Psychoneuroendocrinology 104 (2019) 269-275

'{-&.

Contents lists available at ScienceDirect

Psychoneuroendocrin

Psychoneuroendocrinology

journal homepage: www.elsevier.com/locate/psyneuen

Meta-analysis of blood cortisol levels in individuals with first-episode R

Check for

psychosis Sk |

Daniel B. Hubbard®, Brian J. Miller”"

@ Medical College of Georgia, Augusta University, Augusta, GA, United States
® Department of Psychiatry and Health Behavior, Augusta University, 997 Saint Sebastian Way, Augusta, GA, 30912, United States

ARTICLE INFO ABSTRACT

Objective: Schizophrenia is associated with abnormal neuroimmunoendocrine function. There is evidence for
hypothalamic-pituitary-adrenal (HPA) axis abnormalities in individuals with first-episode psychosis (FEP).
However, some previous meta-analyses have focused on heterogeneous sample sources and patient populations.
We performed a meta-analysis of baseline (i.e., one sample) blood cortisol levels in individuals with FEP and
minimal exposure to antipsychotics.

Method: Articles were identified by searching PubMed, PsycInfo, Web of Science, and Science Direct, and the
reference lists of these studies.

Results: Twenty-six studies (comprising twenty-seven samples) met the inclusion criteria. Blood cortisol levels
were significantly increased in individuals with FEP compared to controls with a small-to-medium effect size
(standard mean difference [SMD] = 0.37, 95% CI 0.16-0.57, p < 0.001). In meta-regression analyses, geo-
graphy was a significant moderator of this association, with larger effects seen in studies conducted in Asia
versus the Middle East.

Conclusion: We found elevated blood cortisol levels in individuals with FEP, providing additional, com-
plementary evidence for abnormal HPA axis function in this disorder. This finding, which does not inform on
mechanism, is consistent with the “neural diathesis-stress” model of psychosis. Given the immunomodulatory
effects of cortisol, methodologically rigorous longitudinal studies of cortisol parameters, inflammatory markers,
and psychopathology in this patient population are warranted.
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1. Introduction glucocorticoid hormones, including cortisol, by the adrenal glands. In a
negative feedback loop, cortisol inhibits production of ACTH and CRH.
There is evidence for a circadian rhythm in cortisol levels with diurnal

variation (levels peak in the morning, decrease throughout the day, and

The “neural diathesis-stress” model posits a role for hypothalamic-
pituitary-adrenal HPA axis in the onset and exacerbation of schizo-

phrenia (Walker and Diforio, 1997; Walker et al., 2008; Pruessner et al.,
2017). According to this model, beginning in early life (i.e., concep-
tion), genetic and environmental factors/stressors increase psychosis
risk through a cycle of HPA axis dysregulation (hyperactivation) and
brain degenerative processes affecting neurons in the hippocampus and
prefrontal cortex, altering the function of dopamine and other neuro-
transmitters. The HPA axis is the primary system that responds to
physiological and psychological stress (Philips et al., 2006), and it is
also involved in the regulation of multiple physiologic processes, in-
cluding immune, metabolic, and brain function. In this system, corti-
cotropin-releasing hormone (CRH) produced by the hypothalamus sti-
mulates secretion of adrenocorticotropic hormone (ACTH) by the
anterior pituitary gland, which in turn stimulates production of
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rise during sleep; Pruessner et al., 2017).

In the past decade, there has been exponential growth in research on
the role of stress and the HPA axis in schizophrenia. HPA axis ab-
normalities are observed in individuals with first-episode psychosis
(FEP) and in those with chronic schizophrenia. These abnormalities
include abnormalities in daytime cortisol levels and the cortisol awa-
kening response (CAR), as well as responses to psychosocial stress tasks
(reviewed in Pruessner et al., 2017). The CAR is the rapid increase in
cortisol levels that occurs in the first hour after waking, which may be a
distinct feature of the diurnal cortisol rhythm. A previous meta-analysis
found a blunted/flattened CAR (measured in saliva) in the setting of
higher absolute cortisol levels, in individuals with FEP (Berger et al.,
2016). Another meta-analysis found increased daytime cortisol levels in

Received 17 September 2018; Received in revised form 15 March 2019; Accepted 18 March 2019

0306-4530/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2019.03.014
https://doi.org/10.1016/j.psyneuen.2019.03.014
mailto:brmiller@augusta.edu
https://doi.org/10.1016/j.psyneuen.2019.03.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2019.03.014&domain=pdf

D.B. Hubbard and B.J. Miller

Identification

Psychoneuroendocrinology 104 (2019) 269-275

Search Strategy:

“antipsychotic-naive schizophrenia” or

“cortisol and (“first-episode schizophrenia” or “first-episode psychosis” or
or “drug-naive schizophrenia” or “drug-naive psychosis” or
“antipsychotic-naive psychosis™)”

3 databases searched:
< Medline
PsycInfo
Web of Science

Screening ‘

N=196 Potential studies for meta-analysis

Records excluded (N=160)

Common reasons for study exclusion were:
- Cortisol not measured in blood

- Subjects not first-episode psychosis

- Review articles

Eligibility

A4

N=36 Full-text articles assessed for eligibility

< Manual review of reference lists (N=8)

Full-text articles excluded (N=18)

- No data on cortisol (n=6)

- Study overlap (n=5)

- No control group (n=3)

- >10 days of antipsychotic exposure (n=2)
- Did not measure blood cortisol (n=2)

Inclusion

A 4

N=26 (27 samples) Studies included in the meta-analysis:

Fig. 1. Flow Chart of the Study Selection Process.

individuals with schizophrenia compared to controls (Girshkin et al.,
2014). However, this study focused on heterogeneous sample sources
(e.g., combined data from blood and saliva) and patient populations
(e.g., first-episode and chronic schizophrenia).

Indeed, research on HPA axis function has many inherent metho-
dological complexities, and there are also many potential confounding
and moderating factors (Pruessner et al., 2017). Some potential con-
founding and/or moderating factors that may influence cortisol levels
include age (Halbreich et al., 1984; Platje et al., 2013), sex (Paris et al.,
2010), race/ethnicity (DeSantis et al., 2007; Fuller-Rowell et al., 2012),
body mass index (BMI; Champaneri et al., 2013), fasting (Kirschbaum
et al., 1997), socioeconomic status (Cohen et al., 2006), smoking (Direk
etal., 2011), diet (Maurer et al., 2003), exercise (Chen et al., 2017), and
psychopathology in individuals with psychosis (Babinkostova et al.,
2015; Zhang et al., 2005). Importantly, antipsychotic medications may
also modulate HPA axis function. In particularly, there is evidence for a
dampening of HPA axis activity with atypical antipsychotic treatment
(Cohrs et al., 2006; Venkatasubramanian et al., 2010; Zhang et al.,
2005). Also, as noted by Pruessner et al. (2017), given the potential
novelty and stress of research study participation, baseline cortisol le-
vels in the laboratory setting may be increased compared to those in a
natural environment.

Meta-analysis is one approach that can bring increased clarity to an
area of research with significant heterogeneity. In order to decrease
heterogeneity and minimize some potential confounding factors, we
performed a meta-analysis of cross-sectional, baseline (at a single time
point) blood cortisol levels in individuals with FEP and no more than
minimal exposure to antipsychotics compared to controls.

We chose to focus on individuals with FEP, rather than all persons
with schizophrenia or those with chronic psychosis, as associations with
cortisol in this patient population would be largely independent of the
effects of long-term antipsychotic medication use. We also investigated
the effects of many potential moderating factors regarding the asso-
ciation between baseline blood cortisol and FEP. We investigated blood
cortisol, which was measured in many more studies than salivary cor-
tisol, in order to include a larger cumulative sample size of individuals
with FEP.

2. Methods
2.1. Study selection

Studies of baseline blood cortisol levels in individuals with FEP were
identified by systematically searching Medline (PubMed, National
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Center for Biotechnology Information, US National Library of Medicine,
Bethesda, Maryland), PsycInfo (via Ovid, American Psychological
Association, Washington, DC), Web of Science (Science Citation Index
and Social Sciences Citation Index, Thomson Reuters, Charlottesville,
Virginia), ScienceDirect (Elsevier B.V., Amsterdam), and the reference
lists of studies that met the inclusion/exclusion criteria for the meta-
analysis in January 2018. The primary search strategy was “cortisol and
("first-episode psychosis" or "drug-naive psychosis" or “first-episode
schizophrenia” or “drug-naive schizophrenia”)”. From all sources, we
identified 196 potential studies. The majority of initial matches were
excluded because subjects were not first-episode psychosis, cortisol was
not measured in the blood, or were review articles.

The inclusion criteria were studies assessing blood cortisol levels in
adults with FEP and controls. Exclusion criteria were: 1) > 15% of
patients with > 10 days of antipsychotic exposure prior to assessment
of blood cortisol, and 2) significant overlap in study population, defined
as the use of the same patient or control group in multiple publications
(determined based on sample size and demographic data). Of the initial
matches, 36 full-text articles were selected for further evaluation. After
independent searches, review of study methods by both authors (DBH
and BJM), 26 studies (comprising 27 samples) met the inclusion/ex-
clusion criteria (Abel et al., 1996; Allot et al., 2018; Berger et al., 2018;
Beyazyiiz et al., 2014; Bicikova et al., 2011; Fernandez-Egea et al.,
2009; Garner et al.,, 2011; Kale et al., 2010; Petrikis et al., 2015;
Phassouliotis et al., 2013; Reniers et al., 2015; Riahi et al., 2016; Ryan
et al., 2003, 2004a, 2004b; Schwarz et al., 2012; Solanki et al., 2017;
Spelman et al., 2007; Steiner et al., 2018; Strous et al., 2004; Sun et al.,
2016; van Venrooji et al., 2012; Venkatasubramanian et al., 2007;
Walsh et al., 2005). One study reported cortisol levels for patients and
controls stratified by sex (Riahi et al., 2016). A flowchart summarizing
the study selection process is presented in Fig. 1. Details of the included
studies are also presented as Supplementary Material. If multiple blood
samples were collected, only the data for the baseline blood sample
were used.

Each of the included studies was assessed and assigned a “Quality
Score” by one author (DBH), which was independently verified by an-
other author (BJM). Quality scores for studies of cortisol were based on
the sum of the presence or absence of ten factors (one point for each):
whether the study considered potential effects of age, sex, race, fasting
status, socioeconomic status (SES), body mass index (BMI), smoking,
medications (including antipsychotic-naive status), diet, and exercise
by either 1) matching patients with FEP and controls, or 2) controlling
for these variables in the analysis.

2.2. Data extraction and meta-analysis

Data were extracted (sample size, mean/standard deviation [SD] or
median/interquartile range [IQR] for cortisol levels patients and con-
trols), in each study that satisfied the inclusion and exclusion criteria
for this study. As done in our previous study, if necessary, we estimated
the mean/SD from the median/IQR using the following formulas: 1)
mean = (2m+a+b)/4, where m is the median and a and b are the 25th
and 75th percentiles, respectively, and 2) IQR = 1.35xSD (Hernandez
et al., 2014). One author (DBH) extracted all data, which was in-
dependently verified by another author (BJM). Effect size estimates
(standard mean difference [SMD] and 95% confidence intervals [95%
CIs]) were calculated using the random effects method (DerSimonian
and Laird, 1986). Random effects methods are considered to be more
representative of real-world data in comparison to the alternative fixed
effect approach, and provide a more conservative estimate of the
average weighted effect size (Hunter and Schmidt, 2000). The null
hypothesis was a SMD = 0 (i.e., no difference in blood cortisol levels in
individuals with FEP versus controls). One research group compared
the same patient group to two different control groups in separate
publications (Bicikova et al., 2011, 2013). We included only the study
with the smaller SMD in the overall meta-analysis, which would bias

Psychoneuroendocrinology 104 (2019) 269-275

findings toward the null hypothesis.

The meta-analysis procedure also calculates a % value for the het-
erogeneity in effect size estimates, which is based on Cochran’s Q-sta-
tistic (Cochran, 1950), and I2, the proportion of the variation in effect
size attributable to between-study heterogeneity. Between-study het-
erogeneity > was considered significant for p < 0.10 (Song et al.,
2001). For all studies, between-study heterogeneity x> was significant,
so we performed a sensitivity analysis. Sensitivity analysis was done by
removing one study at a time and repeating the meta-analysis proce-
dure, to examine its impact on the effect size estimates and between-
study heterogeneity (Higgins and Green, 2011). As between-study
heterogeneity remained significant after removing each individual
study, we then removed all combinations of two different studies and
repeated the meta-analysis procedure.

Due to the persistence of significant between-study heterogeneity
%2, we investigated potential moderating variables using a two-step
process. First, for descriptive purposes, we repeated the meta-analysis
procedure for the following subgroups of studies: 1) subjects fasting at
the time of blood draw, 2) antipsychotic-naive subjects, 3) studies
measuring plasma and serum cortisol (considered separately), 4) stu-
dies of morning (8-10 am) cortisol, and 5) assay type (enzyme-linked
immunosorbent assay [ELISA], fluoroimmunoassay, chemilumines-
cence, and radioimmunoassay [RIA], considered separately). We then
performed a series of meta-regressions to investigate the statistical
significance of these descriptive differences, and to explore other pos-
sible moderating variables to account for such heterogeneity. Meta-re-
gression assesses and adjusts the effects of potential moderating vari-
ables on the effect size estimate from the meta-analysis. A positive slope
(i.e., regression coefficient) means that the effect size estimate from the
meta-analysis and the moderator variable change in the same direction,
and a negative slope means they change in the opposite direction.

Continuous variables included in meta-regression analyses were
age, sex (as percentage of males in the study sample), body-mass index
(BMI), year of publication, psychopathology scores, and study quality
scores. Geographic region (Asia, Europe, Middle East, and Australia),
fasting status (yes/no), antipsychotic status (antipsychotic-naive versus
minimal antipsychotic exposure), sample source (plasma versus serum),
assay type (ELISA, fluoroimmunoassay, chemiluminescence, RIA), and
time of sampling (morning or not) were modeled as categorical vari-
ables. Each of these variables was first examined in univariate meta-
regression models. Variables with a p-value < 0.05 in univariate
models were then entered into a multivariate meta-regression model.
We investigated age (Halbreich et al., 1984; Platje et al., 2013), sex
(Paris et al., 2010), race/ethnicity (DeSantis et al., 2007; Fuller-Rowell
et al., 2012), body mass index (BMI; Champaneri et al., 2013), fasting
(Kirschbaum et al., 1997), socioeconomic status (Cohen et al., 2006),
smoking (Direk et al., 2011), time of sampling (Pruessner et al., 2017)
psychopathology (Babinkostova et al., 2015; Zhang et al., 2005) as
potential moderating factors based on previous evidence that they may
influence cortisol levels. We investigated year of publication and study
quality scores as other potential proxy measures of publication bias. We
also investigated geography as a potential proxy measure for other re-
sidual moderating factors, such as genetics, diet, exercise, and psy-
chosocial stress (Dulin-Keita et al., 2012). Although we are not aware of
evidence for differences in cortisol levels based on sample source and
assay type, we chose to investigate them as potential moderating factors
because this information was available for the vast majority of studies.

The potential for publication bias was examined by means of
Sterne’s funnel plot analysis (Sterne and Egger, 2001) and Egger’s re-
gression intercept (Egger et al., 1997). All statistical analyses were
performed in Stata 10.0 (StataCorp LP, College Station, TX), and P-
values were considered statistically significant at the a = 0.05 level.

3. Results

The total sample consisted of 959 individuals with FEP and 1121
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Cortisol
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in FEP vs Controls

Study %
ID SMD (95% Cl)  Weight
Ryan 2003 ! ———%——— 1.44(0.83,2.05) 3.53
Venkatasubramanian 2007 I — 1.11(0.66, 1.56) 4.12
Spelman 2007 | —— 1.09 (0.61,1.57) 4.00
Abel 1996 ———&—— 1.07(0.24,1.90) 2.82
Ryan 2004b —_— 1.02(0.34,1.70) 3.30
Venkatasubramanian 2010 ——— 0.95 (0.44,1.46) 3.91
Guest 2011 | 0.76 (0.57,0.95) 4.92
Sun 2016 T 0.75 (-0.02, 1.52) 2.99
Berger 2018 _ 0.68 (0.21,1.15) 4.05
Kale 2010 - 0.71(0.25,1.18) 4.07
Walsh 2005 __T_.— 0.72(-0.19, 1.62) 2.58
Steiner 2018 —_— 0.57 (0.06, 1.08) 3.91
Solanki 2017 T 0.49 (-0.09, 1.06) 3.67
Ryan 2004 —_—— 0.47 (-0.34, 1.29) 2.86
Schwarz 2012 —_— 0.42(0.07,0.77) 4.47
Garner 2011 —T & 0.26 (-0.24, 0.76) 3.93
Allott 2018 —_— 0.05 (-0.48, 0.57) 3.85
Riahi 2016 (male) — 0.00 (-0.48, 0.48) 4.00
Petrikis 2015 —— -0.04 (-0.48, 0.40) 4.16
Reniers 2015 —_— -0.07 (-0.66, 0.52) 3.61
Beyazyuz 2014 —_— -0.17 (-0.70, 0.36) 3.83
Bicikova 2011 —_— -0.25 (-0.94, 0.44) 3.27
Fernandez-Egea 2009 —_— -0.25 (-0.64, 0.14) 4.32
Strous 2004 —_— -0.28 (-0.77, 0.22) 3.95
van Venrooij 2010 —_— -0.37 (-1.15, 0.42) 2.95
Riahi 2016 (female) _ -0.54 (-1.17, 0.08) 3.48
Phassouliotis 2013 —_— ! -0.67 (-1.30, -0.04)3.47
Overall (I-squared = 77.8%, p = 0.000) <> 0.37(0.16,0.57) 100.00
NOTE: Weights are from randorln effeclts anallysis . | | |

15 1 -5

FEP = First-Episode Psychosis
SMD = Standard Mean Difference
95% CI = 95% Confidence Interval

Fig. 2. Meta-analysis of blood cortisol levels in individuals with first-episode psychosis (FEP).

FEP = First-Episode Psychosis.
SMD = Standard Mean Difference.
95% CI = 95% Confidence Interval.

Cortisol in FEP vs Controls
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Fig. 3. Funnel plot of studies of blood cortisol levels in individuals with first-
episode psychosis (FEP).
ES = Effect Size.
SE = Standard Error.

controls. The mean study quality score was 4.6. In all studies, blood
cortisol levels were significantly increased in individuals with FEP
compared to controls with a small-to-medium effect size (SMD = 0.37,
95% CI 0.16-0.57, p < 0.001; see Fig. 2). Between-study heterogeneity
was significant (x* = 116.88, I> = 77.8%, p < 0.001). In sensitivity
analyses, after removing all combinations of two different studies and

repeating the meta-analysis procedure, between-study heterogeneity
remained significant. A funnel plot and results of Egger’s test showed no
evidence for publication bias (p > 0.05) (see Fig. 3).

In subgroup analyses, the effect size for increased blood cortisol in
individuals with FEP was stronger for studies in which subjects were
fasting at the time of blood sampling (SMD = 0.65, 95% CI 0.35-0.95,
p < 0.001), compared to the overall effect size. In studies where in-
dividuals with FEP were antipsychotic-naive at the time of blood
sampling, the effect size was SMD = 0.46 (95% CI 0.20-0.73,
p = 0.001). The association was stronger in studies measuring cortisol
in plasma (SMD = 0.50, 95% CI 0.17-0.83, p = 0.003) than in serum
(SMD = 0.24, 95% CI -0.05-0.53, p = 0.105). In studies measuring
blood cortisol levels in the morning (between 8-10 am), the effect size
was SMD = 0.40 (95% CI 0.13-0.67, p = 0.004). An even stronger ef-
fect size was seen for the subset of 7 studies that measured fasting,
morning, plasma cortisol in antipsychotic-naive individuals with FEP
(SMD = 0.67, 95% CI 0.15-1.20, p = 0.011). Variation in association
was also found based on assay type, with significant effect size esti-
mates in studies measuring cortisol using ELISA or fluoroimmunoassay,
but not immune-chemiluminescence or (RIA). We note that these ana-
lyses were made for descriptive purposes, and we did not statistically
test for differences between subgroups. These results are summarized in
Table 1.

In univariate meta-regression analyses, age, geography, fasting
status, and study quality were significant moderators (p < 0.05 for
each) of the association between cortisol levels and first-episode psy-
chosis, with larger effect sizes in studies with older subjects, fasting
samples, and studies with higher quality scores. Geography was a
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Table 1

Meta-analysis of blood cortisol levels in individuals with first-episode psychosis (FEP).
Included Studies Studies FEP Controls SMD 95% CI p-value

™) (n) ()

All 27 959 1121 0.37 0.16-0.57 < 0.001
Fasting 14 381 451 0.65 0.35-0.95 < 0.001
Plasma 15 335 545 0.50 0.17-0.83 0.003
Antipsychotic-naive 18 534 545 0.46 0.20-0.73 0.001
Morning (8-10 am) 15 462 436 0.40 0.13-0.67 0.004
Fasting, plasma, morning, and antipsychotic-naive 7 224 242 0.67 0.15-1.20 0.011
Assay type
ELISA 5 366 532 0.38 0.02-0.73 0.049
Fluoroimmunoassay 3 48 48 0.94 0.31-1.56 0.003
Immuno-chemiluminescence 5 132 168 0.45 —0.05-0.95 0.307
RIA 7 177 170 0.30 —0.14-0.74 0.175

significant moderator of the association in studies from Asia versus both
the Middle East and Australia (p < 0.01 for each), and studies from
Europe versus the Middle East (p = 0.019). In a multivariate meta-re-
gression analysis that included all four of these moderators, only geo-
graphy remained a significant moderator of the association between
FEP and cortisol in studies from Asia versus the Middle East (slope=-
0.68, 95% CI=-1.31 - -0.006, p = 0.037). Otherwise, there were no
significant moderators of the association in multivariate meta-regres-
sion.

In post-hoc analyses, we repeated the meta-analysis procedure
stratifying by geographic region. Cortisol levels were significantly in-
creased in individuals with FEP versus controls in studies from Asia
(SMD = 0.84, 95% CI=0.60-1.07, p < 0.001) and Europe
(SMD = 0.57, 95% CI = 0.29-0.84, p < 0.001), but not Australia
(SMD =-0.08, 95% CI=-0.45-0.30, p = 0.688). In contrast, there was a
trend for lower cortisol in individuals with FEP in studies from the
Middle East (SMD =-0.22, 95% CI=-0.47-0.03, p = 0.082).

4. Discussion

We found meta-analytic evidence for increased baseline blood cor-
tisol levels in individuals with FEP and minimal antipsychotic exposure
compared to controls with a small-to-medium effect size (SMD = 0.37).
There was significant between-study heterogeneity for the effect size
estimate. Importantly, in meta-regression analyses this association was
not significantly moderated by age, sex, BMI, year of publication,
fasting status, antipsychotic-naive status, sample source (plasma versus
serum), assay type, time of sampling, psychopathology, and study
quality score. However, the association was moderated by geographic
region, with greater effect sizes in studies from Asia and Europe versus
the Middle East.

Our finding of increased baseline blood cortisol levels in FEP, which
is consistent with the “neural diathesis-stress” model of psychosis,
complements and extends previous findings in HPA axis research in
individuals with early psychosis. Girshkin et al. (2014) performed a
meta-analysis of morning cortisol levels in individuals with schizo-
phrenia, which included medication exposed and non-exposed subjects,
salivary and blood samples, and individuals with chronic and first-
episode schizophrenia. In all subjects with schizophrenia, regardless of
clinical status or sample source, they found a small-to-medium effect
size for increased cortisol levels (g = 0.39) that was not moderated by
age or sex. In contrast to our study, Girshkin et al. (2014) did not find
evidence for increased cortisol in individuals with FEP (g=-0.10, 95%
CI -0.51-0.31). Their estimate was based on 10 studies (8 measuring
cortisol in blood and 2 in saliva), whereas we analyzed 26 studies (all
measuring blood cortisol). Therefore, the larger sample size and a more
homogenous sample source in our study likely contributed to the dis-
cordant findings. In another meta-analysis, Berger et al. (2016) found a
significant decreased CAR among individuals with FEP compared to
controls due to a change (flattening) in the diurnal cortisol curve, but

still with increased absolute cortisol levels. The increased absolute
cortisol levels in individuals with FEP in the meta-analysis by Berger
et al. (2016) are consistent with increased baseline (i.e., one sample)
blood cortisol in the present study. Taken together, these findings
provide complementary evidence for HPA axis dysfunction in in-
dividuals with FEP.

Given the significant between-study heterogeneity in the effect size
estimate for baseline blood cortisol in FEP, we also performed several
subgroup analyses. The association was statistically significant, and
numerically greater than the overall effect size, in studies where in-
dividuals with FEP were antipsychotic-naive at the time of blood
sampling (SMD = 0.46). This finding is particularly important, as it
suggests an association between increased cortisol levels and FEP that is
independent of effects of antipsychotic medications. Similarly, effect
size estimates were statistically significant, and numerically greater
than the overall effect size, in subgroups of studies with 1) fasting
subjects (SMD = 0.65), 2) measurement of cortisol in plasma
(SMD = 0.50), and 3) studies of morning (8-10am) cortisol
(SMD = 0.40). Furthermore, the largest numerical effect size was seen
for the subset of seven studies that measured fasting, morning, plasma
cortisol in antipsychotic-naive individuals with FEP (SMD = 0.67). This
is important because these studies are arguably more methodologically
rigorous in their design, as evidenced by significantly higher mean
study quality scores compared to the other studies (6.7 * 1.5 versus
4.1 = 1.8, p = 0.002), and therefore suggest the association is less
likely to be due to residual confounding.

We also found that geography was a strong moderating factor of the
association between cortisol and FEP. Whether the moderating effects
of geography reflect genetic (Li et al., 2008) or environmental factors,
or both, in certain regions warrants further investigation. Sleep dis-
turbances may modulate cortisol levels (Backhaus et al., 2004). There is
some evidence for variation in sleep time by geographical region (Olds
et al., 2010), but whether there were differences in the prevalence of
sleep disturbance by geographical region for studies included in the
present meta-analysis is unknown. Other possible environmental factors
influencing cortisol levels that may vary by geography include diet,
exercise, and psychosocial stress (Dulin-Keita et al., 2012; Filippidis
et al., 2016). Future studies of cortisol in individuals with FEP should
consider these potentially relevant factors.

Future studies should also investigate relationships between cortisol
and other neuroimmunoendocrine abnormalities in individuals with
FEP. Cortisol has potent immunosuppressive properties—including in-
hibition of pro-inflammatory cytokines and stimulation of anti-in-
flammatory cytokine. There is also evidence for increased levels of pro-
inflammatory cytokines in the blood of individuals with FEP compared
to controls (Goldsmith et al., 2016; Upthegrove et al., 2014). This raises
the question of whether increased cortisol in individuals with FEP re-
presents a response to the stress of acute psychosis, a separate (patho)
physiologic process, or a potential counter-regulatory response to in-
flammation. Potential theories for the paradoxical finding of increases



D.B. Hubbard and B.J. Miller

in both cortisol and pro-inflammatory cytokine in individuals with FEP
include: 1) reduced glucocorticoid signaling due to glucocorticoid re-
sistance, which facilitates excessive activity of the immune system, and
2) pro-inflammatory activity of glucocorticoids under certain circum-
stances (Horowitz and Zunszain, 2015). Future longitudinal studies in
early psychosis, including individuals with prodromal psychosis, with
serial measurement of cortisol parameters, inflammatory markers, and
psychopathology would help disentangle these associations, towards an
increased understanding of potential pathophysiological mechanisms.

There are always strengths and limitations to studies. An important
strength of our study was that we included a large number of studies
and subjects. Another strength is that we only included studies of in-
dividuals with FEP and minimal antipsychotic exposure, thereby
minimizing potential confounding effects of antipsychotic medications.
Furthermore, we focused on a homogeneous sample source (i.e., blood),
which may have increased the signal-to-noise ratio of our findings. We
also performed meta-regression analyses to consider multiple potential
moderating factors.

There are also several limitations of the present study. Findings
should be interpreted with caution in light of significant between-study
heterogeneity that remained after sensitivity analysis. The data in the
present meta-analysis were cross-sectional in nature, and baseline blood
cortisol from a single sample is much less informative on HPA axis
function than other measures (Pruessner et al., 2017). Adequate data
for a meta-analysis of longitudinal data for individuals with FEP, such
as 1) changes in cortisol levels following a period of antipsychotic
treatment for acute psychosis, and over the course of illness, and 2) the
use of multiple samples throughout the day to estimate diurnal patterns
of cortisol secretion, were not available. There were also inadequate
data to investigate time periods of sample collection other than
morning (8-10am), due to a small number of studies. Correlation
coefficients for cortisol levels and psychopathology scores were also not
available for individual studies. However, mean psychopathology
scores did not moderate the association between cortisol and FEP,
suggesting that between-group differences were not attributable to the
severity of psychopathology. Nevertheless, findings regarding psycho-
pathology should be interpreted with some caution in light of smaller
number of studies with psychopathology scores for specific scales
(n =10 for SANS, n = 8 for BPRS, and n = 5 for PANSS). Another
limitation is that the fear and stress response associated with phle-
botomy may have impacted on blood cortisol levels in some subjects,
with an uncertain overall impact on findings from this meta-analysis.
Although we investigated a number of potential moderating factors,
inadequate data were available to evaluate other important, potential
moderators (e.g., smoking, socioeconomic status, trauma, diet, exercise,
and time of awakening).

5. Conclusion

In conclusion our meta-analysis found increased baseline blood
cortisol levels in individuals with FEP and minimal exposure to anti-
psychotics compared to controls. In order to further understand and
clarify the biological relevance of this association, methodologically
rigorous longitudinal studies are needed, with serial measurement of
cortisol parameters, other inflammatory markers, and psychopathology,
in relation to the clinical course of schizophrenia. Taken together, our
findings provide additional evidence of neuroimmunoendocrine dys-
function in early psychosis.
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