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Study Objectives: Reduced gray matter volume in the posterior cingulate cortex (PCC) has recently been found in patients with non–rapid eye movement
(NREM) parasomnia, providing a neuroanatomical substrate for the arousal state dissociation. It remains unclear whether PCC changes in NREM parasomnias
might also play a role in cognitive or affective dysfunction in these patients. The aim of this exploratory study was to investigate neurobehavioral correlates
of PCC abnormalities in patients with NREM parasomnia.
Methods: The Reinforcement Sensitivity Theory of Personality Questionnaire and the Stress Coping Questionnaire were used to assess personality and stress
coping in 15 patients with NREM parasomnia and 15 age- and sex-matched healthy controls. Patients’ left PCC graymatter volume was quantified with voxel-based
morphometry on 3 Tesla T1-weighted magnetic resonance imaging data.
Results: In the Reinforcement Sensitivity Theory of Personality Questionnaire, increased trait reactivity of the behavioral inhibition system and goal-drive
persistence contributed most to the discrimination of patients and controls. In the Stress Coping Questionnaire, patients showed an increased negative coping trait
(ie, anxious rumination) related to an increase in adjusted left PCC volume.
Conclusions: The results suggest subclinical behavioral abnormalities in patients with NREM parasomnias. Such traits might trigger maladaptive emotion
regulation processes related to a relative PCC volume increase. The findings encourage further longitudinal studies on this topic, which can provide insights
into the causal relations underlying the PCC volume–behavior correlation. Such future studies will have a more direct implication for the clinical management of
patients with NREM parasomnias.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Although significant progress has been made in recent years, the pathophysiological processes contributing to
the phenomenon of non–rapid eye movement parasomnias are still not well understood. Previous studies were not able to reconcile electrophysiological
and neuroimaging findings pointing towards a critical role of the cingulate cortex with studies showing psychopathological changes.
Study Impact: In the present study we tested for subclinical psychological abnormalities, which we interpreted in the context of a widely accepted
neuropsychological theory. Furthermore, posterior cingulate cortex volume was measured and related to psychological traits. This study brings
together the neuroimaging approach and the psychological perspective contributing to the understanding of the complex pathological processes in
non–rapid eye movement parasomnias. Further longitudinal studies are needed to prove the clinical significance of our findings.

INTRODUCTION

Non–rapid eye movement (NREM) parasomnias refer to be-
haviors with altered self-awareness initiated during incom-
plete arousal from slow-wave sleep.1 Behavioralmanifestations
include confusional arousals, sleepwalking, sleep terrors, and
sleep-related eating disorder.2

The pathophysiological processes contributing to the be-
havioral phenomena of NREM parasomnia remain largely
unknown.3 The finding of a coexistence of local NREM sleep-
like and wakelike electroencephalographic patterns during a
confusional arousal episode suggested a sleep–wake dissociation

as one important pathophysiological mechanism in NREM
parasomnias.4 Using single-photon emission computed to-
mography during a parasomnia episode, increased cerebral
blood flow was found in the cerebellum and in the posterior
cingulate cortex (PCC), whereas blood flow was reduced in
frontal and parietal brain regions.5 Recently, a neuroimaging
study using voxel-based morphometry identified reduced gray
matter volume in the left dorsal PCC (Brodmann area 23)
and posterior midcingulate cortex (Brodmann area 24) in
patients with NREM parasomnia.6 The authors suggested that
morphometric changes in the PCC might contribute to sleep
state dissociation between motor and cingulate cortices, on the
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one hand, and frontal and parietal association cortices, on the
other hand. This interpretation is congruent with the current
theory that the PCC is a key structure in the default mode
network7 involved in the regulation of arousal and awareness.
Increasing evidence also suggests a crucial role for the PCC in
cognition. The PCC was shown to be involved in internally
directed thoughts8 and environmental change detection.9 Other
evidence indicates that the PCC supports attention focus reg-
ulation, possibly controlling the balance between internal and
external attention.10 Furthermore, changes in the PCC and the
default mode networkwere found in a range of neurological and
psychiatric disorders—for example, Alzheimer disease, autistic
spectrum disorders, schizophrenia, depression, and attention-
deficit/hyperactivity disorder (for review, see reference 11).
More specifically, abnormal PCC function, in particular a re-
duced deactivation under cognitive load, has been shown to be a
correlate of lower attention performance and psychopathology.7

For instance, in depression, abnormal PCC functional con-
nectivity was suggested to play an important role in the path-
ophysiology of depression.12Moreover, an increased functional
connectivity between the PCC and subgenual cingulate was
related to excessive rumination, which forms a key feature of
behavioral dysfunction in depression.13 In sum, there is much
evidence that PCC abnormality may not only be a neuroana-
tomical substrate of NREM parasomnias but is also related to
daytime behavioral abnormalities.

Epidemiological studies showed that NREM parasomnias
are associated, among others, with anxiety14 and depression,15

but little is known about the role psychopathology plays in the
pathophysiology of NREM parasomnias. Patients with NREM
parasomnias often name psychological stress as an important
trigger for their episodes, although the association between
perceived stress level and the severity ofNREMparasomnia has
not yet been systematically investigated. However, a consid-
erable number of patients with NREM parasomnia report life-
changing events at the onset of the disorder, suggesting that
stress may somehow play a role.16 So far, behavioral abnor-
malities in the subclinical range have rarely been studied.
Perogamvros et al17 investigated temperament and character
traits in, among others, patients with NREM parasomnia (ie,
sleepwalking) using the Temperament and Character Inventory.18

They found higher scores on the novelty-seeking scale and a
lower self-directedness, which indicated an increase in reward
sensitivity and impulsivity.On the other hand, trend effects for a
greater anticipatory worry about and dependence on social
attachment were observed. In sum, the empirical evidence for
subclinical personality changes in NREM parasomnias is
limited and their relationship to the recently found volumetric
changes in the PCC has not been explored.

In the current study, we tested for abnormalities in psy-
chological traits in patientswith aNREMparasomnia compared
withmatched healthy controls (HCs).We usedwell-established
questionnaires to assess personality and, specifically, distinct
aspects of stress coping. Based on previous psychopathological
findings,14,15 we hypothesized that patients with NREM para-
somnias show increased scores in personality scales that are
associated with anxiety, worry, and negative stress. As sug-
gested previously,17 these patients might additionally present

an increased reward sensitivity. In the context of an established
neuropsychological framework, the Reinforcement Sensitivity
Theory of Personality (RST), we predicted increased scores in
behavioral inhibition and behavioral approach traits.Moreover,
we hypothesized that patients use positive coping strategies less
often and negative coping strategies more often than controls.
Finally, PCC is not only critically involved in the arousal
dysregulation in patients with NREM parasomnias3,5 but the
PCC might also play a role in depression,12 particularly in
anxious rumination.13 Following our previous finding of
morphometric changes in the PCC of patients with NREM
parasomnias,6 we now tested whether these changes were re-
lated to scores on the personality and stress coping scales.

METHODS

Participants
Fifteen patients with current NREM parasomnia (females: 7;
mean age: 29.7 ± 8.5 years) were recruited from the Institute
of Sleep Medicine and Neuromuscular Disorders, University
Hospital Muenster, Germany. Patients underwent high-resolution
magnetic resonance imaging and a standard psychometric assess-
ment.All patients were screened for other sleep disorders using
at least 2 nights of cardiorespiratory video polysomnography.
The patients fulfilled the diagnostic criteria for an NREM para-
somnia according to the International Classification of Sleep
Disorders, Third Edition.2 Exclusion criteria were medication
use that is known to influence NREM sleep, substance use,
insufficient sleep syndrome, or a sleep-related breathing or
movement disorder. Moreover, patients with comorbid neu-
rological disorders (except for restless-legs syndrome) or
structural brain lesions were excluded.

As a control group, 15 age- and sex-matched HCs (female: 7;
mean age: 29.7 ± 8.5 years) with no history of parasomnia
symptoms or other psychiatric or neurological disorders completed
the questionnaires. All participants gave written informed consent.
The study was approved by the local ethics committee.

Magnetic resonance imaging data acquisition
Magnetic resonance imagingmeasurements were performed on
a 3-Tesla whole-body magnetic resonance scanner (Magnetom
TIM Trio; Siemens, Erlangen, Germany) using a 12-channel
head coil. All participants underwent the same magnetic res-
onance imaging protocol, including whole-brain T1, T2, proton
density-weighted, and fluid-attenuated inversion-recovery se-
quences. For voxel-based morphometry a coronal T1-weighted
3D magnetization prepared rapid gradient echo sequence
(MPRAGE) was used (TR: 1800 ms; TE: 2.18 ms; inversion
time: 900ms; slice thickness: 1.2mm;matrix: 256 × 204 pixels;
flip angle: 9°; field of view: 220 × 165 mm).

Image post-processing
Voxel-based segmentation of the gray matter compartment
was achieved using the standard version of the diffeomorphic
anatomical registration using exponentiated lie algebra tool-
box (DARTEL)19,20 of the statistical parametric mapping soft-
ware package (SPM12; Wellcome Department of Cognitive
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Neurology, London, United Kingdom) implemented in Mat-
lab 9.2 (MathWorks, Inc, Sherborn, MA).

In order to guarantee the highest level of spatial accuracy to
localize the volume cluster of the PCC, identified by statistical
parametric mapping in a previous study, the individual T1-
weighted image was normalized to the intrinsic T1-weighted
template and the obtained deformation fields were inverted and
applied to the PCC gray matter segmentation inMNI (Montreal
Neurological Institute) space.21 The obtained PCC gray matter
volume in the individual patients’ space was adjusted for total
intracranial volume.

Psychometric evaluation
The RST is a suitable neuropsychological framework to quantify
behavioral abnormalities. According to its main assumption, per-
sonality reflects the sensitivity of underlying neurobehavioral sys-
tems to specific kinds of reinforcing stimuli.22 TheRST relies on
a large body of neurophysiological studies of learning and
emotion in animals and humans, and trait measures of RST have
been applied in a range of psychiatric and neurological
disorders,23,24 suggesting the RST to be a framework for re-
search on personality–psychopathology associations.25 In its
most recent version, the RST differentiates 3 neurobehavioral
systems: the fight-flight-freeze system (FFFS; related to fear)
responds to all aversive stimuli and promotes avoidance and
escape behavior, mediated by the amygdala, subgenual anterior
cingulate cortex, and the periaqueductal gray26; the behavioral
approach system (BAS; related to reward orientation) is acti-
vated by all forms of appetitive stimuli and supports approach
behavior, controlled by dopaminergic reward regions27; the
behavioral inhibition system (BIS; related to anxiety) signals
all forms of goal conflict (eg, coactivation of BAS and FFFS
in an approach-avoidance conflict), implemented by a septo-
hippocampal network including the amygdala, anterior cin-
gulate cortex and PCC and ventromedial prefrontal cortex. The
BIS resolves a goal conflict by weighting relevant information
and then giving rise to either BAS or FFFS activity.

The RST of Personality Questionnaire

The RST of Personality Questionnaire (RST-PQ) is a person-
ality questionnaire that aims to assess traits according to theRST
systems (ie, BAS, FFFS, and BIS). The RST is based on the
central assumption that human personality reflects the reactivity
of underlying neurobehavioral systems to different kinds of
reinforcing stimuli (eg, rewarding or punishment stimuli).

The RST-PQ has been shown to be among the most valid
measures to assess traits according to the revised RST.28 Ex-
ploratory and confirmatory factor analyses of the 78 items
revealed a robust 6-factor structure29: 2 unitary defensive
factors, the FFFS and the BIS; and 4 BAS factors (BAS1,
Reward Interest; BAS2, Goal-Drive Persistence; BAS3, Re-
ward Reactivity; BAS4, Impulsivity). Within the 2 defensive
factors, the FFFS items measure facets of active avoidance,
flight, and freeze, whereas the BIS items refer to facets of
behavioral disengagement, obsessive thoughts, cautious risk
assessment, motor planning interruption, and worry. The BIS
scale shows high positive correlations with the State-Trait
Anxiety Inventory,30 suggesting convergent validity.

The German coping questionnaire

The Stress Coping Questionnaire (SVF-120)31 is the only well-
evaluated questionnaire for themultidimensional assessment of
situation-invariant copingstylesas traits in theGerman language.32

The SVF-120 consists of 120 items that refer to 20 subscales:
1 (trivialize stressor), 2 (self-aggrandizement by comparison
with others), 3 (denial of guilt), 4 (distraction), 5 (substitute
gratification), 6 (self-affirmation), 7 (recreation), 8 (situation
control), 9 (reactioncontrol), 10 (positiveself-instructions),11(need
for social support), 12 (avoidance), 13 (escape), 14 (social with-
drawal), 15 (rumination), 16 (resignation), 17 (attitude of self-
pity), 18 (self-blame), 19 (aggression), and 20 (pharmacotherapy).

Most primary scales are summarized into 1 secondary factor
for negative coping (NEG; subtests 13–18) and 3 secondary
factors for positive coping (POS)—that is, cognitive reinter-
pretation (POS1; subtests 01–03), distraction (POS2; subtests
04–07), and control of stressors (POS3; subtests 08–10).

Reliability is good for primary scales; Cronbach’s α ranges
from0.76 to to 0.92. The secondary scaleswere proven to have a
Cronbach’s α ranging from 0.87 to 0.95. Divergent and con-
vergent validity have been proved.

Additional questionnaires

Daytime functioning was evaluated using the Epworth Sleep-
iness Scale (ESS) and the Beck Depression Inventory (BDI).
The ESS score ranges from 0 to 24; an ESS score >10 is
interpreted as increased daytime sleepiness. BDI scores >13
indicate a depressive syndrome.

Statistical analysis
Statistical analysis was carried out with IBM SPSS Statistics
Software (version 25.0; IBM Corporation, Armonk, NY).
Multivariate analysis of covariance was conducted to analyze
group differences across the outcome measures of the RST-PQ
and the SVF-120, respectively. Age and sex were included as
covariates in all models. All measures met the assumptions of
the general linear model. Pearson correlational analyses be-
tween the abnormal behavioral measures and the left PCC gray
matter volume were performed.

For the statistical analysis, P was set at .05. Note that for
correlational analysis with the psychometric measures, the
critical P value was Bonferroni-adjusted to .005 (P = .05/10).

RESULTS

Participants
Table 1 presents demographic and clinical data of the partic-
ipants. Age and sexwerematched between patientswithNREM
parasomnia and the controls. Seven patients described an in-
creased self-reported sleep propensity as reflected by an ESS
score >10. Two patients showed a mild depressive syndrome as
indexed by a score ≥13 on the BDI.

The RST-PQ
Figure 1A presents the results of the RST-PQ. A multivariate
analysis of covariance revealed that patients and controls dif-
fered in the combination of the 6 RST-PQ factors (Pillai’s trace;
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V = 0.57, F6, 21 = 4.7, P = .003). Scores on the RST-PQ factors
were significantly increased in women compared with men
(Pillai’s trace; V = 0.61, F6, 22 = 4.7, P = .004).

A subsequent discriminant function analysis revealed a
significant discriminant function (canonical R2 = .57). Patients
and controls were significantly discriminated by a linear

Table 1—Demographics and clinical data.

NREM Parasomnia (n = 15) Healthy Controls (n = 15)

Demographics

Age, years 29.7 ± 8.5 29.7 ± 8.5

Sex (female/male), n/n 7/8 7/8

Clinical data

Disease onseta 9/2/4 —

NREM subtypesb 6/–/4/5 —

Frequency of episodes per month 8.4 ± 7.9 —

Epworth Sleepiness Scale 8.9 ± 4.7 —

Beck Depression Inventory 8.1 ± 5.6 —

Data are presented as means ± SDs unless otherwise indicated. NREM = non–rapid eye movement. –, indicates not included in the sample.
aDisease onset: number of patients with onset in childhood/adolescence/adulthood.
bNREM subtypes: number of patients with sleep walking/sleep terror/confusional arousal/all subtypes.

Figure 1—Mean scores.

(A) Mean scores of the Reinforcement Sensitivity Theory of Personality Questionnaire factors. BAS1, Reward Interest; BAS2, Goal-Drive Persistence;
BAS3, Reward Reactivity; BAS4, Impulsivity; FFFS, Fight-Flight-Freeze System; BIS, Behavioral Inhibition System. (B) Mean scores of the secondary
coping factors. POS1, Cognitive Reinterpretation; POS2, Distraction/Compensation; POS3, Control/Self-Instruction. (C) Mean scores of the primary coping
scales. Higher scores reflect a higher frequency of that behavior or an increased trait. Error bars represent the 95% confidence interval.*Significant at the
.05 level, **significant at the .01 level.
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combination of the 6 factors [λ = 0.4; χ2(6) = 21.1; P = .002].
A total of 93.3% of the patients and controls were correctly
classified. The BAS2 score (“Goal-Drive Persistence”; r = .41)
and BIS score (r = .36) contributed most and the FFFS score
(r = .01) contributed least to group discrimination.

The German coping questionnaire
Figure 1B shows the results of the SVF-120. A multivariate
analysis of covariance yielded significant differences between
patients and controls across the 4 secondary coping factors
(Pillai’s trace; V = 0.40, F4, 23 = 3.9, P = .015). Moreover, sex
showed a significant effect on the measures (Pillai’s trace; V =
0.38, F4, 23 = 3.8, P = 0.023).

A subsequent discriminant function analysis revealed a
significant discriminant function (canonical R2 = .37). Patients
and controls were significantly discriminated by a linear
combination of the 4 factors [λ = 0.6; χ2(4) = 12.1; P = .017]. A
total of 80% of the patients and controls were correctly clas-
sified. NEG (“negative coping”; r = .69) contributed most to
group discrimination, followed by POS2 (“distraction”;
r = −0.48). POS1 (“cognitive reinterpretation”; r = −.3) and
POS3 (“control of stressors”; r = −.1) contributed least. Im-
portantly, the factor “group” affects positive coping and neg-
ative coping in opposite directions, indicating that patients use
negative coping strategies more often and positive coping
strategies less often than the control group.

A second multivariate analysis of covariance with the sub-
tests corresponding to negative coping revealed a significant
effect of group (patients vs controls; Pillai’s trace; V = 0.53, F6,

21 = 3.9, P = .009). The discriminant function analysis showed
that “rumination” (r = .81) contributed most to group dis-
crimination, followed by “attitude of self-pity” (r = .59) and
“resignation” (r = .58). “Self-blame” (r = .17) contributed least
to group discrimination (Figure 1C).

Correlations analyses
First, we tested whether those psychological traits where we
found abnormalities were related to the frequency of NREM
parasomnia episodes or scores of the ESS and BDI, as those
questionnaires evaluate typical daytime symptoms. Age at
disease onset had no influence on any of the psychometric
measures. Interestingly, we found a positive correlation be-
tween the frequency of NREM parasomnia episodes and the
BIS score, which however, did not survive Bonferroni cor-
rection (r = .50; P = .07). We found that z-transformed BIS
score positively correlated with BDI (r = .63; P = .016) and ESS
(r = .76; P = .001). In addition, z-transformed NEG score was
strongly related to BDI (r = .68; P = .008) and ESS (r = .69;
P = .004).

Second, we investigated correlations between left total in-
tracranial volume–adjusted PCC volume and psychological
traits as assessed by the RST-PQ and the SVF-120, but also the
ESS and BDI as markers of disease severity. Indeed, increased
NEG score was related to an increase in PCC volume on a trend
level (r = .67; P = .006; Figure 2). Notably, this correlation was
similar for primary scales of negative coping—that is, “resig-
nation” (r = .68; P = .006), “flight” (r = .64; P = .011), “social
withdrawal” (r = .68; P = .006), and “rumination” (r = .5;

P = .058). Moreover, PCC volume was significantly related to
the ESS (r = .55; P = .033), while the correlation between PCC
volume and BDI was not significant (r = .41; P = .14). Notably,
when including ESS scores as a covariate, we still observed a
high correlation between PCC volume and NEG score (r = .48;
P = .08), which, however, was not significant.

DISCUSSION

In this study we explored personality traits and different aspects
of stress coping in patients with NREM parasomnia compared
with HCs. Moreover, we tested the association between those
traits and PCC volume. Indeed, we found that patients with
NREM parasomnias differed from HCs in a combination of
RST traits, showing abnormalities in the sensitivity to reward
and to goal conflicts.With respect to stress coping, patients with
NREM parasomnia specifically presented an increased trait to
using negative coping strategies, which was related to a relative
increase in PCC gray matter volume.

In the RST-PQ, patients with NREM parasomnias showed
higher scores on the BAS2 scales (Goal-Drive Persistence),
indicating increased sensitivity for specific aspects of reward.
Notably, in the RST-PQ, reward sensitivity is multidimen-
sional including a goal-planning facet representing a be-
havioral restraint (temporal bridging when reward is not
immediately available) and a pleasure/nonplanning facet (ie,
rapid, impulsive responding when the subject is close to
reinforcer).33 Patients did not differ from controls on the other
3 BAS factors (ie, “reward interest,” “reward reactivity,” and
“impulsivity”), suggesting that, in NREM parasomnia, spe-
cifically the goal-planning aspect of the BAS trait is enhanced.
Notably, the differentiation of the BAS into subfactors is not
supported by the RST in terms of distinct neurobiological

Figure 2—Scatterplot.

Scatterplot of the relationship between gray matter volumes of the
posterior cingulate cortex in percentage of intracranial brain volumes
and mean z-transformed scores of the negative coping factor (“NEG”)
representing the sum score of the primary scales 13–18.
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underpinnings,22 questioning the neuropsychological impli-
cation of a selective increase in 1 BAS subscale for the eval-
uation ofBAS functioning in patientswithNREMparasomnias.
However, an increased BAS trait would be in line with a pre-
vious study that used a different psychometric measure and
found higher scores for the Temperament and Character
Inventory novelty-seeking scale in sleepwalking patients.17

The Temperament and Character Inventory novelty-seeking
scale assesses the tendency for appetitive approach behavior
in response to novel and reward cues,18 reflecting a similar
theoretical concept as the BAS in the revised RST, both partly
related to dopaminergic neurotransmission.27,34 In sum, our
results on the BAS scale of the RST-PQ only moderately
support the notion that patients with NREM parasomnias
show changes in theBAS trait and its associated dopaminergic
reward regions.

Compared with the inconclusive results of the BAS scale,
patients showed higher scores on the BIS scale (but normal
FFFS scores). Generally, BIS activity promotes the inhibition of
prepotent conflicting behaviors, an increase in arousal, and the
engagement of risk-assessment processes (biased cognition) to
resolve a goal conflict. Moreover, BIS hyperactivity has con-
sistently been associatedwith anxiety and anxiety disorders, but
positive associations have also been found with depressive
symptoms.35 Accordingly, it has been suggested that BIS hy-
peractivity represents a nonspecific component of both anxiety
and depressive disorders (eg, negative affectivity).36 Notably,
reports regarding the association between affective and anxiety
disorders and NREM parasomnias are inconsistent,37,38 sug-
gesting that neurobehavioral abnormalities are more likely
observed on the level of subclinical psychological traits rather
than on the level of disorders.

Our finding on the BIS scale is in line with the results of the
SVF-120 specifically showing that patients with NREM
parasomnias more extensively use negative coping strategies
(increased score on the NEG scale). On the level of subscales,
“anxious rumination” best discriminated patients with NREM
parasomnia from HCs, which is perfectly in line with the
previous study showing a trend for higher scores on the
“anticipatory worry” and “dependence of social attachment”
Temperament and Character Inventory subscales.17 The results
suggest that patients cannot disengage from negative thoughts,
which they perceive more often (as suggested by higher BIS
trait). Dysfunctional coping, such as anxious rumination, might
promote negative affectivity, which forms a key feature of
depressive disorders.39 Moreover, increased anxiety has not
only been related to a cognitive bias and negative affect but also
to an increase in cortical activity as measured by event-related
potentials.40 Thus,we speculate that a dysregulated arousal, as it
has beendescribed in a range of psychopathologies,41might be 1
common factor predisposing to anNREMparasomnia aswell as
daytime psychological changes (ie, anxious rumination). This
interpretation is supported by our correlational analyses showing
that BIS trait was not only related to the estimated frequency of
episodes (on a trend level) but also to ESS and BDI scores, both
evaluating possible daytime symptoms in NREM parasomnias.

With regard to common factors, the phenomenology of
NREM parasomnia episodes and daytime behavioral changes

should share common features. Indeed, during an NREM
parasomnia episode, patients regularly show motivated be-
havior, accompanied by an increase in autonomic arousal,
emotional response, and the perception of a strong urgency
for their behavior.42 These features might be associated with
increased activity in the cingulate cortex in NREMparasomnias,4,5

probably due to its roles in emotion and goal-directed behavior.43,44

The strong motivation that may be observed during parasomnia
episodes would be in line with daytime behavior in terms of an
increased BAS trait. Moreover, negative emotions might rep-
resent a sleep manifestation of FFFS activity (fear) indexing
the strengthenedprocessingofpunishment stimuli as aconsequence
of BIS hyperactivity. In sum, phenomenological similarities of
nighttime and daytime behavioral tendencies in terms of in-
creased BIS (and possibly BAS) trait would agree with the
notion that behavior during the wake state continues in sleep.45

In our previous study we found a volume decrease in the
dorsal PCC and midcingulate cortex.6 As the PCC is crucially
involved in the regulation of arousal, attentional focus, internal
thought, and emotion11 we specifically tested whether PCC
structural changes might not only reflect a correlate of the
nighttime sleep-state dissociation but are also related to daytime
psychological traits. Indeed, we found a correlation between
PCC volume and an increased negative coping trait that almost
reached significance (using the conservative Bonferroni α-level
correction for multiple testing). Thus, patients with NREM
parasomnias not only described a more exaggerated use of
negative coping strategies (NEG scale) but this also correlated
with an increased PCC volume.Notably, after partial regression
of the ESS score, the correlation remained high, although it did
not reach statistical significance, which indicates that the trait–
PCC volume association is not sufficiently explained by a third
factor, “sleepiness.”Thepositive correlationwas an unexpected
finding, as a previous study also found that anterior cingulate
volumes were positively related to emotion regulation capacities.46

However, an increase in depressive mood symptoms, closely
related to anxious rumination, has been observed in healthy
participants with larger PCC volumes.47 Moreover, increased
connectivity of the defaultmode networkwas shown to be related to
thequantityof anxious rumination indepressedpatients.13 Also, the
positive correlation between PCC volume and negative coping
(ie, anxious rumination) is in agreement with the critical role of
the PCC in the default mode network mediating internally di-
rected attention, such as mind wandering.7,48

Howcan thefindingof a positive correlation inour patients be
explained in the context of a reduced PCC volume in patients
withNREMparasomnias in a previous study6?Wedo not have a
conclusive explanation for this. However, we suggest that the
increased PCC volume in patients using more negative coping
strategies might be relative to a generally reduced volume in
patients with NREM parasomnia. The condition of NREM
parasomnia, possibly related to a PCC dysfunction and/or sleep
fragmentation, might trigger (maladaptive) emotion regulation
processes that cause compensatory PCC recruitment and thus an
increase in tissue volume. This interpretation is highly specu-
lative and is only one of several explanations for our results.
Investigating these patients in the course of their disease
probably advances our knowledge of the relationship between
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PCC function, behavioral abnormalities at daytime, and
NREM parasomnia.

The study has several limitations. First, as this was an ex-
ploratory study, our sample of patients with NREMparasomnia
was small. Due to the sample size wewere not able to separately
analyze subtypes ofNREMparasomnias. Thus, averaging those
subtypes might have affected the results. Second, due to our
clear a priori hypothesis, we restricted our analysis to the part of
the PCC where we previously found volumetric changes in
patients with NREMparasomnia.6 Future studies should further
investigate whether this trait–volume association is indeed
specific to the PCC and, more importantly, whether it is specific
to patients with an NREM parasomnia. Last, this was a cross-
sectional study, which does not allow to conclude causal re-
lations between behavioral findings and brain morphometry.

In conclusion, results of the present study suggest specific
psychological traits, not fulfilling the diagnostic criteria for a
disease, in patients with NREM parasomnias. The association
between negative coping trait (ie, anxious rumination) and an
increased PCC volume would be consistent with a common
factor underlying nighttime phenomenology and daytime be-
havior. In the context of a decreased PCC volume in those
patients, this correlation might be best explained by compen-
satory emotion regulation processes triggered by the NREM
parasomnia itself. However, so far, this remains speculative due
to a lack of longitudinal studies. Currently, our results do not
have an implication for the clinical management of NREM
parasomnias. However, this interesting line of investigation is
currently under development and might become a focus for
clinicians in the near future. Future studies could clarify how
nighttime and behavioral daytime symptoms in NREM para-
somnias interact andwhether such findings have the potential to
further improve the treatment.

ABBREVIATIONS

BAS, behavioral approach system
BDI, Beck Depression Inventory
BIS, behavioral inhibition system
ESS, Epworth Sleepiness Scale
FFFS, fight-flight-freeze system
HC, healthy control
NEG, negative coping
NREM, non–rapid eye movement
PCC, posterior cingulate cortex
POS, positive coping
RST, Reinforcement Sensitivity Theory
RST-PQ, Reinforcement Sensitivity Theory of

Personality Questionnaire
SVF-120, Stress Coping Questionnaire
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