornblatt, B. A.,
Mathalon, D. H., McGlashan, T. H., Perkins, D. O., Seidman, L. J., Tsuang, M. T., Woods, S. W.,
& Cannon, T. D. (2021). Incorporating cortisol into the NAPLS2 individualized risk calculator
for prediction of psychosis. Schizophrenia Research, 227, 95—-100.
https://doi.org/10.1016/j.schres.2020.09.022

Wiist, S., Federenko, I., Hellhammer, D. H., & Kirschbaum, C. (2000). Genetic factors, perceived
chronic stress, and the free cortisol response to awakening. Psychoneuroendocrinology, 25(7),
707—720. https://doi.org/10.1016/S0306-4530(00)00021-4

Yan, F., Xiang, Y.-T., Hou, Y.-Z., Ungvari, G. S., Dixon, L. B., Chan, S. S. M., Lee, E. H. M., Li,
W.-Y., Li, W.-X_, Zhu, Y.-L., & Chiu, H. F. K. (2013). Suicide attempt and suicidal ideation and
their associations with demographic and clinical correlates and quality of life in Chinese
schizophrenia patients. Social Psychiatry and Psychiatric Epidemiology, 48(3), 447-454.
https://doi.org/10.1007/s00127-012-0555-0

Zajkowska, Z., Gullett, N., Walsh, A. E., Zonca, V., Pedersen, G. A., Souza, L., Kieling, C., Fisher,
H., Kohrt, B., & Mondelli, V. (2022a). P289. Cortisol and Development of Depression in
Adolescence and Young Adulthood—A Meta-Analysis. Biological Psychiatry (1969), 91(9),
S204-S205. https://doi.org/10.1016/j.biopsych.2022.02.525

Zajkowska, Z., Gullett, N., Walsh, A., Zonca, V., Pedersen, G. A., Souza, L., Kieling, C., Fisher, H.
L., Kohrt, B. A., & Mondelli, V. (2022b). Cortisol and development of depression in adolescence
and young adulthood — a systematic review and meta-analysis. Psychoneuroendocrinology, 136,
105625. https://doi.org/10.1016/j.psyneuen.2021.105625

Zaks, N., Velikonja, T., Parvaz, M. A., Zinberg, J., Done, M., Mathalon, D. H., Addington, J.,
Cadenhead, K., Cannon, T., Cornblatt, B., McGlashan, T., Perkins, D., Stone, W. S., Tsuang, M.,



https://doi.org/10.5539/gjhs.v8n3p224
https://doi.org/10.3390/medicina55070361
https://doi.org/10.1037/a0035302
https://doi.org/10.1097/PSY.0b013e31820ad12b
https://doi.org/10.1016/j.schres.2019.06.023
https://doi.org/10.1007/s11357-014-9631-6
https://doi.org/10.1016/j.schres.2020.09.022
https://doi.org/10.1016/S0306-4530(00)00021-4
https://doi.org/10.1007/s00127-012-0555-0
https://doi.org/10.1016/j.biopsych.2022.02.525
https://doi.org/10.1016/j.psyneuen.2021.105625

Walker, E., Woods, S. W., Keshavan, M. S., Buysse, D. J., Velthorst, E., & Bearden, C. E.
(2022). Sleep Disturbance in Individuals at Clinical High Risk for Psychosis. Schizophrenia
Bulletin, 48(1), 111-121. https://doi.org/10.1093/schbul/sbab104

32


https://doi.org/10.1093/schbul/sbab104

