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Abstract
Posttraumatic stress disorder (PTSD) is associated with problems in intimate relationships, partly
due to deficits in social cognition. In this study, the role of arginine vasopressin (AVP) in the link
between PTSD and partner-specific social cognition was examined. Participants were 24
individuals from 12 heterosexual couples in which at least one partner exhibited clinically
significant PTSD symptoms. Attention to partner expressions of anger was examined as an
indicator of distress and need for affiliative behaviors to repair the relationship bond. AVP
administration improved the speed of men’s attentional engagement with their partners’
expressions of anger and alleviated the negative impact of PTSD on this social cognitive process.
Further, men’s morning urinary AVP levels were negatively correlated with their PTSD severity.
No such effects were found among women or for attention to unfamiliar men’s or women’s anger
expressions. Thus, the AVP system may function in the relationship problems associated with
PTSD.
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Posttraumatic stress disorder (PTSD) is a psychiatric condition marked by dysregulated
stress reactivity following a traumatic experience. Symptoms include fluctuation between re-
experiencing and avoidance of trauma reminders and emotions, as well as emotional
numbing and physiological hyperarousal. PTSD leads to widespread problems in intimate
relationships (e.g., distress, divorce, violence), particularly for men (Monson, Taft, &
Fredman, 2009). Social cognition plays an important role in the relationship problems
associated with PTSD (Charuvastra & Cloitre, 2008). For example, the link between PTSD
and perpetration of intimate partner violence appears to be a function of a range of social
cognitive deficits (Taft, Schumm, Marshall, Panuzio, & Holtzworth-Munroe, 2008) and,
given the influence on later-stage processes, early-stage social cognitive processes are
especially important to the association between PTSD and such relationship problems
(Sippel & Marshall, 2011).
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The nonapeptide arginine vasopressin (AVP) may play a role in the link between PTSD and
social cognitive processes that lead to relationship problems. In male rodents, trauma (i.e.,
repeated social subjugation) leads to lower central AVP levels (Ferris, 2000). Although
divergent findings exist, other forms of severe stress (e.g., maternal separation) also lead to
diminished central AVP functioning among male rodents (see Veenema, 2009). Similarly,
traumatized children have low morning urinary AVP levels (Wismer Fries, Ziegler, Kurian,
Jacoris, & Pollak, 2005). In contrast, men with PTSD have been found to exhibit elevated
plasma AVP levels (de Kloet, Vermetten, Geuze, Wiegant, & Westenberg, 2008). Also
suggesting a role of AVP in trauma and PTSD are findings that intranasal administration of
AVP increases electromyographic responses to personal combat imagery, but not other
stressful or neutral stimuli, among male combat veterans with PTSD (Pitman, Orr, & Lasko,
1993).

An abundance of evidence among rodents documents the role of AVP in social cognition
(e.g., social recognition) and social behavior (e.g., pair bonding, aggression; see Albers,
2011 and Young & Wang, 2004). Context appears to be quite important in determining the
valence of AVP’s effect (Goodson & Thompson, 2010). For example, particularly among
male rodents, AVP facilitates affiliation with select mates as well as aggression toward male
conspecifics, presumably to decrease reproductive competition (Young & Wang, 2004).
Context may be especially salient following trauma, as indicated by work demonstrating that
AVP plays a role in the impact of adolescent trauma on aggressive behavior during a
resident:intruder model based on the size and age of the intruder conspecific (Delville,
Melloni, & Ferris, 1998). Emerging evidence among humans largely mirrors the research
among rodents. That is, AVP affects social cognition such that intranasal AVP
administration 1) increases the speed with which men recognize sexual words (Guastella,
Kenyon, Unkelbach, Alvares, & Hickie, 2011), 2) increases men’s familiarity memory for
facial expressions of emotions (Guastella, Kenyon, Alvares, Carson, & Hickie, 2010), and 3)
alters activation of the medial prefrontal cortex-amygdala circuit, which is implicated in
emotion regulation, when men view emotional expressions (Zink, Stein, Kempf, Hakimi, &
Meyer-Lindenberg, 2010). Similarly, polymorphisms of the AVPR1a gene are associated
with amygdala activation in response to angry and fearful facial expressions (Meyer-
Lindenberg et al., 2009). At the same time, AVP selectively decreases men’s ability to
recognize facial expressions of negative emotions displayed by other men, but not women
(Uzefovsky, Shalev, Israel, Knafo, & Ebstein, 2012). AVP administration also enhances
men’s facial EMG response to viewing other men’s neutral facial expressions, making such
responses similar to those that occur when viewing men’s angry expressions (Thompson,
Gupta, Miller, Mills, & Orr, 2004). This effect may be sex-specific: AVP administration
stimulates men’s agonistic facial expressions and decreases men’s perceptions of
friendliness in response to photographs of other men, but stimulates women’s affiliative
facial expressions and increases women’s perceptions of friendliness in response to
photographs of other women (Thompson, George, Walton, Orr, Benson, 2006).

AVP also plays a role in social behavior and the relationship problems frequently observed
among individuals with PTSD. For example, cerebrospinal fluid AVP levels are elevated
among men (but not women) with personality disorders and a history of aggression
(Coccaro, Kavoussi, Hauger, Cooper, & Ferris, 1998). AVP is also important in human
affiliative behaviors, even sometimes among same-sex male dyads. When playing a game
against either a computer or an unfamiliar man, intranasal administration of AVP increases
men’s reciprocated cooperation and, in response, activates regions of the bed nucleus of the
stria terminalis, lateral septum, and stria terminalis, which include AVP circuitry implicated
in affiliation (Rilling et al., 2012). Similarly, in terms of intimate relationships, elevated
plasma AVP is associated with a lower frequency of couples’ negative communication
behaviors (Gouin et al., 2010). AVP may also increase the salience of intimate relationships
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and function as a marker of relationship distress. Plasma AVP has been found to be elevated
among men (but not women) experiencing relationship distress (Taylor, Saphire-Bernstein,
& Seeman, 2009). Also among men but not women, the RS3 repeat polymorphism of the
AVP receptor 1a gene (AVPR1a) is associated with less partner bonding, but also fewer
marital crises or threats of divorce (Walum et al., 2008). Interestingly, Maher and colleagues
(2011) found that a particular single nucleotide polymorphism, rs11174811, of the AVPR1a
gene is associated with men’s (but not women’s) greater relationship distress in a clinical
sample recruited for severe drug use disorders, but the same SNP was associated with men’s
greater perceived marital warmth in a population-based sample. Thus, sample
characteristics, and potentially other individual or contextual/relationship factors, may play a
role in the function of AVP’s influence on complex social behaviors.

Sex differences exist in the neuroanatomy of the rodent AVP system, with gonadal
hormones influencing AVP production and organizational effects on AVP expression (de
Vries, 2008). Consequently, AVP’s role in social recognition, pair bonding, and offensive
aggression is largely specific to males (Albers, 2011; Young & Wang, 2004), although
notable exceptions exist in which AVP is similarly associated with high levels of pair
bonding for both sexes (e.g., Cho, de Vries, Williams, & Carter, 1999). Only one known
study to date reports on sex differences in the neuroanatomy of the human AVP system.
Ishunina and Swaab (1999) found AVP neurons in the hypothalamic supraoptic and
paraventricular nuclei to be larger in men than women, suggesting greater AVP expression
in men. In addition, as reviewed above, many of the effects of AVP among humans have
only been reported among male samples; when sex differences are examined, the results are
often specific to men or differ in valence between the sexes. Therefore, AVP may be more
important to men’s than women’s PTSD and associated social cognitive deficits. Because
sex differences in AVP expression do not necessarily directly translate into sex differences
in AVP function (as in, for example, the prairie vole, the animal with the largest sex
difference in AVP innervation, but the smallest sex difference in social behavior; deVries,
2008), this hypothesis requires testing. Such work can serve to inform model building aimed
at explaining the differential impact of PTSD on men’s and women’s relationship problems.

Despite preclinical research suggesting that AVP facilitates male rodents’ affiliative
responses towards their mates but aggressive responses towards others (particularly
competing males), the impact of AVP on humans’ social cognition has not been examined
relative to one’s intimate partner, thus impeding theoretical extensions to humans’ pair
bonding and relationship functioning. Further, although therapeutic effects of AVP have
been proposed for PTSD (de Kloet et al., 2008), its role in the social problems central to
PTSD has not been tested. The primary aim of this pilot study is to examine whether AVP
modulates the link between PTSD and early-stage partner-specific social cognition. Anger
expressed by an intimate partner may signal relationship distress and a need for affiliative
behaviors to repair the relationship bond; vigilance for a partner’s angry expressions may be
key to the initiation of reparative behaviors. Thus, AVP should facilitate attentional
engagement with partner expressions of anger. AVP should also alleviate the expected
negative impact of PTSD severity on vigilance for partner expressions of anger. These
effects should be stronger for men than women. Examination of the effect of AVP on
attentional engagement with unfamiliar men’s and women’s expressions of anger is
designed to provide insight into whether the proposed effects of AVP are specific to the
perception of one’s partner, thus specific hypotheses are not made beyond generally
expecting the proposed effects to be weaker in reference to unfamiliar men and women
compared to one’s partner.
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Methods
Participants

Participants included 24 individuals from 12 cohabitating, community-recruited
heterosexual couples in which at least one partner exhibited clinically significant PTSD
symptoms. Couples were ineligible if either partner had cardiovascular disease, high blood
pressure, a seizure disorder, asthma, endocrine disturbance, or abused alcohol. Women were
naturally ovulating, not using hormonal contraceptives, not peri-menopausal, and under age
50.

Participants averaged 32.2 (SD = 9.3) years of age with an individual monthly income of
$1644 (SD = $1903) and 17.3 (SD = 3.2) years of education; most (79%) were Caucasian.
All participants experienced a DSM-IV defined trauma. Participants’ index traumas varied
greatly, with the most frequent traumas including the sudden death of a friend or loved one,
abortion, childhood violence, physical assaults, combat, and life-threatening illness
(including drug overdose). Five men and six women met diagnostic criteria for PTSD. The
wife was PTSD-positive and the husband was PTSD-negative in five couples, the husband
was PTSD-positive and the wife was PTSD-negative in four couples, both partners were
PTSD-negative in two couples, and both partners were PTSD-positive in one couple.

Procedures
Participants’ first void morning urine samples were collected the day prior to, and day of,
their laboratory sessions, then assayed for AVP using published procedures (Wismer Fries et
al., 2005). Hormone levels were calculated per mg creatinine to account for fluid variability.

Laboratory sessions began at 8:30am in the early follicular phase of the female partner’s
menstrual cycle. Following informed consent procedures, participants completed self-report
measures and were photographed posing facial expressions of emotions. In a double-blind
manner, participants then self-administered via nasal spray 1 ml solution containing 20 IU
AVP or placebo. Ten minutes later, participants began a computer task designed to measure
attention to anger expressions. This length of time between treatment and task was chosen
because intranasal AVP administration leads to substantial increases in AVP measured in
CSF and plasma within ten minutes of administration (Born et al., 2002). Approximately 45
minutes later, PTSD symptom severity was measured via clinical interview.

Measures
PTSD Symptom Severity—The Clinician Administered PTSD Scale (CAPS; Blake,
Weathers, Nagy, & Kaloupek, 1995) is a structured interview that assesses the frequency
and intensity of each PTSD symptom using standard prompt questions and explicit,
behaviorally-anchored rating scales. The CAPS is commonly considered the gold standard
in PTSD assessment. The CAPS has demonstrated high interrater reliability (.92 - .99) and
convergent validity with other PTSD measures (Weathers, Ruscio, & Keane, 2001),
including excellent sensitivity (90%) and specificity (95%; Hyer, Summers, Boyd, Litaker,
& Boudeywns, 1996). In the current sample, the internal consistency reliability coefficient
was .94.

Traumatic Events—The Traumatic Life Events Questionnaire (TLEQ; Kubany et al.,
2000) was used to assist in the determination of the index trauma to be assessed during the
CAPS interview. The TLEQ lists 22 types of potentially traumatic events and asks
respondents to indicate if they experienced each event, and if so, how many times. The
TLEQ also includes queries about the experience of fear, helplessness, and horror, and
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which trauma currently causes the most distress. The TLEQ has demonstrated adequate
levels of test-retest reliability and good content validity (Kubany et al., 2000).

Relationship Satisfaction—The Dyadic Adjustment Scale (Spanier, 1979) is a
psychometrically sound (Heyman, Sayers, & Bellack, 1994; Kurdek, 1992) 32-item self-
report measure of perceptions of relationship consensus, cohesion, affectional expression,
and satisfaction. Scores can range from 1 to 151, with scores less than 97 indicative of low
marital satisfaction or distressed relationships. In the present sample, coefficient alpha was .
94.

Relationship Commitment—The Personal Dedication subscale of the Commitment
Inventory (Stanley & Markman, 1992) includes a 36-items assessing dedication and
commitment to one’s intimate relationship. This subscale exhibits strong reliability and
construct validity (Stanley & Markman, 1992). In the present sample, coefficient alpha was .
87.

Attentional Engagement with Anger—The Exogenous Cueing Paradigm, Emotional
Modification (Fox, Russo, Bowles, & Dutton, 2001) is an adaptation of Posner’s (1980)
spatial cueing paradigm, designed to measure selective attention to emotions. In the current
study, each trial began with a computer display of a central fixation cross and two white
rectangles to the left and right of the cross, all presented against a black background for
500ms. The fixation cross and rectangles were then replaced by a photographic stimulus
(anger or neutral) displayed on the left or right side of the screen for 1250ms. The stimulus
was then followed by a target (a “3” or an “8”) presented on the left or right side of the
screen that remained on the screen until the participant responded. The inter-trial interval
was 500ms. Participants were instructed to indicate whether the target was a 3 or an 8 by
pressing the corresponding key on the keyboard as quickly and accurately as possible. All
trials were fully randomized; 50% of the trials were validly cued (i.e., photograph and target
on the same side) and 50% were invalidly cued (i.e., photograph and target on different
sides). Stimuli were each displayed eight times, such that the target (a “3” or an “8”), target
location (left or right), and cue location (left or right), were fully crossed and balanced.
Enhanced attentional engagement by anger was operationalized as faster identification of the
target following anger stimuli, compared to neutral stimuli, on validly cued trials. Positive
scores indicate faster engagement with angry expressions.

Emotional Expressions—Using procedures developed by Marshall and Holtzworth-
Munroe (2010), participants were trained to produce facial expressions of anger according to
instructions derived from the Facial Affect Coding System (FACS; Ekman & Friesen, 1978)
and the minimum muscular movements recommended by Parke and Waters (1996).
Participants were informed of the target emotion and the expression was demonstrated; then
they were coached to move each muscle included in the expression. To make the stimuli
representative of naturalistic expressions, expressions were obtained at both high and low
intensity levels. This process was repeated until one photograph at each intensity level was
obtained, initially judged by the author to be an accurate depiction of the emotion.
Participants typically repeated the process 2-3 times with approximately 15-20 photographs
taken. One photograph of each participant displaying a neutral expression (i.e., no muscular
movements) was also chosen. Photographs were transformed to gray-scale, cropped around
the face, and increased in brightness, if necessary.

Four men and four women, unfamiliar to the participants, were recruited from the
community using flyers. Their photographs were developed using the same method of
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expression elicitation used with the participants. These men and women varied in age and all
were Caucasian.

AVP and Placebo Preparation—Commercially available (American Regent, Inc.,
Shirley, NY) AVP included 1 ml solution containing 20 IU AVP and a 0.5% chlorobutanol.
The placebo included 1 ml solution containing saline and 0.5% chlorobutanol. Solutions
were placed in semitransparent vials with attached nasal applicators.

Data Preparation and Statistical Analyses
On the exogenous cueing paradigm, trials with reaction times greater than 2000ms were
excluded to decrease error associated with delayed responding. In addition, due to a
technical error, one participant did not complete any trials for her partner’s anger
expressions. Her missing data were estimated using expectation-maximization (EM) based
upon her remaining data. EM provides less biased estimates than listwise deletion, pairwise
deletion, or regression substitution (Schafer & Graham, 2002).

Continuous PTSD severity scores were used for the analyses because they improve
statistical power, are more stable over time, display higher levels of reliability and validity,
and yield a greater amount of information than categorical measures of psychopathology
(Cohen, 1992; Watson, 2005; Widiger & Clark, 2000). Furthermore, taxometric analyses
suggest that PTSD is a dimensional, rather than a categorical, disorder and PTSD may be
more accurately conceptualized as an extreme reaction to trauma rather than as a discrete
clinical syndrome (e.g., Broman-Fulks et al., 2006).

Scores from two members of a dyad (e.g., intimate partners) tend to be correlated, which can
bias significance testing (Kenny, 1995). Therefore, Kenny, Kashy, and Cook’s (2006)
guidelines for distinguishable members were used to test whether male and female partners
exhibited similarity (i.e., within-group dependency) in the dependent variable. A statistically
nonsignificant correlation indicates that data can be analyzed by individual rather than by
couple.

Primary data analyses included hierarchical linear regression models predicting attentional
engagement with anger displayed by one’s partner, unfamiliar women, and unfamiliar men.
Covariates included basal AVP level averaged across the two measurement days, tobacco
use, and psychotropic medication use. Independent variables included treatment (AVP or
placebo), sex, PTSD symptom severity, and all two- and three-way interactions among the
independent variables.

Due to the current directional hypotheses (Jones, 1952) and well-cited criticisms of null
hypothesis testing (e.g., Cohen, 1994), particularly within small samples in which power is
limited, one-tailed tests were used to maximize power to detect small effects (Cohen, 1992).

Results
Stimuli Validation

Two male and two female independent raters naïve to study goals rated all photographs in
terms of categorical emotion displayed and intensity of emotions displayed. Photographs of
anger expressions were rated as displaying a significantly higher intensity of anger than
photographs of neutral expressions (t = -6.23, p < .01). Husbands and wives did not differ in
the intensity of anger expressed (t = -1.20, ns) and intensity of anger expressed did not
correlate with PTSD severity (r = .17, ns). Rates of percent correct were as follows: Wives’
anger (.80) and neutral (.70), husbands’ anger (.77) and neutral (.83), unfamiliar women’s
anger (.63) and neutral (.73), unfamiliar men’s anger (.73) and neutral (1.00). This level of
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percent correct is similar to that obtained for other standardized emotional expression
stimuli when raters make forced-choice categorical judgments (e.g., Ekman & Friesen,
1976). The relatively lower ratings for unfamiliar women’s anger appeared to be largely due
to two photos frequently being viewed as expressions of fear.

Participants’ reaction times did not differ between low- and high-intensity anger expressions
displayed by their partners (t = 0.69, ns), unfamiliar women (t = 0.59, ns), or unfamiliar men
(t = 0.41, ns). Low- and high-intensity photos were combined in subsequent analyses.

Among participants who received placebo (given AVP’s expected impact on attention),
attentional engagement with partner anger was positively correlated with marital satisfaction
(r = .67, p < .01) and commitment (r = .69, p < .01), thus supporting interpretation of the
measure of attentional engagement with partner anger. Sex did not moderate these relations
(satisfaction: b = .01, t = .04, ns; commitment: b = .001, t = .003, ns).

Descriptive Statistics and Bivariate Correlations
Scores between partners within couples did not correlate for the dependent variables of
attentional engagement with expressions of anger displayed by one’s partner (r = -.09, ns),
unfamiliar women (r = -.02, ns), or unfamiliar men (r = .15, ns), thus allowing individual-
based analyses.

Descriptive statistics for all continuous study variables are displayed in Table 1. Measures of
skew and kurtosis were not excessive, although distributions of scores for attentional
engagement with unfamiliar women’s and men’s anger expressions were somewhat
leptokurtic, indicating a possibility of extreme score influence. The distribution of scores for
PTSD severity was somewhat platykurtic, indicating a low probability of extreme score
influence. PTSD severity scores ranged from 2 to 75, with no significant sex differences
(men: M = 31.0, SD = 23.6; women: M = 40.7, SD = 26.8), t(22) = -0.94, ns. On average,
participants reported an average degree of marital satisfaction, with substantial range in
scores such that a meaningful portion of participants (33%) was martially dissatisfied. Ten
participants (42%) reported using tobacco and eight participants (33%) reported using
psychotropic medications. Basal AVP levels did not differ between men (M = 42.63, SD =
20.66) and women (M = 42.64, SD = 26.14), t(22) = -.001, ns.

Overall, PTSD severity was not significantly correlated with basal AVP levels (r = -.13), but
a sex difference existed (b = .38, t = 1.86, p < .05) such that PTSD severity was significantly
negatively correlated with basal AVP levels among men (r = -.60, p < .05), but not women (r
= .19, ns). PTSD severity was not significantly correlated with relationship satisfaction (r = .
12, ns) or commitment (r = .01, ns) and no sex difference existed, b = .18, t = 0.82, ns and b
= -.09, t = -0.41, ns, respectively. Similarly, basal AVP was not significantly correlated with
relationship satisfaction (r = -.01, ns) or commitment (r = -.17, ns) and no sex difference
existed, b = -.06, t =-0.13, ns and b = .17, t = 0.36, ns, respectively.

Prediction of Attentional Engagement with Anger Expressions
Results of hierarchical regression analyses predicting attentional engagement with partner,
unfamiliar women’s, and unfamiliar men’s expressions of anger are presented in Table 2.
When predicting attentional engagement with partner expressions of anger, no covariates
(i.e., basal AVP, tobacco use, psychotropic medication use) were predictive. The main effect
of treatment group was significant: those who received AVP engaged with partner
expressions of anger more quickly than those who received placebo. The other main effects
were not significant. Each two-way interaction was significant. The interaction between sex
and treatment indicates that men who received AVP engaged more quickly with partner
expressions of anger than men who received placebo, while there was no treatment effect for
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women (Figure 1). The interaction between sex and PTSD severity indicates that greater
PTSD severity was associated with faster engagement with partner expressions of anger
among women, but not among men. The interaction between treatment and PTSD severity
indicates that greater PTSD severity was associated with faster engagement with partner
expressions of anger among those who received AVP, but not those who received placebo.
Finally, the three-way interaction was significant: Greater PTSD severity was associated
with slower attentional engagement with partner expressions of anger among men who
received placebo, but faster attentional engagement among men who received AVP and
women in both treatment groups (Figure 2).

When predicting attentional engagement with unfamiliar women’s expressions of anger,
basal AVP was predictive such that higher levels of basal AVP were associated with slower
engagement with unfamiliar women’s anger expressions. No other covariates were
predictive. The main effect of PTSD severity was significant such that greater PTSD
severity was associated with faster engagement with unfamiliar women’s expressions of
anger. No other main effects were significant. Additionally, no interaction effects were
statistically significant. Further exploration of the finding of a relation between basal AVP
and attentional engagement with unfamiliar women’s expressions of anger indicated that this
relation was significantly moderated by sex such that the negative relation was stronger for
men than women, b = 1.09, t = 3.89, p < .001. Treatment (AVP or placebo) and PTSD
severity did not play a significant role in this relation.

When predicting attentional engagement with unfamiliar men’s expressions of anger, no
covariates were predictive. The main effect of PTSD severity was significant such that
greater PTSD severity was associated with faster engagement with unfamiliar men’s
expressions of anger. No other main effects were significant. Additionally, no interaction
effects were statistically significant.

For all regression models, when excluding the covariates of tobacco and psychotropic
medication use, the pattern of results remained the same, although some effects became
slightly weaker. Similarly, exclusion of the two photos of unfamiliar women expressing
anger that were not consistently categorized as anger by the independent raters did not
change the pattern of results.

Discussion
The current study provides preliminary evidence that AVP may influence men’s partner-
specific social cognition. That is, men who received intranasal AVP exhibited faster
attentional engagement with partner expressions of anger than men who received placebo. In
contrast, AVP administration had no apparent influence on the speed of attentional
engagement with unfamiliar women’s and men’s expressions of anger. Thus, as appears to
be the case for the structurally, and often functionally, similar nonapeptide, oxytocin (Bartz,
Zaki, Bolger, & Ochsner, 2011), AVP does not simply increase the salience of social cues;
instead, context and individual factors are also important. Additionally, assuming that faster
attentional engagement with partner expressions of anger represents an affiliative response
to a distress cue that is central to relationship functioning, these findings may be used to help
extend to humans preclinical research indicating that AVP facilitates pair bonding, likely via
social cognitive mechanisms and often specifically among males (Albers, 2011; Young &
Wang, 2004). Further, if the observed impact on social cognition translates into pair bond
behaviors, the current results suggest that AVP may be important to the maintenance of pair
bonds. Research with rodents indicates that AVP is important for initial pair bond formation
(Albers, 2011; Young & Wang, 2004); however, the current study and all prior studies
examining AVP in human relationships were conducted among individuals in established
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relationships. It will be important for future research to contrast the possible role of AVP in
human pair bond formation versus maintenance.

The current study additionally provides preliminary evidence that AVP may alter the impact
of PTSD on partner-specific social cognition, particularly among men. That is, among men
who received placebo, greater PTSD severity was associated with slower engagement with
partner expressions of anger, whereas among men who received AVP (and women in both
treatment groups), greater PTSD severity was associated with faster engagement with
partner expressions of anger. Furthermore, basal AVP levels were lower among men with
more severe PTSD symptoms. These findings 1) extend to humans preclinical research
indicating that trauma diminishes AVP functioning (Ferris, 2000; Veenema, 2009), 2)
extend to the clinical phenomenon of adult PTSD findings of lower AVP levels among
children with a history of neglect (Wismer Fries et al., 2005), and 3) provide evidence of
specificity to men. Together, these findings suggest that men with more severe PTSD
symptoms may not consistently produce adequate levels of AVP, but receptor binding may
remain intact, allowing them to experience the apparent social-cognitive consequences of
AVP administration. Future research designed to more directly examine such neural
mechanisms is needed.

The current finding of lower urinary AVP among men with more severe PTSD symptoms
diverges from results of de Kloet and colleagues (2008) in which men with PTSD exhibited
elevated plasma AVP levels. Their findings may be due to systematically biased AVP
reactivity to the stress of venipuncture and/or participation in a study of PTSD among those
with PTSD. Additionally, the difference between studies may be a function of first-void
morning urinary AVP reflecting peripheral AVP levels over a longer, and different, time
period than AVP in plasma during a laboratory session. Additional work is needed to better
understand how AVP production fluctuates over time, across contexts, and with the
experience of different PTSD symptoms. It is possible that men with more severe PTSD
symptoms experience substantial variability in AVP production aligning with fluctuations in
specific PTSD symptoms. For example, the elevated AVP observed by de Kloet and
colleagues (2008) may be a function of reexperiencing and/or hyperarousal symptoms in a
potentially stressful situation, whereas the diminished AVP observed in the current study
may be a function of avoidance and emotional numbing symptoms used to enable and
sustain sleep. Moreover, differences across measures of peripheral AVP, as well as
systematic ways in which central and peripheral release of AVP diverge, are not well
understood at this time (Heinrichs, 2009; Wotjak, Ganster, Kohl, Holsboer, Landgraf, &
Engelmann, 1998). Further knowledge regarding such issues would help answer these
questions, in addition to shedding light on why basal AVP levels were not associated with
attentional engagement with partner expressions of anger, but were associated with men’s
attentional engagement with unfamiliar women’s expressions of anger. Without such
answers, a theoretical interpretation of these findings would be highly speculative.

The observed sex differences in the current study are consistent with those of many animal
studies and existing knowledge of the structure and function of the AVP system (de Vries et
al., 2008; Ishunina & Swaab, 1999; Young & Wang, 2004). The current findings also
support those of Thompson and colleagues (2006) in which sex differences in the effect of
AVP on human social cognition were found. However, unlike Thompson and colleagues’
study in which the valence of the effect of AVP among women was opposite that of men, in
the current study, no significant effect of AVP on social cognition was observed among
women. Additionally, no effect of AVP among either sex was observed for attention to
unfamiliar women’s and men’s anger expressions, whereas Thompson and colleagues
observed effects of AVP on evaluations of, and EMG responses to, photographs of same-sex
individuals. Thus, sex differences in the effect of AVP on social cognition may vary
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according to the stage of social cognition examined, with AVP being more likely to impact
women’s social cognition at later stages of processing.

Caution is warranted regarding the interpretation that enhanced attentional engagement with
partner expressions of anger represents a socially desirable pair-bonding process and,
consequently, that AVP may enhance pair-bonding behaviors via social cognition. Instead, it
is possible that partner expressions of anger may be perceived as threatening and AVP may
increase attention to threat via its effect on stress reactivity under conditions of evaluative
stress (Shalev et al., 2011), potentially resulting in adversarial behaviors such as aggression.
Indeed, slower attentional disengagement from expressions of anger displayed by unfamiliar
persons has been associated with individual factors such as dominance and testosterone
(Terburg, Aarts, & von Honk, 2012; Terburg, Hooiveld, Aarts, Kenemans, & van Honk,
2011), and AVP has been frequently examined as modulator of aggression (see Veenema,
2009 and Veenema & Neumann, 2008). However, several reasons exist to question this
alternative interpretation of the meaning of attentional engagement with partner anger
expressions. First, strong positive correlations were observed among attentional engagement
with partner expressions of anger and relationship satisfaction and commitment. Second,
attention to expressions of anger displayed specifically by one’s partner has not previously
been examined and, therefore, may function in a manner distinct from that of attention to
expressions of anger displayed by unfamiliar people. Third, PTSD symptom severity was
associated with faster attentional engagement with partner anger more so among women
than men and women with PTSD display more intimacy behaviors in their relationships than
men with PTSD (Hanley, Leifker, Blandon, & Marshall, in press). Fourth, the sum of the
research on the impact of AVP on aggression indicates that, at a simple level, AVP can both
increase and decrease aggression (Veenema, 2009; Veenema & Neumann, 2008). Variations
in the function of AVP on aggression are likely due to cross-species anatomical differences
(Veenema & Neumann, 2008), as well as individual and contextual differences (Ferris,
2000). Furthermore, studies using intracerebral microdialysis during displays of intermale
aggression indicate that AVP release may be a consequence of aggression, rather than a
cause of aggression (Veenema & Neumann, 2008). Therefore, although it appears that
enhanced attentional engagement with partner expressions of anger represents a socially
desirable pair-bonding process, this interpretation may be specific to characteristics of the
current, relatively small sample. Further research among humans is needed to better
understand variability in the effects of AVP based on context (e.g., social history,
relationship characteristics, task demands) and individual characteristics (e.g., genotype,
trauma timing, impulsive or aggressive tendencies).

Specific study limitations bear note. First and foremost, the sample size is quite small.
Although the sample was recruited to avoid many potential confounds, replication is
necessary. Second, tobacco and psychotropic medication use may impact the AVP system,
yet, to support generalizability, participant exclusion criteria did not contain these factors.
Because these factors were not significant model covariates, substantial impact is unlikely.
Third, the small within-couple associations could have impacted results. Fourth, the current
results may not be specific to PTSD. AVP is associated with other related psychological
conditions (e.g., panic disorder, Keck et al., 2008; but inconsistently with depression, see
Heinrichs, 2009 and Parker et al., 2010), likely due to AVP’s function in the stress response
system and the centrality of stress in multiple psychological disorders. Finally, the greatest
challenge to recruitment was the exclusion of women using hormonal contraceptives.
Generalizability to women using hormonal contraceptives or women in different menstrual
cycle phases is unknown.

In sum, the current study adds to emerging research on how hormones impact complex
social behaviors based upon both individual and contextual factors. Although preliminary, it
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appears that men with more severe PTSD symptoms may not consistently receive the
positive effects of AVP, yet, when AVP is produced, it promotes partner-specific social
cognition that is impaired among men with more severe PTSD symptoms. It is possible that
such processes may initiate affiliative behaviors to maintain or repair relationship bonds.
Furthermore, given the reciprocal influence of social support on PTSD symptoms (Kaniasty
& Norris, 2008), healthy relationship functioning may serve to alleviate stress and anxiety,
thus decreasing PTSD symptom severity. It is hoped that the current study serves to promote
continued investigation into potential neuropeptide mechanisms of PTSD and relationship
problems, ultimately leading to the design and testing of novel therapeutic interventions.
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Highlights

Morning urinary AVP levels were lower among men with more severe PTSD

Intranasal AVP administration improved men’s partner-specific social cognition

AVP lessened the negative impact of PTSD on men’s partner-specific social cognition

No effect of AVP was found among women

No effect of AVP was found for social cognition relative to unfamiliar men or women
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Figure 1.
Mean speed of engagement with partner expressions of anger (relative to partner neutral
expressions) predicted by treatment group and sex. Positive scores represent faster
engagement with anger expressions than neutral expressions.
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Figure 2.
Mean speed of engagement with partner expressions of anger (relative to partner neutral
expressions) predicted by treatment group, sex, and PTSD severity. Positive scores represent
faster engagement with anger expressions than neutral expressions.
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