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Abstract
Stress plays a significant role in schizophrenia from disease onset to exacerbation of psychotic symptoms. Allostatic
load (AL) is a measure of cumulative stress to the organism. This study is an extension of our previous work on AL and
its relationship to brain structures. Here, we further determined whether elevated AL is a function of illness chronicity,
or if it is already present early in the course of schizophrenia. AL was compared in schizophrenia patients early in the
illness (within 5 years of disease onset), patients with chronic schizophrenia (more than 5 years of illness), and two
groups of healthy controls that were age-and sex-matched to the two patient groups. This work is presented with an
expanded sample and includes about two-thirds of the participants who were previously reported. We found that
patients with early psychosis had significantly elevated AL score compared with their age-matched controls (p=
0.005). Chronic course patients also had elevated AL compared with age-matched controls (p= 0.003). Immune and
stress hormone AL subcomponents were nominally higher in early-stage patients compared with controls (p= 0.005
and 0.04, respectively). Greater AL was also associated with more severe positive psychotic symptoms in early-stage
patients (r= 0.54, p= 0.01). Elevated levels of allostatic load are already present in the early years of the schizophrenia
illness, particularly in patients with more severe psychotic symptoms. AL may be a useful evaluation for the need of
early intervention on psychosomatic comorbidity.

Introduction
Stress plays an important role in psychosis. Stressful

events often precede the onset of schizophrenia and epi-
sodes of psychosis symptom exacerbation1–3. Patients
with first episode psychosis (FEP) showed dysregulation of
stress responses under several environmental or labora-
tory conditions4–7. Similar findings were reported in
individuals who are at high risk for psychosis or in first
episode medication-free patients8–10, suggesting that
hypothalamic–pituitary–adrenal (HPA) axis abnormal-
ities start early in the course of schizophrenia, are not
necessarily secondary to medication treatment, and are
potentially part of the disease pathophysiology.
Patients with FEP and in early course of the illness also

exhibit increased plasma levels of pro-inflammatory
cytokines, such as interleukin 6, interleukin 1β, and C-

reactive protein (CRP),11,12 elevated cardiovascular and
metabolic abnormalities13–17, and maladaptive sympa-
thetic nervous system responses18. However, there are
discrepant findings regarding whether cardiovascular and
metabolic disturbances occur in early stage of schizo-
phrenia, as some studies found no evidence of significant
increase19–22 or even lower cardio-metabolic risk21,23,
whereas others report elevated rates of being overweight
and impaired fasting glucose24. Antipsychotic medication
use also substantially contributes to some of these
abnormalities21. The question is whether the risks leading
to abnormalities in stress, inflammatory, cardiovascular,
and metabolic systems may have already started in the
early years of the illness. This question has clinical
urgency as patients with schizophrenia exhibit reduced
life expectancy by 15–25 years compared with the general
population, with cardiovascular and metabolic diseases
are among the top causes of death25,26.
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Characterizing the underlying mechanism of the diverse
somatic dysfunctions in patients at such young age is
challenging. One shared underlying factor for these dys-
functions may be the effects of cumulative stress. The
body’s adaptive responses that promotes successful cop-
ing with repeated stressors can be described as allos-
tasis27. Whereas, the concept of allostatic load (AL) refers
to the “wear and tear” of the body after repeated mala-
daptive responses to adverse physiological and psycholo-
gical stressors28. Previously, we found that patients with
schizophrenia show elevated AL, and this is related to
cortical and white matter abnormalities in the brain29–31.
A recent study investigating AL in older-age “first epi-
sode” psychosis patients (averaged 33 years of age) also
found elevated AL32. In the current study, we expanded
on the original sample by including additional patients in
the early course of the illness, as well as those in the
chronic stage of illness, and re-examined whether AL is
already significantly elevated within the first 5 years after
the onset of symptoms. The rationale to focus on the first
5 years is that patients often experience severe functional
decline in this early stage but then stabilize at a more
chronic course in subsequent years33.

Methods
Participants
This study included 58 patients with schizophrenia

spectrum disorders (SSD) (21 early and 37 chronic) and
34 healthy controls (14 younger and 20 older age- and
sex-matched to each patient group). The patients (48 with
schizophrenia and 10 with schizoaffective disorder diag-
noses) were recruited from the Maryland Psychiatric
Research Center and several neighboring mental health
clinics. Healthy control participants were recruited
through local media advertisements. Structured Clinical
Interview for DSM-4 or -5 was used to confirm or exclude
psychiatric diagnosis. Exclusion criteria included history
of neurological conditions or head trauma with cognitive
sequelae, or active and uncontrolled medical conditions.
Participants with substance abuse and dependence other
than nicotine were excluded. Healthy controls had no
current Axis I psychiatric diagnosis. Psychiatric symptoms
in the patients were assessed using the Brief Psychiatric
Rating Scale (BPRS)34. To reduce cyclic hormonal effects
in females, AL was measured within the first 10 days of
their menstrual cycle. The AL data in about two-third of
the participants were reported in previous studies on
relationship to brain structures.29–31All participants gave
written informed consent as approved by the University of
Maryland IRB.

Allostatic load assessment
The measure of AL was generated from 13 biomarkers:

resting systolic blood pressure (SBP), diastolic blood

pressure (DBP), and heart rate; body mass index (BMI)
and waist-hip ratio; blood levels of high-density lipopro-
tein (HDL) cholesterol, total cholesterol, glycosylated
hemoglobin (HbA1c), CRP, and dehydroepiandrosterone
(DHEA); and 12-h overnight urine epinephrine, nor-
epinephrine, and cortisol. A detailed description of the AL
measure collection procedures can be found in our pre-
vious publications.29-31Adherent to previously reported
methodology for calculation of AL index35, we identified
the 25th and 75th percentile values of each of the 13
biomarkers for the respective control sample of each age
period. Participants who had a biomarker value greater or
equal to 75th percentile (or less than or equal to the 25th
percentile for HDL and DHEA) received a score of 1 for
that specific biomarker. Participants taking any hypogly-
cemic agents were automatically given a score of 1 for
HbA1c; participants taking any antihypertensive medica-
tions were given a score of 1 for SBP; and participants
taking any lipid-lowering medications were given a score
of 1 for total cholesterol. The sum of biomarker values
was computed such that the AL index score ranged from
0 to 13. To explore whether one or more of cardiovas-
cular, metabolic, inflammation, and/or stress-related
hormone subcomponents within the AL construct is
more affected in the early course of schizophrenia, we
divided the 13 AL measures into 4 subcomponents: car-
diovascular (SBP, DBP, resting heart rate), metabolic
(BMI, waist to hip ratio, HDL cholesterol, total choles-
terol, hemoglobin HbA1c), inflammation (CRP), and
stress-related hormones (epinephrine, norepinephrine,
cortisol, DHEA), computed as the average of the scaled
biomarkers.
The measures included in the AL index have con-

siderable overlap with measures used to define metabolic
syndrome. To determine whether the AL index was pri-
marily driven by the presence of metabolic syndrome, the
NCEP ATP III definition for metabolic syndrome36 was
adapted to define metabolic syndrome: (1) HbA1c > 6.5 or
taking hypoglycemic medication; (2) waist circumference
> 40 inches for males or > 35 inches for females; (3) HDL
< 40 for males, or < 50 for females; (4) SBP > 130, DBP >
85, or taking hypotensive medication. Any participant met
more than two of the above criteria are considered having
metabolic syndrome.

Statistical analysis
None of the measures were significantly deviated

from normal distribution as determined by
Kolmogorov–Smirnov tests. Patient-control group dif-
ferences in AL were compared using univariate ANOVAs
with age and sex as covariates. Bonferroni corrections for
multiple patient-control group comparisons were applied
to AL subcomponent analyses, such that only group
comparisons with p < 0.006 (0.05/4 subcomponents x 2
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age cohorts) were considered significant. Pearson’s cor-
relation was used to examine the relationship between AL
and BPRS total and psychosis subscale scores.

Results
Allostatic load index
Age (p= 0.97) and sex (p= 0.35) were frequency mat-

ched between patients who experienced 5 years or less of
psychosis since disease onset (n= 21) and controls of the
younger age cohort. These patients had elevated AL
compared with controls (mean (SD): 3.39 (2.12) vs. 1.81
(1.33), F(1, 33)= 6.22, p= 0.018). Including age and sex as
covariates, early-stage patients showed even numerically
higher AL compared with controls (F= 9.17, p= 0.005)
(Fig. 1).
Age (p= 0.94) and sex (p= 0.26) were also frequency

matched between patients and controls of older age
cohorts, where patients with the illness duration of more
than 5 years (n= 37) also had higher AL compared with
controls (6.14 (2.82) vs. 4.14 (2.31), F(1, 55)= 7.34, p=
0.009). After adjusting for age and sex, chronic patients
also showed numerically even higher AL elevation com-
pared with controls (F= 9.40, p= 0.003) (Fig. 1). The
relationship between AL and smoking was also assessed.
No diagnosis by smoking (all p > 0.31) or smoking by age
interaction (all p > 0.79) were found in either groups.
Examining the younger SSD and chronic groups revealed
no diagnosis by smoking or smoking by age interaction in
either groups (all p > 0.05).
As expected and similar to that previously reported29–

31, the AL index score was significantly higher in patients
compared with controls in the combined sample without
(F(1, 90)= 11.52, p= 0.001) and with (F(1, 88)= 15.65, p
< 0.001) the age and sex covariates.

Relationship to sex
Stress-related findings are often sex-specific, so the data

were analyzed in each sex separately. In the combined
sample, AL was significantly different between patients
and controls in male (5.02 (3.00) vs. 3.24 (2.60), respec-
tively; t=−2.38, p= 0.02) and in female (5.46 (2.67) vs.
3.10 (1.76), t=−2.95, p= 0.006) groups. We also mea-
sured estradiol and progesterone levels, but these were
not significantly different in the overall sample between
patients and controls (Table 1).

Subsystem markers
We explored whether one or more of the cardiovas-

cular, metabolic, inflammation, and/or stress-related
hormone subcomponents may play a dominant role in
the high AL in SSD (Fig. 2). The subcomponent calcula-
tions are from the categorical rating approach in AL
calculation (see Methods section), and the divisions are
approximations and some measures can be justified to be
grouped differently. Out of all subcomponents, after
controlling for age and sex, early-stage patients showed
elevated stress hormone (F(1, 26)= 4.50 p= 0.04) and
immune subcomponents (F(1, 30)= 9.25, p= 0.005), with
the immune subcomponent to be significantly elevated
after Bonferroni correction compared with the age-
matched control group. Chronic patients also showed
elevated stress hormone (F(1, 46)= 6.84, p= 0.01) and
immune (F(1, 49)= 5.04, p= 0.03) subcomponents com-
pared with their age-matched controls; none was sig-
nificant after Bonferroni correction for multiple
comparisons. Therefore, the only significant finding was
significantly elevated immune subcomponent in the early-
stage patients. The cardiovascular and the metabolic
subcomponents were also higher in the patients but not
significantly different between patients and controls in
either age group. Actual measurement values were given
in Table 2.
We also examined whether AL in both younger and

older groups may be driven by the presence of metabolic
syndrome. In the combined sample sample, 12% of sub-
jects in the control group and 36% in the patient group
met the criteria for metabolic syndrome. After covarying
for metabolic syndrome, there was still a significant ele-
vation of AL in the early-stage patients (F(1, 32)= 8.21, p
= 0.007), but, interestingly, this was no longer significant
in the chronic patients (F(1, 51)= 0.86, p= 0.36), each
compared with the respective control groups.

Clinical correlates of allostatic load
Greater AL was significantly associated with positive

psychotic symptoms as measured by BPRS in early-stage
patients (r= 0.54, p= 0.01), but not in chronic patients (r
= 0.19, p= 0.29). Higher AL was correlated with earlier
age of onset in younger patients at a trend level (r=
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Fig. 1 Allostatic load (AL) in schizophrenia spectrum disorder patients
(SSD) and healthy controls (HC) in the younger and the older cohorts
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−0.42, p= 0.06), but not in older patients (r= 0.02, p=
0.95). AL was not significantly associated with chlorpro-
mazine (CPZ) equivalent dosage of antipsychotic medi-
cation in either group (all p > 0.05). We also assessed the
relationship between AL and the duration of illness, which
was not significant in either early SSD (p= 0.92) or
chronic (p= 0.21) patients.

Discussion
In this study, we found that patients with SSD within

the first 5 years of psychosis onset already had sig-
nificantly higher AL compared to their age-matched
controls, which appeared not to be driven primarily by
metabolic syndrome alone. Chronic patients also showed
significantly elevated AL compared with age-matched
controls, and the high AL in the more chronic patients
appeared to be driven more by metabolic syndrome.
These results support the hypothesis that AL elevation is
already present in the early years of the illness.
A study investigating AL in older (mean age 32.96 years)

FEP patients showed elevated AL32. This FEP sample was
unique as the patients were not on antipsychotic medi-
cations, being about 10 years older than typical FEP
cohorts, and AL decreased after 12 weeks of treatment32.
As the patients were acutely ill during the initial assess-
ment, it remains to be determined whether the psychosis
reduction or antipsychotic medications per se were rela-
ted to the AL changes. In the current study, patients had a
stringent definition of being within the first 5 years of the
course of psychosis, clinically stable, and the mean age of
23.41 was more representative of the typical age range of
FEP patients. Overall, these data were consistent, and
suggested that AL increases can be present in the early
course of psychosis.
Schizophrenia spectrum disorder patients in the US

have 28.5 years of shorter lifespan compared with the
general population25. After accounting for suicide and
other unnatural death, 85% of the deaths were natural
causes from medical illnesses25. The risks of elevated
cardiovascular and metabolic diseases in schizophrenia
are well-known, and are further increased in aging
patients with longer illness duration19,37. Understanding
the complex sources of the high rate of medical condi-
tions and the shorter lifespan in SSD is an urgent public

Table 1 Demographics and clinical assessments in the combined patient and control samples

Schizophrenia (n= 58) Healthy controls (n= 34) F or χ2 statistic p-value

Age (years) 36.13 (14.33) 35.26 (14.03) 0.08 0.78

Sex (male/female) 41/17 20/14 1.35 0.26

Smoker/nonsmoker 19/39 7/27 1.57 0.24

BPRS total score 33.58 (9.63) n/a n/a n/a

BPRS-positive symptoms 7.37 (4.09) n/a n/a n/a

Age of onset (years) 19.85 ± 5.9 n/a n/a n/a

Metabolic syndrome (%) 21(36%) 4 (12%) 6.01 0.01

Estradiol levels 32.51 (35.61) 32.81 (40.12) 0.001 0.97

Progesterone levels 0.56 (0.36) 0.56 (0.32) 0.00 0.99

Allostatic load 5.15 (2.89) 3.18 (2.26) 15.65 < 0.001

Data were given in mean (standard deviation); BPRSbrief psychiatric rating scale; statistics for AL include age and sex as covariates
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health issue38–40. In this regard, we found that abnormal
cardiovascular and metabolic subcomponents alone did
not stand out as more prominent than other sub-
components in explaining elevated AL. This may be
consistent with some literature, which showed that while
mortality rate in early schizophrenia is already very high,
metabolic and cardiovascular causes may not significantly
contribute to the high mortality at this stage41,42. Cov-
arying the metabolic syndrome also did not diminish the
elevated AL in the early-stage patients, suggesting that
elevated cumulative stress in the early course of illness
may not be driven primarily by the presence of metabolic
syndrome. Instead, cardiovascular and metabolic factors,
when combined with stress hormone and immune factors
yielded a robust AL abnormality even in the early course
of schizophrenia. Therefore, most of the AL measures
showed some levels of abnormalities in early stage of the

illness but by each subcomponent the findings are not as
robust as the overall AL index that aggregated these
multisystem measures.
AL represents the effects from a cumulative burden of

stress in individuals, and therefore the entire set of bio-
markers may be more valid, where elevated AL is likely
due to multiple mechanisms associated with maladaptive
response to stress, resulting in multisystem imbalances
even at the early years of schizophrenia. The significant
correlation between AL and severity of positive symptoms
in the early course patients (r= 0.54, p= 0.01) may fur-
ther suggest that psychosis is either directly related to
greater experience of stress, or indirectly associated with
the underlying mechanisms of the maladaptive response
to stress. This finding is also consistent with previous
studies on first episode patients and individuals with

Table 2 Raw mean (SD) values of individual measures in the younger and older cohorts

Younger cohorts p-value Older cohorts p-value

Patients (n= 21) Controls (n= 14) Patients (n= 37) Controls (n= 20)

Age 23.41 (4.34) 23.36 (3.61) 0.97 43.35 (12.91) 43.59 (12.46) 0.95

Sex (M:F) 16:5 9:5 0.47 25:12 11:9 0.39

Cardiovascular

Resting SBP (mmHg) 109.12 (10.37) 111.36 (11.29) 0.21 114.86 (12.35) 118.18 (13.69) 0.25

Resting DBP (mmHg) 66.02 (7.92) 69.57 (6.72) 0.12 74.85 (8.26) 72.49 (10.40) 0.46

Resting heart rate (beats per minute) 72.79 (14.19) 69.43 (8.04) 0.30 81.55 (17.48) 66.46 (11.47) 0.002

Metabolic – lipids

BMI (kg/m2) 27.05 (4.64) 26.56 (6.55) 0.57 30.22 (6.72) 28.31 (4.46) 0.23

Waist-hip ratio 0.88 (0.07) 0.85 (0.06) 0.13 0.98 (0.23) 0.90 (0.08) 0.14

HDL cholesterol (mg/dL) 52.05 (15.77) 52.43 (13.04) 0.94 52.57 (25.53) 57.28 (18.29) 0.51

Total cholesterol (mg/dL) 184.00 (38.87) 152.57 (38.04) 0.01 167.35 (33.49) 198.50 (39.43) 0.005

Metabolic - glucose metabolism

Glycosylated hemoglobin (HbA1c) 5.37 (0.25) 5.39 (0.19) 0.99 6.04 (1.19) 5.58 (0.27) 0.08

Inflammation

CRP (mg/L) 3.27 (4.68) 1.71 (2.59) 0.06 4.39 (4.69) 1.55 (1.65) 0.02

Sympathetic nervous system

Urine epinephrine (ug/g creatine) 4.95 (3.38) 3.62 (2.82) 0.21 5.04 (3.59) 3.78 (2.45) 0.13

Urine norepinephreine (ug/g creatine) 26.13 (14.31) 21.33 (7.98) 0.32 46.48 (28.26) 25.88 (14.67) 0.004

HPA axis

Urine cortisol (ug/g creatine) 10.47 (7.14) 11.27 (4.14) 0.67 12.91 (9.55) 21.64 (22.47) 0.10

Blood DHEA (ug/dL) 334.98(154.78) 289.78 (177.94) 0.62 219.16 (119.69) 208.89 (155.24) 0.87

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, HDL high-density lipoprotein, HbA1c hemoglobin A1c, CRP C- reactive protein, HPA
hypothalamic–pituitary–adrenal, DHEA dehydroepiandrosterone
Data in this table are raw values of each measure. Allostatic load was calculated as categorical data based on the 75% (25% for HDL cholesterol and
dehydroepiandrosterone) cutoff for normality calculated by the values of the age-matched controls. Statistics given in the table was based on the categorical data
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clinical high risk where greater cortisol levels are asso-
ciated with more severe positive symptoms43.
Indeed, some studies showed increased cortisol levels in

individuals who are at risk for psychosis and in early
psychosis and in non-medicated patients8,44, but not in
other studies45. In our study, neither early nor chronic
patients had significantly elevated levels of overnight
urinary cortisol. Rather, the composite stress hormone
subcomponent consisting of overnight cortisol, epi-
nephrine, norepinephrine, and DHEA was nominally
elevated in the early-stage patient group (p= 0.04), and
this finding was replicable in the chronic patient group (p
= 0.01). Findings suggest that elevated stress-related
hormones at the overnight resting state are a consistent
finding in early to chronic courses of schizophrenia.
Similarly, we also observed elevated immune sub-
component (CRP) in early stage (p= 0.005) and chronic
(p= 0.03) patients. CRP is an acute phase reactant used as
a non-specific global measure for inflammation. Low-
grade CRP elevation is a consistent finding in both first
episode and chronic schizophrenia patients that cannot be
attributed to antipsychotic treatment12.
On cardiovascular measures, several recent studies

suggested that first episode patients show no elevation in
10-year cardiovascular diseases or metabolic syndrome
rates compared with their age-matched peers19,21. Our
data also did not support that parameters of cardiovas-
cular and metabolic risk are particularly significantly
elevated in early course of the illness.
Limitations of the study included that all but four of the

patients were on antipsychotic medications at the time of
the study. Antipsychotics can normalize diurnal cortisol
hypersecretion7,46 and decrease cortisol levels,47,48 and
even a single dose of second-generation antipsychotics
can reduce serum cortisol level49. However, these anti-
psychotic medication effects should not explain the ele-
vated stress-related hormone subcomponent, and high AL
in patients at the early years of the illness except that they
may have dampened the elevations of the stress sub-
component. More specific antipsychotic medication like
aripiprizole, quetiapine, and olanzapine have been studied
for their specific effects on decreasing or increasing nor-
epinephrine releases,50,51 although to what extent these
effects were related to the resting overnight urinary nor-
epinephrine levels require additional studies. The modest
sample size here did not permit analysis on specific effects
from each antipsychotic medication. The effect sizes of
AL in the early versus later disease course patients were
similar, which did not support that cumulative dose of
antipsychotics was the primary reason for the high AL.
Still, the use of antipsychotic medications can have effects
on cardiovascular and metabolic factors52,53. Another
limitation is that our data were cross-sectional, and our
analysis included the first five years of the onset of

psychosis. A more narrow approach could be to examine
AL in the initial month(s) of psychosis onset, ideally
starting in patients with no or minimal antipsychotic
medication exposures, followed by longitudinal follow-up
of the cases. Such an approach may provide more con-
clusive evidence of whether high AL begins at disease
onset versus develops within the first few years of the
disease.
In conclusion, this study provided new evidence of a

significantly elevated AL even in the first 5 years of the
illness course of SSD. We found that subcomponents
separately measuring immune, stress hormone, cardio-
vascular or metabolic factors were only weakly to mod-
estly elevated in schizophrenia, but the overall AL metric
that aggregates these components yielded significant dis-
ease effects even with a modest sample of early-stage
young patients. AL may provide a theoretically driven,
empirically applicable construct for supporting early risk
identification, prevention, and treatment of somatic
comorbidity in patients with SSD.

Acknowledgements
We thank the participants in this study. This work was supported by the
National Institutes of Health (grant numbers R01MH112180, U01MH108148,
R01EB015611, P50MH103222, T32MH067533, and K23MH112010), a State of
Maryland contract (M00B6400091).

Funding
This work was supported by the National Institutes of Health (grant numbers
U01MH108148, R01EB015611, P50MH103222, R01DA027680, R01MH085646,
T32MH067533, and U54 EB020403), a State of Maryland contract
(M00B6400091).

Conflict of interest
L.E.H. has received or is planning to receive research funding or consulting fees
from Mitsubishi, Your Energy Systems LLC, Neuralstem, Taisho Pharmaceutical,
Heptares, and Pfizer. The remaining authors report no conflicts of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 15 March 2018 Revised: 17 June 2018 Accepted: 14 July 2018

References
1. Corcoran, C., Mujica-Parodi, L., Yale, S., Leitman, D. & Malaspina, D. Could stress

cause psychosis in individuals vulnerable to schizophrenia? Cns. Spectr. 7,
41–42 (2002). 33–8.

2. Van Winkel, R., Stefanis, N. C. & Myin-Germeys, I. Psychosocial stress and
psychosis. A review of the neurobiological mechanisms and the evidence for
gene-stress interaction. Schizophr. Bull. 34, 1095–1105 (2008).

3. Norman, R. M. & Malla, A. K. Stressful life events and schizophrenia. II: Con-
ceptual and methodological issues. Br. J. Psychiatry 162, 166–174 (1993).

4. Abel, K. M., O’Keane, V. & Murray, R. M. Enhancement of the prolactin response
to d-fenfluramine in drug-naive schizophrenic patients. Br. J. Psychiatry 168,
57–60 (1996).

5. Ryan, M. C. M., Sharifi, N., Condren, R. & Thakore, J. H. Evidence of basal
pituitary-adrenal overactivity in first episode, drug naive patients with schi-
zophrenia. Psychoneuroendocrinology 29, 1065–1070 (2004).

Savransky et al. Translational Psychiatry           (2018) 8:246 Page 6 of 7



6. Rossini Gajsak, L., Gelemanovic, A., Kuzman, M. R. & Puljak, L. Impact of stress
response in development of first-episode psychosis in schizophrenia: an
overview of systematic reviews. Psychiatr. Danub. Rev. 29, 14–23 (2017).

7. Mondelli, V. et al. Abnormal cortisol levels during the day and cortisol awa-
kening response in first-episode psychosis: the role of stress and of anti-
psychotic treatment. Schizophr. Res. 116, 234–242 (2010).

8. Walker, E. F. et al. Longitudinal changes in cortisol secretion and conversion to
psychosis in at-risk youth. J. Abnorm. Psychol. 119, 401–408 (2010).

9. Sugranyes, G., Thompson, J. L. & Corcoran, C. M. HPA-axis function, symptoms,
and medication exposure in youths at clinical high risk for psychosis. J. Psy-
chiatr. Res. 46, 1389–1393 (2012).

10. Andrade, E. H. et al. Hair cortisol in drug-naïve first-episode individuals with
psychosis. Rev. Bras. Psiquiatr. 38, 11–16 (2016).

11. Miller, B. J., Buckley, P., Seabolt, W., Mellor, A. & Kirkpatrick, B. Meta-analysis of
cytokine alterations in schizophrenia: clinical status and antipsychotic effects.
Biol. Psychiatry 70, 663–671 (2011).

12. Fernandes, B. S. et al. C-reactive protein is increased in schizophrenia but is not
altered by antipsychotics: meta-analysis and implications. Mol. Psychiatry 21,
554–564 (2016).

13. Ryan, M. C. M., Collins, P. & Thakore, J. H. Impaired fasting glucose tolerance in
first-episode, drug-naive patients with schizophrenia. Am. J. Psychiatry 160,
284–289 (2003).

14. Spelman, L. M., Walsh, P. I., Sharifi, N., Collins, P. & Thakore, J. H. Impaired
glucose tolerance in first-episode drug-naïve patients with schizophrenia.
Diabet. Med. 24, 481–485 (2007).

15. Correll, C. U. et al. Cardiometabolic risk in patients with first-episode schizo-
phrenia spectrum disorders baseline results from the RAISE-ETP study. JAMA
Psychiatry 71, 1350–1363 (2014).

16. Nyboe, L., Vestergaard, C. H., Moeller, M. K., Lund, H. & Videbech, P. Metabolic
syndrome and aerobic fitness in patients with first-episode schizophrenia,
including a 1-year follow-up. Schizophr. Res. 168, 381–387 (2015).

17. Pillinger, T., Beck, K., Stubbs, B. & Howes, O. D. Cholesterol and triglyceride
levels in first-episode psychosis: systematic review and meta-analysis. Br. J.
Psychiatry 6, 339–34 (2017).

18. Borges, S., Gayer-Anderson, C. & Mondelli, V. A systematic review of the activity
of the hypothalamic-pituitary-adrenal axis in first episode psychosis. Psycho-
neuroendocrinology 38, 603–611 (2013).

19. Phutane, V. H. et al. Cardiovascular risk in a first-episode psychosis sample: a
‘critical period’ for prevention? Schizophr. Res. 127, 257–261 (2011).

20. Fleischhacker, W. W. et al. Metabolic risk factors in first-episode schizophrenia:
baseline prevalence and course analysed from the European first-episode
schizophrenia trial. Int. J. Neuropsychopharmacol. 16, 987–995 (2013).

21. Mitchell, A. J., Vancampfort, D., De Herdt, A., Yu, W. & De Hert, M. Is the
prevalence of metabolic syndrome and metabolic abnormalities increased in
early schizophrenia? A comparative meta-analysis of first episode, untreated
and treated patients. Schizophr. Bull. 39, 295–305 (2013).

22. Foley, D. L. & Morley, K. I. Systematic review of early cardiometabolic outcomes
of the first treated episode of psychosis. Arch. Gen. Psychiatry 68, 609–616
(2011).

23. Vancampfort, D. et al. A meta-analysis of cardio-metabolic abnormalities in
drug naïve, first-episode and multi-episode patients with schizophrenia versus
general population controls. World Psychiatry 12, 240–250 (2013).

24. Srihari, V. H. et al. Cardiovascular mortality in schizophrenia: defining a critical
period for prevention. Schizophr. Res. 146, 64–68 (2013).

25. Olfson, M., Gerhard, T., Huang, C., Crystal, S. & Stroup, T. S. Premature mortality
among adults with schizophrenia in the United States. JAMA Psychiatry 72,
1172–1181 (2015).

26. Saari, K. M. et al. A 4-fold risk of metabolic syndrome in patients with schi-
zophrenia: the Northern Finland 1966 Birth Cohort study. J. Clin. Psychiatry 66,
559–563 (2005).

27. McEwen, B. S. Protection and damage from acute and chronic stress: allostasis
and allostatic overload and relevance to the pathophysiology of psychiatric
disorders. Ann. N. Y. Acad. Sci. 1032, 1–7 (2004).

28. McEwen, B. S. Sex, stress and the hippocampus: allostasis, allostatic load and
the aging process. Neurobiol. Aging 23, 921–939 (2002).

29. Nugent, K. L., Chiappelli, J., Rowland, L. M. & Hong, L. E. Cumulative stress
pathophysiology in schizophrenia as indexed by allostatic load. Psychoneur-
oendocrinology 60, 120–129 (2015).

30. Chiappelli, J. et al. Allostatic load and reduced cortical thickness in schizo-
phrenia. Psychoneuroendocrinology 77, 105–111 (2017).

31. Savransky, A. et al. Fornix structural connectivity and allostatic load: empirical
evidence from schizophrenia patients and healthy controls. Psychosom. Med.
79, 770–776 (2017).

32. Berger, M. et al. Allostatic load is associated with psychotic symptoms and
decreases with antipsychotic treatment in patients with schizophrenia and
first-episode psychosis. Psychoneuroendocrinology 90, 35–42 (2018).

33. Miller, R. & Mason, S. E. Phase-specific psychosocial interventions for first-
episode schizophrenia. Bull. Menn. Clin. 63, 499–519 (1999).

34. McMahon, R. P. et al. Novel factor-based symptom scores in treatment
resistant schizophrenia: implications for clinical trials. Neuropsychopharmacol-
ogy 26, 537–545 (2002).

35. Seeman, T. E., McEwen, B. S., Rowe, J. W. & Singer, B. H. Allostatic load as a
marker of cumulative biological risk: MacArthur studies of successful aging.
Proc. Natl. Acad. Sci. 98, 4770–4775 (2001).

36. Grundy, S. M., Brewer, H. B., Cleeman, J. I., Smith, S. C. Jr. & Lenfant, C. Definition
of metabolic syndrome: Report of the national heart, lung, and blood insti-
tute/American heart association conference on scientific issues related to
definition. Circulation 109, 433–438 (2004).

37. Goff, D. C. et al. A comparison of ten-year cardiac risk estimates in schizo-
phrenia patients from the CATIE study and matched controls. Schizophr. Res.
80, 45–53 (2005).

38. Suetani, S., Whiteford, H. A. & McGrath, J. J. An urgent call to address the
deadly consequences of serious mental disorders. JAMA Psychiatry 72,
1166–1167 (2015).

39. Whiteford, H. A. et al. Global burden of disease attributable to mental and
substance use disorders: findings from the global burden of disease study
2010. Lancet (Lond., Engl.) 382, 1575–1586 (2013).

40. Thornicroft, G. Physical health disparities and mental illness: the scandal of
premature mortality. Br. J. Psychiatry 199, 441–442 (2011).

41. Schoenbaum, M. et al. Twelve-month health care use and mortality in com-
mercially insured young people with incident psychosis in the United States.
Schizophr. Bull. 43, 1262–1272 (2017).

42. Simon, G. E. et al. First Presentation with psychotic symptoms in a population-
based sample. Psychiatr. Serv. 68, 456–461 (2017).

43. Holtzman, C. W. et al. Stress and neurodevelopmental processes in the
emergence of psychosis. Neuroscience 249, 172–191 (2013).

44. Aiello, G., Horowitz, M., Hepgul, N., Pariante, C. M. & Mondelli, V. Stress
abnormalities in individuals at risk for psychosis: a review of studies in subjects
with familial risk or with ‘at risk’ mental state. Psychoneuroendocrinology 37,
1600–1613 (2012).

45. Chaumette, B. et al. Salivary cortisol in early psychosis: new findings and meta-
analysis. Psychoneuroendocrinology 63, 262–270 (2016).

46. Fond, G. et al. The promise of biological markers for treatment response in
first-episode psychosis: a systematic review. Schizophr. Bull. 41, 559–573 (2015).

47. Mann, K. et al. Nocturnal hormone profiles in patients with schizophrenia
treated with olanzapine. Psychoneuroendocrinology 31, 256–264 (2006).

48. Zhang, X. Y., Cao, L. Y., Wu, G. Y. & Shen, Y. C. Z. D. F. Cortisol and cytokines in
chronic and treatment-resistant patients with schizophrenia: association with
psychopathology and response to antipsychotics. Neuropsychopharmacology
30, 1532 (2005).

49. Hahn, M. K. et al. Acute effects of single-dose olanzapine on metabolic,
endocrine, and inflammatory markers in healthy controls. J. Clin. Psycho-
pharmacol. 33, 740–746 (2013).

50. Ratajczak, P. et al. The influence of aripiprazole and olanzapine on neuro-
transmitters level in frontal cortex of prenatally stressed rats. Environ. Toxicol.
Pharmacol. 46, 122–130 (2016).

51. Björkholm, C. et al. Role of concomitant inhibition of the norepinephrine
transporter for the antipsychotic effect of quetiapine. Eur. Neuropsycho-
pharmacol. 23, 709–720 (2013).

52. Lally, J. & MacCabe, J. H. Antipsychotic medication in schizophrenia: a review.
Br Med Bull2015; 114: 169–79.J.O. BIII, H.-S. C. Metabolic risks in older adults
receiving second-generation antipsychotic medication. Curr. Psychiatry Rep. 11,
33–40 (2009).

53. BIII, J. O. H.-S. C. Metabolic risks in older adults receiving second-generation
antipsychotic medication. Curr. Psychiatry Rep. 11, 33–40 (2009).

Savransky et al. Translational Psychiatry           (2018) 8:246 Page 7 of 7


	Elevated allostatic load early in the course of schizophrenia
	Introduction
	Methods
	Participants
	Allostatic load assessment
	Statistical analysis

	Results
	Allostatic load index
	Relationship to sex
	Subsystem markers
	Clinical correlates of allostatic load

	Discussion
	ACKNOWLEDGMENTS




