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The aim of the current study was 1o investigate basic emations and attachment in 1 sample of 86 stroke patienis
We included @ control group of 115 orthopedic patients {matched for age and cognitive mats) without brain
lesions to comtrol for unspecific general iliness efects of a traumatic recest even! om basic emotions and
attzchment. In order (o measure basic emotions and attachment Elyle we upplied the Affectve Meuroscience
Personality Scale (ANPS) and the Attachment Siyle Questionnaire (AS(Q). The stroke patients showed signifis
cantly different scores in the SEEKING, SADNESS, and AMGER subscales of the ANPS as well & in the
Relationship as Secondary Atachmert dimension of the ASQ when compared to the comrol group, These
dafferences show o pattern influenced by Iesion location mainly a3 conc=ms basie emotions. Arnteriar, medial,
left. and subcostical patients provide scores shgnificantly lower in ANPS-SEEKING than the coatral group;
ANPE-EADMNESS scores in anterlor, rght, medial, and subcortical patienis were signilicanily higher than those of
the contral group, ANPS-ANGER scores in posterior, right, and biteral patients were significantly higher than
thase in the coatrol group; finally, the ANPS-FEAR showed slightly lower scores in posterior patients than im the
comtrol group. Minor effects on beain lesions were also individuated in the anachment style. Anterior lesion
patients showed a significanily higher average score in the AS(Q-Need for Approval subscale than the control
group. ASQ-Confidence subscale scores differed significantly in stroke patients with Jeslons in medial brain
regions when compared to comirol subjects, Scorss st ANPS and ASD subscales appear spnificantly mors
correlated in stroke patients than in the control growp. Such finding of abmormalities, especially conceming
basic emotions in stroke brain-lesioned paticnts, indicates that the effect of brain lethons may enhance the
hunﬂlumhmmhm:muﬁmmmn:humﬁlhmmtmﬁ:mmm

Keywards: Stroke; Brain lesions; Basic emotions; Attachmend.

Patients with stroke show a wide variety of different distress (Intercollegiate Stroke Working  Party,
symploms that, besides smsory, modor, and 012y, Im particular, beside psychopathogical
cognitive chanpss, often eoncern psychological symploms, emotional behavioral diserders and
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d;-u:g'_ul.ulinm—f-nr example, emotional lability
{Moms, Robinson & Raphael, 1993}, emotional
intelhgence impairment (Holfmann, Benes Cases,
Holfmann, & Chen, 2010, pathological laughing
and erying, calastrophic reactions [Ghika-Schmid
& Bogousslavsky, 1997), irritahility, aptation, and
disinhibition (Angelelli et al, 2004; Dafer, Rao,
Shareel, & Sharma, 2008} —have abo been investi-
gated, These symptoms and dysregulations can harmn-
per the rehabilitation process after the stroke and
require specific and focused intervention.

Many studies were carmied out aiming at evalai-
ing the impact of brain lesions on emotions. In
particular, the lesion method provides mmporiant
insights into how the human brain generates emo-
tion and feeling (e.g.. Feinstein, 2013). A largs body
of literature examined emotions in patients with
brain damage, focusing on impairment of emotion
recognition, especially the negative emotions: These
studies found a disproportionately severe impair-
ment in recognizing fear, whereas others found evi-
dence for a broader impairment in recognizing
multiple emotions of negative valence in the face,
including, fear, anger, disgust, and sadness (see the
review by Adolphs, 2002). These studies on one side
provide a general model of emotions and emotion
recognition and, on the other side, can be of crucial
importance to belier undersiand changes and symp-
toms mentioned above after stoke event.

In the frame of a large body of studies devoted 1o
study emotions across species (Anderson and
Adolphs, 2014), Panksepp (1998, 2011a, 2001k,
201 1) developed & sophisticated concep! of emo-
tions where he distinguizhes primary and secondary
{and tertiary) emotions. Primary emotions are those
that are evolutionarily ingrained, which we there-
fore share with other species, especially those with
whom we share apcesiral genelic relationships,
These emotions include sadness, anger, fear, play,
care, seeking, and lust, which Panksepp usually
capitalizes, for basic neuroscience work, in order
to indicate their genetically ingrained, primary-pro-
icess mental character.
© These primary emolions are associated with
different peural networks in evolutionary old sub-
cortical regions of the brain. In particular, nen-
roscieotific evidence suggests that subecortical and
medial regions of the brain could be associated 1o
basic emotions (e.g., Morthofl & Panksepp, 2008;
Panksepp & Morthoff, 2009), In this line, the
study of brain-lesioned patients, and in particular
the comparison of basic emotion features as a
function of different locations of brain lesions,
may allow new insight to be gained in this aspect.

@ In one of our previous studies, we investigated
| the impact of subcortical and cortical lesions,

especially on SEEKING, which was consistently
reduced in stroke patients, thus indicating their
aften elevated degrees of depression (Farinelli
et al, 2013). This, however, left unexplored the
impact of brain lesions on the other primary emo-
tions, which was the key aim of the present study,

In addition to changes in their basic emotions,
stroke patients can often be characterized by
changes in their relationships with others, espe-
cially their attachment siyle (McWiliams &
Bailey, 20104, which we sought to document in
this study, as guided by batic attachment theory,
Specifically, Bowlby (1969) hypothesized four
interrelated behavioral systems that regulate emo-
tions and human behavior: attachment, caregiving,
exploration, and s2x. In particular, Bowlby recog-
nized the attachment sysiem as being of pnmary
importance in regulating the other systems,

The afachment system motivates children and
adulizs 10 sesk safety and sscunily through close
contact with attachment figures. These bonds aid
the development and maintenance of menlal repre-
sentations of the self and others, also called “inter-
nal working models.” Through these, individuoals
understand and predict their environment, enga-
Eing in survival-promoting behaviors such as phy-
sical andfor relational proximity maintenance,
while experiencing a sense of secunty (Bretherton,
1985; Sroufe & Waters, 1977}, At the same time,
some siudies have highlighted the role of attach-
ment style op brain materation in infants (Coan,
20110; Schore & Schore, 2008).

During the past two decades, an increasing interest
inn the role of the attachment behavioral system, its
assessment, and iis role in emotion regulation in life
span has developed in addition to being akso explored
in the elderly (Cicirelli, 2010; Mikulincer & Shaver,
2003; Simpson & Rholes, 2010). Despite the fact that
attschment styles developed carly in life, some stu-
dies evidence changes in attachment style and figures
in relation to development stages, life events, and ape
(Cicirelli, 2010 Van lpendoorn & Bakermams-
Kmnenburg, 2010; Zhang & Labouwie-Viel, 24,
For a full updating of recent attachment literature,
see Hart, 201 |; Mikulincer & Shaver, 201 3; Narvaez,
Panksepp, Schore, & Gleason, 2012).

Several studies have investigated the relationship
of medical iliness with attachment style { Ahrens,
Ciechanowski, & Katon, 2012; Ercolani et al,
2000; Farinelll, Ercolani, Trombini, & Bortolott,
2007; Picardi et al,, 2007; Picardi et al,, 20013).

Concerning siudies on patients suffering from
neurological illness associated with brain lesions,
Magai and Cohen (1998) explored the relation
between premorbid attachment style and emotion
characteristica of dementia patients (inclhading
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emotion regulation), dementia behavioral sympio-
matology, and caregiver burden, They found asse-
ciation belween premorbid attachment style and
emotion regulation in patients and that premorbid
attachment style signiflcantly affects symplom
expression and burden of their caregiver.

A recent study on traumatic brain mjury patienis
(Sela-Kaufman, Rassowsky, Agranov, Levi, &
Vakil, 3013} found that attachment style and other
premorbid personality characteristics afect occupa-
tional oulcome. In particular, they found that neu-
roticism, extraversion, conscientiousness, and
avoidant attachment style came out as significant
moderators, and that these measures exerted a sig-
nificant moderating ¢ffect on occupational func-
tiortng, Thus, attachment can be considered, with
other motivational and emotional personality Ffac-
tors (Prigaiano, 1992) as coninbuting o the
“reserve” (Stern, 2007) and plasticity, to explain
mismatch between brain pathology or damage and
the clinical expression of that damage and adapta-
tion afler brain lesion conseqguences.

At the neural level, adult auachment cannat be
considered o umitary construct (Coan, 2008, 2000),
There are in fact several key newral structures asso-
ciated with emotional responding involved in the
formation and maintenance of aduli attachment
refaticnships, which play a role in social bonding
and interaction (Coan, 2008; Inscl & Fernald, 2004},

Further studics sogeest that attachment i aso-
ciated 1o nenral activity in cortical regions such as
some regions of the cortical midline structure (c.g-
MorthofT et al., 2006) and in particolar the ventro-
medial prefrontal cortex (Schore & Schore, 2008),
works more involved in basic emotions. This indi-
cates a clear segregation of the two systems
considered here (attachment and basic emotions),
which should be affected in a different measurable
way by lesion location. Again, comparing basic
emotion configurations and attachment styles in
patients lesioned in a different way (e.g., subcortical
w5 cortical, medial ve. lateral, ete.) could link neural

The general aim of our study was to investigate
basic emotions and attachment pattern in & sample
of patients with such brain lesions (v = 86), In
order to control for nonspecific effects of the illness
iteell om basic emotions and attachment, we
included a control group (n = 115) of orthopedic
patients matched by age that showed a recent tran-
matic eventl (an orthopedic one) without any
accompanying brain damage. Considering this
kind of control group allowed us to differentiate
between specific effects related to brain lesions and
those unspecific negative affective changes

STROWE, BASIC EMOTIONS, AND ATTACHMENT 3

stemming from the occurrence of a recent trau-
matic fliness and hospitalization in general,

The first specific aim was o investigate the impact
of brain damage Tollowing strokes on basic emotions
(Panksepp, 1998) using a specific inventory, the
Alfective Neuroscience Personality Scale (AN F'S
Diavis & Panksepp, 2011). Based on previous studies
{e.z. Feinberg & Keenan, 2003, Turnbull, E-.-n_ns. &
Owen, 2003), we hypothesized that various pnmary
emotions, especially negative ones such as anXiety,
irritahility, and scparation distress—as monitosed by
the FEAR, ANGER, and SADNESS scales of the
ANPS—are alTected by lesions and, in particular,
that besions could adversely affect emotions—that
is, that brain lesion patienis may provide lower
scores tham our hospitalized orthopedic control
group, Following previous results, such as those con-
cerning SEEKING (Farinelli et al, 2013), FEAR,
and other negative emotions (e.g., Adolphs, 2002,
Feinstetn, 2013}, we expect that lesions in subcortical
and medial regions of the brain could be more
responsible for such impairment,

The second specific aim consisted in the invest-
gation of attachment styles in these patients. For
that purpose, we used the well-established
Artachment Style Questionnaire (ASC)) to measure
aitachment and its difTerent dimensions (Feeney,
WMoller, & Hanrahan, 1994}, In general, due 1o the
fact that several key neural structures seem to play a
rode in the formation and maintenance of adult
attachment relationships, no lesion-specilic eflects
are expected in stroke patients. However, we may
expect that the attachment system may be activated
after the stroke event. In particular, attachment is
expecied 1o play & crucial rele in emotion regulation
(Bowlby, 1969; Fonagy, Gergely, Turist, & Target,
2002), in particular in early phases when a new
configuration of basic emotions perturbed by lesion
find a new adaptive equiliboum. We hypotheszed
mild effects of brain lesions on altachment dimen-
sions while enhanced correlation s expecied
betwezn stroke and control groups concerning
attachment dimensions and basic emotions.

METHOD
The study group (siroke patlents)

The present study was carried out neross a span of
two years, wherehy B6 first-time stroke inpatients in
gonsenl. They came from a stroke-umit 1o a rehabili-
tation hospitel afler the stabilization of the clinical
situation (15 days to | month after the acute event).
The communication of the diapnosis to the patient
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was managed by the stroke-unit MDs before their
admission 1o the rehabilitation hospital.

Exclusion critenia included the presence of aphasia
as measured with the Token Test (De Rena &
Faglioni, 1978; Spinnler & Togneni, 1987; Zaidel,
1977), with a score lower than 26. Patients with Mini
Mental State Examinaton (MMSE)] scores
{Folstein, Folstein, & McHugh, 1975) less than 21,
corresponding 1o moderate/high cognitive impair-
ments, as well as patients with any previous stroke
events or with concomitanl neurclogic disease
{chronic, acule, or depenerative) were also excluded.
The average MMSE score for the selected sample
was 24.2 (5D = 4.1). In geperal, most stroke patents
pltimately included in the study were eldery with a
slight higher prevalence of women {about 5T% of the
group). Sociodemographic data and lesion character-
istics of the study group are reported in Tahble 1.

In the following analyses, several possible differ-
ences in stroke locations were considered.

There are two main approaches to evaluate such
lesions: qualitative  (neuroradiological  wisual
inspection) and standard tracing (geold standard).

The besion Jocation was first determined indepen-
denitly of clinical symploms and psychological assess-
ment by the same neuroradiologist on the basis of
magnetic resonance imaging (MRI) or computerized
tomography (CT) scan obtained during the acute
phase (Gallucei, Capoccia, & Catalucc, 2003) by
viaual inspection. Anterior and posterior lesion loca-
lions were designated based on locations with respect
1o the sensorimotor cortex. Participants with “cort-
cal lesions™ were based on damage restricted to cere-
bral gyrus and sulcus areas, while “subcortical
lesions™ were restricted to damage below cerebral
cortex. “Medial lesions™ referred 1o damage that
infringed on midline structures, which in subcortical
regians typically involved the basal ganglia, while at
the cortical level typically imvolved the cingulate
gyrus. “Lateral lesions™ referred to brain damage
resiricied to areas starting at least 30 mm from the

s

A standand irscing computer-aided procedure was
also considered to perform lesion analysis. This was
carmed on by wsing the free MRBIcron sollware
{Rorden, Kamath, & Bonilha, 2007, hitpoifeww.
cabiat] com/mricro’mticronfindex. html). Native MR
and CT images are in the DICOM (digital imaging
and communications m medicine) format, wheneas
MRIleron works with the NITI (NMeurofmaging
Iryormatics Technology fnitiative) formal. We then
comverted DICOM into NITI format using the
demi?nil tool, embedded in the M Elcron download.

As a necessary prerequisite for group comparisons,
spatial normalization into a standard space is needed.
S0, before any volumetric analysis, each patient was
spatially mormalized into Montreal Neurclogical
Institute (MNT) 152-space, wing the software pack-
ape FSL (FMRIBs Software Library, Jenkinson,
Beckmann, Behrens. Woolrich, & Smith, 2012
Smith et al, 2004; Woolrich et al., 2009; http:ifwww.
fmrib on ac uldfsk). Brielly, the procedurs consists in
cutting off (cropping and skullstopping) the non-
brmin structures in the raw NI images, by means
of the BET (Brain Extraction Tool) command (Smith,
2002), followed by the FLIRT (FMRIB's Linear
Image Registration Tool) command (Jenkmnson &
Smith, 2001}, which lnearly aligns each image 1o
match the MIN1152 T1 template {(coregister function).
W used the “Affine {12 pasameters)” warping trans-
formation (rotations, translations, zooms, and shears,
each in three dimensions) and a tnlinear interpolation
to resample the patients’ images into the MINI space,
with an sotropic spatial resolution of | mm = | mm =
I mim (MMI52_TI_Imm.ni.gz). The normalzing
procedure failed in pine patients, who were excluded
from the subsequent analysis. The resultant images in
the standard space were ready for the drawing of the
brain lesions.

For each patient, the boundary of the lesion was
manunally outlined on each patient’s normalized-
MNI space image, for every single axial slice, by
a single iraired neuroradiclogist. The circled lesion
was, then, filled and verified as well (and corrected

TABLE 1
General statistcs for tha bao samples considened

drem Erroke (N = 84} Detho (M = 115) Ly [
Age (years; average S0 71,649 B4 TIRGN2 Y 0. 161 KT
Cender (MF) e a4 5674 T
Education {primary/secondarybigh'degreafunimown) S RIS 427332140 12 i)
pfariinl status {singhe'marrisdidivoredtanknown) Rig34arS] 12 LRrs4 4,310 230

QI 15m73 1.15] JET

Occupation [emplaysdineired/bousrwilc)

Hmhphmuﬂnﬂimnmmmw#iﬂ.Mn-MﬂnmkFim A e B been el 10
nﬂhmiﬁmimﬂmﬁ:ﬁmmmmMmhildﬂfﬂmﬂliu.ttﬂh’]_‘hﬂﬂﬂ.ﬁjpﬁuﬁpnfﬂ!

corresponding statistics is reporied for each fentune. Except for pender and cducation, wo sltisically sipnificant differences are pevealed

in ihe two samples. However, a significast domdnance of women

baldface Ggures)

and Bigh education pebjects in the control sumple by observed (se=
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if necessary), both in coronal and in sagittal planes,
50 producing a contiguous 30 lesion volume (Y01
= volame of interest). The resulting VOI was
finally smoothed in x, p, and = planes (3 mm foll
width at hall maximum, FWHM). In order 1o
assess a difference in the lesion locations, all lesion
volumes were subsequenily imporied mbo the
NPM (nonparameiric mapping) soltware, a statis-
tical ool for neuroimaging, distnibuted as part of
the MRlcron sofltware package (Rorden,
Fridriksson, & Kamath, 2009).

Finally, multishice maps of the four groups were
superimposed 1o the chZbet.nit. gz brain, the single
subject normalized brain distnbuted with MRIcron

The control group (orthopedic patients)

In addition Lo the stroke patients, we alio recruiled
subjects for a control group of comparable age and
clinical history. This control group is constituted by
aged orthopedic patients group hospitalized in the
same way as stroke patients. This control group was
on purpose selected im order to control for the
effects of a recent, unexpected, and disabling trau-
matic illness on both emotions and attschment that
is shared by both group of patients. In this way, the
effects reporied bere must consequently be consid-
ened specific to the patizms of brain damage in the
stroke paticnts rather than to the unspecific effects
of acute illness in general, as that should have been
accounied for by the sclection of our control group.
Furthermore, in order to exclude possihle differ-
Ences in regctive emotional states, we matched our
control group with stroke patients en the following
basic features: age, duration of hospitalization, and
recency of traumatic events. Thus, 115 onhopedic
paticnis thai were affected by o recent leg booe
fracture were selected a5 a control group (Tabéz 1),
These patients came from an unit and
were treated in the same rehabilitation hospital as
the stroke patients.

An overall exclusion criterion was patients hav-
ing MMSE scores less than 21. The averape
MMSE score for the resulting control groop was
23.5 (3D = 4.7) and was not significantly diferent
(at & two-sample two-tailed ¢ test with p < .05)
from the one characterizing the stroke group.
This result implies that cognitive status of siroke
and confrol groups was matched. There was a
prevalence of women (73% of the group). Moat
'pl-'l-‘l.l'l:lFI.'[l‘l:I- were mamied (6% or widowed
{4T%a), with only & small fraction never marred
(10%%) or divorced (T4a), Most subjects were retired
{B4%) with a minority still employed [13%) or
active housewives (7% of the entire control group).

ETROKE, BASIC EMOTIONS, AND ATTACHMENT B

Psychometric evaluation

Psychometric assessment of emotions and of attach-
ment style was performed in the acute phase close
to the radiologic characterization of lesions.

The Affective Neuroscience Personality Scalbes
(ANPS: Davis, Panksepp, & Normansell, 2003;
with an Italian version provided by Andrea Clarici,
University of Trieste, by personal communication,
Cctober 15, 2007) is a self-repont questionnaire
and includes three subscales concerning positive
emotions (ANPS-SEEKING, ANPS-PLAY, and
AMPE-CARE) and thres concerning negative emo-
tions (ANPS-FEAR, ANPS-ANGER, and ANPS-
SADNESS):

s PLAY was conceptualized as having fun versus
being serious, playing games with physical con-
tact, humor, and laughter, and being generally
happy and joyful.

# SEEKING was defined as feeling curious, feel-
ing like exploring, striving for solutions (o pro-
blems and pursles, positively anticipating new
experiences, and a semse of being able 1o
accomplish almost anything.

# CARE was defined as nuriuring, being drawn
o young children and pets, fecling softhearied
toward animals and people i peed, fechng
empathy, liking 10 care for the sick, feeling
alTection for and liking 1o care for others, as
well as liking to be needed by others,

e FEAR was defined as having feelings of antiety,
lecling tense, worrying, struggling with decisions,
ruminating about past decisions and statemenis,
losing sleep, and not typecally being cowra geous.

# ANGER was defined as fesling hotheaded,
being ecasily imitated and frustrated, expericn-
cmg frustration leading o anger, expresang
anger verbally or physically, and remaining
angry for long peniods.

s SADMNESS was concepioalized as feeling
lomely, crving frequently, thinking about loved
ones and past relationships, and feeling distress
when not with loved ones,

The whole questionnaire is composed of 110
items grouped in seven scabes with each basic alfect
evalunied by 14 items (7 of which are positively
scored, and 7 negativelyfreverse seared, see Davis
& Panksepp, 2011, p. 1956}, The Spintuality scale
consists of only 12 items. There are various “filler
items” that evaluate deception and other potential
isgues of interest (which were not anabyzed here)
Administration of all tests was performed within
the first week of ndmistion by trained paycholo-
gists working in the rehabilitation hospital.
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The ASQ by Fesney et al. (1994) comprises 40
iteme and allows the attachment style 1o be
detected according to five imporiant factors:

s Confidence: Low scores reveal mistrest in the
expectation of consideration and respect for self
on the part of others especially in basic and
need conditions.

s Discomfort with closeness: High scores reveal
discomfort in conditions of dependency om
others and psychological closeness to others.

s MNeed for approvalr High scores indicate fear in
dealing with others and presccupation for the
disapproval of others.

s Preoccupation with relatioruhips: High scores
indicate fear in the goodness of one's own rela-
tionships and necessity for continual affective
confirmation.

» Relatfonship as secondary: High scores indicate
the inclination to attribute greater importance
io factuality and concrefeness rather than rela-
tionships.

The above dimensional measures can be recate-
gorized within & categorical clasafcation of
attachment styles.

I. Scores in confidence: pamely, secure (high
scores) versus insecure (low scores) attachment
in general,

2. High scores m discomfor with closeness and
relationship as secondary: namely, msecure
avoidant versus dismissing attachment,

3. High scores in need for approval and preoccu-
pation for relationships: namely, insecure
anxious-preocupied attachmendt.

This questionnaire was also recently validated in
Ttaly (Fossati et al., 2002) and seems to be a good
screening instrument for discriminating attachment
styles. It is possible, as noted by Feeney et al
(1994}, to relate dimensions explored by the ASCQ
questionnaire with the three-dimensional classifica-
tion of attachment style proposed by Hazan and
Shaver (1987) and the four-dimensional one pro-
posed by Bartholomew (1990) and Bartholomew
and Horowitz (1991).

The Hospital Anxiety and Depression Scale
(HADS; Zigmond & Snaith, 1983, provided in the
Itabian version by Costantini et al., 1999) is a seli-
report rating scale designed to estimale levels of
hoth anxiety and depression in hospitalized subjects.
It comsists of two subscales (HADS-Depression and
HADS-Anxiety), each containing seven ilems on &
4-point Likert scals (ranging from 0-3), The HADS
i soored by summming the ratings for the 14 items 1o

yield a total score, and by summing the ratngs for
the 7 items of each subscale 1o vield separate scores
for anxiety and depression. The HADS-Depression
subscale was considered to evaluate depression.
Validity of this instrument to measure depression
and its equivalence to alizmative tooks (e.g., Beck
Depression Inventory, Beck, Ward, Mendelson,
Mock, & Erbaugh, 1961) was determined in a num-
ber of studies ipvobving patienfs with difTerent
pathologies, including stroke (Aben, Verhei
Lousberg, Lodder, & Honig, 302, Loosman
Siegert, Korzee, & Honmig, 2010; Preljevic et al,
2012 Sapen et al, 2009),

ANPS and ASQ and HADS questionnaines were
administrated in their complete form

Statistical analysis

Statistically significant differences between control
and paticnt groups for possible covariates (age,
gender, education, marital status, and eccupation)
were evaluated with r tests and chi-square compar-
isons, with a significance threshold of .05, The two
groups did not differ except with regard to gender
(more females exist in the contrel group) and edu-
cation {educaiional level was slightly higher than in
ike brain-damaged group). The first aspect is of
major mmportance since the original studies on
healthy individuals (Davis et al., 2003) found sig-
nificant sex differences in the average scores of
some ANPS subscales; this possible biasing feature
has to be accounied for, To this end, an analysis of
covarance (ANCOVA) analysis considenng gen-
der as a covariale has been performed to enlighten
differences im the average scores of stroke and
control groups al cach ANPS and ASC) subscale.

Whenever significani F ratios {p < .03) were
obtained, post hoc ¢ tests in the Tukey's form
were used Lo delermine specific effects on the con-
sidered scale. The same approach has been also
used 1o evaluate the possible effect of lesion loca-
tion on AMNPS and ASD) scores. Since a number of
AMCOVA apalyses were performed (by consider-
ing the ANPS and ASQ subscales, control and
siroke subgroups, ete.), the possibality that a num-
ber of “significant” outcomes will oceur by chance
and the lack of any significant difference between
the relevant populations cannot be encluded To
evaluate this possibility, the binomial probability
distribution has been used to evaluate what is the
probability that the observed configuration of sig-
pificant differences will oocur by chance, simply
due 1o the mulitple testing (Type 1 error).

Pearson correlation analyses were used 1o eval-
uate relationships among the scores obtamed by
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stroke subjects at the ANPS and ASQ subscalzs. In
this case also, correlation coeflicients characterioed
by p < .05 (afier the relevani Bonlerroni correc-
tion) have been considered as  sagnificant.
Furthermore, in order to compars correlation
matrixes obtamed for each group of patients
(stroke and conired) and evaluating statistical sig-
nificance of observed overall differences, a specific
test described in the Appendix has been applied.

Alszo in the case of correlation tests, the binomial
probability distribution has been used 1o evaluale
what the probability is that the observed config-
uration of significani corrclations among the whole
number of correlation matrixes computed will
oocur by chance.

RESULTS
Leslon characterization

Four possible letion locations were sdentified
(Tablz 1) by newroradiologists via qualitative ana.
Iysis: rightleft hemisphere (32 ws. 31 patients),
anterior/posterior region (27 vs. 29 patients), med-
inllateral region (54 vs. 19 patients), and cortical!
subcortical regions (12 vs. 34 patienis). As one can
see, excepl in the case of anterior/posierior sub-
groups, populations in the relevant subgroups are
severely unbalanced with a relatively scarce pre-
sence of left, lateral, cortical lesions. It is worth
noting that except in the case of right/lefl contrast,
e number of cases considered in each comparnison
as a whale was considerably smaller than the total
number of patients actually included in the global
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sample: In fact, whenever lesions involved both
brain regionsiparts (e.g.. bilateral lesion, ele.) or
had uncertain diagnosis, patients were excluded
from subsequent statistical analysis,

Standard tracing procedure resubted into four ser-
ies of lesion maps, in concordance (o the four
groups previously defined by the qualitative analyss
(Figures 1C, 1D, 1E, 1F). With this subdivision, a
binary design was implemented in NPMfvoxel-
based lesion symplom mapping (e.g. kft = 1,
right = 0; cortical = 1, subcortical = 0, etc.), and a
corresponding  binary analysis was performed,
Looking at the maps, it is immediately evident
that left frontal cortical lesions were nl:u-cnl.:. This
may be due to a bias in patients’ selection; owing o
the need for an answer to the administered psycho-
mietric tests, patients with left frontal cortical lesions
were automatically excluded. At a more close
inspection, lesions appear overlapped in many
points and very wids in exiension,

impact of lesions on basic emotions

In order to replicate our previous resulis (Farninelli
et al, 2003} and extend them to a larger sample (86
vs, 62 stroke paticnts and 115 v& 76 orthopedic), we
first focused specifically on the ANPS-SEEKING
diremsion. Comparison between the two groups
istroke, control) conlinm previous resulis [Fannelli
et al., 2003} in that ANPS-SEEEING scores were
significantly lower in all stroke patients (repardless of
lesion location] than in the controd group (Takle 1)
The average ANPS-SEEKING scores were 33.66
and 34 87 for siroke and comtrod groups, respectively,

Figure 1. Legon overday maps of stroke patiesu, subdivided in the four binary pariions cossidered in (ke wexy. In esch partison,
colors eiociated o damaged points indicate e fraction of patients of the firs! poasidened subgroup having the relevan) poiet dameaped
out of the oversll gumber of patienis having thet poing damaged. Lighter colors mdizate that amang the patients having thal point
dumaged, the Brst subgroep dominaler The reverse is true for the darker colors. (A) and (B) show, respeceively, axial and sagiead
selecied shices of the reference brain (ch2ber sl gz () Left-right group; (D) corticsl-seboortical groap: (o) aniomior-posterior group;
i Isteral-medisl group. ATl sxial and sagittal glices correspond, respeciively, to =T, =3, 3, B, 13, 18, 23, 28 end ¥2, 32, 23, 1E. 11, 4 mm
in the Moatreal Newrcdegical Instipme (MNT) sgace,
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Figare 1. Bow-whitkers plot compuring scomes obtained by costrol orhopedic subjects (diagnosis = 1) and stroke patiots (dagnosis =
I) at AfTective Neuroscience Personality Seale (ANPS) subdenenmoni, In each ploL nolches indicale mediang and relevan! eonlidemce
imterval {35k Upper and lower limits of the ceatral box mdicaie the mterquarndes rasge ancond the median. Yalues exceeding 1.5 umes
amd 3 times the relevant quanile (whisker) are considered as canliers and are indicaied by asterisks or circles, respectively,

with a highly significant (p = .017) difference at the
ANCOVA post hoc £ test.

To fest the impast of other emotion dimensions m
the ANPS, we then conducted similar analyses

left, and subcortical patients (o score significantly
lower in ANPS-SEEKING than the control group
was conflimed in our current larger sample
(Farinelli et al., 2013). Furnthermore, ANPS-

Downloaded by [Alma Mater Studioram - Université di Bologna] at 11:00 30 January 2003

{Table 2 and Figure 2). Stroke patients showed sig-
mificantly higher scores at the ANPS-ANGER (12.66
va. 30.04, p = 00T) and ANPS-SADNESS (37.42 vs.
3646, p = 035), In sum, the emotion dimensions of
EEEKING, SADNESS and ANGER differed
between stroke patients and control subjects,
Thcwr_tnq:tnmuﬂyumﬂud i invesli-
galing the impact of lesion lacation on basic smotions
a8 measured with ANPS, Post hoc ¢ tests relstive 1o
the 3 ® 2 ANCOVA (anterior/posierior, mediallat-
eral, rghtleft, subcorticalicortical) revealed that
patients with arerior lesions showed significantly
highes scores at the ANPS-FEAR (36,82 vs. 33,69,
P = 033)and ANPS-SADNESS {3930 vs. 35,79, p =
00T) dimensions than the patients with posterior
lesions (see Table 2 for & general overview). With

ﬁmmmﬂl.?ﬂn.!mhmﬂ:
location, S, Ly e I

Finally, we compared the ANPS scares in the
Mﬁﬂhﬂ?nﬂmnlilhthemniuhuhhylub-
h:u.hmmhr.&:tmﬁnwﬂmhﬁw.mdlﬂ,

SADNESS scores in anterior, right, medial, and
subcortical patients were sipnificantly higher than
those of the control group, ANPS-ANGER seores
m posterior, right, and lateral patients were sipnifi-
cantly higher than those in the control group (see
Table 2 for a general overview). Finally, the ANPS-
FEAR showed slightly lower scores in posterior
patients than in the control group. In sum, the
emotion dimensions of SEEKING, SADWESS.
FEAR, and ANGER show lesion-specific effects
when compared to contral subjects.

Impact of lesions on attachment

We first compared the ASD dimensions in the
stroke group as & whole 1o those of the healthy
conirols. ANCOVA (5 = 2 5 ASO dimensions, 2
groups) revealed a significant effect only for the
ASQ-Relationships a5 Secondary subscale (scc
Table 3). Post hoc ¢ tests revealed that siroke
patients showed higher scores in this dimension
than the control subjects (18.57 ve. 16.74, p = 047),

an-nuu; the subgroups (see Table 3), anterior
lesion patients showed a significantly higher aver-
age score in the ASQ-Need for Approval subscale
than the control group (21.52 ve. 18.59, p = 024),
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ASQ-Confidence subscale scores differed signifi-
canily in medial stroke patients when
to control subjects (33.02 va. 34.08, p = 035).

In sum, the ASQ dimensions of the ASQ-
Relationship as Secondary, the ASQ-Need for
Approval, and the ASQ-Confidence showed signif-
icant differences in the various comparisons
between stroke patients and contral subjects.

Relatlonship between basic emotions and
attachment

In order 1o test the relatonship between basic emo-
tions and attachment, we ran correlational analfyses
for ANFS and ASQ scores within each group—that
s, in the contred group and the siroke group. We first
tested whether the lesion in the stroke patienss
immacted the relationship between basic emotional
traits and atlachment scores. Interestingly, we
observed significant positive correlations between
ANFS-PLAY and ASQ-Confidence, between ANPS-
ANGER and ASQ-Relationship as Secondary it
and between ANPS-FEAR and ASQ-Need for
Approval trait (soc Table 4 and Figure 3) A rela-
tively high correlaion (marginally significant with
p = .07) alio was found between ANPS-CARE and
the ASQ-Meed for Approval scores.

In contrast, Pearson correlation between ANPS
and ASQ only revealed one significant correlation
in the control group (see Table 4) concerning
ANPS-CARE and ASQ-Need for Approval, as
wias seen in the stroke patients, However, it is also
noteworthy that the correlation values were not
significantly different in stroke and control patients
{according to a  test for independent samples with a
sigmificance threshold .05). This is not the case of
the significant correlations found in the stroke
group. In those cases, the overall companson of
the global correlation (Appendiz) indicates that
comelation values in the stroke group were
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Figare 3. Comelaton betwesm Allociive Keurosmmes Personality
Scale [ANPS] and Aitachement Style Questionnaine {AS() in con-
u-nlnﬁaruu:ﬂw-nhp-b:ru Em]'.“lﬂ.lhlﬂh:iﬂm\-
tvely indeate ANPE-FEAR amd ANFS-ANGER; squases
midicate ANPE-PLAY,

TABLE 4
Foarson comelation cosflicients among scores obitained by control and Eroks groups. Bl the ASQ (rows) and ANFS [cokmns]
puberales

ASNANFS SEEK FEAR CARE ANGER PLAY 54D

ASQUANPS SEEK FEAR CARE ANGER PILAY Sab

Strake [ 84)

Conl A =315 2l =076 R0 - 109
Dhs =11 0 -7 e =28 -0
o =081 & -3 Al =8 =1
Memd =05 st I ox 008 jon

Ovtha (113)

Cenf Jd6 -03} 302 -077 138 06T
D B e T S | Q. QT
Sec S [T T T ™ T QR
Meed T TR N 7.+ ST

Naoie. ANFS = AfTeciive Nrniroscienos Permosabty Sesle; AS0Q = Aschment Syl Quenivnnaing: vrho = orihopedic; SEEK =
BEEKING; FEAR = FEAR; CARE = CARE: ANGER = ANGER; 5AD = SADMESS; Conl = confidesce; Dis = discom et for
closcnias; Soc = pelatsomsbips & sscomdary; Meed = nsed for approval; Pre = precoeuparion for relationships.

“Corrtlation vabses sipnificandy (7 £ 05 with the Bouferrond correction) different from B

T
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significantly (p < .05) higher than those in the case
of the corresponding ones in the control group.

This means that there 5 no statstical relationship
between atlachment and basic emotions in our con-
trod group, which sugpests that, in the absence of brain
lesioms, attachmient and basic emotions are basically
two distinel separale processes, excepl concerning
ANPS-CARE and ASQ-Relationship as Sscondary.

These results also suggest than less secure
attachments {lower scores at ASQ-Relationship
as Becondary and ASCQ-Need for Approval) lend
ia correspond to (perhaps enhance) negative emo-
tions such as FEAR and AMGER (higher scores in
ANFS), while more secure attachments (high soores
in ASQ-Confidence) promote positive social joy
emotions (highsr scotes n play).

The analysis of stroke subgroups (Table 5)
revealed that the link between ANFPS-ANGER
and ASQ-Relationshup as Secondary is most evi-
dent (and statistically significant) in patients with
right and anterior lesions. Positive correlation
between ANPS-FEAR and ASQ-Mead for
Approval was more significant in patienis with
right lesions, while the one between ANPS-PLAY

and ASQ-Confidence was larger for patients with
subcortical lesions, Patients with lateral lesions
also showed a sgnificapt positive correlation
between AMPS-SEEKING and ASQ-Confidence
subscales. Finally, patienis with subcortical lesions
showed the presence of a significant negative cor-
relation  between  ANPS-PLAY  and ASQ-
Discomfort with Closeness scores (see Table 5).

In sum, the correlational analyses did mot show
any significant relationships between basic emotions
and attachment in the comtrol group, except as
concerns AMPS-CARE and ASQ-Relationship as
Secondary. In contrast, we observed vanous corre-
lations between basic emotions and attachment stylk
in the stroke group that akso extended to specfic
lesion locations within the stroke group. As we
discuss, these correlations may reflect a regression
toward a more juvenile psychological pattern.

Relationship of depression with basic
emotions

With regards to both stroke and control groups,
correlational analysis revealed the pressnce of

TABLE 5
Paarson comatation cosfficiants among scores obitainad 8l siroke subgroups Al tha &S0 (rows] and ANPS (columns) subscales

ASQANFS SEEK FEAR CARE ANGER PILAY 5AD ASQUANPS SEEK FEAR CARE ANGER FLAY 54D

.71 P N [ 2 Jer 042
=164 W75 =B6) AH =14 009
=135 .88 -I83 481" -2l4 -1
=066 43 3T B =04 293

b5y T e [} &l 001 el

B4 DED L AN -
=333 00 =10 & 205 -l
ey My -39 S AER 435
A =02l 334 il BEE 13D
A6 DTS 41 280 A6 J0ED

=08 -331 S22 Z62  —ER
=035 % 1% ] 220 113
FLL 1P v SR e ) Al2 -17% -7
188 ITe a1 e 1 =104 3%
d1s 203 kL 01 Oi6 =08E

ATF =08 =DM 282 A3 ik
e B [+ A2l el ) 028 -8
=18 I JAG S50 066 =34
-1 3 -HII' —759 =118 %13
L - | i o L1

rgregfagrepiagrog rprgd

Left
Conl W2 %7 MY -8 366 —dSH
s L SN A NN~ TR 1 S 11
See -0 0 32N 36l OB -0M
Meed 109 265 43 % -00 176
Pre D46 30T 0B 165 OTE 026

Post
Conal 60 189 21T 3T ey L1l
Dis 043 o6 -285 161 119 149
Sec 089 I -d86 MM 0T 071
Hagd AHd) =5 425 - MY 237 Ang
Pre fich] 23 -7 -0 220 1

Lat
Coaf TS -0B1 32 -3N 61 1%
Dis ~447 002 35 M -2 15
Sier ~346  06F -1IT 484 041 -412
Meed =131 B 7 431 3B 037 447
Pre 152 AW 461 o 07 s1s

Suhrort
Conf A6 -3 258 -255 O SET* 206
Dis —451 RS (it L] - 517* AaT
e -0 OW 3% 515 176 a4
Meed | -090 M 256 132 002 M)
Pre 08 28 AT P 108 168

Note ANPS = Affective Mesrosciencs Perscnality Scale; AS0Q = Attachment Styls Cheestionsaire; SEEK = SEEKING. FEAR =

FEAR; CARE = CARE; ANGER = ANGER; SAD

= SADNWESS. Conf = confidence; Dm = discomfort for closeness; Sec =

relationships 23 secondary; Meed = nead for approval;, Pre = preccoupation for reluticeahips: orthe = erthopedic fcontral groupl;
axi = anterior lesion; post = mhﬂlﬂt—nme-hﬂkmm medial lesion: li = laeral leslon: con =

cortizdl besicon; soboor = subcostical

*Coereiation values significantly (p 5 05 with the Bonferronl comection) dilferent from 0,
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TABLE §
Paarson comedaiion coefficients ol scores obtsined or siroke
i controd subgroups al the ANFS gubscslss and core-
sponding scores chlained al HADS-Dapressicn sbscals

Sl ek Eiroks
ANPS-SEEK - 338 — i1
ANPS-FEAR A5 AT
ANPS-CARE =Y s

ANPS-ANGER i an

ANFS-FLAY ] =111*
ANFPS-5AD a5 457

Now ANFE = Afferive Neuroscieses Personakey Seale:
ASQ = Auachmest Style Questionnaire; HADS = Hospial
Angiety and Deprestion Scale; onthe = orbepedic jcontel
roupk ANPERSEEK = SEEKING, ANPS-FEAR = FEAR,
ANFPS-CARE = CARE, ANPS-ANGER = ANGER, ANPS-
EAD = SADNESS.

“Correlation valoes significanaly (p < 03 with the Beafesroni
iodrectson) different from 0.

significant and relatively strong correlations of
scores oblained in the HADS-Depression subscale
with those relative to basic emotions (Table &)
These results confirmed, in a new larger samgple,
findings of our previous paper (Farinelli et al.,
2013}, which had highlighted the significant nega-
tive correlation between SEEKING and depression
in both stroke and control groups. In that paper,
this result was interpreted as an indication that
reduction in SEEKING may predict depression.
This last result also relies on a maumber of papers
(¢.g., Abcaro & Panksepp, 2011) stating that depres-
sion can be related Lo deficits in SEEKTNG. If this is
the case, depression can be scen as an “effect” of
SEEKING and possibly of other features of basic
emotion systems. This last conjecture is partially
confirmed in the present analysis where ANPS-
Fear scores were found to significantly and posi-
tively correlate with HADS-Depression. Relatively
high correlations were also observed as concerns
ANPS-Play and ANPS-SADNESS (statistically sig-
nificant only for stroke patients). Apparently, no
relationship with HADS-Depression was found
with ANPS-Care and ANPS-ANGER subscales.
ﬂu_lhﬂﬂ-!mhmd correlations do mot mean
causality, but only support the idea that there is
bound 1o be causality somewhere in the nexus of
unmeasured brain processss. In particular, it sup=
Wﬁdmﬂfmw perspectives, the idea that
a P exists among psychological and brain
J5:‘:'«‘m“*'l-l‘:'l- FTM the number of basic emo-
correlated with depression supports the idea
that depression is a global affective Tmﬂm
A further indication in this direction is also pro-
wvided by repeating the ANCOVA. analysis while

STAOKE, BASKC EMOTIONS, AND ATTACHMENT 13

considering depression a8 & covariate along with
pender. When the effect of depression is removed
{that 15 whal happens when one uses depression
as a covariate), all differences among groups
deseribed above become nonsignificant from a sta-
tistical point of view. The fact that one might lose
differences if the critical brain substraie is taken
away testifies that the role of the brain emotional
system in depression i truly important.

DISCUSSION
Main findings

We report a behavioral study on the effect of brain
lesions on basic emotions and attachment by com-
paring stroke patients with control group consti-
tued by aged orthopedic  patients Eroup
hospitalized in the same way as siroke patients.

Psychometric assessment of emotions and of
altachment style was performed in the acule
phase close to the radiologic characterization of
lesions, This, according with elinical evidence,
Was very important bocause it is in this phase that
phenomena associated with the reorganization of
the self’ are activaled, phenomena that can influ-
ence what follows. Three self-report questionnaires
wiere administraied,

Our results show the following: (a) Brain lesions
lollowing sirokes affect several basic emations
(SEEKING, ANGER, FEAR, and SADNESS)
with specific lesion location cxerting specific elfects
on particular basic emotions; in contrast, (b) brain
lesions only mildly impact few subdimensions of
attachment; and finally, () basic emotions and
attschment correlate with each other more in the
stroke patients than in the control subjects.

These results were obtained by performing a rela=
tively large number of tests. Ome may wonder
whether the number of significant differences
revealed by the ANCOVA test (20 out of 148 per-
formed comparisons) and cormelations (sgnificant
correlationd were revealed into 6 out of 1] correla-
tiof matrixes actually compuled) may ocour by
chance (Type I error) To this purpose, by consider-
ing the significance threshold of 0% here considered
both for ANCOOVA and for the cormelations test, one
may compute by a binomial distribution what is the
probability that the observed mumber (or larger) of
significant differences (for ANCOVA) and correla-
tions may ooccur by chance In both cass of
AMNCOVA and correlation matrixes, this probahility
wig muoch lower than (05, and this eonfioms the over-
all sintistical robustness of the exploratory analysis
here described.
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Stroke and basic emotions

Our previows study {Fannelh et al., 20013} mmvest-
gated a smaller sample of stroke patents and
focused on one particular basic emotion, namely
SEERKING. The present study included a larger
sample size (86 vs. 62), which made it possible to
also consider the other hasic emotions as defined
by Davis and Panksepp (2011) and explored by the
ANPS questionnaire. First and foremost, we again
abserved smaller SEEKIMNG scores in our now
larger sample of stroke patients with respect to
the orthopedic control growp in lime with our intsal
hypothesis. Regarding other basic emotions, the
analysis revealed a significamt impact of stroke
brain lesions on specific basic emotions like
SADNESS, FEAR, and ANGER. This is con-
firmed by the different kinds of analyses, the com-
'pi_r'na;rn hetween all siroke 'H.ti!'nl.l- and comtrol
subjects, the comparson between the different
lesion locations within the stroke group, and the
compartson betwesn the different lesion Jocations
{in the stroke group) and the contrel group.
However, our findings are not entirely in lLine
with imitial hypothesis concerning the expected
reduction of scores concerning basic negative emo-
tions due to brain lesion impact. Thus we may
infer that there i a more complex inleraction of
basic emotion systems, emolion regolation, and
generial postsiroke factors.

Anyway, these resuits confirm the central role of
specific intact brain functioning for regulating and/
or penerating basic emotions. While many studies
have been conducied 1o investigate the impact of
stroke and brain lesions on emotions (Gainott,
2006, 2012), stroke-indoced brain damage and
induction of changss in basic emotions as defined
by Panksepp (1998} and Panksepp and Biven
(2012) are starting to be understood. Our study
provides the first empincal evidence that basic
emotions like SEEKING, SADNESS, FEAR,
and ANGER are affected by stroke in general
and specific lesion locations in particular, These
results can find some correspondences with other
studies relative to the motivational system of emo-
tions in brain-damaged patients (s.g., Feinstein
el al., 2013; Vijayaraghavan et al., 2013

This is well in line with both neuroscientific and
clinical evidence. Meuroscientifically, basic emo-
tions have been associated with mainly subesortical
and medial regions in the brain; this is congruent
with the various emotional changes following spe-
cific lesion locations observed in ouwr study.
Chinically, many stroke patients show abnormal
emotionality in both their experiences and their
behaviers (Kaplan-Solms & Solms, 2000; Solms

& Turnbull, 2002). Especially negative emotions
like SADMESS, FEAR, and ANGER scem (o
predominate in these patients (Tumbull et al,
2005), which corresponds well to our findings.

Most importantly, as our findings are based on
the significant differences between stroke patients
and hospitalized control patients, the changes in
basic emotions must be related to specific effects of
the stroke and brain lesions rather than just general
negative effects of medical problems requiring hos-
pitalization. However, for further clanfication of
ssues, abundant additional research will be needed
at both behavioral and neural levels.

Stroke and attachment

Besides the basic emotions, our study focused on
attachmment styles in stroke patients and control
subjects. Following our second main bypothesis,
we observed few significant differences in attach-
mient between the two groups. The dimension of
ASQ-Belationship as Secondary proved to be sig-
nificantly higher in siroke patients than in the
control subjecis. High scores in this specific dimen-
sipn of attachment reflect an insscurefavoidani
attachment style (Feeney at al., 1994; Hazan &
Shaver, 1957), which has also been ohserved in
stroke subjects in previous studizs (McWiliams &
Baibey, 2010), In this case, according to clinical
practice, patients mamnifest abnormal behavioral
styles tending fowards avoidance, especially when
negative emolions are more accentuated. In these
cases, patients appear more withdrawn, they inter-
act less with family members and healtheare work-
ers, they seem more distrustiul, the few requests for
help concern practical and concrete aspects, and
they tend to more easily express negative emotions
through somatic—vegetative modalities.

Our results extend these findings by showing for
the first time specific attachment styles in poststroke
brain-damaged patients. Lesion location seems to
affect only the ASQ-Meed for Approval dimension
since patients with anterior and posterior lesions
showed significanily different scores. High scores
in this dimension are associated fo  insecurs
anxious/preoccupied attachment style (Feeney at
al, 1994 Hazan & Shaver, 1947). Iln thizs case,
patienis manifes! continual requests of presence
and reassurance from their family members and,
when they are ahsent, from the healthcare operators
and assisiants. When this occurs, negative emotions
such a3 FEAR and ANGER are accentuated.

In peneral, however, brain damage seemed to
weakly affect the attachment system, at least to a
lesser degree than the measures of basic emotions.
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This may suggest that the ASQ is measuring cog-
nitive—conceptual issues more than underlying
affeclive ones,

In gddition to the anachment itself, we also inves.
tigated the relationship of attachment styles to basic
emotions. We found relatively weak correlations
among basic emotions and attachment styles in our
controd group. However, the attachment literature
postulates a close psychological relationship between
attachment and emotions (Shaver & Mikulincer,
2007), which then should have been evident in corre-
lations between both variables as monitored with the
ANPS and ASQ. However, that was observed in our
data only with one subscale.

How then can we explain the weakness of rela-
tiemships betwesn emotions and attachment? Both
the basic emotions and the atachment are
assumed 1o be subserved by distinct and scgregated
underlying neural systems {Coan, 2010; Gold
2001 Panksepp, 1998, 2011a, 2011h, 200 le), The
basic emotions are associated with different neural
syslems m subcortical networks, while attachment
is assumed to be related to neural BCtivity in more
cortical regions such as some regions of the cortical
midline strueture (NorthofT et al, 2006) and, in
particular, the medial orbital prefrontal cortex or
the wventromedial prefrontal cortex (Goldberg,
2001; Sehore & Schore, 2008),

Such neural segregation between subcortical and
cortical levels may then be manifest on the psycho-
logical level thal results in the absence of strong
correlation between basic emotions and attachment,
Indeed, that is what we ohserved. Accordingly, con-
irry to expectations from singular psychological
perspectives, the weakness of correlations between
basic emotions and attachment in our control group
is well in line with their underlying neural distinc-
tien of different psychological processes,

Such neoronal scgregation and independence find
a correspondence in the psychological evolution of
the individual. Development and matusation of
attachment relational styles also supply a complex
and integrated system of hisrarchical emotion con-
trols and regulations. Internal working models
unconsciously regulate relationships with signifi-
cant others and regulate social relations. Thus
attachment styles theough internal working models
make relationships in general more independent of
basic emotions especially during condition of bodily
health and safety, As Bowlby (1969) and subsequent
atlachment researchers (e.g., Brethertonm, [9R%:
Shaver & Mikulincer, 2007) highlighted, attach-
ment style is especially evident in situations of phy-
sical and psychological distress and in particular is
evoked duning threats 1o physical or psychological
integrity. Following these considerations, stroke,

STROKE. BASIC EMOTIONS, AND ATTACHMENT 15

due to lesions, should disrupt above all basic emo-
tion systems. Consequently this disruption may
reactivate distinct attachment styles developed in
the first phases of early development as emotional
regulators, putting in evidence the close refationship
and interdependence between basic emotions and
atlachment. !

How do such neurobiclogically based, theoreti-
cil suppositions stand in relation to our :mpln-
cilly observed correlations betwesn basic emotions
and attachment in stroke patients? Due to the
stroke damage, the neural metworks underlying
basic emotions and atiachment may no longer be
as independent and segregated (in functional
lerms) from each other as in the case of control
patients. Such neural dependences may then be
behaviorally manifest with a more evident relation-
ship between basic emotions and attachment
issues, whach is what we observed in our data.
We suspect that this may reflect a regression to
an earlier style of psychological structure and fune-
lisning. However, future neural studies are neces-
sary in stroke patients (o lend further evidence to
Our assumplions.

Limitations

As one can see, except in the case of anterion
posterior subgroups, populations in the relevant
subgroups are scverely unbalamced with a rela-
tively scarce presence of left, lateral. corical
lesions, which may have hampered the possihle
search for significant differences in ANPS scores.
Another limitation of the present study concerns
the decision 1o include patients with relatively Jow
MMSE scores (x21/30). With respect Lo this con-
cern, our decision was to include only patients
whao, as a result of clinical asssssments, could
actively amd successiully participate in our tests,
Indeed, we would note that slightly higher and
more conventional thresholds (224307 do not
necessanly exclude mild to moderate dementias,
which may be problematic in this kind of work.
OF course, expert clinical judgment may fail, and
we cannol exclude poassible biases induced by the
declining motivation due to a mubtitede of inter-
acling factors including the fact that older people
simply do not have the skills 1o execute tasks and
function in unstructured environments in which
they previously might have performed well.
Furthermare, the cognitive status of the patients
was only characterized by using MMSE, A full
battery of meuropsycholopical measures  and
detailed  standardized behavioral observations
could possibly allow us to betier evaluate the
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influence of eventual specific cogritive deficits on
self-awarencss or conscious experience of emotions
and feclings and their possible effect on question-
naire scofes, However, in a statistical sense, ihese
eventual biases affect in the same way both stroke
and orhopedic groups, and this imples that
observed dilferences could hardly be attributed to
this possible distortion.

An unresodved cntical aspect s the application of
ANPS (o larget primary cmotions. We must accept
that the ANPS scales (indsed, perhaps all question-
naire scales) are assessing responding at & tertiary
level of mentation (as defined by Northofl,
Wichking, Feinberg, & Panksepp, 20115
Penksepp, 20011a). This primaryftertiary slippage
implies that in future studies it would be desirable
to have measures other than the ANPS, including
more direct behavioral testing of the underlying
processes with various explict tasks, but these may
also only provide resulis representative of an inte.
gration of different levels of brain-mind function-
ing. As discussed by Coenea and colleagues
{Coenen, Schiacpfer, Maedler, & Panksepp, 2011},
reaching primary structures may requdre the use of
specific neurological procedures (.., "deep brain
stimulation”). Also, many future imvestigations are
needed to study emotion and attachment in elderly
healthy individuale and ill patients, especzally con-
sidering how few studies have been devoted to such
populations. Furtbermore, such studies are nesded
since there is evidence that some peculiarities of
attachment relationships and emotion regulations
emerge in obd age (Cicirelli, 2000).

The use of sellfreport evalualions to assess
attachment and basic emotions may also represent
a limitation of the present analysis. This kind of
measure suffers from specific biases associated
with, for example, social desirahility, insight, and
self-awareness problems (Philipp et al., 2012} To
strengthen results obtained bers, convergent mea-
sures should be employed in lariher studies, includ-
ing suitable interviews and rating scales from the
objective perspective of the investigator (e.g., Mam
& Gioldwyn, 1994),

CONCLUSIONS

We here investigated the impact of variows forms
of brain damage on basic smotions and attachment
styles in a sample of stroke and orthopedic control
patients maiched for cognitive stafus and age, We
observed significant differences in various basic
emofion measures as well as aliachment siyles
betwesn  stroke palients and confrol patients
under comparable medical supervision. Dur main

findings were that specific types of brain damage
rather than nonspecific effects associated with gen-
eral illness impaci measures of basie emotions
more than attachment styles. Most interestingly,
basic emolions and attachment styles were maostly
pnrelated in our control group while they corre-
lated significantly with each other in our stroke
patients. This suggests that stroke impacts brain-
mind dynamics in ways that are not as evident in
individuals without such brain lesions. The weak-
ness of correlations between basic emotions and
attachment styles also suggests intriguing segrega-
tion and independence functions depending on the
integrity of brain systems. In sum, our study
reveals that brain damage arising from strokes
affect not only the traditional or classical funchions
{cognitive, sensory, motor, social functions) but
also basal survival functions like basic emotions
and attachmen! processes in various distinct but
specifiable ways. This highlights the psychosomatic
relevance of brain damage arising from strokes,
docamenting mental changes in patients beyond
traditional conceptions of newrological relevance.
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APPENDIX. GLOBAL CORRELATION TEST

An overall comparison of the global correlation
existing among the ANPS and ASQ scores in the
subgroups of patients and the control group was
also performed. To this purpose the correlation
matrix Cy has been considered, whose elements
are the Prarson correlation walues cbtained by
considering the scores obtained at the ith subscale
outl of I of ANPS and the fth subscale out of J of
ASQ. As a whole, any correlation matnx includes
K = | % J elements. The corrclation matrixes
ohtained by two subgroups (nth and mith, respec-
tively) are then compared by computing the num-
ber Ny of times that kc';| = |c;| for i and j in the
ranges [1, J] and [1, J], respectively. If Mo, 3= K
one can state that in the mth subgroup scores nela-
tive o the subscales of the ANPS and ASQ are
more gorrelated than in the mth subgroup.

In principle one can expect that the probabdlity
p that |Gy |>|c5| and |c7l<lcy] is the same and
is .3, In this reasonable assumption, the binomial
distribution with parameiers N &, and .5 can be
used to compule the statistical significance of the
observed score—that is, the probability that a
number of Ny or more exceedances is obtained
by chance.
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