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Abstract

Background—The etiopathophysiology of schizophrenia has long been linked to stress and the
influence of stress is important in all stages of the illness. Previous examinations of perceived
stress and acute stress responses may not capture this longitudinal stress pathophysiology. We
hypothesized that the cumulative negative effects of stress, indexed by allostatic load (AL), would
be elevated in schizophrenia, and that the AL paradigm would be relevant to our understanding of
pathophysiology in schizophrenia.

Methods—We assessed allostatic load in 30 patients with schizophrenia (SZ; mean age=33; 17
males) and 20 healthy controls (HC; mean age=35; 12 males) using 13cardiovascular, metabolic,
neuroendocrine and immune biomarkers. Participants’ perceived stress over the past month;
functional capacity and psychiatric symptoms were also measured.

Results—Controlling for age, SZ had significantly higher AL as compared to HC (p=0.007).
Greater AL was present in both early course and chronic SZ, and was associated with reduced
functional capacity (p=0.006) and more psychotic symptoms (p=0.048) in SZ. Current level of
perceived stress was not significantly elevated in SZ or associated with AL in either group.

Conclusions—The higher AL found in SZ may reflect increased bodily “wear and tear”,
possibly caused by more chronic stress exposure or maladaptive responses to stress over time,
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although additional research is required to differentiate these causes. The higher AL is similarly
present in early and chronic SZ, suggesting primary maladaptive stress physiology rather than
secondary effects from medications or chronic illness.

Keywords

allostasis; cardiovascular; psychosis; cortisol; stress response

1. Introduction

Schizophrenia is a severe mental illness characterized by hallucinations, delusions, negative
symptoms, and often significant cognitive and affective impairment. The disorder generally
has onset of psychotic symptoms during late adolescence to early adulthood with lifetime
prevalence around 1%. There is considerable heterogeneity in the clinical presentation,
course and treatment response (Tandon et al., 2009). Additionally, the neurobiology is
varied across patients and may include reduced grey matter volume, alterations in white
matter, abnormal neurophysiology, and a range of neurochemical and neuropathological
alterations (Keshavan et al., 2008). One of the common findings is the link between stress
and the pathophysiology of schizophrenia at all stages of the illness. Prenatal stress increases
disease risk (van Os and Selten, 1998) and stressful events precede disease onset (Norman
and Malla, 1993). Patients have greater affective reactivity to experimental stress exposure
after illness onset (Cohen and Docherty, 2004) and stressful life events precipitate
worsening of psychosis (Hultman et al., 1997, Docherty et al., 2009). In addition, both
psychological and physiological stress reactivity is associated with psychotic episodes,
quality of life, and symptom severity (Garner et al., 2011, Belvederi Murri et al., 2012,
Brenner et al., 2011). It has been hypothesized that environmental exposures, including
stressful events, induce psychological and/or physiological changes that result in a final
common pathway in SZ of altered dopamine neurotransmission and/or cognitive biases
(Howes and Kapur, 2009, Myin-Germeys and van Os, 2007, Selten and Cantor-Graae, 2005,
Howes et al., 2004). Together, this evidence points to longitudinal associations between
stress pathophysiology and schizophrenia. Capturing the longitudinal effect may be needed
to guide research and treatment. Previous laboratory paradigms have attempted to link stress
to schizophrenia by testing acute physiological stress responses to various behavioral and
pharmacological paradigms (Jansen et al., 2000, Marcelis et al., 2004, Breier et al., 1988).
Blunted, rather than elevated or prolonged, cortisol responses have been described following
acute psychological stress challenges (Elman et al., 1998, Jansen et al., 2000, Jansen et al.,
1998). An index of the chronic, cumulative effect of stress responses may be an important
complement to the study of acute stress responses in examining the etiological contributions
of stress to schizophrenia.

The biological concept of allostatic load incorporates several elements of stress
pathophysiology in one comprehensive model. The term “allostasis” refers to how an
organism accommodates to a stressor by adjusting homeostatic set points to maintain
internal stability (McEwen, 2004). These adaptive mechanisms operate through primary
mediators including hormones of the hypothalamic-pituitary-adrenal (HPA) axis,
catecholamines, neurotransmitters, and immune responses (McEwen and Wingfield, 2003).
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The brain is the central mediator of these accommaodations to stressors, thus they can be
influenced by appraisal, learning, memory and coping (Sterling and Eyer, 1988, Ganzel et
al., 2010, McEwen and Gianaros, 2010). While allostasis mechanisms are adaptive in the
short-term, they can lead to an elevated allostatic state in which there is an imbalance of the
primary mediators. The cumulative effect of an elevated allostatic state is termed allostatic
load (AL), which refers to the wear and tear the body experiences after having to respond to
and make accommodations in light of stress (McEwen, 2002). The core emotional regions of
the brain are theorized to initiate allostatic accommaodation, and Ganzel et al. (2010) have
demonstrated that these neural systems are some of the first to display AL wear and tear.
Furthermore, there are theorized to exist time periods of increased sensitivity to
environmental experience, during which the stress response itself could be changed in
qualitative or quantitative ways (Ganzel and Morris, 2011), a concept perhaps linking
findings on prenatal stress, early adversity and childhood trauma in the etiology of
schizophrenia.

The AL index is traditionally operationalized as the sum of dysregulated neuroendocrine,
immune, metabolic and cardiovascular biomarkers (Seeman et al., 1997) reflecting a
multisystemic view of the physiological toll that is placed on the body for adaptation. The
AL model has mostly been utilized to predict worse health outcomes, including development
of cardiovascular disease, declines in physical and cognitive functioning and greater
mortality risk (Seeman et al., 2001, Seeman et al., 2004). Additionally, AL has been
examined in relation to greater cumulative risk, including physical (i.e. crowding),
psychosocial (i.e. maternal separation) and personal (i.e. poverty) risk exposures (Danese
and McEwen, 2012, Evans and Kim, 2012, Evans, 2003). The first operationalization of AL
was performed using the Mac Arthur Studies of Successful Aging (Seeman et al., 2001;
Seeman et al., 2004). They quantified AL through a series of 10 biomarkers; systolic and
diastolic blood pressure are indices of cardiovascular activity; waist-hip-ratio reflects levels
of metabolism and adipose tissue deposition; serum high density lipoprotein (HDL) and total
cholesterol are related to the development of atherosclerosis; glycosylated hemoglobin
measures long-term glucose metabolism; serum dihydroepiandrosterone sulfate (DHEA-S)
is a functional HPA axis antagonist; overnight urinary cortisol excretion is a measure of 12
hour HPA axis activity; and overnight urinary noradrenalin and adrenalin index 12 hour
sympathetic nervous system activity (McEwen, 2000). Subsequent studies have employed
additional biomarkers, including resting heart rate to index cardiovascular activity, BMI to
index metabolism and adipose tissue deposition, and C-reactive protein for assessing overall
immune status [see (Juster et al., 2010) for a review]. We therefore also included these
measures especially as prior research has documented elevated pulse rates (Lake et al., 1980,
Van Kammen and Kelley, 1991), BMI, and a pro-inflammatory state (Ostermann et al.,
2013) in SZ. AL is most commonly quantified by summing the number of parameters for
which persons fall into the “highest” risk quartile (Seeman et al., 1997).

In psychiatry, AL has been investigated in bipolar disorder (Vieta et al., 2013, Kapczinski et
al., 2008), depression (McEwen, 2004), PTSD (McFarlane, 2010) and their comorbid
physical health conditions (Mclintyre et al., 2007, Bizik et al., 2013). The AL paradigm is
proposed as a relevant model for explaining the course of these illnesses, reflecting
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predispositions and then effects of repeated stress on the brain across biological mechanisms
that contribute to psychiatric and somatic outcomes. AL could be instrumental to our
understanding of how early life stress alters the stress response system as well as how
cumulative stress associated with psychiatric illnesses corresponds to bodily changes
evidenced by disease progression and comorbidity (Grande et al., 2012).

AL in SZ has recently been identified as an area as in urgent need of investigation (Misiak et
al., 2014). In schizophrenia it is important to determine if cumulative stress effects arise
from greater exposure to stress or maladaptive physiological responses to stress. The
literature on frequency of stressful life events in retrospectively collected samples is mixed,
with some studies reporting a greater frequency of events (Bebbington, P., Bowen, J.,
Ramana, R., 1997) in SZ and others failing to replicate this result (Dohrenwend et al., 1995).
A prospectively studied cohort of recent onset SZ reported less frequent stressful life events
as compared to controls yet SZ also reported less feelings of control over the stressful events
that they did experience (Horan et al., 2005). In the current study we assessed individual’s
perceived level of stress over the past month to investigate how the amount of recently
experienced stress may be related to AL.

To our knowledge, this is the first investigation of the comprehensive AL index in
schizophrenia. We hypothesized that: 1) patients with schizophrenia would have
significantly higher allostatic load score as compared to controls, and 2) greater allostatic
load score would be positively correlated with impaired functional capacity. We were also
interested in testing whether AL was associated with perceived stress level, which may help
to determine (or exclude) if elevated AL in schizophrenia could be due to increased stress
exposure. This study will be the first to report on the combined AL index in SZ and its
association with symptoms, duration of illness and functional measures.

2. Material and methods

2.1 Sample

Fifty individuals participated in the study and provided data for all 13 AL biomarkers (29
males, aged 18-57, mean age=33+12). Schizophrenia patients (n=30) were recruited from
outpatient clinics of the Maryland Psychiatric Research Center and neighboring outpatient
clinics. Healthy controls (n=20), who were frequency matched by age, sex and race to the
patients, were recruited through media advertisements and random digit dialing. The
Structured Clinical Interview for DSM-1V (First et al., 1995) was utilized to obtain DSM-1V
diagnoses in all 50 individuals, which were based on consensus agreement from two
psychiatrists. Controls had no current DSM-1V Axis | diagnoses and no family history of
psychosis in the prior two generations. Twenty-seven patients were taking one or more
antipsychotic medications and three were not on antipsychotic medications for two weeks or
more. Of the 27 patients on antipsychotics, four were taking first generation antipsychotics,
22 taking second generation, and one was taking both first and second generation
antipsychotics. Major medical and neurological illnesses, history of head injury with
cognitive sequelae, mental retardation, substance dependence within the past 6 months, or
current substance abuse (except nicotine) were exclusionary. An additional criterion on
menstrual cycles was implemented for females to reduce variances from cyclic hormonal
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effects: females were tested within the first 10 days of their menstrual cycle if they
experienced regular cycles. Participants gave written informed consent as approved by the
University of Maryland IRB.

2.2 Biomarker Assessment

We collected 13 biological measures for allostatic load calculation: overnight 12-hour urine
cortisol, epinephrine, and norepinephrine; fasting blood DHEA, fasting HDL and total
cholesterol; BMI, waist-hip ratio; resting blood pressure and resting heart rate; glycosylated
hemoglobin A1C; and C-reactive protein. These 13 biomarkers include the original 10 from
the MacArthur Studies, as well as resting heart rate, BMI, and C-reactive protein, as these
were all commonly included in AL conceptualizations based on review of AL studies (Juster
et al., 2010) and could be practically measured. We used a reliable, discreet ambulatory 12-
hour urine collection routine that was well accepted by all participants. Participants were
sent home with a 24-hour plastic urine collection container and a cooler. They were asked to
discard their first urination at 2000h, and to collect all subsequent urinations, ending at
0800h the next morning. Participants kept a record of the time the collection began and
ended, kept the container on ice, and returned the sample to our lab in the morning. For
blood biomarkers, participants were asked to remain fasting since midnight, only having
water and medication prior to the blood draw. Height and weight were measured with
participants wearing light clothing and no shoes. Waist circumference was measured above
light clothing at the narrowest point between ribs and the iliac crest. Hip circumference was
measured above light clothing at the maximum diameter of the buttocks. Blood pressure was
measured three times after a participant was rested for 10 minutes or more, with the average
of the final two measures used as the value. All measures including sample collections were
done between 0900h-1100h across participants. Blood and urine samples were sent to a
CLIA certified commercial laboratory for analysis. We also assayed the urine for creatine
level to adjust the three biomarker values obtained from the overnight urine. We also tested
the blood to determine estradiol and progesterone levels, as clinical research has shown that
schizophrenia symptoms worsen during low-estrogen phases of the menstrual cycle, and
estrogen has been hypothesized to play a protective role in the illness (Grigoriadis and
Seeman, 2002).

2.3 Clinical Assessments

Clinical symptoms were assessed by the 20 item anchored Brief Psychiatric Rating Scale
(BPRS; (Woerner et al., 1988), with analyses examining the Total and Positive Symptom
scales. Disease onset was conceptualized as the first date at which any item from the BPRS
Positive Symptom scale (conceptual disorganization, suspiciousness, hallucinatory behavior,
unusual thought content and disorientation) reached a Moderate level, per patient self-report.
The UCSD Performance-Based Skills Assessment-2 (UPSA-2; Mausbach et al., 2008) was
utilized as a proxy measure of real world functional capacity. The UPSA-2 is a well-
validated tool in SZ that measures functional capacity in six areas: medication management,
household chores, communication, finance, transportation, and recreational activities (Green
et al., 2011). Previously we have shown that a maladaptive acute stress response was
associated with reduced functional capacity using this measure (Nugent et al., 2014). The
Perceived Stress Scale (PSS) was used to determine participant’s self-perception of
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experienced stress over the past month (Cohen et al., 1983); this scale includes 10 items, six
of which are negatively stated (e.g., unable to control things, felt difficulties were piling up)
and four positively worded items (e.g., felt confident in handling problems, been able to
control irritations). While the original author of the scale advised that the scale should be
interpreted as a whole, subsequent studies have shown support for a two factor model
reflecting “Stress” and perceived self-efficacy, termed “Coping” here (Golden-Kreutz et al.,
2004, Oriicii and Demir, 2009). Internal consistency for the clinical scales was acceptable
for the BPRS Total score, with Cronbach’s alpha (a=0.76); BPRS Positive Symptoms
(a=0.74); PSS Total («=0.87); PSS Stress (a=0.84); PSS Coping (a=0.80); and UPSA-2
(a=0.70).

2.4 Statistical analyses

Consistent with previous calculations of the allostatic load summary index (Seeman et al.,
2001), we identified the 75! percentile of each of the 13 biomarkers (the 25! percentile for
HDL and DHEA), based upon the healthy control distribution. Controls and SZ who had
biomarker values greater to or equal to the 751 percentile (or less than or equal to the 25
percentile for HDL and DHEA) scored a value of one for that biomarker. Individuals
currently taking medications to alter blood pressure (1 HC, 2 SZ), cholesterol (2 SZ) or
blood sugar levels (2 SZ) were automatically given a score of one for each of the
corresponding biomarkers, regardless of their tested value. The AL score represents the sum
across all 13 biomarkers, thus could range from zero to 13. Group differences in
sociodemographic and clinical characteristics were examined by chi-square, t or Fisher’s
exact tests, and then sociodemographic predictors of AL were examined by linear regression
separately in each group. Age and marital status were significantly associated with AL, thus
were included as covariates in analyses comparing SZ and controls. As smoking status was
unbalanced between groups, it was included as a covariate in analyses comparing SZ and
controls. Group mean differences in AL, adjusting for age, smoking and marital status, were
estimated by ANCOVA. Separate linear regressions examined the association between AL
and BPRS total symptoms, BPRS Positive Symptoms, UPSA-2 functional capacity score,
PSS Total, PSS Stress and PSS Coping. To explore individual biomarkers, thirteen separate
chi-square models tested the difference in proportions of each diagnostic group that was
labeled high risk for each biomarker. Internal consistency of the clinical scales was
calculated using Cronbach’s alpha. As sample sizes were small, we have reported the effect
sizes (r2 or Cohen’s w).

3. Results

Sociodemographic characteristics of the study sample are presented in Table 1.
Schizophrenia patients and controls were frequency-matched on age, sex, and race. A
significantly greater proportion of controls were currently working or going to school. SZ
had significantly reduced functional capacity, as measured by the UPSA-2, compared to
controls.
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3.1 Recent stress

SZ and controls did not differ in their overall self-perception of stress over the past month,
as measured by the Perceived Stress Scale. SZ and controls were also not significantly
different on the two subscales, reflecting similar mean scores for the items related both to
perceptions of the uncontrollability, unpredictability and inability to cope with life
circumstances as well as similar levels of perceived success in coping with stress.

3.2 Allostatic load index

Group mean(SD) and effect size of group difference for each AL parameter are presented in
Table 2. AL did not differ by sex in SZ or controls; mean(SD) AL in SZ males=4.71(2.78)
vs. SZ females=5.85(2.34), t= —1.191, p=0.244, r2=0.048; mean(SD) AL in control
males=3.67(2.64) vs. control females=3.5(2.07), t=0.150, p=0.882, r2=0.001. AL did not
differ by race in SZ (F=0.41, p=0.668, r2=0.029) or controls (F=0.10, p=0.906, r2=0.011).
AL did not significantly differ by education level in SZ (F=1.91, p=0.153, r2=0.180) or
controls (F=0.48, p=0.701, r2=0.082), although there appeared a larger effect of education
level on AL in SZ. Due to the lack of significant group differences (Table 1) of these
variables on AL, these variables were not used as covariates in subsequent group
comparisons. However, greater age was significantly associated with higher AL in SZ
(B=0.095, p=0.016, r2=0.191) and in controls (B =0.120, p=0.002, r2=0.416). Smoking was
not significantly associated with AL in SZ (t= —0.792, p=0.435, r2=0.022), or controls
(t=0.0, p=1, r2<0.001), although there was a non-significantly larger percentage of the SZ
group who smoked (40%) vs. 20% of controls who smoked (X2=1.20, p=0.273). AL did not
differ by marital status in SZ (F=2.32, p=0.139, r2=0.079), yet married controls (n=3) had
significantly greater AL as compared to never married controls (t= —3.47, p=0.004,
r2=0.354). Controlling for age, smoking and marital status, SZ had significantly greater AL
as compared to controls (B =1.77, p=0.016; r2=0.090; Figure 1). Additional analysis on
estradiol and progesterone levels, which were not part of the allostatic load calculation, were
not significantly associated with AL score in either group (all p>0.080).

To examine duration of illness effects, we compared SZ with less than five years duration of
illness (n=13) to age matched controls, and adjusting for age, smoking and marital status, SZ
had elevated AL [mean(SD)=4.40(0.47) vs. 2.53(0.51), F=7.72, p=0.013, r2=0.251]. We
then also compared SZ with five years or more duration of illness (n=17) to age matched
controls: again controlling for age, smoking and marital status, SZ had higher AL
[mean(SD)=6.31(0.88) vs. 3.75(1.17), F=4.05, p=0.056, r2=0.115]. This exploratory
analysis suggests that higher AL is already present early in the SZ disease course, and SZ
may not experience substantial further increases in AL over time beyond normal age related
effects. This finding is displayed in Figure 2, which shows similar slopes of association
between age and AL in SZ and HC, however there is an elevation in AL level already
present in SZ at the younger ages.

3.3 Individual biomarkers within the allostatic load calculation

Exploring the individual biomarkers comprising the AL index, a greater proportion of the
SZ group had resting heart rate (X2=4.88, p=0.027, Cohen’s effect size w=0.31), C-reactive
protein (X2=7.06, p=0.008, w=0.38), urine epinephrine (X2=5.02, p=0.025, w=0.32), and
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urine norepinephrine (X2=6.94, p=0.008, w=0.38) values above the 75t percentile cutpoint
(Figure 3). However, the AL construct was not designed to test these individual measures
and when corrected for 13 comparisons (Bonferroni p<0.0038) these differences in
individual biomarkers are not significant between groups.

3.4 Clinical correlates of allostatic load

Greater AL score was significantly associated with worse functional capacity (=-2.17,
p=0.013, r2=0.200) in SZ, but not in controls (=0.19, p=0.795, r2=0.004) as measured by
the UPSA-2. There was a significant interaction of the difference in the slopes of these
associations between groups (p=0.041; Figure 4). AL was not significantly associated with
total self-reported stress over the past month in SZ ($=0.962, p=0.090, r2=0.084) or controls
(B= -0.69, p=0.123, r2=0.161). After correcting the significance threshold for six
comparisons, the perceived level of stress subscale was not significantly associated with AL
in SZ (B=0.774, p=0.111, r2=0.122) or controls (3= —0.715, p=0.044, r2=0.260). In addition,
perceived success in coping with stress was also not significantly associated with AL in SZ
(B=0.188, p=0.550, r2=0.018) or controls (=0.025, p=0.899, r2=0.001). Overall psychiatric
symptoms, as measured by the BPRS total score, were not significantly associated with AL
in SZ (3=0.712, p=0.237, r2=0.050) or controls (3=—0.515, p=0.183, r2=0.096). In SZ,
greater AL was associated with greater positive symptoms ($=0.582, p=0.044, r2=0.137), as
measured by the BPRS Positive Symptoms subscale score.

3.5 Current medications in relation to allostatic load

Some psychiatric medications are known to influence several components of AL. Therefore,
we carefully examined the potential confounds from current medications on AL. AL was not
significantly associated with CPZ equivalent dosage in SZ ($=0.0002, p=0.766). The three
nominally significant component measures, resting heart rate (3=0.0008, p=0.854), urine
epinephrine (3=0.0006, p=0.557), and urine norepinephrine ($=0.006, p=0.293) were all not
significantly associated with CPZ equivalent dosage. Thirteen SZ taking an antidepressant
medication had insignificantly higher AL score (t=1.341, p=0.191) compared to SZ not on
an antidepressant. Some commonly used psychiatric medications, including benztropine and
clozapine, are anticholinergic and can increase resting heart rate. Removing the two patients
on benztropine, AL in the SZ group remained significantly elevated as compared to HC
(B=1.93, p=0.007). Finally, five SZ were taking clozapine; their heart rate did not differ
significantly from those patients not on clozapine (mean (SE) =83.8(7.7) vs. 78.2(3.1),
p=0.475).

4. Discussion

Patients with schizophrenia exhibit significantly higher allostatic load as compared to
healthy controls, without necessarily experiencing a higher recent stress level per self-report
of stress in the past month. Greater AL score was significantly associated with reduced
functional capacity, a validated measure of real-world functioning for SZ (Mausbach et al.,
2008, Patterson et al., 2001). Higher AL is thought to reflect the increased bodily “wear and
tear”, which may be due to either a regularly higher stress level or maladaptation to stress
over time (McEwen, 2000). However, separating the two aspects could be difficult. We tried
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to partially address the issue by measuring recent stress perception and found that at least in
the recent one month, there was no higher stress perception in SZ patients compared with
controls, and perceived stress level was not related to the extent of AL in either SZ or HC.
This is consistent with theory of AL because the recent experience of stress should not
substantially impact a long term measure such as AL. More comprehensive measures of
stressful life events, lifetime socioeconomic status, ongoing social and financial stressors,
and experiences of stigma in patients with SZ could be more useful in determining the role
of perceived stress in AL.

An important consideration is that high AL was present early on in the disease course of
schizophrenia and persisted. Age-related increases in AL were similar in both SZ and HC.
These results do contrast the staging model of AL proposed in Bipolar disorder, for which
most patients display more intact biological and psychiatric functioning before disease
onset, yet develop increasing dysfunction and comorbidity as the number and duration of
mood episodes increases (Kapczinski et al., 2010, Berk et al., 2011). Rather, our finding
suggests that high AL in schizophrenia may be due to maladaptive stress pathophysiology
existing at the time of disease onset or developing very early in the course of the disease
(McEwen, 2002) rather than due to cumulative effects from chronic psychosis or medication
exposure. However, longitudinal studies simultaneously measuring AL, perceived stress and
clinical status at multiple time-points may be required for affirmative interpretation. This
longitudinal type of study would also provide insight into whether higher AL in the patients
may be associated with poor diet, less physical activity, smoking and increased drug use and
other lifestyle factors. Maladaptive behaviors could also reflect compensatory actions to
stressors (i.e. overeating may reduce negative affect (Dallman et al., 2003)). Psychiatric
medications can create a “pharmacological AL” by inducing adverse affects that prompt
patients to remediate the biological system(s) using unhealthy behaviors that may lead to
metabolic syndromes such as higher cholesterol and BMI in patients (Juster et al., 2011).
While we believe that these AL differences do not solely result from differing lifestyle
behaviors a proper assessment of health behaviors is necessary to determine their
contribution to AL in SZ. Larger samples assessed longitudinally will be necessary to
determine the role that psychiatric medications play in mediating and/or moderating stress
effects.

Functional capacity assessed by the UPSA-2 is a well validated measure for SZ functioning
and is closely associated with cognitive functioning (Patterson et al., 2001). Therefore, the
association between AL and UPSA-2 could be due to a lack of cognitive resources needed to
both function successfully in everyday life and to respond adaptively to stress. Alternatively,
reduced ability to function could induce a more chronic level of stress in certain patients,
driven by the consequences of unemployment, poor social support, and limited recreational
activities. Although the directionality of a causal pathway between functional capacity and
stress response cannot be affirmed using the current cross-sectional study, the finding of
greater cumulative stress associated with reduced functional capacity in SZ is still clinically
important; if our findings can be replicated, it may have implications for how to improve
clinical intervention. For example, enhancing coping skills and even pharmacological
approaches aimed at fostering adaptive responses to acute stressors and reducing chronic
stress burden could be emphasized to improve functional outcomes.
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Our finding of higher AL corresponding to more severe psychotic symptoms is also
interesting. We did not find antipsychotic medication type or dosage to be significantly
related to AL. Perhaps individuals with a more severe form of illness, or whose symptoms
do not respond to medication may experience greater cumulative stress burden. Symptoms
such as paranoia and hallucinations can be inherently stressful (Garner et al., 2011, Walder
et al., 2000, McGorry et al., 1991), and can contribute to increased chronic stress burden in a
secondary manner through impaired social support and increased exposure to social stigma.
As discussed earlier, SZ experience significantly higher AL early in the course of the illness.
This suggests that their stress response system is functionally abnormal either at or prior to
disease onset. This elevated AL finding even in patients of younger ages highlights the
potential usefulness of targeting adaptive stress mechanisms in treatment to foster beneficial
outcomes and reducing morbidity.

Persons with SZ have a reduced life expectancy of 20 years on average (Brown et al., 2010,
McGrath et al., 2008, Saha et al., 2007, Brown, 1997) and cardiovascular disease is the
leading cause of their death (Brown et al., 2000). AL has been successfully applied to
predict worse health outcomes in other health conditions including greater mortality risk and
declines in physical and cognitive functioning conditions (Seeman et al., 2001, Seeman et
al., 2004). Elevated resting heart rate and plasma C-reactive protein have been associated
with incident cardiovascular disease, CVD mortality and shorter life expectancies (Cooney
etal., 2010, Levine, 1997, Emerging Risk Factors Collaboration, 2010, Koenig et al., 1999).
While increases in norepinephrine in acute stress situations are adaptive, elevated baseline
norepinephrine has been found to increase risk for death in patients with cardiac (Cohn et
al., 1984) and renal disease (Zoccali et al., 2002). These factors happen to be the leading
elements that, together with several other less significant factors in the AL index, contribute
to the elevated AL found in schizophrenia. These results are consistent with prior reports of
elevated pulse and altered autonomic functioning in SZ (Van Kammen and Kelley, 1991,
Ostermann et al., 2013, Chung et al., 2013; Schisterman et al., 2009).

4.1 Limitations

The cross-sectional design and sample size of the current study are the main limitations that
prohibited thorough investigation of the role of pre-existing somatic health conditions, the
mediating and/or moderating effects of pharmacological AL, and the time course of higher
AL biomarkers in relation to disease onset and changes in functional capacity. Furthermore,
we did not assess physical activity and dietary intake, or more comprehensive measures of
stress throughout the lifetime such as stressful life events and socio-economic status. In
addition, while we observed similar elevations in AL across varying durations of illness, our
small sample spanned a large age range for which we may have been underpowered to
investigate specific age related effects.

5. Conclusions

Our findings from this first investigation of AL in schizophrenia support the research and
potential clinical value in applying AL to assess the role of chronic physiological stress in
disease progression and somatic morbidity. As an index of the systemic sequelae of
cumulative stress exposure, AL will be helpful not only in research on the medical
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comorbidities of schizophrenia, but also as a measure to complement and integrate other
lines of inquiry into the pathophysiology of the illness. Inflammation, oxidative stress, and
metabolic disturbances are all considered potential biological pathways contributing to the
course of schizophrenia. Current theoretical frameworks that attempt to integrate these
pathophysiological mechanisms with environmental and genetic risk factors for
schizophrenia include stress-diathesis (Walker and Diforio, 1997), behavioral sensitization
(van Winkel et al., 2008), and accelerated aging (Kirkpatrick et al., 2008) models. These
models are non-mutually exclusive and all consider the critical substrate of the physiological
consequences of stress exposure to be neurobiological changes. Thus, AL may be a useful
measure to examine in conjunction with neuroimaging modalities to explore links between
the peripheral and central consequences of chronic stress exposure and maladaptive stress
responses in schizophrenia.
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Figure 1.
Allostatic Load in Controls and Schizophrenia Patients. Schizophrenia patients display

significantly higher mean allostatic load, adjusted for age, smoking and marital status, as
compared to healthy controls.
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Figure 2.
Allostatic Load Score by Age in Schizophrenia Patients and Healthy Controls. Significantly

elevated allosatic load, as compared to healthy controls, is present in young adult
schizophrenia patients. Increases in allostatic load associated with age are similar in
schizophrenia patients and healthy controls.
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Figure 3.
Exploration of Individual Components Contributing to Allostatic Load Score. For each

biomarker, the 75t percentile of the control sample was used as a cutpoint for determining
elevated risk. A significantly greater proportion of the schizophrenia patients had resting
heart rate, urine epinephrine, and urine norepinephrine values above the 75t percentile
cutpoint (all p<0.027).
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Figure 4.
Allostatic Load and Functional Capacity by Diagnostic Group. Association of allostatic load

and functional capacity, as measured by the UPSA-2. Greater allostatic load was
significantly associated with reduced functional capacity in schizophrenia patients, but not
in controls.
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Table 1
Sociodemographic and Clinical Characteristics

Characteristic HC (n=20) | SZ (n=30) | X2ortvalue | p-value
Male, % 60% 57% 0.055 0.815
Age, mean (SD) 35.7(12.8) | 32.6 (12.1) 0.885 0.381
Race (% White, % Black, % Other) 55:35:5 50:47:3 a 0.532
Education (%<HS: % HS Graduate: % Some College or more) 5:15:80 20:10:70 a 0.292
Marital Status (%Single: %Married: % Divorced or Widowed) 65:15:20 93:7:0 a 0.016
Smoker, %1 25% 40% 1.203 0.273
BPRS Psychiatric Symptoms (range 21-54), mean (SD) - 31.1(8.4) - --
UPSA-2 Functional Capacity (range 69-119), mean (SD) 107.2 (7.5) | 95.6 (12.7) 3.501 <0.001
Perceived Stress Scale Total (range 2-25), mean (SD) 13.3 (4.4) 14.5(7.5) 0.614 0.543
Perceived Stress Scale (Stress Subscale, range 1-18), mean (SD) 9.1(3.6) 9.8 (5.0) 0.511 0.612
Perceived Stress Scale (Coping Subscale, range 0-10), mean (SD) 4.2 (1.9) 4.7 (3.2) 0.608 0.547

a_.
Fisher’s Exact Test.

BPRS = Brief Psychiatric Rating Scale, UPSA-2 = UCSD Performance-Based Skills Assessment-2.
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Individual and Elevated Values for Each of the 13 Allostatic Load Biomarkers, by Diagnostic Group

Biomarker HC Sz Elevated Value (scored a 1 for calculation of AL)
Cardiovascular

Resting SBP (mmHg) 115.23+3.27 | 114.64+2.81 >=123.50

Resting DBP (mmHg) 74.08+2.43 73.3242.08 >=81.00

Resting heart rate (beats per minute) 72.30£3.91 80.90+3.35 >=77.00
Metabolic - lipids

BMI (kg/m?) 27.84+1.66 29.39£1.42 >=29.77

Waist-Hip Ratio 0.89+0.02 0.90+0.02 >=0.93

HDL Cholesterol (mg/dL) 58.92+5.02 54.54+4.30 <=42.00

Total Cholesterol (mg/dL) 164.89+10.50 | 173.50+8.99 >=216.00
Metabolic - glucose metabolism

Glycosylated hemoglobin (HbAlc; DCCT %) 5.484+0.13 5.61+0.11 >=5.60
Inflammation

CRP (mg/L) 1.33+1.29 4.05+1.10 >=1.00
Sympathetic Nervous System

Urine Epinephrine (ug/g creatine) 4.42+1.00 5.80+0.84 >=4.25

Urine Norepinephrine (ug/g creatine) 22.45%5.13 34.84+4.35 >=24.79
HPA Axis

Urine Cortisol (ug/g creatine) 12.28+2.59 12.94+2.05 >=16.53

Blood DHEA (ug/dL) 244.17+£39.95 | 232.99+34.23 <=163.80
Allostatic Load 3.72+0.62 5.49+0.53 --

All values in the first two columns represent mean (SE) for each diagnostic group, adjusting for age, smoking and marital status. Individual
biomarkers contributed to the allostatic load score as detailed in the third column.
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