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ABSTRACT

Maternal dissociative symptoms which can be comorbid with interpersonal violence-
related post-traumatic stress disorder (IPV-PTSD) have been linked to decreased sensitivity
and responsiveness to children’s emotional communication. This study looked at what the
influence of dissociation on neural activation independently of IPV-PTSD symptom severity
is when mothers watch video-stimuli of their children during stressful and non- stressful
mother-child interactions. Based on previous observations in related fields we hypothesized
that more severe comorbid dissociation in IPV-PTSD would be associated with lower limbic
system activation and greater neural activity in regions of the emotion regulation circuit such
as the medial prefrontal cortex and dorsolateral prefrontal cortex (dIPFC). Twenty mothers (of
children aged 12-42 months), with and without IPV-PTSD watched epochs showing their
child during separation and play while undergoing fMRI. Multiple regression indicated that
when IPV-PTSD diagnosed mothers watched their children during separation compared to
play, dissociative symptom severity was indeed linked to lowered activation within the limbic
system while greater IPV-PTSD symptom severity was associated with heightened limbic
activity. Concerning emotion regulation areas, there was activation associated to dissociation
in the right dIPFC. Our results are likely a neural correlate of affected mothers' reduced
capacity for sensitive responsiveness to their young child following exposure to interpersonal

stress, situationsthat are common in day-to-day parenting.

Key words: PTSD, Dissociation, Functional Neuroimaging, Emotion Regulation,
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Post-traumatic stress disorder (PTSD) is an impairing psychiatric condition that can result
from exposure to psychologically traumatic events. PTSD is characterized according to the Diagnostic
and Statistical Manual of Mental Disorders (DSM-I1V; American Psychiatric Association 2000) by the
presence of reexperiencing, avoidance and hyperarousal symptoms that persist following trauma.
Dissociation is commonly described as one form of a psychological reaction to stress which, when
generalized beyond the acute peritraumatic period, can itself become an impairing form of
psychopathology that is distinct from, yet related to PTSD. PTSD and dissociation share an overlap in
the avoidance symptom cluster and, in particular, in the symptoms of "emotional numbing" and
amnesia. In a more general sense, dissociation refers to “a structured separation of mental processes
(e.g. thoughts, emotions, cognition, memory and identity) that are ordinarily integrated” and which
can be comorbid with PTSD (Spiegel and Cardena 1991). Importantly, dissociation is neither

required for the diagnosis of PTSD nor specific to that clinical diagnosis.

Interpersonal violence is associated with substantially elevated rates of PTSD (Breslau et al.
2006). The resulting "interpersonal violence-related PTSD" (IPV-PTSD) has been shown to impact
negatively significant dyadic interactions that are not directly related to the trauma (Schechter et al.
2010). Children strongly depend on their parents — emotionally as well as physically. Therefore,
disturbed parent-child interactions involving parents with PTSD and their potential for deleterious
consequences regarding the child’s subsequent social-emotional development (Lyons-Ruth and Block
1996; Schechter et al. 2010) merit particular attention. Specifically, parental IPV-PTSD related to
avoidance of child distress and aggression can pose significant problems for the parent-child
relationship and for the young child’s sense of safety and development of emotional regulation

(Schechter et al. 2008; Cohen et al. 2008). Maternal PTSD severity and interpersonal violence have

been also associated with reduced availability for joint attention with their young child upon reunion

following separation (Schechter et al. 2010; Sturge-Apple et al. 2012).

However, IPV-PTSD is often accompanied by other comorbid forms of psychopathology that

include dissociative symptoms — in particular when the violence has been chronic (Breslau et al.



2006). Therefore, it is unclear, which part of the links reported above can be attributed to PTSD
symptom severity and which to comorbid symptom severity. Among mothers with PTSD, the severity
of maternal dissociative symptoms has been associated with disturbances of the mother-child
relationship and very young children's increased exposure to violent media (Schechter et al. 2009). In
addition, maternal dissociation was related to decreased maternal sensitivity and responsiveness to
children’s emotional communication (Bailey et al. 2007; Benjamin et al. 1996). Moreover,
longitudinal research has shown that maternal behavior that is characterized by a low level of
sensitivity to the child’s signals and mental states is highly predictive of the development of
dissociative symptoms in the child that generalize and persist into young adulthood so as to affect
those individuals’ parenting. As such, maternal dissociation may contribute to the intergenerational

transmission of trauma and its effects (Dutra et al. 2009).

One way to obtain new insights about the mechanisms underlying dissociation and its concrete
function in PTSD is offered by neuroimaging. Neuroimaging studies that did not control for levels of
dissociation suggest that PTSD is characterized by difficulties in emotion regulation when new
experiences remind patients of aspects of their trauma (New et al. 2009). Brain regions that are
important for emotion regulation and experience and that were repeatedly linked to PTSD include the
amygdala, the insula, the hippocampus, the orbitofrontal cortex (OFC), and the cingulate cortex (Etkin
and Wager 2007). Activity in these areas has been noted in response to negative emotional stimuli
independently of whether these stimuli were relevant to the participants’ traumatic experiences (Etkin
and Wager 2007). Overall, PTSD has thus been characterized by hyperarousal in the limbic areas, and

by reduced activation in regions that are essential to the regulation of emotion and arousal.

In a recent fMRI study, we were interested in how IPV-PTSD would affect mothers’ neural
response to seeing their young children in an interpersonally stressful experimental condition such as
mother-child separation as compared to a non-stressful condition such as mother-child play (Schechter
et al. 2012). When watching videos of their children during separation versus play, mothers with
PTSD lacked medial prefrontal cortex (mPFC) activation that healthy control (HC) mothers showed.

The mPFC is a region implicated in emotion regulation and has been reported to show diminished



activation in PTSD patients (Gilboa et al. 2004; Schechter et al. 2012). In addition, our data
demonstrated heightened limbic activation and similarly heightened stress responses among mothers

with PTSD.

Only a few neuroimaging studies have investigated the role of dissociation in PTSD. Lanius
and colleagues (2002) found that PTSD patients who have clinically significant comorbid dissociative
symptoms, showed greater activation in middle temporal gyrus (MTG), mPFC, and anterior cingulate
cortex (ACC) compared to a group of healthy women when they were exposed to trauma-related

scripts.

Lanius et al. (2010) interpreted the currently available data as evidence for a neural model of
PTSD that has dissociative and non-dissociative subtypes as had been previously hypothesized by
Bremner (1999). They hypothesize that dissociative symptoms that overlap with PTSD symptoms--
unlike symptoms that are specific to PTSD, are associated with the downregulation of the amygdala
and other limbic areas in response to trauma-associated stimuli (e.g., trauma scripts) and that this is
mediated by an increase of activation in the mPFC. Other researchers have posited that those who are
able to dissociate may use this capacity to cope with extreme arousal in the face of trauma via
inhibition of the limbic system (i.e. amygdala) via ACC and mPFC activation (Felmingham et al.
2008). With only one exception (Felmingham et al. 2008), we are not aware of other studies that
investigated neural activation in participants with comorbid dissociation and PTSD in the absence of
stimuli directly related to their trauma. We are also unaware of studies focusing on the significance of

this comorbidity as related to a mother’s response to her child in an interpersonally stressful situation.

Imaging studies that investigated neural activity among healthy parents in response to
recorded infant cries and still-images of facial expressions showed both ventral anterior cingulate
(VACC) and amygdala activation that was related to mothers’ reported emotional responses towards
their own child and to unfamiliar children (Barrett et al. 2011; Strathearn et al. 2008). While our
previous analysis (Schechter et al. 2012) showed that mothers with IPV-PTSD responded, in terms of
their perception of emotion, differed from controls - we did not investigate the impact of comorbid

dissociation. Thus, the question of how maternal dissociation might impact the coordination of neural



activity in response to viewing a child in a stressful situation remains. The present study aims to tease
apart the respective effects of dissociative versus PTSD symptom severity among mothers suffering
from IPV-PTSD. We expect that comorbid dissociative symptoms decrease mothers’ awareness of
their young child’s distress. This results in greater disturbance in parent-child relationships because
mothers with comorbid dissociative symptoms are even less able to engage in mutual emotion
regulation than mothers with IPV-PTSD without dissociation (Schechter et al. 2009). If so we would
imagine that this is due to dampening of mothers’ posttraumatic hyperarousal, by effect of the
comorbid dissociation. PTSD and dissociative symptoms might thus have contrasting, if not opposing
effects, on neural activation that subserves these behaviors. Because dissociation has been associated
with decreased sensitivity and responsiveness to children’s emotional communication (Bailey et al.

2007; Benjamin et al. 1996), dissociation might be linked to a dampening of limbic activation.

Earlier studies examining the effect of dissociation on PTSD-related brain activation, in
contrast to our own study, employed directly trauma-relevant scripts (Hopper et al. 2007; Lanius et al.
2005; Ludascher et al. 2010) or non-interactive situations such as the display of emotional faces
(Felmingham et al. 2008). Furthermore these studies used an approach that divided PTSD participants
into two groups, those with and those without dissociative disorder. Such an approach is clinically
very valid, yet has two important shortcomings: First, it does not account for the fact that participants
with more severe PTSD may also tend to have higher levels of dissociation (Bremner et al. 1992).
Secondly, it is limited in its capacity to assess the relationship between dissociation and PTSD-
associated hyperarousal. Our study improved upon these shortcomings by using a multiple regression

that uses symptom severity of both dissociation and PTSD as predictors of neural activity.

In the present study we thus reanalyzed a previously described data set (Schechter et al. 2012)
which included both mothers with and without IPV-PTSD who underwent fMRI while watching
scenes of their own children during separation and during mutual play. Analyses that included both
IPV-PTSD and dissociative symptom severity as predictors of neural activity were performed in order
to test the hypothesis that neural responses in brain regions associated with hyperarousal in PTSD

would be modulated by the latter as rated on the Dissociative Experiences Scale (DES; Bernstein and



Putnam 1986). Based on this hypothesis on the relevant literature (Lanius et al. 2010), we expected
that, in IPV-PTSD mothers, dissociation would be associated with diminished activation in the limbic
system (e.g., amygdala, perirhinal areas, hippocampus) activation in higher order emotion regulation
areas such as the mPFC, and dorsolateral prefrontal cortex (dIPFC), when seeing own children during
separation compared to play. We further expected separation to be more sensitive to deficits in
maternal emotion perception, due to its socially more stressful nature and the evidence that it affected

mother-child joint attention in mothers with PTSD.

METHOD

Participants

Recruitment: Participants were recruited via posted advertisements and gave written informed
consent for themselves and their child before participation, as prescribed by the Columbia University
Medical Center's Institutional Review Board. The study was performed in accordance with the
Helsinki Declaration of Human Rights (World Medical Association 1999). This MRI study was nested
within a larger study of the relationship of maternal IPV-PTSD to the quality of maternal interactive
behavior with her young child and only began when funded two years after that original study began
(see previous description in (Schechter and Willheim 2009). Twenty mothers either with a diagnosis
of IPV-PTSD (PTSD-mothers) or HC with no evidence of PTSD who were eligible for an MRI scan
participated: 11 IPV-PTSD-mothers (mean = 29.9 years, SD = 6.38) and 9 HC-mothers (mean =
30.63, years, SD = 7.07). For reasons of clarity this paper will concentrate on the results and findings

of the PTSD group. Results concerning the HC can be found in the supplementary materials.

Diagnosis: During an initial videotaped interview, PTSD and HC mothers underwent a variety
of psychometrics (Schechter and Willheim 2009) including the Clinician Administered PTSD Scale
(CAPS; Blake et al. 1995; Cronbachs alpha = 0.92) and the Dissociative Experience Scale (DES;
Bernstein and Putnam 1986; Cronbachs alpha = 0.89). The CAPS is considered as the gold standard
for the assessment of adult PTSD (Weathers et al. 2001). Similarly, the DES is a well-established,
valid and reliable measure of dissociative symptoms (Dubester and Braun 1995). As one would

expect, DES scores differed significantly between HC-mothers and mothers with PTSD (df =18, t =



2.84, p = 0.011). In both groups it did correlate positively but not significantly with PTSD symptoms
as measured in the CAPS (HC: df =7, r =0.53, p=0.14; PTSD: df =9, r = 0.49, p = 0.12). Finally,
dissociation was positively correlated with the subscale Parent Child Dysfunctional Interaction on the
Parenting Stress Index (Abidin 1990) (df = 19, r =0 .65, p = 0.01), but IPV-PTSD symptom severity

was not.

Procedure

Stimuli: Two weeks after an initial visit, mothers and their children returned for a videotaped
interaction protocol including play and separation sequences that contributed to the fMRI video-
stimuli. From these sequences, we created two silent 40 s video excerpts. A first excerpt showed
mutual play of mother and child at the moment of greatest joy and mutual transaction; the second the

moment of greatest separation distress expressed by the child.

The excerpts were rated independently on a 5-point Separation Distress Scale (SDS) by two
graduate-student raters, who were both naive to group membership (rating scale ranging from 0 =no
observable distress to 4 = agitation). Inter-rater reliability was excellent (ICC = 0.95, p < 0.001).

Raters found the mean stress on separation to be 2.31 (SD = 1.35; range 1.5 to 4).

In order to ensure that BOLD effects associated with dissociation in the mother were not due
to higher distress shown by the children we conducted a Pearson correlation between dissociative
symptoms and SDS with the goal to control for the possibility that effects were caused by differences

in the video stimuli. The correlation was not significant (df = 10, r =-0.12, p = 0.70).

The study design consisted of four runs, each lasting 11 minutes 12 seconds, and each
containing 2 blocks during which mothers viewed six 40-second video excerpts per block. Blocks
were displayed in a pseudorandom order, counterbalanced within and across runs. For the current
research question only 2 of those 6 videos were analyzed: Each mother saw 8 times the scene with her

own child playing, and 8 times the scene of her own child in distress of separation.

Image Acquisition and Pre-Processing



All images were acquired on a GE Signa 3 Tesla scanner using a standard GE quadrature head
coil operating in transmit and receive mode. After a three plane localizing image, a T1-weighted,
Spoiled Gradient Recall image was acquired in the sagittal plane to prescribe the location of the
anterior commisure—posterior commisure (AC/PC) line. Axial functional images positioned parallel to
the AC/PC line were obtained using a T2*-weighted gradient-recalled single-shot echoplanar pulse
sequence with TR = 2800ms, TE = 25ms, 90° flip angle, 24x24cm? field of view, and a 64x64 voxel
slice matrix. We acquired 43 slices of 3.0 mm thickness with a spacing of 0.5 mm to provide an
effective resolution of 3.75 x 3.75 x 3.5 mm?®. Slices were acquired in interleaved order and spanned
the entire brain. The experimental design included four runs that comprised 240 imaging volumes
each. High-resolution fast spoiled gradient recall (FSPGR) anatomical images were also acquired for

the normalization of functional images.

The functional echoplanar images were preprocessed and statistically analyzed using batch
programming based on SPM2 under MATLAB. Prior to analysis, images were visually inspected for
major artifacts and signal dropout. Images were slice-time corrected and then realigned to the middle
slice of the middle (second) of the 4 runs of each scan. After motion correction, functional images
were co-registered with the FSPGR anatomical image of the same participant prior to being spatially
normalized and reformatted into a 2x2x2 mm resolution space using a template brain from the
Montreal Neurological Institute. Finally, normalized images were spatially smoothed using a Gaussian
filter with a full-width half-maximum of 8mm. High-pass filters based on discrete cosine transform
implemented in SPM2 with a default cutoff period of 128s were additionally applied as temporal

filters to filter out scanner drift and other types of low-frequency noise.

Hypothesis-Driven Analyses

The BOLD response in each run was assessed using a General Linear Model containing seven
time-dependent functions representing each stimulus type (resting gaze fixation and six videos) and
one constant (baseline BOLD signal). For each participant, a contrast specifying “separation vs. play”
represented the difference in estimated neural activity during the viewing of the child in the separation

condition compared with estimated activity when viewing the own-child free-play condition.
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A whole-brain multiple regression was performed with CAPS and DES-scores as predictors of
BOLD-contrast (separation-play) effects, in order to assess their respective contributions to the
variance in neural activations. Only voxels using a two-tailed p-value threshold < 0.005 together with
the requirement that the correlation occurred in a spatial cluster > 30 adjacent voxels are reported. The
combined application of a statistical threshold and a cluster filter substantially reduces the false-
positive identification of activated pixels at any given threshold (Forman et al. 1995). This threshold is
more conservative toward Type | errors than what Lieberman and Cunningham (2009) suggest for the
study of affective phenomena where effects are usually weaker than in studies for motor responses. No

region of interest analyses were performed.

To determine the origins of these associations, we extracted the beta values of all significant
clusters for each the separation and the play condition and calculated, within each condition, partial
correlations between the BOLD activation and the DES score as well as between the BOLD activation
and the CAPS score (df=8, see table 1). The DES score was thus controlled for the CAPS score and

vice versa.

RESULTS

In support of our hypothesis, the multiple regression for IPV-PTSD mothers (see Figure 1 and
Table 1) showed a positive association of limbic activation and PTSD symptom severity as well as a
negative association of limbic activation and dissociative symptom severity (all df = 8, mid-cingulate
cortex: partial correlations: rDES = -0.88, pDES = 0.001, rCAPS = 0.89, pCAPS =0.001, right
perirhinal cortex: rDES = -0.96, pDES < 0.001, rCAPS = 0.94, pCAPS < 0.001, and right
hippocampus: rDES =-0.92 , pDES < 0.001 , rCAPS = 0.94, pCAPS < 0.001). This was also true for a
cluster including the temporo-parietal junction and the right insula (df=8 : rDES =-0.82 , pDES =
0.003, rCAPS =0.84, pCAPS = 0.002). With respect to the origins, beta extractions for significant
clusters showed that activity for these clusters of the limbic system and the right insula was positively
associated with PTSD symptom severity and negatively with dissociative symptom severity in
particular during separation (for more information on origins please refer to the last two columns of

Table 1).
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<Insert Table 1>

Significantly increased neural activity that was specifically related to higher dissociative
symptom severity was further noted in right dIPFC (two clusters; both df = 8, cluster 1: rDES = 0.83,
pDES = 0.003, cluster 2: rDES = 0.82, pDES = 0.002). This increased activity originated from

decreased activation during play, as correlated with higher dissociative symptom severity.

Deactivations uniguely associated with increasing dissociative symptom severity were noted
in other clusters within the limbic system (all df = 8, left hippocampus: rDES = -0.89 , pDES = 0.001,
and parts of the mid-cingulate cortex : rDES = -0.94, pDES <0.001 ,and right entorhinal cortex: rDES
=-0.95, pDES < 0.001). These deactivations stemmed from diminished neural activity during

separation that was associated with greater dissociative symptom severity.

Higher PTSD symptom-severity further predicted activation in an additional limbic area, the
enthorinal cortex (df = 8, rCAPS = 0.84 , pCAPS = 0.003), as well as in areas associated with
(attempts at) emotion regulation (both df = 8, left dIPFC: rCAPS = 0.83 , pCAPS = 0.003, and left
OFC: rCAPS = 0.83, pCAPS = 0.003). Activation in the entorhinal cortex originated from a positive
correlation of neural activation with PTSD symptom severity during separation. Activation in the OFC
originated from a negative correlation between PTSD symptom-severity and play. Activation in the
dIPFC originated from both, a negative correlation of PTSD symptom severity with play, and a

positive correlation of PTSD symptom severity with separation?.

<insert Figure 1 >

DISCUSSION

This study has shed light on the influence of psychological dissociation on traumatized
mothers’ responses to videotaped stimuli of their own children in the interpersonally stressful situation
of separation as compared to the control condition of free play. Analyses within the IPV-PTSD group
of mothers were simultaneously controlled both for PTSD and dissociative symptom severity. In
accordance with our hypotheses, dissociative and PTSD symptom severity each exerted a continuous

effect in opposite directions on neural activation within the limbic system. PTSD symptom severity as
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a variable gained predictive power when dissociative symptom severity was entered into the
regression model (and vice versa). Importantly, results do not seem to be restricted to high levels of
IPV-PTSD because comparable results were obtained when the HC and IPV-PTSD groups were

analyzed together (see Supplementary Table 1 and Supplementary Figure 2).

This finding of opposite effects of PTSD and dissociation on limbic system activity is
consistent with those of a previous study of PTSD-affected adults among whom dissociative
symptoms had an apparent inhibitory effect on limbic activation (Lanius et al. 2010).This is
remarkable given that this earlier study used trauma-related stimuli. The present research thus clearly
extends the relevance of those previous findings to significant situations that mothers of young
children face in everyday life, situations that are not directly associated with trauma. Another study
that did not use traumatic scripts either (Felmingham et al. 2008) found differences within PTSD
diagnosed individuals with and without comorbid dissociation in the limbic system only for subliminal
presentation of fearful facial expressions, but not for supraliminal presentation. That we found
diminished limbic activity associated with dissociation for supraliminally presented stimuli here
suggests that dissociation does not affect the processing of all emotional stimuli in the same way,

which clearly merits further investigation

In the clinical literature, greater PTSD symptom severity (i.e. including reexperiencing and
hyperarousal clusters) has been associated with greater dissociative symptom severity (Simeon et al.
2007). Studies comparing PTSD patients who also have been diagnosed with dissociative disorders
(i.e. high levels of dissociative symptoms) to PTSD patients without dissociative disorder (i.e. low to
moderate dissociative symptoms) usually do not control for group differences in PTSD symptom
severity. Such studies may be underestimating the actual influence dissociation on neural activation
within the limbic regions of the fear circuit; since they do not take into account that PTSD symptom
severity is associated with increased neural activity in these very same regions. The same holds for
studies investigating the effect of PTSD symptom severity on limbic system activity without

simultaneously controlling for dissociation symptom severity. The opposing effectsof dissociation
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compared to IPV-PTSD on the limbic system suggest that dissociation has an important influence on

traumatized mothers’ emotion experience and regulation.

The importance of the limbic system for emotions and attention is well documented, and
dissociation is traditionally seen as a mechanism that can be used for psychological defense. Less
limbic activation in mothers with IPV- PTSD who have greater dissociative symptom severity may
represent a specific adaptation by these individuals to a chronically violent and dangerous
environment (Schalinski et al. 2011). Along these lines, it has been shown that reduced hippocampal
volume was associated with PTSD only if patients did not have a comorbid dissociative disorder
(Weniger et al. 2008). This might mean that functional hyperactivity of the hippocampus which is
linked to PTSD may cause structural damage, and that dissociation may be adaptive to prevent this.
Our finding of a negative correlation between dissociation and hippocampal activity may also be
linked to amnesia or incoherence of narrative memory in relation to a traumatic life-event or trigger,

one cardinal symptom of psychological dissociation (American Psychiatric Association 2000).

Our data support the idea that dissociation and its neural correlates represent the organism’s
efforts to protect itself from overwhelming hyperarousal and its adverse neurophysiological
consequences (Sapolsky 1990). While this diminished activation may originally be adaptive for the
mother's downregulation of physiological arousal (i.e. so as to protect her from toxicity of chronic
severe stress when in danger of actual violent victimization by an adult), it can subsequently become
maladaptive if it generalizes to another context such as the mother child-relationship. Dissociation-
related downregulation of physiological arousal could then for example be triggered by maternal
trauma-associated memory traces such as the effect of a toddler's helplessness or distress. In such a
moment, the negative impact of that mother's dissociation on her maternal sensitive responsiveness to
her child and her joint attention with her child (and thus more generally on her relationship with her
child and her child's social-emotional development) can be disorganizing for mother, child and their
relationship together (Schechter et al. 2013). Thus, this kind of psychological defense may diminish

maternal attention available for the emotional needs of the child, particularly in the context of a
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background of domestic violence in which the child can trigger maternal traumatic memory traces

(Schechter et al. 2013).

Consistent with this view, we found that greater dissociative symptom severity was associated
with lower activity in the insula; while PTSD predicted additional activation when mothers were
watching separation compared to play. The fact that we found insular activity to be associated with
dissociative symptom severity emphasizes the importance of dissociation on brain regions involved in
empathic resonance (Singer et al. 2009), which is a key component of parental sensitivity (Noriuchi et

al. 2008).

Our data further suggest that -as hypothesized by us - dissociative symptom severity was more
predictive of (diminished) activation in the limbic system when IPV-PTSD participants watched
scenes of separation than when they watched scenes of play. While brief separations can be stressful to
the dyad, they are common day-to-day stressors. Therefore, they may easily and frequently provoke

limbic hyperarousal.

Parent-child dysfunction - a subscale of the Parenting Stress Index - was significantly
correlated to dissociative but not IPV-PTSD symptom severity in this fMRI study sample. Parent-child
dysfunction has previously been reported to be negatively correlated to joint attention between
mothers and their children; and mothers with IPV-PTSD as compared to non-PTSD controls were
significantly less available for joint attention following brief separation than during free-play before
separation (Schechter et al. 2010). It is possible that such a reduction in joint-attention after separation

is related to the reduction of limbic activity by dissociation.

Our findings in the right dIPFC suggest that the impact of dissociation within IPV-PTSD on
mother-child interactions may not be restricted to stressful contexts. The dIPFC has been linked to
emotion regulation of both positively and negatively valenced stimuli (Viinikainen et al. 2010), and
we observed activation in that area to be associated with significantly greater dissociative symptom
severity when mothers watched their own children during separation compared to mutual play. In
contradiction to our hypothesis, however, the effect did not originate in the separation, but rather in the

play condition, where dissociation was negatively associated with neural activity in the dIPFC. Our
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finding may thus suggest that mothers with IPV-PTSD and comorbid dissociation have an altered
regulation of positive social interactions and are at a particular risk of failing to (re-)establish a
positive interaction with their child in non-stressful contexts. The failure to do so should then
complicate the experience of warmth and safety by the child in the absence of direct danger.
Interestingly, the dIPFC has been shown to be implicated in both natural viewing and reappraisal of
social interaction scenes in adults with avoidant attachment tendencies (Vrticka et al. 2012).
Therefore, comorbid dissociation in the parenting context here may be linked to distinctive attachment
style and associated maternal emotion regulation. However, clearly more research is needed to
determine the concrete function of dissociation-related dIPFC activation in non-stressful and stressful
contexts. Moreover, our observation that IPV-PTSD symptom severity was positively associated with
left dIPFC activation in the separation condition, but negatively in the play condition needs further

clarification as well.

It has been hypothesized that participants with PTSD can be divided into two subtypes: those
with comorbid dissociative pathology and those without (Bremner 1999). Lanius and coworkers
(2010) posited that particularly activation in the dorsal anterior cingulate cortex (d4ACC) differentiates
these two subtypes: A “reexperiencing/hyperarousal” subtype is associated with activation of the
dACC,; and a “dissociative” subtype that shows the deactivation of the amygdala and right insula. Our
data are partially consistent with this theory in that we did find that the predicted deactivation of the
hippocampus and insula was associated with dissociative symptom severity; however amygdala

deactivation fell short of statistical significance.

Our study did not replicate the previously reported association of higher mPFC activation and
dACC deactivation with dissociative symptom severity either (Felmingham et al. 2008). This can
possibly be explained by the fact that we did not examine the more direct effect of trauma-related
reminders on neural activation among the mothers with PTSD. We rather investigated how the
affective communication of their young children during the stressful interpersonal situation of

separation, by virtue of the child’s helpless state of mind, served to activate traumatic memory traces.
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As such, we did not expect mothers’ neural activity to show exactly the same patterns as one observes

among PTSD patients exposed to directly related trauma-scripts, images, or other stimuli.

The following limitations apply to our study: As to whether the BOLD-effects of dissociative
symptoms and comorbid PTSD would be linear or not, we note that this study only tested for linear
effects. In addition, the within-PTSD group analysis had less statistical power than if all participants
had been included (see supplementary materials). Due to inherent difficulties in recruiting this high-
risk, inner-city sample for an MRI study, the number of participants remained relatively small. Thus,
the generalizability of findings and interpretation of results with application to other groups of IPV-

PTSD affected parents would require replication with more participants.

Finally, despite our efforts to standardize the stimuli, the naturalistic video clips of
participants’ own children, while having the advantage of providing more ecologically valid stimuli
that were individualized for each mother, contained slightly differing levels of distress and movement

across the individual children.

Conclusions

This study examined closely how IPV-PTSD and dissociative symptom severity impact neural
activation in response to parent-child interactions. We demonstrated limbic activation in IPV-PTSD
mothers to be positively associated with IPV-PTSD symptom severity and negatively associated with
dissociative symptom severity. Our data suggest that the functional interaction which IPV-PTSD and

dissociation exert on emotion regulation has a neurobiological basis.

Dissociative symptoms may thus serve to protect traumatized participants from chronic
hyperarousal (i.e. limbic activation) within a chronically unpredictable and dangerous environment
involving interpersonal violence. Some studies have suggested that while the capacity to dissociate is
constitutionally derived, dissociation can be used in the service of psychological defense (Butler et al.
1996). Our study supports the idea that the presence of comorbid dissociative symptoms may signal an
endophenotypic variant of IPV-PTSD. Dissociative symptoms, in any case, can protect the

traumatized mother against profound dysregulation of arousal, emotion, and aggression, but can also
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compromise her ability to engage in mutual emotion regulation with her young child. Finally, our
study showed dissociative symptom severity to be linked to neural activation in response to stressful
situations that are common in day-to-day parenting (i.e. mother-child separation). In order to address
interpersonal dysfunction so as to develop better targeted clinical interventions, it is important to

separate PTSD-related and dissociation-related effects on mental and neurobiological functioning.
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Footnote 1

Maps of the t-tests of separation versus rest, and play versus rest without inclusion of
dissociation or PTSD symptom severity have been previously published (Schechter et al. 2012). Maps
of neural activation showing a multiple regression that includes PTSD and dissociative symptom
severity for both groups together, can be found in the supplementary materials (Supplementary Table

1).
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Table 1: Multiple regression of the BOLD contrast while mothers with IPV-PTSD (n=11, df=8) are
watching their child during separation as compared to play, including their dissociative and PTSD
symptom severity as predictors. Only significant effects are shown. "tDES" stands for the predictive t-
value that is related to the Dissociative Experiences Scale (DES), "tCAPS" for the predictive t related
to the Clinician Administered PTSD Symptom Scale (CAPS). XYZ describes the coordinates of the
peak voxel within the Montreal Neurological Institute (MNI) coordinate system (Ashburner et al.
1997). The table also shows the partial correlation of the cluster with the DES-score (as corrected for
CAPS values), and for the CAPS-score (as corrected for DES values) followed by the same cluster's
partial correlations with separation and play. Significant partial correlations at p<0.05 are bolded,
significant partial correlations at p<.005 are bolded and italicized.

Partial

Partial

correlation correlation
of the CAPS  of the DES

with the with the
Cluster Cluster
p value (Separation  (Separation
Clu of the vs Play, vs Play,
ster Name tCAPS tDES XYZ peak This Cluster Separation,  Separation,
voxel also Includes: Play) Play)
Positive Caps and Negative DES
- Fépérzh'pf‘écar:pa' CYIUS 569 744 -30-28-18 <0.001 R Hippocampus 0.938 -0.920
(Perirhinal Cortex) 0.609 -0.661
0.109 -0.319
R Parahippocampal Gyrus 6.80 5,58  -28-36-18 <0.001
R Parahippocampal Gyrus
. . -16-24- <0.
72 (Perirhinal Cortex) 9.70 10.82 16-24-22 0.001 0.943 -0.958
0.634 -0.674
i 222 -0.2
R Parahippocampal Gyrus o0 555 59186 0.001 0 0-205
(Perirhinal Cortex)
0.890 -0.879
48 Mid-Cingulate Cortex 5.86 4.48 -6-24 38 0.001 0.527 -0.572
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57 L Middle Temporal Gyrus 9.80 8.75 56-6-18 <0.001 0.455 -0.590
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This figure shows results of a multiple regression of the participants' DES and CAPS scores with
BOLD activity as the dependant variable. BOLD activity refers to mothers' viewing excerpts of their
own children during separation as compared to play.

Color code: additional activation associated with higher DES scores: blue; with lower DES scores:
yellow; with higher CAPS scores: red; with higher CAPS scores and higher DES scores: orange.
Numbers on the left side indicate the z-level within the Montreal Neurological Institute (MNI)

coordinate system (Ashburner et al. 1997).

Abbreviations: OFC = Orbitofrontal Cortex, dIPFC= dorsolateral Prefrontal Cortex, MTG= Middle
temporal Gyrus, STG = Superior Temporal Gyrus, SMA = Supplementary Motor Area.



