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Subtle distortions of the experience of lived space have
long been associated with schizophrenia. Although a body-
centric transformation of space is considered an essential
component of anomalous subjective experience in schiz-
ophrenia, its impact on the 2 major body-centric spatial
constructs, that is, personal space (PS) and peripersonal
space (PPS), is still not clear. This systematic review and
meta-analysis have been set up to: (1) summarize the evi-
dence on putative extensional differences of PS and PPS in
schizophrenia as compared with controls, and (2) evaluate
the quality and the limitations of available studies on the
topic. Four electronic literature databases (MEDLINE,
EMBASE, PsychINFO, and CINAHL) were searched
with the keywords “Personal space OR Interpersonal dis-
tance AND Schizophrenia,” “Peripersonal space AND
Schizophrenia” from inception until December 31, 2023,
resulting in 15 studies on PS and 5 studies on PPS included
in this systematic review. The 12 studies on PS included in
the meta-analysis revealed that individuals with a diagnosis
of schizophrenia place a larger interpersonal distance from
the stimuli than controls, with a moderate effect size in both
the fixed-effect model (Hedges’ g = 0.558 [95% confidence
interval, CI: 0.445-0.671]; z = 9.67; P < 0.0001) and the
random effects model (0.547 [0.294-0.799]; z = 4.77; P =
0.0006). The 5 studies included in the meta-analysis on PPS
showed that individuals with a diagnosis of schizophrenia
exhibit a narrower PPS than the controls at the fixed-
effect (Hedges’ g = 1.043 [95%CI: .739-1.348]; z = 6.72;
P <.0001), but not at the random effects model (1.318
[-0.721 to 3.359]; z = 1.79; P = .147). Heterogeneity was
substantial in both meta-analyses. Overall, the findings in-
dicate that both body-centered space constructs (PS and

PPS) are affected in schizophrenia, with an enlargement
PS and a reduction PPS, thereby supporting the distinc-
tion of these constructs. These modifications cohere with
the subjective transformation of the lived space (aka espace
vécu) reported in classical psychopathology and may be
promising, neurodevelopmentally grounded, biomarkers of
vulnerability to schizophrenia and its spectrum conditions.

Key  words:  personal  space/peripersonal  space/
interpersonal  distance/espace  vécu/schizophrenia/
psychosis

“It can be said that if we share a world in common, it’s because
we share a body in common. If the actions of others appear
meaningful and understandable to me, it's because they stem
from a body similar to mine”

(Stanghellini, Mancini, 2018, 97)

“There is a distance which separates me from life or, rather,
which unites me with life. There is always a free space in front
of me in which my activity can develop”

(Minkowski 1970, 403).

“The experiential structure is transformed in such a way that each
aspect of the patient’s perceptual field is related back to him...”
(Conrad 1959, 405)

Introduction

Subtle distortions of the experience of lived space (aka
espace vécu) have long been associated with schizophrenia
spectrum disorders (SSD), their prodromal states, and
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schizotaxic or family high-risk conditions.'"* As explicitly
thematized by Jaspers,! Minkowski,? and Conrad* among
other classical authors and found in first personal auto-
biographical narratives,'*!> patients with vulnerability to
SSD manifest salient changes in the experiential structure
of lived space, for example, self-reference, which are cen-
tral to the elaboration of psychotic experiences since their
very first incubation.

Indeed, anomalous subjective experiences of spatiality
are enlisted in phenomenological semistructured interviews
as the Bonn Scale for the Assessment of Basic Symptoms,'®
the Examination of Anomalous Self Experiences,!” the
Schizophrenia Proneness Inventory,'s and the Examination
of Anomalous World Experience (EAWE).'*%

The Embodied Self and the espace vécu in
Schizophrenia

According to phenomenology, the pre-reflective (Basic or
Minimal) Self is rooted in the multisensory body.?' The
unique characteristics of the Basic Self, including the
sense of agency, body ownership, and the distinction be-
tween oneself and others, are believed to develop gradu-
ally during infancy. This development occurs through the
repetitive and consistent engagement in sensorimotor ac-
tions within the surrounding environment, coupled with
contingent proprioceptive signals.?>*

In the context of schizophrenia, neurodevelopmental
constraints may hinder the integration of external, in-
ternal, and proprioceptive signals, disrupting the de-
velopment of the Basic Self. This disruption, in turn,
appears to contribute to a diminished implicit attune-
ment between the Self and the body, leading to a sense
of disembodiment and interfering with the boundaries
between the Self and others.”° Self-disorders related to
an altered embodiment emerge early and specifically ag-
gregate in SSD,*!*? encompassing a pathological detach-
ment from the bodily side of the Self along 2 extremes,
which have been captured by Stanghellini as “deanimated
body” (ie, a body deprived of the possibility of living per-
sonal experience as its own) or “disembodied spirit” (ie, a
sort of abstract entity that contemplates its own existence
from outside, in a third-perspective rather than in a first-
perspective).’! Self-disorders may also result in difficulties
interacting with the environment in terms of perturba-
tions of the espace vécu.” In normal circumstances, the
lived space streams as “not homogeneous, but centered on
the person and his body, characterized by qualities such as
vicinity or distance, wideness or narrowness, connection or
separation, attainability or unattainability.”™

Instead, in prodromal or earlier clinical stages of schiz-
ophrenia, the espace vécu may be permeated by a sense of
centrality, that is, an abnormal feeling of being a focal point
at the center of the world*>'>!* or by an abnormal blurriness
and fragmentation of the spatial boundaries between self,
body, and world.* Alterations of spatiality may persist also
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in more advanced stages and also emerging clinical symp-
toms of schizophrenia involve the body-centric space. For
example, patients may perceive being invaded by hallucina-
tory intruders or delusional persecutory agents*>3¢ and may
feel passive external influences crossing and disregarding
their space and gradually acclimate to an expanded space,
maintained by bizarre or peculiar behaviors.*

Aims of the Study

However, while this vast and stratified array of psycho-
pathological research points to a transformation of the
subjective experience of spatiality (eg, self-reference, de-
realization, shift in embodied first-personal perspective)
as an essential component of vulnerability to SSD, its
impact on the 2 major body-centric spatial constructs
implicated in schizophrenia (ie, personal space (PS) and
peripersonal space (PPS), Box 1) is still not clear. PS re-
fers to the physical zone around an individual that they
consider as their private area, experiencing discomfort
when others intrude. PPS is the area within arm’s reach
used for object interactions. Thus, PS deals with social
and emotional boundaries, whereas PPS is involved with
spatial interactions with objects.

Therefore this systematic review and meta-analysis
have been set up to:

1. summarize the evidence on the modification of the
PS and of PPS in schizophrenia compared to con-
trols and

2. evaluate the quality and the limits of the studies on
the topic.

Methods

The reporting of this systematic review follows the in-
dications of the most recent versions of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). 35!

Eligibility Criteria

Inclusion criteria were: published studies including pa-
tients diagnosed with schizophrenia who were compared
with controls, reporting measures of PS or PPS; detailing
the numerical results of the analysis. Exclusion criteria:
studies published in abstracts or thesis; reporting data
on healthy subjects measured with a self-report question-
naire. We did not look for grey literature since there is
evidence that selection bias in unpublished literature is
higher than in published literature.>>33

Search Strategy

Four electronic literature databases were searched:
PubMed/MEDLINE, Excerpta Medica dataBASE
(EMBASE), PsycINFO, and Cumulative Index to
Nursing and Allied Health Literature (CINAHL). This
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Personal and Peri-personal Space in Schizophrenia

Box 1. Personal Space and Peripersonal Space: Overlap and Differences

Personal Space (PS)

Peripersonal Space (PPS)

Definitions

Key features

Assessment

PS is a psycho-sociological concept which captures
a sphere an individual considers theirs to live in.
That is, an area individuals maintain around them-
selves into which others cannot intrude without
arousing discomfort or even withdrawal.* #

Captures more extensively an intersubjective inter-
face

The most used is theStop Distance paradigmln this
task a participant faces another person walking
toward her/ him (the confederate) Passive ver-

sion: participants stay still and have to stop the
approaching confederate at the latest separating
distance they feel comfortable with. Active version:
roles are reversed and the confederate stays still
while participants move towards him/her to stop at

PPS encompasses the space immediately surrounding

the body as a sphere of action within reaching distance
and is mostly characterized as a neurocognitive con-
struct indexing the “plastic, pragmatic and goal-directed
multisensory buffer that connects the brain-body with its
immediate environment.”+4

Encompasses a more motor-oriented sphere; describes
the region near the body where physical interactions with
objects occur

Multiple experimental procedures have been proposed for
PPS*#For example, participants are asked to respond as
fast as possible to a tactile stimulus administered on their
hand, while task-irrelevant sounds were presented, giving
the impression of a sound source either approaching
toward their bodies or being static. Tactile stimuli either
preceded the sounds or were given at 5 different temporal
delays from sound onset, corresponding to 5 possible dis-

a comfortable separating distance

Experimental
findings
tors, as well as personal preferences.**

PS size and responses to PS violations can vary
depending on cultural, social, and situational fac-

tances from the participants. It has been shown that close
(ie, within PPS), but not far, sounds boost tactile reaction
times (RTs). Hence, looming sounds allowed measuring
the boundary of the participant’s PPS, as the distance
where sounds affected tactile RTs.

Modulated by tool use*

combination of platforms is probably to produce the best
unique references.>*

The following keywords were applied: “Personal space
OR Interpersonal distance AND Schizophrenia” and
“Peri personal space AND Schizophrenia.” On each da-
tabase, the search was from inception until December 12,
2023, and it was conducted on January 13, 2024.

Each platform was searched for individually. No lan-
guage or other restrictions were applied to any of the
searches. The reference lists of included studies were also
manually searched.

Data Extraction and Assessment of Methodological
Quality

Four authors (EB., M.C.L., M.P,, and A.P) independ-
ently screened articles’ titles, abstracts, and full text and
extracted data. The following information was extracted
from each article: location of the study; criteria for di-
agnosis of schizophrenia; sample size of the groups;
proportion of men in the sample, mean age of the parti-
cipants; nature, characteristics, and metrics of the meas-
ures used to score PS or PPS; scores of the participants
on the measure of PS and PPS.

Critical appraisal of the quality of included studies
was carried out independently by 2 reviewers (M.P. and
A.P.) with the Newcastle-Ottawa Scale for assessing the
quality of nonrandomized studies in meta-analyses.*

Any differences in assessment results between reviewers
were resolved to consensus with an experienced reviewer
(A.R.). Adherence to the proposed criteria was classified
as “low risk of bias,” and lack of adherence was classified
as “high risk of bias.” According to the met criteria, the
study was further categorized as “good” or at low risk of
bias, “fair” or with some concerns of bias, or “poor” or
at high risk of bias.

Data Synthesis

Meta-analysis was done with the following packages run-
ningin R version 4.2.2: “meta,” “metafor,” and “MAd.”>*
% Threshold for statistically significant results was set at
P < .05, with both interval of 95% CI above or below the
unit (depending on the direction of the effect).

Pairwise meta-analysis was applied to the differences
between cases (patients with schizophrenia) and controls.
The effect size was expressed as the bias-corrected stand-
ardized mean score (Hedges” g).%° According to Cohen’s
rule-of-thumb, the effect size was interpreted as small
when around 0.20; moderate when around 0.50; and
large when >0.80.! When a study included more than one
measure for the same outcome, all relevant measures’ ef-
fect sizes were aggregated in a single score considering
the measures correlations. If this information was not re-
ported, a default correlation between measures was set at
0.5 and dependent effect sizes were aggregated.®
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For studies that did not report minimal information for
calculating effect size, for example, they did not report
measures of variations in the groups of interest, we de-
rived the effect size from the reported statistics of 2-group
analysis, either the 7 or the F, and the related sample sizes,
according to the convertibility of 7 to effect size d or g and
the known equivalence F' = ¢ (see details in the discussion
about the function “escalc” of the package “metafor”
3.8-1).9

The results of both fixed-effect and random-effect
models were reported. Fixed-effects models are aimed
at making a conditional inference about the studies in-
cluded in the meta-analysis and can provide valid infer-
ences even under heterogeneity.* The random-effects
model provides an inference about the average effect in
the entire population of studies from which the included
studies are assumed to be a random selection.

Between studies variance and variance of the effect size
parameters across the population were estimated with
the > statistics using the Empirical Bayes estimator,®
with Hartung-Knapp adjustment for random-effects
model.® We calculated the 95% CI for the heterogeneity
using the Q-Profile method, to assess the extent and rel-
evance of heterogeneity.®® Heterogeneity was assessed
with Cochran’s Q and I? statistics.®” Heterogeneity was
deemed negligible when I? < 30%; moderate for values
between 30% and 60%; substantial for 75%—-100%
values.® Egger’s regression test® and the Begg’s test™
were applied when studies were 10 or more. With less
than 10 studies in the meta-analysis, publication bias
was evaluated by using the trim-and-fill procedure.””
The trim-and-fill method assumes that the most extreme
results are not published and recalculates the effect size
by the imputation of missing studies to produce a sym-
metrical funnel plot.

The radial plot was used to assess model adequacy.”
For each study, the observation of a large standardized
residual (above 2, as a rule of thumb) suggests that the
study does not fit the assumed model (ie, it may be an out-
lier). When studies were > 10, to identify potential sources
of heterogeneity, we used meta-regression to evaluate the
impact of the following variables: year of publication;
sample size; gender proportion; age; education; quality
of the studies.

Results

Across the 4 screened databases, 232 studies were lo-
cated with data on PS in patients with schizophrenia; 100
studies were further assessed for eligibility, and 1535363873
8 were included in this systematic review (figure S1). As
for the studies reporting data on PPS in patients with
schizophrenia, 131 were initially located, 92 were further
assessed for eligibility, and 5¥% % were included in this
systematic review (figure S2).
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Characteristics of the Included Studies

For PS, studies were 7 from the United States; 4 from
Europe (Belgium, Croatia, The Netherlands, Switzerland,
1 each); 2 from Israel; 1 from South Korea; 1 from India.
In these 15 studies, mean sample size was 37 in cases (ran-
ging from 14 to 114) and 37 in controls (14 to 120).

The proportion of male participants was reported in 14
studies, and was, on average, 72% (£ 29%), ranging from
0% to 100%. The mean age (reported in 11 studies) was 33
years (x 5), ranging from 26 to 40. The mean education,
calculated as school years and reported in 6 studies, was
12 years (£ 1.5), ranging from 11 to 15.

For PPS, studies were 2 from the United States; 2 from
Italy; 1 from France. In these 5 studies, mean sample size
was 22 in cases (ranging from 18 to 27) and 26 in con-
trols (18 to 36). The proportion of male participants was
reported in 4 studies, and was, on average, 63% (£11%),
ranging from 54% to 78%. The mean age (reported in 4
studies) was 40 years (+ 7), ranging from 33 to 48. No in-
formation on education was reported in studies on PPS in
patients with schizophrenia.

For PS, quality was rated fair in 5 studies, good in 9
studies and poor in 1 study (table S1). For PPS, quality
was rated fair in 2 studies and good in 3 studies (table S2).

Study-Defined Measures and Results

Study characteristics are reported in table 1 for PS and in
table 2 for PPS.

The 15 studies assessing PS used several methodolo-
gies, most of all estimating its length; 6 studies used the
Stop Distance paradigm (Box 1). One study reported no
differences in PS between patients and controls,?® while
all other studies found that the PS was larger in patients
with schizophrenia than in controls. Among the 5 studies
assessing PPS, 3 studies had relatively homogeneous met-
rics of the measures (reaction time), and the remaining
2 had rather heterogeneous measures. Irrespective of the
measure, 1 study found no differences in PPS between pa-
tients and controls,®® whereas 4 others found a narrower
PPS in patients than in controls.

Meta-analysis of Studies on Personal Space in Patients
With Schizophrenia

Twelve studies were included in the meta-analysis. Three
studies™’*”® were excluded since they did not report
enough information to calculate an effect size. All studies
included in the meta-analysis compared patients with
schizophrenia to healthy controls.

Out of 12 samples, the results included 466 patients
with schizophrenia and 473 controls. Overall, patients
put a larger interpersonal distance from the stimuli than
controls with a moderate effect size in both the fixed ef-
fect (Hedges’ g=0.558 [95%CI: .445-.671]; z=9.67,

$20Z J8qWBAON g uo Jasn ouebnT jo Alsiaaiun Ag 668808//6S L 884S/INAYIS/S60 L "0 /10p/ajonie-adueApe;/uns|ingeluaiydoziyos/woo-dno-oiwapeoe//:sdiy Wwoij papeojumoc]


http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbae159#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbae159#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbae159#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbae159#supplementary-data

Personal and Peri-personal Space in Schizophrenia

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by University of Lugano user on 18 November 2024

or1n
S[OTIU0D 0r'L1 yEe 02/0 0C  sjonuo) Ayiesy anbruyoa], souelsi(q
uey) sAouR)SIp [euosiodiojur (9z's1) -doyg o) Sursn passasse aouey SN €L6T SUNIA
1918213 19)01d syuaned oruory) wle 9°¢¢ 0Z/0 0z rrua1ydoziyog -s1(] [euostadiduy a[qeriojuo))  parrodar joN ‘erepy » ong
UEISIp BulyEss : SO1[0Y 09 ‘[IeH 01 SuIp10o
« YR, PIp UBY} JOMIIAIUL Nmmw w“w# WW Squiw%ﬁaﬁom -oe (329 %w@ow%ﬁw Lmso%u e
U} pIeMO) UONORIIIE JOJBAIS 0) ’ ’ ’ ‘
PI] SOUBISIP FUNEIS [R100S,, LOVY 0/ST SI SOOYO[Y
pue _[euosiod,, ‘syusnjed 10, 0S°96 ial vl erua1ydoziyog  (SAyoul ) 90UBISIP , [BUOSIY,, 18
(seyour z1)
*S[OIJUO0D [BIIUI[D UBY[} SQUOZ 0S'69  parod ol Al SOIOYOO[Y  QOUBISIP , 9JBWINIU],, JB MIIAIIUL SN
Joynq Apoq 1o31e] oARY SjUANE] €49/ -9I11ON ial Al eruarydoziyog Suimorjoj ooue)sip Surjess G- poytodarjoN  ‘esnovILS  7/6] ‘Ioyonog
anbruyoay
BJRWAYOS [BIOOS S,91}oN3] JO UOor}
-BoyIpow € JuIsn (G > U > ()) ue)
. 1oy19303 Suogeq ordoad,, yeyy -s1p Juowdoe[dar 9[3uL)oar oFeIoAe
BWAYDS ) AB[dSIp J0U PIP ‘SIUAI} 0°€e 0/L1 LT s[onuo) Ayifedy  ay) ueyl yrede 1oyjaey paoerd s1os SN ‘eyd 1261 OYNOD
-ed orew oyrpun ‘syuoried o[BI /'] 88°C 8°¢¢ 0/2€ 43 eruarydoziyog  ammSy-uewny jo (U) Joqunu oy poytodarioN  -[ope[Iyd 2 UOIWIOY],
(arn
'S[01JU09 UBY} 191}350) J9SO[d 958 onbruyo9) L1BWAYDS [RIDOS
‘[B100S SE [[oM SB [e1)NAU ‘SUSISop (L9°0) 661 0/6% 6y  sjonuo) Ayiesy s,oU1eny] JO UOHEOYIPOW B [IIM SN
oy} paoe[dar APulsIsuod syuaned 6L'8 8'8¢ e ¥ eruarydoziyog  possasse douelsi(q [euostodioju]  partodarioN  ‘Proydre] 0L61 ‘1001,
1L€ 01/0 01 s[onuo) Ayiesy J[eWO,] SA SooUB)}
919 01/0 01 eruorydoziyog  -siq yororddy [euonosanpnny
00¥ 01/0 01  sjonuo) Ayyesy J[BIAl SA SIOUB)
L69 01/0 01 erudaydoziydg  -siq yoeoiddy [euondaipnmy
S0¢ 01/0 01  sjonuo) Ayiesy 100[qQ SA seouE)
S[O1IUOS pIp Uey) ¢cc 01/0 o1 eruargdozigog  -si yoroxrddy [euonoanpnniy SN
SOA[OSWIAY) PUNOIE SOUB)SIP (¢'g)  poyod 0/61 61  sjonuo) Ayiesy 00SIoURI] $961 “Te 10
197215 200[d 01 Papuo) syuaned 001 -130N 0/61 61 eruarydoziyog sooue)siq yoeorddy [ejuor parrodarjoN ueg Z}IMOIOH
sordweg jo suostredwo)) woi (as) as) (€10 zZIS ordwreg jo adAT, 9ordg [BUOSIO JO JUAWISSASSY  SISOUFRI(] IO UONBIOT  (IBIX “Ioyny)
POALIO(] SQOUAII( JueLdYIUu ooedg By  wpuwn Jdweg SjuoWINIISU| Apms
-31G A[reonsnelg sSurpurf A9y  [BUOSIOJ  UBIIA] pue LD
UBIN

s1op1osiq wnJ3oadg eruarydoziyog Yy siuaned ur 20edg [BUOSIod SUISSIsSy sApnIS I dqeL

Page 5 of 17



A. Raballo et al

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by University of Lugano user on 18 November 2024

(0°2)
<09 M 9¢C LT/EE 09  s[onuo) Ayesy
79
L¥'9 VLT 81/2C or eruarydoziyog  [ennoN ainpadoxd aouessip dojg
(0°L)
6C'8 A_.ow LT/EE 09  sjonuod Ay)esH
9
L1°L VLT 81/2T ov eruarydoziyog  3sn3siq aanpadoxd souessip doig
(0°L)
169 m .ow LT/EE 09  s[onuo) Ayjjeday
9
oL VLT 81/2T ov eruarydoziyog  asuding aimpadoxd souessip doig
(0°L)
€78 m ,ow LT/EE 09  sjonuo) AyiesH
9
L6°L VLT 81/2C Y% eruarydoziyog 193uy arnpadoid doueysip doig
0°L)
£€e'8 M .omv LT/EE 09  s[onuo) Ayesy
<9
6TL VLT 81/2C ov eruaIydoziyog Ie9, 2anpasoid doue)sip doig
(0°L)
(454 m .omv LT/EE 09  s[onuo) Ayjesy
29
11°L VLT 81/7C oy eruarydoziyog  ssaupeg ampadoid aoueysip doig
(0°L)
1L°¢ 1'9C LT/EE 09  s[onuo) AyyesH
‘(91e3s [RNNAU (z9) ssou
‘pes ‘Addey) souo pasnoreuou L¥9 VLT 81/TC oy eruaIydoziyog -1ddey arnpaooid soueysip doig
o) Aqreroadsa ‘suorssaxdxa 100)e L)
[B108] YIIM JOBIIUL O S[OJIUO0D 192
uey) oords Jewrxord 1018213 1S9 (z9) LT/EE 09 s[onuo) Ayjeoy RIPU] 0661 TEPUBIA
A[ueOyIUSIS papuBwap SIUdNLJ yiL vLT 81/TC ov eruaIydoziyog uBd 2mpadoxd aouessip doig III-INSA  ‘TSeUBIBA 29 BARISBALI
sojdweg jo suostredwo)) woi (as) as) (€M) AZIS ordwreg jo adA1, 90rdg [RUOSIO JO JUAWISSASSY  SISOUSRI(] 10 UONRIOT  (IBIX “Ioyny)
PALId( SQOUAIJI(T IUBIYIU dordg gy PP Jdures sjyuawInIsuf ApmS
-31G A[reonsnelg s3urpurg Aoy  [BUOSIdJ  UBIIA pue LI
UBIIA

panunuo) I JAqeL,

Page 6 of 17



Personal and Peri-personal Space in Schizophrenia

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by University of Lugano user on 18 November 2024

(82
0cl LI/ES 0TI s[onuo) Ayiresay anbru
L'8) -097 2oue)siq-dols ay3 Sursn
Al 09/4S P11 eruaIydoziyog  passasse doejang aoedg [RUOSId]
Lo
89 L9/€S 0TI sfonuo) Ayireay anbruyoa]
(6°19) dour)siq-dolS oy} ursn passasse
“eruarydoziyos SI1 09/¥S 11 rruaaydoziyog doue)sI( WSy 20edg [RUOSIO]
Jo ad£3 enprsar pue prouered (8°St)
Sunsojruew s3102[qns uoamiaq SL L9/€S 071 sjonuo) Ayeoy anbruyoay,
punoj sem douardjord aoeds [euos (€%8) dour)siq-dolS ay} Sursn passasse
-13d UT Q0UAIAJIP JUBOYIUTIS ON Sel 09/%S anl rruarydoziyog ouR)SI( ey 2ordg [RUOSIog
‘A[reyuoay payorvordde
uoyM pue I2judWLIadxs o[ew €
£q payorordde uaym saoueisIp
[euosiadiajur 1931e] paure) +'62)
-urew sdnoi3 yjoq ur sjoalqng 0oL L9/€S 0zl s[onuo) Ayieoy anbruyoay,
(¢7€9) doue)siq-dolS Ay} Sursn passasse
911 09/4S il rruaIydoziyog oue)sI( 1T 2ordg [RUOSId]
(T9¢)
18 L9/€S 0CI  sfonuo) Ayireay anbrugoa],
S[o1uo0d uey) d0eds [eUOS (zg9)  parrod doue)siq-dolg ay) Sursn passasse BIROID 900¢ “o139g
-10d 19310 ® pajuosald sjuaned I¥1  -9¥ ION 09/4S yI1 eruarydoziyog doue)sI(q U0l 20edg [BUOSIO] 01-aDI ‘qoiSez  -omjof 2 SN
(e (on
¥7'96¢ A %3 0/0¢ 0¢  sjonuo) Ayyjedy
(Lo (@on
6°€6C '8¢ 0/0€ 0¢ eruarydoziyog ordoad rennau sa areos Q1D
(6sv) (001
¥7'96¢ A %3 0/0¢ 0¢  sjonuo) Ayyesy
"PaTPMIS SAOUEISIP Y} & YIM (Les)  (Ton
SUOT)R[ALIOD [BIIURISANS PA[BIAII L€8T '8¢ 0/0€ 0¢ rruaIydoziyog  sagewul paje[ar JBAIYY SA 9[RS (1D
SUOT}BISQJIUB QWOIPUAS AT} (1°LL) (oo1)
-e3ou ‘voue)sip [euosiodiojur [SIq| y1E
JO puny Aue yim pajeroosse Jou (1ze)  (Ton 0/0€ 0¢  sjonuo) AyijesH
sem owoIpuAks aansod YA, SSyl '8¢ 0/0€ 0¢ eruarydoziyog SI9Y}0 JULdYIUTIS SA 9[BIS (JID
wLy) (00D
6°SS A %3 0/0¢ 0¢  sjonuo) Ayiesy
(Tes) (oD
‘SORWI-J[os pu® I11 '8¢ 0/0€ 0¢ eruaIydoziyog soewr Jas sA 9[eas I
SIdqUIdW AJIUIR) WOI] SUIdUR)SIP #'s¢) (0°01)
[euosIadiojur 19318 € Inq ‘S[01} Sy ¥y 0/0€ 0¢  s[onuo) AyieoH
-U0d JO 3SOY[) 0} JR[IWIS A[[RIdUIT (8¥L) (zon) [ovIs| €00T
sorgyoid Suroeds Aefdsip syuaned 1'SL '8¢ 0/0€ 0¢ rrua1ydoziyog SIoqUIdW AJIUIR) SA 9[RS (1D AIFINSA ‘eIOpeH UD[WRYIIN
sojdweg jo suosuredwo)) woi (as) as) A/ AZIS ordwres jo odAT, 9oedg [BUOSId JO JUOWISSASSY  SISOUFBI(] JOj UONed0]  (IBdX “Ioyny)
PAALId( SQOUAIJYI(T IUBIYIU Joedg dy Ppun Jdueg syuownysuf Apms
-31G A[eonsnelg sJurpur g A9y  [BUOSIdJ  UBIIA pue LI
UBIA

panunuo) ‘[ AqeL

Page 7 of 17



A. Raballo et al

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by University of Lugano user on 18 November 2024

(99L)  (€T1D
colc L'SE 1€/0¢ 19  sjonuo) Ayiesy
(Ley)  (son
‘Sunyoos 110ddns [e100g 61T 8°€¢ S1/9€ IS eruarydoziyog ordoad ennau sa areds Q1D
(600 (1D
0'8%¢ L'S¢ [€/0€ [9  s[onuo) AyyedoHy
(6'sL)  (s'0D)
SurA[dur ‘Surdoo 1'21¢ {°¢¢ S1/9€ IS eruaIydoziyog  sagewur paje[ar JBAIY} SA 9[eIS 1D
UOISISAIP [BID0S 3} JO 3sn 3y} (6€9) (€11
Im pajerosse Apanisod sem 8°8C1 L'Se 1€/0¢ 19  sjonuo) AyyesH
syuaned Juowre FuOUR)SIP-J[OS (€'89) (s'o1)
‘SWO) 0°'SLI 8°¢¢ S1/9¢ IS rruarydoziyog SIOUJO JULOYIUSIS SA (8IS (J[D
-dwiAs oanogyye pue onoydAsd jo (0°99) (€11)
KJLI9AQS QU] )M PIJBIOOSSE SBM S'6S L'S¢E 1€/0€ 19  s[onuo) Ayieay
1[nWNs PaYR[aI-1BAIY) PUB S[NSOY (6sL) (01
woij Suroue)sip ‘syuaned Uy L €01 8°€¢ S1/9€ IS rruaIydoziyog soewr J[as sA 9[eds 1D
nwns (8'8y) (€11
poie[al -Jeall} pue [ennau 708 L'S¢ [€/0€ 19 sjonuo) Ayyjeay
WOIJ PIOURISIP SSA] 2IIM SIUIY ($°L9) (son) [oeIST €10C “Te 1R
-ed ‘sjoniuoo yum paredwo)) 766 {°¢¢ S1/9€ 1S rruaIydoziyog SIdQUIdW AJIUIR] SA 9[RS (1D AIFINSA  ‘wdpesniadf Asaozruod
91 (€¥)
¥S'e £9¢ 7191 0¢  s[onuod AyesHy
(59°¢) (X9 uos.rod
QLL 18T ¥1/91 0¢ eruarydoziyog KI3U® SA UOTIBIUALIO PBAY J[SUuyY
(85'1) (€¥)
L9°¢ £9¢ Y191 0¢  sjonuo) Ayijedy
(90°¢) (9] uosrod
L0°L L'8T ¥1/91 0€ eruaIydoziyog  [BIINAU SA UOIBIUALIO PeIY J[FUuy
(€61 (€)
'y £9¢ 7191 0¢  sjonuo) Ayyjeoy
(r1re) (s9) uosiod
Q€L L'ST $1/91 0¢ eruarydoziyog  Addey sa uonejudnio peay dsuy
(98°6%) (€¥)
Piazy! £9¢ Y191 0¢  s[onuo) Ayyesy
(6°2€) (9
99°1L1 L'ST $1/91 0¢ rrua1ydoziyog uos1ad K13ue woay 9ourISI(]
'suonowd s,uostad [enjy (16°St) (€¥)
-TIA 3} 0} SUIPIOIIE IUBISIP UT PLYEL £€9¢ 71/91 0¢  s[onuo) Ayiedfy
SIOUAIYJIP JJ[RWS PIMOYS SIUAI} (59°62) (§9)
-ed ‘sjorjuoo yim paredwo)) S91 L'8T ¥1/91 0¢ eruaIydoziyog uosiad [ennou woij 2ouer)SIq
sjon (1€1h) (€)
-U02 a1} ey} UONBIUILIO peay ['Sel £9¢ 71/91 0  sjonuo) Ayyeoy
Jo o[3ue 10318 © 9ARY pUB AemE (S°62) (s9) uosiod Addey woiy oouw) BAIO
I9y}Ie} puels 01 papua) sjuanjeq SI'¥91 L'8C 71/91 0¢ eruargdozIydg  -SI(T JUSWUOIIAUY [BDOS [eNIA Y L-AFINSA ‘[noag 600T “Yred
sojdweg jo suostredwo)) woi (as) as) (€M) AZIS ordwreg jo adA1, 90rdg [RUOSIO JO JUAWISSASSY  SISOUSRI(] 10 UONRIOT  (IBIX “Ioyny)
PALId( SQOUAIJI(T IUBIYIU dordg gy PP Jdures sjyuawInIsuf ApmS
-31G A[reonsnelg s3urpurg Aoy  [BUOSIdJ  UBIIA pue LI
UBIN

panunuo) I JAqeL,

Page 8 of 17



Personal and Peri-personal Space in Schizophrenia

Downloaded from https://academic.oup.com/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by University of Lugano user on 18 November 2024

(1e) (€p) UA YHM PIssas
sS4l €Y SUTT Ly s[onuo) AYBIH  -SB AJLIOUIW JIUY}Q + SUOISSaIdXd
(s9) (9%) S]1SOY + UONEN}IS PIPMOIO
T8yl 09Z  01/0% 0S eruaiydoziyog ' U1 2oue)sI(q [euostodiauy
(19) (€7)
ovrl €ye  ST/ce Ly s[onuo) Apesq A UMM passasse suorssard
(89) (CR7) -Xd 9[1S0Y 4 UONEBNIIS PIPAMOID
0°8P1 09Z  01/0% 0S eruarydoziyog B Ur 20ue)si(q [euosiadiaiuy
((X9) (€9 MITAINUT
494! eve  ST/iT Ly sjonuo) Ayjesy A Y passosse fjiiou - K10)sIH pue
"90uR)SIp [euostodiojur #9) O9) -IW OIUY}D + UONBN)IS PIPMOID swoldwAg
PUE SIISIA 978D SULIND SIBIBAR O} 08P 09C  01/0v 0S eruarydoziyog B Ur 20ue)si(q [euosiodiduy Jo juowr
noqe syy3noy) prouered udsom} (8°9) (€¥) -SSISSY/ QAIS
-9q punoj sem UOIBIOOSSE ON L] SYe ST Ly sjonuo) AyiesHy MA  -ueyardwo)
'sdnois ay) usamiaq (s1) O¥) UM PISSISSB UONBNIIS PIPMOID 10
punoj sem uon B3I dOULISIP S Lyl 09  01/0b 0S rrua1ydoziyog ' U1 2oue)sI(q [euostodiauy Knyeryo
[euOosIadINUI UT QOUAIJIP ON (L6) (€p) -KsdornaN ur Spue[Id
“JUQUWIUOIIAUD 3} Ul Judsard a1om 8Pl YT STTT Ly s[onuo) Ayiesyq JUQWISSASSY  -TIAN UL
SI0SSAI]S [BIDOS UAYM PISBAIO (611 %) UA UM PISSISSE SI0SSAI)S  [BIIUI) 10] ‘udluru 810¢
-Ur 20uB)SIp [euosIadiauy R4l 09Z  01/0% 0S rruarydoziyog ou y3Im 20ue)si(q [euosiadiaiuy So[Npayds -01D) B 12 S}ORIAD)
‘widipered soueysip-dois
9} UI S[OJJU0D WOIJ IQJJIP Jou
PIP 109JJ€ [BIINJU M SJUAR]
‘syuaned 1910
[T 03 paredwod 7 < Jo 10108 ©
Aq 2oueysip [euosiadiojur poje
-19]0) WNWITUIW JIAY) PISBAIOUT
1e31Y) prouered ym sjudned
‘syuaned ur 9OUBISIP [BUOS
-10d19)uT PaseaIour Yim 303130 w3pered 2oueysiq-dois puel
dnoi3 & 01 puan & pagIouwn ‘sjon 61t 6/€1 7 sjonuo) Ayieoy 9} Y3NOIY) PISSISSL dOUR)SIP -19Z)IMS 910C 1B 10
-u0d Y sjuaned e Suredwo)  [[] 9°9G] L'6E  0T¥E 9 eruarydoziyog  [euosiodiaiur 9[qeId[o) A[JeuIulIA AIFINSA ‘urRg  SnIuBS}oIOydS
S[OIJUO0D URY[} JUIIXD JISSI[ B 0z 1/2¢ €C  sjonuo) Ayyesy 600 'Te 12 Apauuay paseq
01 1o)udwLIadxd oY) payorvordde € il 91 rrua1ydoziyog 0UR)SI(J A[qRIIOJWOdU) Y, SI10T “Te 19
sjuoned ‘Quoz 9[qeliojwodun Ay} Gy ponod /22 €7 sjonuo) AyiesHy 6002 B 19 Apauuay] o131og uonunsy
PUE J[qBIIOJWOD Y] Y)Oq 10 7L -9110N il 91 eruarydoziyog  paseq 9oueISI(J J[qeiIojwo) YL JI-AIFINSA  ‘BSIAUY B[ 9P
(59)
09 09¢ vl sjonuo) Ayieoy
S[011U09 uey]) 20keds [BUOS (I'6) payod SN S10T
-10d 1031%] ® pajuasald syuaned 001 ['0§ -9I110N SI rrua1ydoziyog arnpasord doue)sip doig AIFINSA ‘uojsog “Ie 19 1J0OH
sojdweg jo suosuredwo)) woi (as) as) A/ AZIS ordwres jo odAT, 9oedg [BUOSId JO JUOWISSASSY  SISOUFBI(] JOj UONed0]  (IBdX “Ioyny)
PAALId( SQOUAIJYI(T IUBIYIU Joedg dy Ppun Jdueg syuownysuf Apms
-31G A[eonsnelg sJurpur g A9y  [BUOSIdJ  UBIIA pue LI
UBOAl

panunuo) ‘[ AqeL

Page 9 of 17



A. Raballo et al

P <.0001) and the random effects model (0.547 [0.294—
0.799]; z = 4.77; P = .0006) (figure 1).

I ., = Tg
o e|lws=E B3
~ = E|ES5 2805 . o . )
=53 | PE s£522 Heterogeneity was substantial in this meta-analysis:
g P | g B~ 2890 = Cochran’s Q=44.44; df =11; P<.0001; P =75%%
28z |22% § £S5 (95% CI: 56%-86%). This is likely a reflection of differ-
7 2 .§ B g :gs S = 2s8 ences among the samples in terms of measure of PS, du-
éﬁig £185528 o §_§ g ration of illness, type of the disorder (with or without
=r g §*'§o 2= gfﬁ _“g’ 2z paranoid delusions), and stage of the condition (first-
i E Lé g f>, g g é 2s E episode vs recurrence or chronicity of the episode).
E'a E z E E% Z 2 £ The funnel plot was reasonably symmetric (figure S3),
A28 &35 R E with no evidence of publication bias at the Egger’s or the
— Begg’s test.
% g ) .24 84% Studies using the Stop Distance paradigm resulted in
= E Al |2 g o e R a larger interpersonal distance from the stimuli than con-
T =0 =0 e trols in both the fixed-effect (Hedges’ g = 0.908 [0.739—
Som| 1.078] vs 0.276 [0.124-0.428]; between groups Q = 29.69;
é‘ jﬂ‘)@ 280888 df =1; P< .0001) and the random-effects model (0.883
SRR [0.529-1.236] vs 0.300 [0.060; 0.540]; between groups
5~ Q=13.12; df = 1; P =.0003) (figure S4). Heterogeneity
%; = 2 = 2 accounted for by differences in measurement was sub-
o= |d & & o stantial (77%), with residual heterogeneity not statisti-
° cally significant (Q = 14.74; df = 10; P = .142). Larger PS
E‘g was seen in samples with a greater proportion of women
@@ 8 @ (figure S5), with estimates negatively related to the pro-
. . . portion of men in the sample (beta = —0.009; SE = 0.003;
‘? . 2 . % t=-2.810; P =.020). The heterogeneity accounted for
S| & § % by the effect of gender proportion was 59%. Essentially,
5 ia L; ja i about half of the heterogeneity in the estimates depended
2l £ g = on the gender proportion in the sample. It should be
= ::, :_E‘ g g noted that studies applying the Stop-Distance paradigm

included a lower proportion of men than those using dif-
ferent methods to estimate PS (on average, 42% *+ 29% vs
85% x 18%).

There was no further effect on the estimates of age
(beta = —0.023; SE = 0.028; ¢t = —0.822; P = .438); edu-
cation (beta = 0.287; SE = 0.092; ¢t = 3.107; P = .089); the
quality of the studies (F[1;10] = 0.294; P = .599); sample
size (beta = 0.001; SE = 0.002; £ = 0.361; P = .725); or the
year of publication (beta = 0.003; SE = 0.006; ¢ = 0.494;
P =.632).

Finally, the radial plot indicated a good fit of the
(random effects) model, with no evidence of influential

Assessment of Personal Space
sessed through the Stop-Distance

Paradigm
space assessed through the Stop-

The permeability of personal
Distance Paradigm

The size of personal space as-

g z @ points or outliers affecting the estimates (figure S6).
FER |3
220 |2 Meta-analysis of Studies on PPS in Patients With
H o o= |2 . .
O=c2 A Schizophrenia
g All 5 studies were included in the meta-analysis, totaling
=N 113 patients with schizophrenia and 130 controls. Overall,
- § 2z patients showed a narrower PPS than the controls at
é g the fixed effect (Hedges” g = 1.043 [95%CI: .739-1.348];
= T z=16.72; P <.0001) but not at the random effects model
S 2 g (1.318 [-0.721 to 3.359]; z = 1.79; P = .147).
- 5|2 A lack of statistical significance in the random effects
= €€ |2y model was observed even when the studies with inhomo-
= AL geneous measures were evaluated separately (figure 2).
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Heterogeneity was substantial in this meta-analysis:
Cochran’s Q = 57.50; df =4; P <.0001; > =93% (95%
CI: 87%-96%).

The funnel plot and Egger’s and Begg’s test were not
evaluated since the studies were less than 10. However,
the trim-and-fill method did not suggest additional
studies to be added to correct for publication bias. No
meta-regression was applied since studies were less than
10.

The radial plot indicated a good fit of the (random
effects) model, with no evidence of influential points or
outliers affecting the estimates (figure S7).

Discussion

This is the first systematic review and meta-analysis ad-
dressing modifications of PS and PPS body-centric met-
rics in schizophrenia. PS is a subjective and culturally
influenced concept related to an individual’s comfort
zone for interpersonal interactions, whereas PPS is a
neuroscientific concept related to the region of space
around the body that is actively monitored to facilitate
physical actions and interactions with the environment.
The results indicate that PS and PPS are differently af-
fected in patients with schizophrenia in comparison with
controls: the PS is consistently enlarged and the PPS is
narrower.

There is an effect of gender, with women showing a
preference for a larger interpersonal distance than men.
We cannot exclude that the larger PS found in Stop-
Distance studies might be influenced by the percentage of
female participants with a male confederate, since women
might prefer more space from male confederates.**#! Such
effect seems to be in agreement with greater amygdala ac-
tivation in response to violations of PS in healthy women
compared with men.* The estimated effect size was in the
moderate range and was robust enough to be found in
both the fixed and random-effects model. In the current
set of studies, 9 studies out of 15 had a sample size of
30 participants or more. However, efforts to enroll larger
sample sizes are necessary to confirm and expand the cur-
rent findings in the field.

Although we found no indications of publication bias,
heterogeneity was substantial and, albeit reduced to half
by gender effect, remained elevated because of unmeas-
ured factors. Age, education, sample size, publication
year, and quality of the studies did not impact the esti-
mates nor reduced heterogeneity. The wide variability in
the methods used to measure PS as well as in the metric
applied in the included studies contributed to the hetero-
geneity, yet they were too disparate to be used for sensi-
tivity analysis.

The studies on PS in schizophrenia had variable
quality, but most reached a good level rating. Moreover,
quality did not impact estimates in the meta-analysis.
Nevertheless, 3 out of 15 studies included in the systematic

Personal and Peri-personal Space in Schizophrenia

review did not report enough information to calculate an
effect size and could not be included in the meta-analysis.
The reporting of observational studies in the field has im-
proved, but essential information (eg, variance) continues
to be missing in studies published after 2015.

With respect to PPS, the meta-analytical results indi-
cate that PPS in schizophrenia is narrower at the fixed
effect model but not at the random-effects model. The
estimated effect size was large and at the lower bound
estimate in the fixed effect model (0.74). The trim-and-
fill method suggested no publication bias, but heteroge-
neity was substantial. The result cannot be extended to
the population from which the studies were supposedly
extracted (based on the random-effects model) and, at
most, can be considered preliminary, pending further ex-
ploration of the topic.

Strengths and Limitations

We thoroughly reviewed all available literature on the
topic and applied state-of-the-art statistics to analyze
the extracted estimates. However, several limitations,
mostly intrinsic to the primary studies, have to be con-
sidered. First, due to the relatively low number of in-
cluded studies, particularly for PPS, the findings should
be considered exploratory. Overall, there was limited
data from the papers which did not allow further mul-
tivariate analysis, and, when reported, symptomatic cor-
relates were too heterogeneous to allow the application
of meta-regression techniques. Moreover, studies on PPS
are too few to derive solid estimates, and we could not
perform sensitivity analyses to investigate the source of
the retrieved heterogeneity. Nevertheless, the quantitative
synthesis of even a few studies is preferable to their nar-
rative review.” Across the studies, there was a noticeable
variability in the methods applied to measure PS or PPS.
Therefore, we cannot rule out that the differences in PS
and PPS detected in this meta-analysis might also be in-
fluenced by variations in their empirical assessment.

Implications. For the Research and for the Clinics

Despite intrinsic limitations of current primary literature
on PS and PPS, this systematic review and meta-analysis
found preliminary evidence of an enlarged PS and a
narrowed PPS in patients with schizophrenia, thereby
supporting the partial distinction of these body-centric
spatial constructs as they were conceptualized and meas-
ured up to now. Such pattern coheres with the dynamic
relationship between PS and PPS and their different pu-
tative functions. PS, indeed, circumscribes a sphere of
perceived intimacy not to be intruded by others, whereas
PPS defines a sphere of potential action of proactive
interactions, capturing a space of enactive possibilities.
If the borders of PPS represent the extreme of the
transition area from the active Self to the world, the
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Key Findings: Statistically Signif-
icant Differences Derived From
Comparisons of Samples
HC than in SCZ but both groups
boundaries after a motor training
boundaries after a motor training

show an equal PPS

in SCZ than in healthy controls
expansion

A narrower PPS extent was found

Only SCZ show steeper PPS
Only SCZ show steeper PPS

(SD)

Mean PPS
1455,03

(SE: 36,76)
1306,08

(SE: 33,76)
1431,38 (34,74)  After tool-use, the PPS is larger in
1329.73 (35.81)
696,43

(30,88)

504,41

(28,37)

613,28 (28.76)
Not reported

Mean Age
(SD)
32,55
(2,45)
28 (2,73)
32,55
(2,45)
28 (2,73)
32,55
(2.45)
28 (2,73)
32,55
(2.45)
28 (2,73)

Gender
(% of
M)
77,7
43,7
71,7
43,7
71,7
43,7
77,7
43,7

Size

Sample
27
32
27
32
27
32
27
32

Type of Sample
Patients with
Schizophrenia
Healthy controls
Patients with
Schizophrenia
Healthy controls
Patients with
Schizophrenia
Healthy controls
Patients with
Schizophrenia
Healthy controls

Assessment of Peripersonal
Space

Peripersonal space task Dif-

ference Limen values
Peripersonal space task Dif-

Peripersonal space task, Re-
ference Limen values

action Time before a motor
action Time

Peripersonal space task Re-
training

after a motor training
before a motor training
before a motor training

Criteria
and In-
struments
for Diag-
nosis

DSMV

Location
Parma,
Chieti
(Ttaly),
Paris
(France)

Ferroni,
2022

Table 2. Continued

(Author,

Study
Year)

Personal and Peri-personal Space in Schizophrenia

narrowing of the PPS in schizophrenia would be subjec-
tively felt as a disturbingly excessive proximity of the sur-
rounding world. This would relate to an extension of the
PS so that the person would need a larger space to feel
safe or at least not intruded by others.

The preliminary finding of a basic pattern of altered
body-centric spatial metrics in schizophrenia (ie, nar-
rower PPS and larger PS), emerging from the current
meta-analysis, invites further speculative hypotheses con-
cerning its ontogenesis and its relationship to the lived
experience of space (espace vécu) and to super-ordinate
psychotic experiences (such as paranoid threats, passivity
and autocentric-like experiences).

Is the subjective feeling of being overexposed to others
somehow rooted in the subjective metrics of how the in-
terpersonal distance is processed? Do autocentric-like ex-
periences and paranoid thoughts influence how PS/PPS
is subjectively and implicitly processed? Do altered met-
rics of the PS—PPS and altered felt Self-Other boundaries
represent different explanatory facets or levels of descrip-
tion (ie, neurocognitive and phenomenological) of the
same or converging phenomena?

Current empirical literature is clearly insufficient to
solve this puzzle; however, further studies contextually
assessing PS and PPS in individuals at different stages
of schizophrenia and its spectrum conditions (eg, schiz-
otypal personality vs clinical high-risk for psychosis vs
first episode psychosis vs schizophrenia) would be a cru-
cial step forward. Nonetheless, keeping in due consider-
ation, the ontogenesis of body-centered spatial metrics
and the deviations that may lead to the pattern emerging
at a meta-analytical level in schizophrenia (larger PS, nar-
rower PPS), could deepen our understanding of the de-
velopmental features of vulnerability to schizophrenia.

First, the bodily Self and its surrounding zone is pro-
cessed by a multimodal sensory integration. Such inte-
gration is altered in schizophrenia from early premorbid
stages, as detected in subjects presenting so-called
schizotaxic vulnerability (eg, offspring of schizophrenic
patients).”! A potential involvement of impaired corol-
lary discharges may be implied in the disrupted multi-
modal sensory integration that, over development, could
interfere with the formation of a nuanced implicit con-
nection with the bodily Self, encompassing aspects of
ownership and agency.”?’ This, over time, could con-
tribute to the altered embodiment phenomenologically
manifested in basic Self-disorders.’*> Consequently, a
neuro-developmental perspective on the emergence and
shaping of PS and PPS along the trajectory leading to
schizophrenia should account for this constraint associ-
ated with a deficit in multimodal sensory integration.

Conclusions

Lived space (aka spatiality) encompasses the way we
feel the surrounding space and is inseparable from our
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Personal space

o -]

n n

Study Patients Controls )

Horowitz et al., 1964 19 19 —r

Tolor, 1970 24 49 —1-—

Duke & Mullens, 1973 20 20 e

Nechamkin et al., 2003 30 30 ——I—f—

Deus & Joki¢-Begic¢, 2006 114 120 -

Park et al., 2009 30 30 —il—

Ponizovsky et al., 2013 51 61 —— !

Holt et al., 2015 15 14 ———

de la Asuncion et al., 2015 16 23 —t—

Schoretsanitis et al., 2016 64 24 —-—

Geraets et al.,, 2018 50 47 ——-

Zapetis et al., 2022 33 36 —-—

Total (common effect) 466 473 <

Total (random effect) | | = l |
-2 -1 0 1 2

Heterogeneity: 72, = 44.44 (P < .001), I* = 75%

SMD (95% Cl)

Fig. 1. Forest plot of the effect sizes of the personal space differences, calculated as Hedges’ g, in the comparison between patients with

schizophrenia and controls.

Peripersonal space

n° n°
Study Patients Controls .
Delevoye-Turrer, 2011 20 20 e
Lee, 2021 24 24 i
44 44 <
Di Cosmo, 2018 18 18 =
Noel, 2020 24 36 —-—:r~
Ferroni, 2022 27 32 Vi —a—
69 86 =
Total (common effect) 113 130 <>
Total (random effect) : : : - : : |

Heterogeneity: x> = 57.50 (P < .001), /* = 93%

6 -4 -2 0 2 4 6
SMD (95% Cl)

Test for subgroup differences (common effect): xi =11.13 (P <.001)
Test for subgroup differences (random effects): 7 = 0.55 (P = .46)

Fig. 2. Forest plot of the effect sizes of the peri-personal space differences, calculated as Hedges’ g, in the comparison between patients

with schizophrenia and controls.

immersion in the world as embodied, active subjects.
Therefore, spatiality, as a basic experiential background,
is largely a preverbal and, although we do not ordinarily
reflect on it, fully permeates and affects the way we feel.
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This systematic review and meta-analysis found evidence
of an enlargement of PS and a contraction of PPS in in-
dividuals with a diagnosis of schizophrenia in compar-
ison with nonaffected controls. The need of a larger safe
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area and the reduced area of active interaction with the
surrounding are in line with the modifications of the lived
space (espace vécu) which thematized by phenomenolog-
ical psychopathology, and which exhibit a paroxysmic
amplification in many psychotic states, for example, aber-
rant salience and intrusiveness of surrounding meanings,
passivity experiences, and persecutory delusions.

Understanding the ontogenetic emergence and de-
velopment of PS and PPS in individuals diagnosed
with schizophrenia poses a challenge in establishing
a clear causal relationship between developmental,
neurocognitive, and phenomenological levels of descrip-
tion. Nonetheless, it seems plausible that the ontogenesis
of PS and PPS could be an important subcomponent of
the neurodevelopmental model of schizophrenia worth
addressing. Furthermore, within the ontogenetic pro-
cesses of PS/PPS formation, early alterations in mul-
timodal sensory integration presumably play a crucial
role, influencing the perception of one’s bodily Self and
its surrounding space, including the primary relationship
with the caregivers.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.
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