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Supplementary material
This material supplements but does not replace the content of the peer-reviewed paper published. 

Title: Intranasal oxytocin increases facial expressivity, but not ratings of trustworthiness, in patients with schizophrenia and healthy controls
Supplementary Method
Oxytocin
Intranasal administration has been proposed to deliver oxytocin to the brain via uptake by the olfactory or trigeminal nerves; and passive diffusion into the cerebrospinal fluid (CSF) through the nasal epithelium (Veening and Olivier, 2013). Research suggests that intranasal oxytocin efficiently enters the CSF in animals 
 ADDIN EN.CITE 

(Neumann et al., 2013, Chang et al., 2012, Ebitz et al., 2013)
 and humans (Striepens et al., 2013). We chose the 40 IU dosage of oxytocin to minimize the possibility of Type II error. This dosage has been used by us and in previous published studies and found to be safe and well-tolerated 
 ADDIN EN.CITE 

(Macdonald and Macdonald, 2010, Woolley et al., 2014)
. The majority of published studies in which oxytocin has been administered intranasally to humans have involved administrations of single doses in the 20-40 IU range (MacDonald et al., 2011), although doses as high as 160 IU daily have been reported(Epperson et al., 1996). A review (MacDonald et al., 2011) of 38 randomized, placebo-controlled human research trials involving oxytocin administration concluded that doses within the range of 18 to 40 IU: 1) produce no detectable subjective changes in participants (i.e., participants could not guess which day they received the oxytocin), 2) produce no reliable side effects, and 3) are not associated with adverse outcomes in controlled research settings. Previous work has shown that intranasal oxytocin administration begins to have physiological effects within 30 minutes and lasts for at least 90 minutes (Norman et al., 2011). Therefore, in the current study, behavioral testing began 60 minutes post-administration and continued for no longer than 120 minutes.

Social Judgment Task

Participants completed an adapted social judgment task in which they rated the trustworthiness of novel faces after having their affective state manipulated by presentation of an affective ‘prime’ photograph just prior to presentation of the face photograph (Adolphs et al., 1998). Affective primes were taken from the International Affective Picture System (IAPS) (Ito et al., 1998). Effectiveness of the primes to produce pleasant and unpleasant feelings was validated in a previous study (Hooker et al., 2011). Population means of valence and arousal ratings are published in the IAPS manual; the rating scale is from 1 (unpleasant valence/low arousal) to 9 (pleasant valence/high arousal). Negative threat-related primes that were rated as highly threatening, but not highly disgusting, included pictures of snakes, spiders, weapons, and interpersonal assault. The mean valence rating norms for males from the IAPS manual for this set of 49 pictures was 2.89 (SD = 0.73), indicating that they had unpleasant valence, and the mean arousal rating was 6.28 (SD = 0.57), meaning that they were highly arousing. Neutral and positive primes were chosen from the IAPS set based on the published male rating norms for arousal and valence. Neutral primes were neutral on valence (M = 4.99, SD = 0.3) and low on arousal (M = 2.91, SD = 0.6), the majority of them portraying household objects. Positive primes were rated positively on valence (M = 7.62, SD = 0.39) and high on arousal (M = 5.48, SD = 0.85), typically portraying sports and food.
Coding of Facial Expressivity: FACES
Participants’ facial expressions were coded from the videos independently by four raters, who were blind to drug condition and group, using the Facial Expression Coding System (FACES). The FACES is a behavioral coding system validated for use in patients with schizophrenia based on a dimensional model of emotion, in which each expression is coded for valence (positive/negative) and intensity (1-4 weak to strong) 
 ADDIN EN.CITE 

(Kring and Sloan, 2007)
. Inter-rater reliability for FACES is very high (r = 0.70-0.99) when coded by trained experimenters, and FACES ratings converge with ratings using Ekman’s rating system for facial expressions (i.e., EMFACS) (Ekman and Friesen, 1976). FACES has also been correlated with facial muscle activity, individual-difference measures of expressiveness and personality, skin conductance, heart rate, and reports of experienced emotion 
 ADDIN EN.CITE 

(Kring and Sloan, 2007)
. FACES has also been used and validated on participants with schizophrenia 
 ADDIN EN.CITE 

(Kring and Sloan, 2007, Aghevli et al., 2003)
. To control for the variable time of participant’s videos, we calculated the frequency of facial expressions (defined by the face changing from neutral to non-neutral expression and then back to neutral) per five-minute interval. In order to determine inter-rater reliability, intraclass correlation coefficients were calculated according to the formula described by Shrout and Fleiss 
 ADDIN EN.CITE 

(Shrout and Fleiss, 1979)
, who described calculations based on one of three main situations depending on the assignment of judges. Our study is described by situation three, where “each target is rated by each of the same k judges [ICC 3, k=4], who are the only judges of interest.” The intraclass correlation between the two sets of two raters was calculated across participants. There were no significant differences between the ratings between raters, and therefore composite scores are taken from total frequency of expressions (Kring et al., 1994). Because the variance due to coders is not ignored, the coefficient can be interpreted as an index of agreement rather than consistency (Shrout and Fleiss, 1979). Our inter-rater reliability for FACES was excellent, with an average intraclass correlation coefficient of 0.92 for the schizophrenia group and 0.90 for the controls. 
Statistical analyses
In our statistical analyses for multiple comparisons we used the Benjamini and Yekutieli (B-Y) correction for family-wise error method (Narum, 2006). The B-Y method is a less conservative method than Bonferroni for correcting for multiple comparisons. In B-Y, α is divided by the sum of 1/i for i terms, where i is the number of hypothesis tests.
Supplementary Results
Facial Expressivity Correlations with Clinical Symptoms and Medications
In exploratory analyses, we examined spearman correlations between facial expressivity and the Positive and Negative Syndrome Scale (PANSS) measures, and anticholinergic and antipsychotic doses in the schizophrenia group. On the placebo day, there were no significant correlations between facial expressivity and positive, negative, or general PANSS scales or with medication dosages. On the other hand, oxytocin-induced increases in negative expressions were significantly negatively correlated with positive (spearman’s ρ = -0.53; p=0.009) and general (spearman’s ρ = -0.44; p=0.04) symptoms as well as with antipsychotic dosage (spearman’s ρ = -0.48; p=0.005; see Supplementary Table 1). However, negative and general PANSS scale scores were also significantly correlated with antipsychotic dosage. Additionally, we found that higher oxytocin-induced change in total facial expressivity correlated significantly with lower positive (spearman’s ρ = -0.49; p=0.02) (Supplemental Figure 1A) and general (spearman’s ρ = -0.46; p=0.03) symptoms and lower antipsychotic dosage (spearman’s ρ = -0.48; p=0.004) (Supplemental Figure 1B).
Supplementary Discussion
Our findings show that PANSS symptoms and antipsychotic dosage may moderate oxytocin-induced increases in facial expressivity. Individuals with SZ with lower PANSS symptoms and on lower antipsychotic dosage had greater increases of facial expressivity with oxytocin. Oxytocin is hypothesized to be involved in regulating parasympathetic activity 
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(Gamer and Buchel, 2012)
, and better regulation of parasympathetic tone is correlated with lower positive symptoms (Montaquila et al., 2015) and lower antipsychotic dosage (Montaquila et al., 2015). This suggests that those individuals with better parasympathetic tone may have greater sensitivity to oxytocin and thus have greater increases in facial expressivity. Further studies involving the connection between oxytocin, PANSS symptoms, antipsychotic dosage, and parasympathetic tone should be conducted to explore these relationships.
Supplementary Table S1. Spearman correlations of frequency of expressions with clinical symptom ratings and medication equivalents
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Expressions Per 
5 Minutes Drug Type Positive Negative General



Flat 
Affect Cogentin CPZ



Placebo 0.002 -0.14 -0.36 -0.07 0.05 -0.12



OT-induced change -0.13 -0.02 0.05 0.07 -0.009 -0.14



Placebo 0.16 0.18 -0.005 -0.03 0.12 -0.09



OT-induced change -0.53** -0.16 -0.44* 0.24 -0.04 -0.48**



Placebo 0.05 -0.02 -0.21 -0.06 0.12 -0.16



OT-induced change -0.49* -0.19 -0.46* 0.30 -0.15 -0.48**



Clinical Symptom Ratings
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**p≤0.01, *p≤0.05
Supplementary Fig. S1. Scatterplots between oxytocin-induced change of frequency of total expressions and clinical symptoms and antipsychotic dosages.
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A) Oxytocin-induced change in total facial expressivity is negatively correlated with PANSS positive symptoms. B) Oxytocin-induced change in total facial expressivity is negatively correlated with antipsychotic dosage.
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