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Abstract
Background—We previously reported that higher levels of peripheral oxytocin are associated
with lower levels of positive, general, and overall symptoms in women but not men with
schizophrenia. Here we investigate the influence of sex, sex steroid hormone fluctuations, and
peripheral oxytocin levels on emotional processing in men and women with schizophrenia.

Method—Twenty-two women with schizophrenia and 31 female controls completed the Penn
Emotion Acuity Test (PEAT), a facial emotion recognition and perception task, during two
menstrual cycle phases: 1) early follicular (Days 2–4; low estrogen/progesterone) and 2) midluteal
(Days 20–22; high estrogen/progesterone). Twenty-six males with schizophrenia and 26 male
controls completed testing at comparable intervals. We obtained plasma hormone assays of
estrogen, progesterone, testosterone, and oxytocin.

Results—No sex differences were noted on the PEAT. Plasma oxytocin levels did not fluctuate
across phases of the menstrual cycle. However, female patients and controls more accurately
identified facial emotions during the early follicular versus midluteal phase (p<0.05). Higher
oxytocin levels related to perceiving faces as happier in both female patients (r=−0.46, p=0.04)
and controls (r=−0.40, p=0.04) but not in men.

Conclusion—Like healthy women, women with schizophrenia demonstrate menstrual-cycle
dependent fluctuations in recognizing emotional cues. Like healthy women, female patients with
higher levels of oxytocin perceived faces as happier. Future studies need to address whether this
sex-specific relationship is associated with trust and other positive emotions, and whether
exogenous oxytocin might enhance mood states and social interaction in female or all
schizophrenia patients.
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1. Introduction
We previously reported that higher levels of endogenous oxytocin were associated with
lower symptom severity in schizophrenia (Rubin et al., 2010). Specifically, higher peripheral
oxytocin levels predicted less severe positive, general, and social symptoms in women, and
better prosocial behaviors in men. Additionally, clinical symptoms improved during
menstrual cycle phases characterized by high levels of estrogen and progesterone (Rubin et
al., 2010). Emerging literature supports our initial report, suggesting that exogenous
oxytocin may be effective as an adjunctive therapy for schizophrenia (Feifel et al., 2010).

The present investigation is motivated by findings that emotion processing is impaired in
schizophrenia (Kohler et al., 2000; Ziv et al., 2011), and influenced by sex (Scholten et al.,
2005; Thayer and Johnsen, 2000; Williams et al., 2009), menstrual cycle phase (Derntl et al.,
2008a; Derntl et al., 2008b; Guapo et al., 2009; Pearson and Lewis, 2005), and oxytocin
(Goldman et al., 2011; Marsh et al., 2010). This study addresses the relationship between
endogenous oxytocin and emotion processing in schizophrenia.

2. Methods
2.1. Participants

Participants included 48 patients (22 women) and 57 controls (31 women) from Rubin et al.
(2010) who completed the Penn Emotion Acuity Test (PEAT) (see Table 1). All participants
were age 18–40 with English as their first language. In patients, a Structured Clinical
Interview for DSM confirmed diagnosis of schizophrenia or schizoaffective disorder
depressed type. Female participants had regular menstrual cycles (28±5days) and were not
on oral contraceptives.

2.2. Measures
2.2.1. Penn Emotion Acuity Test—(PEAT; Erwin et al., 1992; Kohler et al., 2000).
This test measures two facets of emotion processing: recognition and perception.
Participants indicate on a seven-point scale how happy or sad they perceive a face to be
(1=very happy, 7=very sad). Stimuli are 40 Caucasian faces (half female; 10 happy/10 sad/
20 neutral), randomly presented within two blocks. Block 1 contains sad and neutral faces
and Block 2 contains happy and neutral faces. Outcome measures were: (1) error rate
(recognition), the percentage of incorrect responses within each valence category, (2) mean
response ratings (perception) within each valence category on the 7-point scale, and (3)
reaction time.

2.2.2. Serum Hormone Assays—Plasma hormone assays assessed estrogen,
progesterone, testosterone, and oxytocin. For details see Rubin et al. 2010.

2.3. Procedures
Women were evaluated once during the early follicular phase (Day 2–4; low estradiol/
progesterone) and once during the midluteal phase (Day 20–22; high estradiol/
progesterone), where “Day 1” was the first day of menstrual bleeding. Phase was validated
with estradiol and progesterone levels. All participants were tested in two separate sessions,
approximately 42 days apart, to assess females across menstrual cycles, and males in
parallel. Phase at first session was counterbalanced across participants, and experimenters
were blinded.
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2.4. Statistical Analyses
Sex differences in emotion processing were examined at session 1 in a series of ANOVAs
with Emotion (“happy”, “sad”, “neutral”) as the within-subject factor and Sex (men,
women) and Group (patients, controls) as the between-subject factors. Changes in emotion
processing across the menstrual cycle in women were examined in a series of ANOVAs
with Menstrual Phase and Emotion as the within-subjects factors and Group as the between-
subjects factor. A series of parallel ANOVAs were conducted in men to examine changes in
emotion processing across sessions. Pearson correlations were calculated to evaluate the
relationship between cycle-related changes in hormone levels and changes in emotion
processing in women. For hormone levels that did not change significantly across the cycle,
correlations were calculated examining the relationship between average hormone levels
(across sessions) and average PEAT performance (across sessions).

3. Results
Controls were more accurate and faster in emotion recognition compared to patients
(p’s<0.05), however, there were no group differences in emotion perception. Across both
groups combined, emotion recognition was best for neutral faces, followed by happy, then
sad (p’s<0.001); however, reaction times were faster for happy faces, followed by neutral,
then sad (p’s<0.01). There were no sex differences on PEAT performance. However,
women with and without schizophrenia more accurately identified facial emotions during
the follicular versus midluteal phase (p<0.05; Table 2). PEAT performance did not differ
significantly across sessions in men. No other effects were significant.

In women, despite significant cycle-related changes in emotional recognition and sex steroid
hormone levels (p’s<0.001), the magnitude of change in estradiol and progesterone levels
did not relate to the magnitude of change in emotion recognition. Furthermore, within each
cycle phase separately, estradiol and progesterone levels did not significantly correlate with
recognition accuracy. Although oxytocin did not fluctuate across phases, higher average
oxytocin levels related to perceiving faces as happier (p<0.05) in both groups of women
(patients r=−0.46, p=0.04; controls r=−0.40, p=0.04), but not in men (Figure 1). In women,
the magnitude of the correlation between oxytocin and emotion perception did not differ
between the follicular (r=−0.36, p=0.01) and luteal phase (r=−0.35, p=0.02). In patients, this
pattern of effects remained significant after controlling for negative symptoms,
suspiciousness/paranoia, and antipsychotic medication dose (Chlorpromazine equivalents)
(Lehman et al., 2004; Woods, 2003). Testosterone levels did not relate to social cognition.

4. Discussion
Our primary aim was to examine the relationship between endogenous oxytocin and
emotion processing in patients with schizophrenia as a follow-up to our earlier
demonstration that endogenous oxytocin related to improved symptom severity (Rubin et al.
2010). Higher average levels of oxytocin were associated with perceiving faces as happier in
female patients and controls, but not in men. Despite similar levels of oxytocin, females in
this study appeared to benefit more from endogenous oxytocin compared to men. This
finding compliments our previous study, where the extent of reduced symptom severity in
relation to oxytocin was broader in females (positive, general, and prosocial symptoms) than
males (prosocial symptoms only). High oxytocin, especially in females, may help to produce
a positive bias in emotion processing and consequently may contribute to improving trust
and social interactions in schizophrenia.

Animal studies suggest that oxytocin differentially affects females and males, which may
reflect interactions between oxytocin and gonadal hormones (Champagne et al., 2001;
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McCarthy et al.,1996; Razzoli et al., 2003). Intranasal oxytocin increases amygdala activity
during emotional face processing in females (Domes et al., 2010), but reduces amygdala
activity in men (Domes et al., 2007). Data suggest sex differences in the effects of oxytocin
on processing of happy faces; intranasal oxytocin facilitated recognition of happy faces in
both men and women in one study (Marsh et al., 2010), whereas another study in men only
found no effect of oxytocin (Di Simplicio et al., 2008). The present menstrual cycle
manipulation allowed us to directly examine whether the relationship between oxytocin and
emotion perception depended on the level of circulating estrogen and progesterone. The
magnitude of correlation between oxytocin and emotion perception did not differ between
menstrual phases, demonstrating that this correlation does not depend on levels of estrogen,
progesterone or both. The effects of oxytocin on emotion perception do not appear to depend
on interactions with gonadal steroids in either schizophrenia patients or healthy individuals.

A second notable finding in the present study was that emotion recognition fluctuated across
the menstrual cycle, and was highest during the follicular phase. Although the inclusion of
women with schizoaffective disorders may have contributed to the finding of cycle-related
changes in emotion recognition, this finding expands upon previous studies in healthy
women in which the effect was similar (Derntl et al., 2008ab). This also complements our
previous finding that clinical symptoms fluctuate across the menstrual cycle in women with
schizophrenia, and are worst during the follicular phase. However, cycle-related changes in
estrogen and progesterone did not explain changes in emotion recognition. Thus, we did not
replicate previous reports that estrogen (Guapo et al., 2009) or progesterone (Derntl et al.,
2008ab) relates to the accuracy of emotion recognition across the menstrual cycle in healthy
women. The absence of effects of sex steroid hormones (particularly estrogen) on emotion
recognition observed in this study may be related to the characteristics of the experimental
paradigm employed, which evaluated only two emotions (happiness and sadness) and on a
seven-point scale.

Cycle-related changes in emotion processing may reflect ovarian hormone effects on the
amygdala; amygdala activation during performance of an emotional recognition task is more
extensive in the follicular compared to the luteal phase (Derntl et al., 2008ab). It is
interesting that clinical symptoms were worst during the follicular phase when emotion
recognition was best. Previous studies suggest that the amygdala is hyperactive during
emotion processing in schizophrenia, which relates to worse symptoms (Rauch et al., 2010).
Future studies might explore whether heightened activation of the amygdala during the
follicular phase relates to both improved emotion recognition and higher levels of symptom
severity. A broad psychological hypothesis is that higher levels of emotional reactivity may
contribute to symptom severity and perhaps risk for relapse. Regardless of mechanism of
action, oxytocin may have beneficial effects on emotional function, and potentially adverse
effects on psychiatric symptomatology. This latter possibility might be considered in future
clinical trials of oxytocin.

Conclusions
We report the novel finding that higher levels of endogenous oxytocin are associated with
perceiving emotional faces as happier in both healthy women and women with
schizophrenia. This extends our previous finding that higher levels of endogenous oxytocin
are associated with improved clinical symptoms in women with schizophrenia. In light of
the emerging literature supporting exogenous oxytocin as a potential adjunctive therapy for
schizophrenia (Feifel et al., 2010), further study of the relationships among oxytocin,
symptoms, and emotion perception is warranted.
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Figure 1.
Peripheral oxytocin correlates with emotion perception in (a) women but not (b) men.
Note. In women, the magnitude of correlation between oxytocin and emotion perception did
not differ between the follicular (r = −0.36, p=0.01) and midluteal phase (r = −0.35,
p=0.02), demonstrating that this correlation does not depend on levels of estrogen,
progesterone, or both. The menstrual cycle manipulation therefore demonstrated that the
relationship between oxytocin and emotion, perception did not depend on the level of
circulating estrogen and progesterone.
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Table 1

Demographics and Other Descriptive Information.

Women Men

Patients
(n = 22)

Healthy
Controls
(n = 31)

Patients
(n = 26)

Healthy
Controls
(n = 26)

Variables M (SD) M (SD) M (SD) M (SD)

Age G 30.82 (5.80) 27.55 (6.67) 31.46 (6.57) 27.58 (5.83)

Parental SES 2.95 (0.95) 3.13 (1.34) 3.10 (1.09) 3.38 (1.30)

Race

  Caucasian 32% 29% 15% 44%

  African-American 45% 45% 59% 30%

  Asian 5% 16% 4% 15%

  Hispanic or Latino 18% 10% 15% 4%

  Other/unknown - - 7% 7%

SCID diagnosis

  Schizophrenia 55% 77%

  Schizoaffective (depressed type) 45% 23%

Duration of Illness in years† 13.23 (5.47) 11.58 (8.09)

Antipsychotics (on second generation) 86% 85%

Chlorpromazine mg equivalents S 305 (249) 488 (293)

Antipsychotic + antidepressant 55% 39%

Antipsychotic + mood stabilizer 5% 4%

PANSS total score 61.47 (8.65) 65.54 (11.50)

Note. Parental SES higher scores reflect higher SES; SCID = Structured Clinical Interview for DSM; PANSS = Positive and Negative Syndrome
Scale.

†
In years since initial treatment for psychosis.

G
Main effect of group was significant at p<0.05.

S
Main effect of sex was significant at p<0.05.
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