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Abstract
Background—In women with chronic schizophrenia, higher levels of peripheral oxytocin have
been associated with lower levels of positive but not negative symptoms. Sex-specific associations
between endogenous levels of oxytocin (OT) and arginine-vasopressin (AVP) with clinical
symptoms and cognition in untreated early course patients have not been examined.
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Method—Clinical ratings and neuropsychological testing were performed in thirty-eight acutely
ill, unmedicated first-episode schizophrenia patients (14 women, 24 men). Serum hormone assays
were obtained in patients and thirty-eight demographically similar healthy controls.

Results—Patients demonstrated increased AVP levels compared to controls (p=0.01). Higher
AVP levels were associated with greater positive symptoms (r=0.58, p=0.03) and worse verbal
learning (r=−0.63, p=0.02) in female, but not male, patients. OT levels did not statistically differ
between patients and controls, and were unrelated to clinical symptoms or cognition in patients.

Conclusion—Results suggest an association of endogenous AVP with increased positive
symptom severity and worse cognition in untreated female, but not male, schizophrenia patients.
Findings support the role of neuroendocrine alterations in acute psychosis and the importance of
examining sex-specific neuroendocrine alterations early in the course of schizophrenia.
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1. Introduction
Sex differences in neuroendocrine factors may contribute to the clinical presentation and
course of schizophrenia. Two sexually dimorphic neuropeptides, oxytocin (OT) and
arginine-vasopressin (AVP) – may particularly influence cognitive function and behavioral
manifestations of schizophrenia. Previously, we reported sex-specific associations between
peripheral OT, clinical symptoms, and emotion perception in chronic, medicated patients
with schizophrenia (Rubin et al., 2011; 2010). In female, but not male, patients, higher
peripheral OT levels were associated with less severe positive symptoms, less severe general
psychopathology, and better emotion perception. It is unclear whether this reflects disease
effects or the impact of antipsychotic medications on both OT and symptoms (Kiss et al.,
2009; Uvnas-Moberg et al., 1992). Examining untreated, acutely ill, first-episode patients
eliminates the potential confounding influence of chronic antipsychotic use, treatment
responsiveness, and duration of illness effects.

OT is classically known for its role as a hormone involved in parturition and lactation.
However, OT has wide reaching effects beyond reproductive behavior, and influences
behaviors that are typically impaired in schizophrenia, including attachment, trust, stress
management, social cognition, and memory (Carter et al., 2008; Fehm-Wolfsdorf and Born,
1991; Heinrichs et al., 2009). Animal and human studies suggest that abnormalities in OT
may contribute to the clinical presentation of schizophrenia (for reviews, Feifel, 2011,
2012). In animal models of schizophrenia, haplo-insufficient reeler mice show reductions in
OT receptors in regions of the hippocampus and retrosplenial and piriform cortex (Liu et al.,
2005); which are critical areas for emotion, cognition, and positive symptoms in
schizophrenia (Jardri et al., 2011; Kuperberg and Heckers, 2000). Although the direction is
not always consistent, patients with schizophrenia have been shown to have altered central
(Beckmann et al., 1985; Linkowski et al., 1984) and peripheral levels (Goldman et al., 2008;
Keri et al., 2009) of OT in most but not all studies (Glovinsky et al., 1994; Rubin et al.,
2011; 2010; Sasayama et al., 2012).

Pharmacological studies administering exogenous OT to predominantly chronic male
patients also suggest short-term benefits for positive and negative symptoms and social
cognition (Averbeck et al., 2011; Feifel et al., 2010; Goldman et al., 2011; Pedersen et al.,
2011). Mechanisms by which OT may have therapeutic effects on clinical symptoms could
involve modulation of emotional regulation and the autonomic nervous system (Porges,
2001) and neurochemical systems dependent on dopamine and/or glutamate (Caldwell et al.,
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2009; Feifel and Reza, 1999; Qi et al., 2008; Rosenfeld et al., 2011; Sarnyai and Kovacs,
1994; Shahrokh et al., 2010).

OT interacts dynamically with a related neuropeptide, AVP. Both OT and AVP act within
the central nervous system with effects on behavior and physiology (Landgraf and
Neumann, 2004). Similar to OT, AVP is found in high concentrations in the paraventricular
nucleus and the supraoptic nucleus of the hypothalamus and is transported to the posterior
pituitary where it is released peripherally. AVP is classically known for its role in the kidney
as a potent antidiuretic hormone (Weitzman and Kleeman, 1979). AVP is also released
centrally during stressful experiences (Landgraf et al., 1998) and is implicated in the
regulation of the hypothalamic-pituitary adrenal (HPA) axis, including cortisol secretion
(Meyer-Lindenberg et al., 2011).

Changes in stress-related hormones such as AVP may be associated with the clinical
symptoms and cognition observed in schizophrenia. Whereas OT influences stress
management, cardiovascular regulation, and under some conditions may have amnestic
effects on verbal learning and memory; AVP is more typically associated with vigilance,
mobilization, increased reactivity to stressors, and improvements in verbal learning and
memory (Carter, 1998; Carter et al., 2008; Fehm-Wolfsdorf and Born, 1991; Ferris, 2008;
Gutkowska and Jankowski, 2012; Heinrichs et al., 2009; Strupp et al., 1983). Disruptions
and interactions among these hormones may regulate physiology, behavior, and cognition
allowing shifts between positive social behaviors and defensive states that are associated
with the clinical symptoms of schizophrenia.

The purpose of the present study was two-fold. First, we aimed to compare the concentration
of peripheral OT and AVP levels in unmedicated, acutely-ill first-episode schizophrenia
patients to healthy controls. Second, we aimed to evaluate whether peripheral OT and AVP
levels are associated with positive symptom severity and verbal learning in these patients.
We hypothesized that OT levels would be decreased and AVP levels would be increased in
patients compared to controls. We also predicted that OT would be associated with less
severe positive symptoms and worse verbal learning, whereas AVP would be associated
with more severe positive symptoms and possibly better verbal learning. Based on our
earlier findings, we predicted that hormone associations with symptoms would be most
pronounced in female patients.

2. Methods
2.1. Participants

The sample included 38 patients (14 women, 24 men; Table 1) recruited from the University
of Illinois at Chicago (UIC) First-Episode Psychosis Program. Patients were between 16 and
50 years of age and had no known systemic, endocrine, or neurological disease. Of the 38
patients, 26 (68%) had no prior lifetime exposure to antipsychotic medications. The 12
patients with prior lifetime exposure to antipsychotic medications had prior treatment
limited to less than eight weeks of cumulative exposure (median = 3.07 weeks). These
antipsychotic medications were typically prescribed in the course of their illness prodrome
or earlier during their first episode when they were initially seen by an emergency room or a
community mental health center. These patients were antipsychotic free for at least 3 days
(median time of washout = 5 days) at the time of the initial study assessments. Diagnoses
were assigned according to Diagnostic and Statistical Manual of Mental Disorders fourth
edition (DSM-IV) criteria using the Structured Clinical Interview (SCID; First et al., 1995),
along with collateral clinical data which were reviewed at consensus diagnosis meetings.
Patients were diagnosed with either schizophrenia (n=34; 90%) or schizoaffective disorder
depressed type (n=4; 10%).
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A sample of 38 healthy controls (14 women, 24 men) were recruited from the community
with no history of Axis I disorders based on the SCID or history among first-degree relatives
of psychotic or mood disorders. Controls were comparable to patients on race and IQ but
were slightly older than patients (28.0 vs. 24.4 years of age, p<0.05). No participants had
history of head trauma with loss of consciousness for more than 10 minutes, neurological
disorder, or lifetime history of alcohol or drug dependence. Two female patients and one
female control were receiving oral contraceptives; including these women did not change
the pattern of results.

2.2. Measures
2.2.1. Clinical and Neuropsychological Evaluation—The Positive and Negative
Symptom Scale (PANSS; Kay et al., 1987) was administered to patients to assess positive
and negative symptoms. The neuropsychological battery included our primary outcome
measure, the California Verbal Learning Test (CVLT), and a number of secondary outcome
measures to determine the sensitivity and specificity of our findings. The CVLT (Delis et al.,
1987) is a measure of verbal learning; outcome = total learning across trials 1–5. Secondary
neuropsychological outcomes included: 1) WAIS-R Digit Span (Wechsler, 1981) a measure
of attention (Forward) and working memory (Backward); outcome = total correct; 3) Trail
Making Test (Reitan and Wolfson, 1985) a measure of processing speed (Part A) and mental
flexibility (Part B); outcome = time to complete; and 4) WMS-III Spatial Span Test
(Wechsler, 1997) a measure of short term non-verbal working memory; outcome = total
correct.

2.2.2. Serum Hormone Assays—Blood samples were drawn at the same time of day for
patients (95% blood draws ≤ noon). At UIC, samples were stored in plain tubes, spun at
4°C, and placed into freezers set at −80°C. All samples were batched by assays, diluted in an
assay buffer to give reliable results within the linear portion of the standard curve (OT 1:4;
AVP 1:2), and completed in duplicate on unextracted serum. OT and AVP were quantified
with an EIA kit (Enzo Life Sciences/Assay Designs); as validated for OT and AVP (Carter
et al., 2007). These EIAs are highly sensitive (minimal detection levels <12 pg/ml OT; 4 pg/
ml AVP) and specific with cross-reactivity between OT and AVP of <0.04%). All samples
were run at the same time and intra-assay coefficients of variation were less than 11.5% for
both assays.

2.3. Statistical Analyses
To compare concentrations of peripheral hormone levels between male and female patients
and controls, we conducted a series of between subjects ANOVAs with Group (patient vs.
control) and Sex as the between-subjects factors. Pearson correlations were conducted to
evaluate associations between hormone levels, clinical symptoms, and cognition among
patients. Given the small sample sizes, when significant correlations were observed (when
the 95% confidence interval (CI) does not include 0) Baysian Bootstrapping of the
correlation coefficient (r̂; 1000 iterations) was conducted to determine the strength of the
associations and to ensure that findings were not driven by outliers. Correlations were
compared between male and female patients using Fisher’s r-to z transformation. All p-
values are two sided and the statistical significance level was set at p<0.05.

3. Results
3.1. Do peripheral concentrations of OT or AVP differ between unmedicated patients and
controls?

Patients (M=109.01, SE=10.60) demonstrated increased AVP levels compared to healthy
controls (M=71.64, SE=10.60, p<0.05; Table 1). The two subject groups showed similar
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levels of OT. No hormone levels differed as a function of sex and there were no sex by
group interactions. OT and AVP were not associated in patients, but there was a trend for
higher levels of AVP to relate to OT in controls (r=0.38, p=0.02; r̂=0.35, 95%CI −0.11,
0.70).

3.2. Are peripheral levels of OT or AVP associated with clinical symptoms or cognition in
unmedicated schizophrenia patients?

As predicted, higher AVP levels were associated with more severe positive symptoms
(r=0.58, p<0.05; r̂ = 0.62, 95%CI 0.30, 0.89; Figure 1) and lower verbal learning scores (r=
−0.63, p=0.02; r̂=−0.63, 95%CI −0.92, −0.09) in female, but not in male, patients. These
differences in the correlation coefficients between male and female patients were significant
for verbal learning (Z=−2.34, p=0.02) and marginally significant for positive symptoms
(Z=1.73, p=0.08). This association was also not significant in female (r=0.33, p=0.52) or
male controls (r=−0.14, p=0.75). Exploratory analyses on individual PANSS items on the
positive subscale indicated that in female patients, higher levels of AVP were significantly
associated with greater grandiosity (r=0.72, p<0.01; r ̂=0.69, 95%CI 0.09, 0.93). There was
also a trend for higher levels of AVP to relate to suspiciousness (r=0.52, p=0.059; r̂=0.56,
95%CI −0.01, 0.90). AVP was not associated with any of the secondary cognitive outcomes.
OT was not associated with clinical symptoms or cognitive functioning in female or male
patients. OT was also not associated with verbal learning in female (r=−0.14, p=0.79) or
male controls (r=0.08, p=0.85).

4. Discussion
The primary finding was that AVP levels were higher in patients compared to healthy
controls; no group differences were evident in OT levels. Moreover, AVP was associated
with more prominent positive symptoms and poorer verbal learning prior to treatment in
female, but not male, patients. These findings in unmedicated patients early in the course of
illness complement our previous work in chronic patients (Rubin et al., 2011; 2010),
highlighting the potential importance of neuroendocrine alterations in acute psychosis, and
underscoring the importance of investigating sex-specific alterations of AVP/OT in relation
to symptom severity and cognition in schizophrenia.

Consistent with previous studies (de Leon et al., 1994; Goldman, 2009), our findings
implicate possible AVP dysregulation in unmedicated first-episode patients with
schizophrenia. Here we found AVP levels to be higher in patients compared to controls.
This finding is consistent with Raskind (1978), but inconsistent with other studies reporting
lower peripheral (Legros et al., 1992; Ryan et al., 2004) and central AVP levels (Linkowski
et al., 1984) in schizophrenia compared to controls (cf., Beckmann et al., 1985; Walsh et al.,
2005). However, inconsistencies exist across these studies including illness severity (acute
vs. chronic), diagnosis, treatment effect differences, sample sizes, and the sex of
participants.

One possible explanation for higher levels of AVP in unmedicated first-episode patients is
that they may experience dysregulation of biological stress response systems (e.g.,
hyperactive or reactive HPA axis or autonomic nervous system) and may be more sensitive
to stressful experiences (for review, Aiello et al., 2012). AVP is part of the neuroendocrine
system activated during stressful experience and dysregulation of this system might result in
AVP being continuously synthesized and/or released in response to the emotional
experiences or emotion reactivity that accompanies psychosis (Phillips and Seidman, 2008).
Animal studies suggest various forms of stress may increase the synthesis and release of
AVP (Ma and Lightman, 1998; Neumann et al., 2006; Ruscio et al., 2007; Todeschin et al.,
2009). Peripheral AVP levels also increase in response to intense exercise stress in women
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(Altemus et al., 1995; 2001). Higher levels of AVP might be the result of stressors
precipitating the psychotic episode or alternatively could result from stress associated with
the psychotic episode itself. Alternatively excessive dopamine release, which is thought to
represent an important component in the neurobiology of psychosis (Abi-Dargham et al.
1998; Laruelle et al., 1996), may increase the synthesis or release of AVP or cause a cascade
of catecholamines, influencing AVP release. For example, apomorphine, a non-selective D1
and D2 dopamine receptor agonist, results in a two-fold increase in basal AVP levels in
patients with schizophrenia compared to controls (Legros et al., 1992).

Despite increases in AVP levels in patients, we did not find OT levels to be significantly
altered in first episode patients. This finding is not consistent with our previous observations
in chronic patients with schizophrenia (Rubin et al., 2011; 2010) or with a previous report
that cerebrospinal fluid OT levels are high in chronic unmedicated male patients compared
to controls (Beckmann et al., 1985). Differences across studies could reflect different
characteristics of our patient populations (first episode vs. chronic) as well as our focus on
peripheral rather than central OT levels. Comparisons are difficult since little is known
about the endocrine characteristics of first-episode patients, either during a period of
psychosis or in periods of remission. It is possible that a psychotic experience might have
overwhelmed the body’s capacity to regulate OT, leaving only the effects of AVP detectable
and proportional to the intensity of the symptoms experienced. OT may have been unable to
attenuate the stress response system, thus resulting in peripheral OT levels in patients that
appeared similar to those in controls. There are previous reports that the beneficial or “anti-
stress” effect of OT is most apparent in response to chronic stressors such as isolation or
adversity (Grippo et al., 2009; Heim et al., 2009; Penza et al., 2003). The present study may
be more consistent with an acute stress model resulting from either the psychotic episode
itself or a result of an acute environmental or emotional experience precipitating the
psychotic episode. It is also important to note that not all stressors stimulate both OT and
AVP release in animals or humans (Altemus et al., 1995; 2001; Gibbs, 1984; Jezova et al.,
1995).

Another notable result was that higher levels of AVP were associated with more positive
symptoms and lower verbal learning scores in female, but not in male, patients. The present
findings are consistent with a previous small study of predominately female patients in
which higher AVP levels were associated with higher levels of positive symptoms (Raskind,
1978). These findings are also consistent with the literature in healthy individuals (Fehm-
Wolfsdorf and Born, 1991; Weingartner et al., 1981), in which higher AVP levels were
related to worse verbal learning.

Although peripheral AVP levels do not typically differ between the sexes (Sanders et al.,
1990), animal and human studies suggest that the effects of central AVP on behavior are
sexually dimorphic (Carter, 2007; Thompson et al., 2006). Sex differences in central AVP
are most prominent in the amygdala, bed nucleus of the stria terminalis and lateral septum
(de Vries, 2008; van Leeuwen et al., 1985). This system is particularly important for
determining reactions to emotional stimuli, shows sex differences (Domes et al., 2010;
Veenema et al., 2012), and is impaired in schizophrenia (Kalkstein et al., 2010). Thus, it is
possible that central AVP may play an important but different role in modulating positive
symptoms and impairing verbal learning in male and female patients, especially early in the
course of illness.

Results of our study should be considered preliminary. Limitations of the present study
include a small sample size, cross-sectional study design, and single measurement of AVP/
OT levels. Findings need to be replicated in larger samples and longitudinal studies or more
experimental approaches, possibly using agents that block the AVP receptor. Multiple
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measurements, perhaps in the presence of a known stressor, would provide more precise
estimates of AVP and OT secretion, and might serve to explain the observed differences
between unmedicated patients and controls.

Despite limitations, the present data highlight the role of possible neuroendocrine alterations
in acute psychosis and suggest that these neuroendocrine profiles are different in men and
women with first-episode psychosis. If altered AVP levels can be confirmed to occur as a
correlate or a consequence of psychosis, and if antipsychotic treatment alters these levels
differently in male and female patients, then these findings may have potential clinical and
therapeutic implications. Future studies also should consider variations in AVP and AVP
receptor genes as potential moderators of the relationship between hormone levels, clinical
symptoms, and cognition. Polymorphisms in genes in the AVP pathway have been
associated with schizophrenia (Feifel and Priebe, 2001; Levin et al., 2009; Teltsh et al.,
2011), possibly accounting for some of the observed variations in outcomes among the
studies in this field.
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Figure 1.
In unmedicated patients, serum vasopressin is associated with more prominent positive
symptoms and poorer verbal learning in female but not male patients (A). Serum oxytocin
(B) levels were not associated with positive symptoms or verbal learning in male or female
patients.
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Table 1

Baseline and clinical characteristics as a function of sex.

Patients Healthy controls

Variables
Women
(n=14)

Men (n=24) Women
(n=14)

Men (n=24)

Demographics

  Age (years), M (SD)G 26.93 (9.20) 21.83 (5.30) 28.43 (9.40) 27.58 (3.26)

  IQ, M (SD) 97.00 (11.44) 92.21 (13.69) 99.00 (10.73) 94.96 (30.96)

  Race/Ethnicity (%)

    African-American non-Hispanic 57% 54% 43% 48%

    Caucasian, non-Hispanic 14% 21% 29% 26%

    Hispanic 14% 21% 21% 13%

    Other 14% 4% 7% 13%

Clinical variables

  Consensus diagnosis (%)

    Schizophrenia 79% 96%

    Schizoaffective depressed type 21% 4%

  No prior antipsychotic treatment (%) 86% 58%

  Antipsychotic free at initial testing (%) 100% 100%

  Treatment 48 hours prior to testing (%) 7% 0%

    Antidepressants 0% 0%

    Mood stabilizer or stimulants 7% 8%

    Benzodiazepines

  PANSS, M (SD)

    Positive subscale 23.93 (5.59) 24.50 (3.79)

    Negative subscale 19.50 (7.86) 20.58 (4.97)

Hormone Values, M (SD)

  Oxytocin (pg/ml) 349.09 (227.41) 364.52 (257.03) 342.98 (217.30) 427.28 (259.01)

  Vasopressin (pg/ml)G 108.39 (89.85) 109.63 (72.97) 69.18 (25.86) 74.10 (46.50)

Note.

G
Main effect of group is p<0.05. PANSS = Positive and Negative Syndrome Scale.
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