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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.
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“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.1–13 As explicitly 
thematized by Jaspers,1 Minkowski,2 and Conrad4 among 
other classical authors and found in first personal auto-
biographical narratives,14,15 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,16 
the Examination of Anomalous Self Experiences,17 the 
Schizophrenia Proneness Inventory,18 and the Examination 
of Anomalous World Experience (EAWE).19,20

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.21 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.22–24

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.25–30 Self-disorders related to 
an altered embodiment emerge early and specifically ag-
gregate in SSD,31,32 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).21 Self-disorders may also result in difficulties 
interacting with the environment in terms of perturba-
tions of the espace vécu.7 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.”33

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 world4,5,12,13 or by an abnormal blurriness 
and fragmentation of the spatial boundaries between self, 
body, and world.34 Alterations of spatiality may persist also 

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 agents35,36 and may 
feel passive external influences crossing and disregarding 
their space and gradually acclimate to an expanded space, 
maintained by bizarre or peculiar behaviors.37,38

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).50,51

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.52,53

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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combination of platforms is probably to produce the best 
unique references.54

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 (F.B., 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.55

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-
ning in R version 4.2.2: “meta,” “metafor,” and “MAd.”56–

59 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).60 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 ≥0.80.61 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.62

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

Personal Space (PS) Peripersonal Space (PPS)

Definitions 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.39–44

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.”45–48

Key features Captures more extensively an intersubjective inter-
face

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

Assessment The most used is theStop Distance paradigmIn 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 
a comfortable separating distance

Multiple experimental procedures have been proposed for 
PPS47,48For 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-
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.

Experimental 
findings

PS size and responses to PS violations can vary 
depending on cultural, social, and situational fac-
tors, as well as personal preferences.41,44

Modulated by tool use47–49
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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 t or the F, and the related sample sizes, 
according to the convertibility of t to effect size d or g and 
the known equivalence F = t2 (see details in the discussion 
about the function “escalc” of the package “metafor” 
3.8-1).63

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.64 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 τ2 statistics using the Empirical Bayes estimator,64 
with Hartung-Knapp adjustment for random-effects 
model.65 We calculated the 95% CI for the heterogeneity 
using the Q-Profile method, to assess the extent and rel-
evance of  heterogeneity.66 Heterogeneity was assessed 
with Cochran’s Q and I2 statistics.67 Heterogeneity was 
deemed negligible when I2 < 30%; moderate for values 
between 30% and 60%; substantial for 75%–100% 
values.68 Egger’s regression test69 and the Begg’s test70 
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.71,72 
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.73 
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 1535,36,38,73–

83 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 537,84–87 were included in this 
systematic review (figure S2).

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 (± 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,88 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,85 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 
studies75,76,78 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; 
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P < .0001) and the random effects model (0.547 [0.294–
0.799]; z = 4.77; P = .0006) (figure 1).

Heterogeneity was substantial in this meta-analysis: 
Cochran’s Q = 44.44; df = 11; P < .0001; I2 = 75%% 
(95% CI: 56%–86%). This is likely a reflection of differ-
ences among the samples in terms of measure of PS, du-
ration of illness, type of the disorder (with or without 
paranoid delusions), and stage of the condition (first-
episode vs recurrence or chronicity of the episode).

The funnel plot was reasonably symmetric (figure S3), 
with no evidence of publication bias at the Egger’s or the 
Begg’s test.

Studies using the Stop Distance paradigm resulted in 
a larger interpersonal distance from the stimuli than con-
trols in both the fixed-effect (Hedges’ g = 0.908 [0.739–
1.078] vs 0.276 [0.124–0.428]; between groups Q = 29.69; 
df = 1; P≤ .0001) and the random-effects model (0.883 
[0.529–1.236] vs 0.300 [0.060; 0.540]; between groups 
Q = 13.12; df = 1; P = .0003) (figure S4). Heterogeneity 
accounted for by differences in measurement was sub-
stantial (77%), with residual heterogeneity not statisti-
cally significant (Q = 14.74; df = 10; P = .142). Larger PS 
was seen in samples with a greater proportion of women 
(figure S5), with estimates negatively related to the pro-
portion of men in the sample (beta = −0.009; SE = 0.003; 
t = −2.810; P = .020). The heterogeneity accounted for 
by the effect of gender proportion was 59%. Essentially, 
about half  of the heterogeneity in the estimates depended 
on the gender proportion in the sample. It should be 
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% ± 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; t = 0.361; P = .725); or the 
year of publication (beta = 0.003; SE = 0.006; t = 0.494; 
P = .632).

Finally, the radial plot indicated a good fit of the 
(random effects) model, with no evidence of influential 
points or outliers affecting the estimates (figure S6).

Meta-analysis of Studies on PPS in Patients With 
Schizophrenia

All 5 studies were included in the meta-analysis, totaling 
113 patients with schizophrenia and 130 controls. Overall, 
patients showed 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).

A lack of statistical significance in the random effects 
model was observed even when the studies with inhomo-
geneous measures were evaluated separately (figure 2).S

tu
dy

(A
ut

ho
r,

 Y
ea

r)
L

oc
at

io
n

C
ri

te
ri

a 
an

d 
In

st
ru

m
en

ts
 

fo
r 

D
ia

gn
os

is
A

ss
es

sm
en

t 
of

 P
er

so
na

l S
pa

ce
T

yp
e 

of
 S

am
pl

e
S

am
pl

e
S

iz
e

G
en

de
r

(M
/F

)

M
ea

n 
A

ge
(S

D
)

M
ea

n 
P

er
so

na
l 

Sp
ac

e 
(S

D
)

K
ey

 F
in

di
ng

s:
 S

ta
ti

st
ic

al
ly

 S
ig

-
ni

fic
an

t 
D

iff
er

en
ce

s 
D

er
iv

ed
 

F
ro

m
 C

om
pa

ri
so

ns
 o

f 
Sa

m
pl

es

Z
ap

et
is

 e
t 

al
., 

20
22

B
os

to
n,

 
U

S
D

SM
-V

T
he

 s
iz

e 
of

 p
er

so
na

l s
pa

ce
 a

s-
se

ss
ed

 t
hr

ou
gh

 t
he

 S
to

p-
D

is
ta

nc
e 

P
ar

ad
ig

m

Sc
hi

zo
ph

re
ni

a
33

22
/1

1
30

.0
(6

.0
2)

78
.6

1
(4

1.
69

)
P

er
so

na
l s

pa
ce

 s
iz

e 
w

as
 s

ig
ni

f-
ic

an
tl

y 
hi

gh
er

 a
nd

 it
s 

pe
rm

ea
-

bi
lit

y 
w

as
 s

ig
ni

fic
an

tl
y 

lo
w

er
 in

 
pa

ti
en

ts
 in

 t
he

 c
om

pa
ri

so
n 

w
it

h 
co

nt
ro

ls
, a

nd
 b

ot
h 

m
ea

su
re

s 
w

er
e 

si
gn

ifi
ca

nt
ly

 c
or

re
la

te
d 

w
it

h 
so

ci
al

 a
nh

ed
on

ia
 a

nd
 w

it
hd

ra
w

al
 

in
 t

he
 f

ul
l s

am
pl

e.

H
ea

lt
hy

 C
on

tr
ol

s
36

22
/1

4
28

.9
(5

.9
3)

52
.5

3
(2

5.
75

)
T

he
 p

er
m

ea
bi

lit
y 

of
 p

er
so

na
l 

sp
ac

e 
as

se
ss

ed
 t

hr
ou

gh
 t

he
 S

to
p-

D
is

ta
nc

e 
P

ar
ad

ig
m

Sc
hi

zo
ph

re
ni

a
33

22
/1

1
30

.0
(6

.0
2)

57
.7

4
(1

4.
82

)
H

ea
lt

hy
 C

on
tr

ol
s

36
22

/1
4

28
.9

(5
.9

3)
67

.1
2

(1
7.

54
)

T
ab

le
 1

. C
on

ti
nu

ed

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbae159/7808859 by U

niversity of Lugano user on 18 N
ovem

ber 2024

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


Page 11 of 17

Personal and Peri-personal Space in Schizophrenia

Heterogeneity was substantial in this meta-analysis: 
Cochran’s Q = 57.50; df = 4; P < .0001; I2 = 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.40,41 Such 
effect seems to be in agreement with greater amygdala ac-
tivation in response to violations of PS in healthy women 
compared with men.89 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 

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.90 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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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).91 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.25–27 This, over time, could con-
tribute to the altered embodiment phenomenologically 
manifested in basic Self-disorders.31,32 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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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. 

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 

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.

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.
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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.
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