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A B S T R A C T

Trials of virtual reality exposure therapy (VRET) for anxiety-related disorders have proliferated in number and
diversity since our previous meta-analysis that examined 13 total trials, most of which were for specific phobias
(Powers & Emmelkamp, 2008). Since then, new trials have compared VRET to more diverse anxiety and related
disorders including social anxiety disorder (SAD), posttraumatic stress disorder (PTSD), and panic disorder (PD)
with and without agoraphobia. With the availability of this data, it is imperative to re-examine the efficacy of
VRET for anxiety. A literature search for randomized controlled trials of VRET versus control or in vivo exposure
yielded 30 studies with 1057 participants. Fourteen studies tested VRET for specific phobias, 8 for SAD or
performance anxiety, 5 for PTSD, and 3 for PD. A random effects analysis estimated a large effect size for VRET
versus waitlist (g=0.90) and a medium to large effect size for VRET versus psychological placebo conditions
(g=0.78). A comparison of VRET and in vivo conditions did not show significantly different effect sizes
(g=−0.07). These findings were relatively consistent across disorders. A meta-regression analysis revealed that
larger sample sizes were associated with lower effect sizes in VRET versus control comparisons (β=−0.007,
p < 0.05). These results indicate that VRET is an effective and equal medium for exposure therapy.

1. Introduction

Anxiety-related disorders (i.e., the DSM-5 anxiety disorders as well
as posttraumatic stress disorder [PTSD] and obsessive compulsive dis-
order [OCD]) are the most prevalent class of mental disorders, with a
12-month prevalence rate of 21.3% in the United States (Kessler,
Petukhova, Sampson, Zaslavsky, & Wittchen, 2012). According to the
American Psychological Association’s Task Force for determining evi-
dence-based treatments, exposure-based therapies are supported for the
treatment of OCD, PTSD, panic disorder (PD), specific phobias, and
social anxiety disorder (SAD; APA Presidential Task Force on Evidence-
Based Practice, 2006). Despite demonstrable efficacy of cognitive be-
havioral therapy (CBT) for anxiety-related disorders (e.g., Hans &
Hiller, 2013; Hofmann, Asnaani, Vonk, Sawyer, & Fang, 2012;

Carpenter et al., 2018), only a minority of individuals receive this
treatment (Marcks, Weisberg, & Keller, 2009). For example, in one
study of therapists delivering CBT, only between 19–33% of patients
treated for OCD, PTSD, SAD, or PD received in vivo exposure (Hipol &
Deacon, 2013). Given this substantial treatment gap, it is imperative to
consider alternative means of delivering exposure-based treatments.

Virtual reality (VR) technology offers a unique opportunity to dis-
seminate exposure therapy. Technology is improving so that the quality
of the images is better, and the cost is much lower than traditional
psychotherapy (Miloff et al., 2016). In addition to being easier to dis-
seminate, surveys indicate that many people would prefer to receive
virtual reality exposure therapy (VRET) to traditional exposure therapy,
with one study showing that 76% of participants chose VRET over in
vivo exposure (Garcia-Palacios, Botella, Hoffman, & Fabregat, 2007). In
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a study of college students, between 81–89% of students preferred
VRET to in vivo exposure therapy (Garcia-Palacios, Hoffman, Kwong
See, Tsai, & Botella, 2001).

A previous meta-analysis indicated that VRET has large effect sizes
relative to controls and may be more appealing to patients and easier to
disseminate (Powers & Emmelkamp, 2008). In a more recent meta-
analysis of VRET for specific phobias, there was no significant differ-
ence at posttreatment or follow-up between VRET and traditional in
vivo exposure (Morina, Ijntema, Meyerbröker, & Emmelkamp, 2015). In
addition, according to a recent individual patient data level meta-ana-
lysis, the low deterioration rate in VRET (4%) is comparable with face-
to-face therapy (Fernández-Alvarez et al., in press).

These meta-analyses have primarily examined trials of VRET for
specific phobias (e.g., Parsons & Rizzo, 2008). The success of VRET in
treating specific phobias is now reflected in APA guidelines for em-
pirically supported treatments, which indicate that VRET is an em-
pirically supported treatment for fear of flight (Muhlberger,
Wiedemann, & Pauli, 2003; Wiederhold et al., 2002; Rothbaum,
Hodges, Smith, Lee, & Price, 2000), fear of heights (Krijn et al., 2004;
Emmelkamp, Krijn, Hulsbosch, de Vries, Schuemie, & van der Mast,
2002) and animal phobias (Garcia-Palacios, Hoffman, Carlin, Furness,
& Botella, 2001). However, since these guidelines were enacted, there
has been a growing body of literature supporting VRET for additional
disorders.

It has been 10 years since we conducted the initial meta-analysis
that identified 13 studies supporting the equivalence of these of VR and
in vivo modalities (Powers & Emmelkamp, 2008). During this time, 30
additional papers meeting our inclusion criteria have been published on
VRET, which include a wider breadth of disorders studied and a larger
number of replications. This includes VRET studies for SAD (Anderson

et al., 2013; Bouchard et al., 2017; Kampmann et al., 2016; Robillard,
Bouchard, Dumoulin, Guitard, & Klinger, 2010), PTSD (McLay et al.,
2011; Miyahira et al., 2012; Ready, Gerardi, Backscheider, Mascaro, &
Rothbaum, 2010; Reger et al., 2016), generalized anxiety disorder
(Repetto et al., 2013), and panic disorder with agoraphobia
(Meyerbröker, Morina, Kerkhof, & Emmelkamp, 2013; Pelissolo et al.,
2012). There have also been several additional specific areas of anxiety
studied, including music performance anxiety (Bissonnette, Dubé,
Provencher, & Moreno Sala, 2015), public speaking anxiety (Wallach,
Safir, & Bar-Zvi, 2009), school phobia (Gutiérrez-Maldonado, Magallón-
Neri, Rus-Calafell, & Peñaloza-Salazar, 2009), fear of falling (Levy
et al., 2016), dental phobia (Gujjar, van Wijk, Sharma-Kumar, & de
Jongh, in press), and arachnophobia (Miloff et al., 2016).

The current study aimed to build off our previous work examining
the effectiveness of VRET for anxiety-related disorders compared to in
vivo exposure alone, CBT, and control or waitlist conditions.
Specifically, we hypothesized that (1) VRET would demonstrate a large
overall effect size relative to control conditions, and (2) the effect size
for VRET would not be significantly different from that of in vivo ex-
posure therapy.

2. Methods

2.1. Study selection

We selected controlled trials with random or matched assignment of
VRET for anxiety-related disorders. We searched the following data-
bases: PsychINFO 1840–2018, MEDLINE 1966–2018, and the Cochrane
Central Register of Controlled Trials until 2018. The searches included
the terms “virtual reality” in combination with “exposure,”

Fig. 1. Selection of studies.
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“treatment,” or “therapy.” We also used “cited by” search tools and
searched reference sections. Lastly, we circulated a list of studies to
colleagues in the field to ask if there were any outstanding trials for
inclusion, including unpublished data. We limited the trials to human
subjects. Studies meeting the following criteria were included: 1) at
least one VRET condition, 2) random or matched assignment to con-
ditions, and 3) either an inactive or active control group that did not use
virtual reality. Authors of selected studies were contacted directly when
there were insufficient data provided in the article. A total of 30 studies
with a total sample size of 1057 participants met the final inclusion
criteria and were included. Of these studies, 13 had been included in
the previous meta-analysis (Powers & Emmelkamp, 2008) and 17 be-
came available since that date and are now included.

The following studies were excluded for exceptional reasons: studies
with a within-subjects, cross-over design (Emmelkamp, Bruynzeel,
Drost, & van der Mast, 2001; Krijn, Emmelkamp, Olafsson, Bouwman
et al., 2007; Krijn, Emmelkamp, Olafsson, Schuemie, & Van Der Mast,
2007); studies that combined VRET with other interventions or treat-
ment elements such that VRET could not be evaluated independently
(Baños et al., 2011; Castro et al., 2014; Muhlberger & Wiedemann,
2003; Pitti et al., 2016; Repetto et al., 2013; Triscari, Faraci, Catalisano,
DöAngelo, & Urso, 2015; Vincelli et al., 2003); studies that combined
VRET with a medication or pill placebo (González Lorenzo et al., 2011;
Ressler et al., 2004); studies in which the VRET condition had

significantly less dosage compared to an active psychological inter-
vention comparator (Choi et al., 2005); studies that used imaginal ex-
posure as the comparator (the imaginal exposure condition in Reger
et al., 2016; Rus-Calafell, Gutiérrez-Maldonado, Botella, & Baños, 2013;
Wiederhold et al., 2002) and studies in which insufficient statistical
data were available and authors could not provide it (Gamito et al.,
2010; Mosso et al., 2009; North, North, & Coble, 1998). See Fig. 1 for a
diagram of the study selection process.

2.2. Software

All analyses were completed with the Comprehensive Meta-Analysis
software version 3.3070 (Biostat, 2014).

2.3. Procedure

In addition to outcome data, the following data were collected:
sample type (diagnosed/nondiagnosed), assignment (random/mat-
ched), disorder, treatment dose (number of sessions), number of par-
ticipants per condition, and year of publication. Outcome measures
were classified into categories: domain-specific subjective distress, be-
havioral, cognitive, psychophysiological, and general subjective dis-
tress (see Table 1). Analyses were conducted using a combined score for
all types of measures. Treatment and control conditions were classified
into four types: VRET, in vivo exposure therapy, waitlist, and other
psychological control (e.g., minimal attention, informational
pamphlet).

2.4. Effect size calculation

Between-group effect sizes for each study were computed using
Hedge’s g (Rosenthal, 1991). Hedge’s g is uniquely suited to provide
unbiased effect size estimates when sample sizes are small. When the
necessary data were available, effect sizes were calculated directly
using this formula: g= x̄T−xC̄=sP, where xT̄ is the mean of the treat-
ment group, xC̄ is the mean of comparison group, and sP is the pooled
standard deviation. When these data were not available, g was esti-
mated using conversion equations for significance tests. A combined
effect size was computed for studies using multiple outcome measures.
Hedge’s gmay be interpreted similarly to Cohen’s d (Cohen, 1988), with
a cutoff for small (0.2), medium (0.5) and large (0.8) effects. The
overall mean effect size for studies combined was computed using a
weighted formula, ḡ = Σwjgj/Σwj, where wj is the weight for each study
and gj is the effect size for each study. The random effects analysis was
used, which assumes that the studies included are only a sample of the
entire population of studies.

3. Results

Thirty studies met criteria for inclusion with a total of 1057 parti-
cipants. Twenty studies used a waitlist control, 6 studies used another
psychological control, and 14 studies used an in vivo exposure com-
parison. Conditions categorized as psychological controls included re-
laxation (Muhlberger, Herrmann, Wiedemann, Ellgring, & Pauli, 2001),
an attention control (Maltby, Kirsch, Mayers, & Allen, 2002), an in-
formation pamphlet (Gujjar et al., 2018), present-centered therapy
(Ready et al., 2010), treatment as usual (McLay et al., 2011), and
minimal attention (Miyahira et al., 2012). Fourteen studies tested VRET
for specific phobias, 8 for SAD or performance anxiety, 5 for PTSD, and
3 for PD. Analyses were completed using domain-specific outcomes,
except for the effect sizes reported for other outcome types specifically.
Study characteristics are presented in Table 2.

3.1. Hypothesis 1: Virtual reality exposure therapy versus control conditions

Using a Hedge’s g random effects analysis, we found that VRET had

Table 1
Outcome measures.

Outcome Measure

Domain-specific subjective
distress

AES, AFA, AQ, BSQ, CAPS, DES, DFS, FAM-S, FAS,
FFI, FFM, FFS, FNE, FNE-B, FOFR, FSSC-R, FSQ,
FQ, LSAS, MDAS, MI, PCL-C, PDBQ – A, PDS,
PDSS, PPGAS, PRCP, PRCS, QAF, SCIA, SIAS, SPS,
SUDS, TRGI, VAS

Behavioral BAT, behavioral approach, flights, speech length,
speech performance

Cognitive ACQ, ASC, ATHQ, ATPS, FAM-C, SBQ, SSPS
Psychophysiological HR, skin conductance level
General subjective distress ASI, BAI, BDI, BDI-II, BSI, CGI, DASS, STAI, HAD,

HAM-A, SCL, SCL-90-R, SDS, STAI, WSA

ACQ: agoraphobic cognitions questionnaire; AES: anxiety expectancy scale;
AFA: general fear of flying questionnaire; ASC: appraisal of social concerns; ASI:
anxiety sensitivity index; ATHQ: attitudes towards height questionnaire; ATPS:
attitudes toward public speaking questionnaire; AQ: acrophobia questionnaire;
BAI: Beck anxiety inventory; BAT: behavioral approach test; BDI: Beck de-
pression inventory; BDI-II: Beck depression inventory II; BSI: brief symptom
inventory; BSQ: bodily sensation questionnaire; CAPS: clinician-administered
PTSD scale; CGI: clinical global impression; DASS: depression anxiety stress
scales; DES: danger expectancy scale; DFS: dental fear scale; FAM-C: flight
anxiety modality questionnaire - cognitive; FAM-S: flight anxiety modality
questionnaire - somatic; FAS: flight anxiety situations questionnaire; FFI: fear of
flying inventory; FFM: fear of falling measure; FFS: fear of flying scale; FOFR:
fear of flying rating; FNE: fear of negative evaluation; FNE-B: fear of negative
evaluation – brief form; FQ: fear questionnaire; FSQ: fear of spiders ques-
tionnaire; FSSC-R: fear survey schedule for children -revised; HAD: hospital
anxiety and depression scale; HAM-A: Hamilton anxiety rating scale; HR: heart
rate; LSAS: Liebowitz social anxiety scale; MDAS: modified dental anxiety scale;
MI: mobility inventory; PCL-C: PTSD checklist for civilians; PDBQ – A: per-
sonality disorder brief questionnaire - avoidant; PDS: PTSD diagnostic scale;
PDSS: panic disorder severity scale; PPGAS: panic, phobia and generalized
anxiety scale; PRCP: personal report of confidence as a performer; PRCS: per-
sonal report of confidence as a speaker; QAF: questionnaire on attitudes toward
flying; SBQ: spider beliefs questionnaire, SCIA: social contexts inducing anxiety;
SCL: symptoms checklist; SCL-90-R: symptoms checklist-90-revised; SDS:
Sheehan disability scale; SIAS: social interaction anxiety scale; SPS: social
phobia scale; SSPS: self-statements during public speaking; STAI: state-trait
anxiety inventory; SUDS: subjective units of distress; TRGI: trauma related
guilty inventory; VAS: visual analogue scale; WSA: work and social adjustment
scale.

E. Carl et al. Journal of Anxiety Disorders 61 (2019) 27–36

29



Ta
bl
e
2

O
ve

rv
ie
w

of
in
cl
ud

ed
st
ud

ie
s
by

ty
pe

of
di
so
rd
er
.

St
ud

y
C
on

tr
ol

na
N
o.

of
se
ss
io
ns

Pr
im

ar
y
ou

tc
om

e
m
ea
su
re
s

A
dd

it
io
na

l
ou

tc
om

e
m
ea
su
re
s

Pr
im

ar
y
ou

tc
om

e
H
ed

ge
s's

g

Sp
ec

ifi
c
Ph

ob
ia

R
ot
hb

au
m

et
al
.(
19

95
)

W
ai
tl
is
t

17
8

A
Q

A
TH

Q
2.
61

R
ot
hb

au
m
,H

od
ge

s,
Sm

it
h,

Le
e,

an
d
Pr
ic
e
(2
00

0)
W
ai
tl
is
t

30
8

FF
I,
Q
A
F

0.
59

In
vi
vo

30
8

FF
I,
Q
A
F

−
0.
57

M
uh

lb
er
ge

r
et

al
.(
20

01
)

R
el
ax

at
io
n

28
1

A
ES

,A
FA

,D
ES

,F
FS

,S
U
D
S

A
SI
,B

A
T
H
R
,B

A
T,

SC
L

0.
57

G
ar
ci
a-
Pa

la
ci
os
,
H
off

m
an

,C
ar
lin

,F
ur
ne

ss
,a

nd
Bo

te
lla

(2
00

2)
W
ai
tl
is
t

23
4

FS
Q
,S

U
D
S

BA
T

1.
62

M
al
tb
y,

K
ir
sc
h,

M
ay

er
s,

an
d
A
lle

n
(2
00

2)
A
tt
en

ti
on

C
on

tr
ol

43
5

FA
M
-s
om

at
ic
,
FA

S
–
an

ti
ci
pa

to
ry
,
FA

S
–

ge
ne

ra
liz

ed
,
FA

S
–
in
-fl
ig
ht

FA
M
-c
og

ni
ti
ve

0.
73

Em
m
el
ka

m
p
et

al
.(
20

02
)

In
vi
vo

33
3

A
Q
-a
nx

ie
ty
,
A
Q
-a
vo

id
an

ce
A
TH

Q
,B

A
T

0.
06

K
ri
jn

et
al
.(
20

04
)

W
ai
tl
is
t

28
3

A
Q
-a
nx

ie
ty
,
A
Q
-a
vo

id
an

ce
A
TH

Q
,B

A
T

1.
10

R
ot
hb

au
m

et
al
.(
20

06
)

In
vi
vo

58
4

FF
I,
Q
A
F

0.
18

W
ai
tl
is
t

54
4

FF
I,
Q
A
F

0.
75

K
ri
jn
,
Em

m
el
ka

m
p,

O
la
fs
so
n,

Bo
uw

m
an

et
al
.

(2
00

7)
W
ai
tl
is
t

49
4

FA
M
,
FA

S
0.
48

In
vi
vo

53
4

FA
M
,
FA

S
−
0.
06

G
ut
ié
rr
ez
-M

al
do

na
do

et
al
.(
20

09
)

W
ai
tl
is
t

36
8

FS
SC

-R
0.
20

M
ic
ha

lis
zy
n,

M
ar
ch

an
d,

Bo
uc

ha
rd
,M

ar
te
l,
an

d
Po

ir
ie
r-
Bi
ss
on

(2
01

0)
In

vi
vo

32
8

FS
Q

BA
T,

SB
Q

−
0.
27

Le
vy

et
al
.(
20

16
)

W
ai
tl
is
t

16
12

FF
M

BD
I,
SD

S-
fa
m
ily

,S
D
S-
so
ci
al
,S

TA
I-
st
at
e,

ST
A
I-
tr
ai
t

1.
42

G
uj
ja
r
et

al
.(
20

18
)

In
fo
rm

at
io
n
pa

m
ph

le
t

30
1

D
FS

,M
D
A
S,

SU
D
S,

V
A
S

BA
T

2.
19

M
in
ns

et
al
.(
20

18
)

W
ai
tl
is
t

77
1

A
nt
ic
ip
at
or
y
fe
ar
,F

SQ
,p

ea
k
BA

T
fe
ar

BA
T

0.
77

So
ci
al

A
nx

ie
ty

H
ar
ri
s,

K
em

m
er
lin

g,
an

d
N
or
th

(2
00

2)
W
ai
tl
is
t

14
4

LS
A
S,

PR
C
S

A
TP

S,
H
R
,S

TA
I

0.
91

K
lin

ge
r
et

al
.(
20

05
)

In
vi
vo

36
12

LS
A
S,

SC
IA

H
A
D

–
an

xi
et
y,

H
A
D

-
de

pr
es
si
on

,S
D
S-

fa
m
ily

,S
D
S-

so
ci
al
,S

D
S-
w
or
k

0.
37

R
ob

ill
ar
d,

Bo
uc

ha
rd
,
D
um

ou
lin

,G
ui
ta
rd
,a

nd
K
lin

ge
r
(2
01

0)
W
ai
tl
is
t

29
16

FN
E,

LS
A
S,

SP
S

A
SC

-c
on

se
qu

en
ce
s,
A
SC

-p
ro
ba

bi
lit
y,

BD
I-
II
,S

TA
I-
tr
ai
t

1.
53

In
vi
vo

30
16

FN
E,

LS
A
S,

SP
S

A
SC

-c
on

se
qu

en
ce
s,
A
SC

-p
ro
ba

bi
lit
y,

BD
I-
II
,S

TA
I-
tr
ai
t

0.
61

A
nd

er
so
n
et

al
.(
20

13
)

In
vi
vo

50
8

FN
E-
br
ie
f,
PR

C
S,

pe
ak

an
xi
et
y
du

ri
ng

sp
ee
ch

Sp
ee
ch

du
ra
ti
on

−
0.
61

W
ai
tl
is
t

50
8

FN
E-
br
ie
f,
PR

C
S,

pe
ak

an
xi
et
y
du

ri
ng

sp
ee
ch

Sp
ee
ch

du
ra
ti
on

0.
76

K
am

pm
an

n
et

al
.(
20

16
)

In
vi
vo

32
10

FN
E-
br
ie
f,
LS

A
S,

PD
BQ

-A
D
A
SS

de
pr
es
si
on

,D
A
SS

st
re
ss
,
D
A
SS

an
xi
et
y,

sp
ee
ch

du
ra
ti
on

−
0.
55

W
ai
tl
is
t

31
10

FN
E-
br
ie
f,
LS

A
S,

PD
BQ

-A
D
A
SS

de
pr
es
si
on

,D
A
SS

st
re
ss
,
D
A
SS

an
xi
et
y,

sp
ee
ch

du
ra
ti
on

0.
61

Bo
uc

ha
rd

et
al
.(
20

17
)

In
vi
vo

39
14

FN
E,

LS
A
S,

SI
A
S,

SP
S

BA
T,

BD
I-
II

0.
56

W
ai
tl
is
t

37
14

FN
E,

LS
A
S,

SI
A
S,

SP
S

BA
T,

BD
I-
II

1.
53

Pe
rf
or

m
an

ce
A
nx

ie
ty

W
al
la
ch

,S
afi

r,
an

d
Ba

r-
Zv

i
(2
00

9)
In

vi
vo

58
12

FN
E,

LS
A
S-
av

oi
da

nc
e,

LS
A
S-
fe
ar

SS
PS

0.
08

W
ai
tl
is
t

58
12

FN
E,

LS
A
S-
av

oi
da

nc
e,

LS
A
S-
fe
ar

SS
PS

1.
14

Bi
ss
on

ne
tt
e,

D
ub

é,
Pr
ov

en
ch

er
,a

nd
M
or
en

o
Sa

la
(2
01

5)
N
o
in
te
rv
en

ti
on

17
6

PR
C
P

ST
A
I

0.
14

PT
SD

D
if
ed

e
et

al
.(
20

07
)

W
ai
tl
is
t

18
7

C
A
PS

BD
I,
BS

I
1.
18

R
ea
dy

,
G
er
ar
di
,B

ac
ks
ch

ei
de

r,
M
as
ca
ro
,a

nd
R
ot
hb

au
m

(2
01

0)
Pr
es
en

t-
ce
nt
er
ed

th
er
ap

y
10

10
C
A
PS

BD
I

0.
10

M
cL
ay

et
al
.(
20

11
)

TA
U
b

20
9

C
A
PS

0.
67

M
iy
ah

ir
a
et

al
.(
20

12
)

M
in
im

al
at
te
nt
io
n

22
10

C
A
PS

,P
D
S,

TR
G
I

BD
I-
II

0.
34

R
eg

er
et

al
.(
20

16
)

W
ai
tl
is
t

77
10

C
A
PS

,P
C
L-
C

BA
I,
BD

I-
II

0.
59

Pa
ni
c
D
is
or

de
r
w
/
or

w
/o

A
go

ra
ph

ob
ia

Bo
te
lla

et
al
.(
20

07
)

In
vi
vo

24
9

A
SI
,a

vo
id
an

ce
of

ta
rg
et
,f
ea
r
of

ta
rg
et
,b

el
ie
fo

ff
ea
r,

FQ
-a
go

ra
ph

ob
ia
,
PD

SS
BD

I
0.
23

(c
on

tin
ue
d
on

ne
xt

pa
ge
)

E. Carl et al. Journal of Anxiety Disorders 61 (2019) 27–36

30



Ta
bl
e
2
(c
on

tin
ue
d)

St
ud

y
C
on

tr
ol

na
N
o.

of
se
ss
io
ns

Pr
im

ar
y
ou

tc
om

e
m
ea
su
re
s

A
dd

it
io
na

l
ou

tc
om

e
m
ea
su
re
s

Pr
im

ar
y
ou

tc
om

e
H
ed

ge
s's

g

W
ai
tl
is
t

25
9

A
SI
,a

vo
id
an

ce
of

ta
rg
et
,f
ea
r
of

ta
rg
et
,b

el
ie
fo

ff
ea
r,

FQ
-a
go

ra
ph

ob
ia
,
PD

SS
BD

I
1.
61

Pa
ni
c
D
is
or

de
r
w
/
A
go

ra
ph

ob
ia

Pe
lis
so
lo

et
al
.,
(2
01

2)
In

vi
vo

60
12

FQ
–
ag

or
ap

ho
bi
a,

PD
SS

,P
PG

A
S

A
C
Q
,B

D
I,
FQ

–
an

xi
et
y
de

pr
es
si
on

,H
A
M
-A
,
SD

S,
ST

A
I-
tr
ai
t,
ST

A
I-
st
at
e,

W
SA

−
0.
30

M
ey

er
br
ök

er
,M

or
in
a,

K
er
kh

of
,a

nd
Em

m
el
ka

m
p

(2
01

3)
W
ai
tl
is
t

40
10

BS
Q
,M

I-
al
on

e,
PD

SS
A
C
Q

0.
54

In
vi
vo

46
10

BS
Q
,M

I-
al
on

e,
PD

SS
A
C
Q

−
0.
51

A
C
Q
:
ag

or
ap

ho
bi
c
co

gn
it
io
ns

qu
es
ti
on

na
ir
e;

A
ES

:a
nx

ie
ty

ex
pe

ct
an

cy
sc
al
e;

A
FA

:g
en

er
al

fe
ar

of
fl
yi
ng

qu
es
ti
on

na
ir
e;

A
SC

:
ap

pr
ai
sa
l
of

so
ci
al

co
nc

er
ns
;
A
SI
:a

nx
ie
ty

se
ns
it
iv
it
y
in
de

x;
A
TH

Q
:
at
ti
tu
de

s
to
w
ar
ds

he
ig
ht

qu
es
ti
on

na
ir
e;

A
TP

S:
at
ti
tu
de

s
to
w
ar
d
pu

bl
ic

sp
ea
ki
ng

qu
es
ti
on

na
ir
e;

A
Q
:a

cr
op

ho
bi
a
qu

es
ti
on

na
ir
e;

BA
I:
Be

ck
an

xi
et
y
in
ve

nt
or
y;

BA
T:

be
ha

vi
or
al

ap
pr
oa

ch
te
st
;B

D
I:
Be

ck
de

pr
es
si
on

in
ve

nt
or
y;

BD
I-
II
:B

ec
k
de

pr
es
si
on

in
ve

nt
or
y
II
;B

SI
:b

ri
ef

sy
m
pt
om

in
ve

nt
or
y;

BS
Q
:b

od
ily

se
ns
at
io
n
qu

es
ti
on

na
ir
e;

C
A
PS

:c
lin

ic
ia
n-
ad

m
in
is
te
re
d
PT

SD
sc
al
e;

C
G
I:
cl
in
ic
al

gl
ob

al
im

pr
es
si
on

;D
A
SS

:d
ep

re
ss
io
n
an

xi
et
y
st
re
ss

sc
al
es
;D

ES
:d

an
ge

r
ex
pe

ct
an

cy
sc
al
e;

D
FS

:d
en

ta
lf
ea
r
sc
al
e;

FA
M
:fl

ig
ht

an
xi
et
y
m
od

al
it
y
qu

es
ti
on

na
ir
e;

FA
S:

fl
ig
ht

an
xi
et
y
si
tu
at
io
ns

qu
es
ti
on

na
ir
e;

FF
I:
fe
ar

of
fl
yi
ng

in
ve

nt
or
y;

FF
M
:f
ea
r
of

fa
lli
ng

m
ea
su
re
;F

FS
:f
ea
r
of

fl
yi
ng

sc
al
e;

FO
FR

:f
ea
r
of

fl
yi
ng

ra
ti
ng

;
FN

E:
fe
ar

of
ne

ga
ti
ve

ev
al
ua

ti
on

;
FQ

:
fe
ar

qu
es
ti
on

na
ir
e;

FS
Q
:
fe
ar

of
sp
id
er
s
qu

es
ti
on

na
ir
e;

FS
SC

-R
:
fe
ar

su
rv
ey

sc
he

du
le

fo
r
ch

ild
re
n
-r
ev

is
ed

;
H
A
D
:
ho

sp
it
al

an
xi
et
y
an

d
de

pr
es
si
on

sc
al
e;

H
A
M
-A
:
H
am

ilt
on

an
xi
et
y
ra
ti
ng

sc
al
e;

H
R
:
he

ar
t
ra
te
;
LS

A
S:

Li
eb

ow
it
z
so
ci
al

an
xi
et
y
sc
al
e;

M
D
A
S:

m
od

ifi
ed

de
nt
al

an
xi
et
y
sc
al
e;

M
I:

m
ob

ili
ty

in
ve

nt
or
y;

PC
L-
C
:
PT

SD
ch

ec
kl
is
t
fo
r
ci
vi
lia

ns
;
PD

BQ
–
A
:
pe

rs
on

al
it
y
di
so
rd
er

br
ie
f

qu
es
ti
on

na
ir
e
-a

vo
id
an

t;
PD

S:
PT

SD
di
ag

no
st
ic

sc
al
e;

PD
SS

:p
an

ic
di
so
rd
er

se
ve

ri
ty

sc
al
e;

PP
G
A
S:

pa
ni
c,
ph

ob
ia

an
d
ge

ne
ra
liz

ed
an

xi
et
y
sc
al
e;

PR
C
P:

pe
rs
on

al
re
po

rt
of

co
nfi

de
nc

e
as

a
pe

rf
or
m
er
;P

R
C
S:

pe
rs
on

al
re
po

rt
of

co
nfi

de
nc

e
as

a
sp
ea
ke

r;
Q
A
F:

qu
es
ti
on

na
ir
e
on

at
ti
tu
de

s
to
w
ar
d
fl
yi
ng

;S
BQ

:s
pi
de

r
be

lie
fs
qu

es
ti
on

na
ir
e;

SC
IA

:s
oc

ia
lc

on
te
xt
s
in
du

ci
ng

an
xi
et
y;

SC
L:

sy
m
pt
om

s
ch

ec
kl
is
t;
SC

L-
90

-R
:s
ym

pt
om

s
ch

ec
kl
is
t-
90

-r
ev

is
ed

;S
D
S:

Sh
ee
ha

nd
di
sa
bi
lit
y
sc
al
e;

SI
A
S:

so
ci
al

in
te
ra
ct
io
n
an

xi
et
y
sc
al
e;

SP
S:

so
ci
al

ph
ob

ia
sc
al
e;

SS
PS

:s
el
f-
st
at
em

en
ts

du
ri
ng

pu
bl
ic

sp
ea
ki
ng

;S
TA

I:
st
at
e-
tr
ai
ta

nx
ie
ty

in
ve

nt
or
y;

SU
D
S:

su
bj
ec
ti
ve

un
it
s
of

di
st
re
ss

(d
ur
in
g
BA

T
or

ex
po

su
re
);
TR

G
I:
tr
au

m
a
re
la
te
d
gu

ilt
y
in
ve

nt
or
y;

V
A
S:

vi
su
al

an
al
og

ue
sc
al
e
(f
or

de
nt
al

fe
ar
);
W
SA

:w
or
k
an

d
so
ci
al

ad
ju
st
m
en

t
sc
al
e.

a
n
re
pr
es
en

ts
th
e
nu

m
be

r
of

pa
rt
ic
ip
an

ts
in
cl
ud

ed
in

ea
ch

co
m
pa

ri
so
n.

b
Th

e
tr
ea
tm

en
t
as

us
ua

l(
TA

U
)
co

nd
it
io
n
in

M
cL
ay

et
al
.(
20

11
),
w
as

no
t
pr
es
cr
ib
ed

an
in
te
rv
en

ti
on

bu
t
w
as

ab
le

to
re
ce
iv
e
se
rv
ic
es

in
cl
ud

in
g
co

gn
it
iv
e
pr
oc

es
si
ng

th
er
ap

y,
pr
ol
on

ge
d
ex
po

su
re
,g

ro
up

th
er
ap

y,
et
c.

E. Carl et al. Journal of Anxiety Disorders 61 (2019) 27–36

31



an overall large effect size compared to waitlist and control conditions
(g=0.88, SE= 0.10, 95% CI: 0.69–1.07). When considered separately,
VRET had medium to large effect size compared to psychological con-
trol conditions (g=0.78, SE= 0.27, 95% CI: 0.25–1.31) and a large
effect compared to waitlist conditions (g=0.90, SE=0.11, 95% CI:
0.69–1.11). At follow-up, results were maintained (n=4; g=0.90,
SE= 0.48, 95% CI:−0.05 to 1.85). A forest plot of VRET versus control
conditions at posttreatment is presented in Fig. 2.

For other types of outcome measures, VRET had a large effect versus
waitlist and psychological controls on behavioral outcomes (g=0.87,
SE= 0.19, 95% CI: 0.49–1.25), a large effect on cognitive outcomes
(g=1.15, SE=0.24, 95% CI: 0.68–1.63), a medium effect on psy-
chophysiological outcomes (g=0.64, SE=0.42, 95% CI: −0.19 to
1.46), and a small to medium effect on measures of general subjective
distress (g=0.49, SE=0.11, 95% CI: 0.27–0.71).

3.2. Hypothesis 2: Virtual reality exposure will not be significantly different
from in vivo exposure

Using a Hedge’s g random effects analysis, we compared VRET to in
vivo exposure conditions. We obtained a mean overall effect size of
Hedge’s g = −0.07 (SE=0.11, 95% CI: −0.28 to 0.15), indicating a
small nonsignificant effect in favor of in vivo conditions. At follow-up,
there was a small nonsignificant effect in favor of in vivo conditions
(n=7; g = -0.22, SE= 0.22, 95% CI: −0.65 to 0.22). A forest plot of
VRET versus in vivo conditions at posttreatment is presented in Fig. 3.

For other types of outcome measures, there was a small non-
significant effect in favor of in vivo conditions on behavioral measures
(g = −0.11, SE=0.17, 95% CI: −0.44 to 0.23) and a small non-
significant effect on cognitive measures (g = −0.01, SE=0.12, 95%
CI:−0.25 to 0.23). There was a small nonsignificant effect in favor of in
virtuo conditions on measures of general distress (g=0.01, SE=0.13,
95% CI: −0.25 to 0.27). No data were available for

Fig. 2. Forest plot of VRET vs. waitlist and control comparisons.

Fig. 3. Forest plot of VRET vs. in vivo comparisons.
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psychophysiological outcomes within in vivo and in virtuo compar-
isons.

3.3. By disorder

3.3.1. Specific phobias
The pooled effect size for 12 studies comparing VRET to psycholo-

gical placebo or waitlist conditions for specific phobias yielded a large
effect size for VRET (g=0.95, SE= 0.17, 95% CI: 0.63–1.28). The
pooled effect size for 5 studies comparing VRET to in vivo exposure for
specific phobias showed a small nonsignificant effect in favor of in vivo
conditions (g = −0.08, SE=0.14, 95% CI: −0.35 to 0.19).

3.3.2. Social anxiety disorder and performance anxiety
The pooled effect size for 7 studies comparing VRET to

psychological placebo or waitlist conditions for SAD and performance
anxiety showed a large effect size for VRET (g=0.97, SE=0.18, 95%
CI: 0.62–1.31). The pooled effect size for 6 studies comparing VRET to
in vivo exposure for SAD and performance anxiety a small non-
significant effect in favor of virtuo conditions (g=0.06, SE=0.22,
95% CI: −0.36 to 0.49).

3.3.3. Posttraumatic stress disorder
The pooled effect size for 5 studies comparing VRET to psycholo-

gical placebo or waitlist conditions for PTSD yielded a medium effect
size for VRET (g=0.59, SE= 0.17, 95% CI: 0.26 −0.92). There were
no VRET versus in vivo exposure studies for PTSD.

3.3.4. Panic disorder
The 2 studies that compared VRET to psychological placebo or

Fig. 4. Meta-regression of total sample size on Hedge’s g for control and waitlist comparisons.

Fig. 5. Funnel plot for control and waitlist comparisons.
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waitlist for PD showed a large effect size for VRET (g=1.03,
SE= 0.54, 95% CI: −0.02 to 2.08). The 3 studies that compared VRET
to in vivo exposure for PD showed a small nonsignificant effect in favor
of in vivo conditions (g=−0.26, SE=0.19, 95% CI: −0.63 to 0.10).

3.4. Moderators

Because effect sizes of VRET versus control and VRET versus in vivo
exposure are not comparable, moderator analyses were conducted se-
parately. Both types of comparisons had sufficient heterogeneity to
conduct moderator analyses (I2= 45.34 and I2= 39.85, respectively).
A meta-regression analysis showed that larger total sample size was
associated with lower study effect size in VRET versus control condi-
tions (β=−0.005, p < 0.05) but not with VRET and in vivo com-
parisons (p= 0.70). A graph of sample size and effect size in control
conditions is presented in Fig. 4. There was no effect for the number of
treatment sessions in either VRET versus control (p= 0.87) or in vivo
comparisons (p= 0.67). Publication year did not significantly predict
effect size in control conditions (p=0.62) or VRET versus in vivo
comparisons (p= 0.20).

3.5. Publication bias

The “file-drawer problem” (Rosenthal, 1991) refers to the possibi-
lity that the literature may be biased by studies that had non-significant
results and were therefore not published. This would lead a meta-
analysis to overestimate the true effect size of a phenomenon.

We used a funnel plot asymmetry test to detect publication bias.
Because effect sizes of VRET versus control and VRET versus in vivo
exposure are not comparable, funnel plots were generated separately. A
funnel plot of standard error and effect size for VRET versus control
comparisons revealed some funnel plot asymmetry (Fig. 5). The Duval
and Tweedie (2000) trim and fill procedure did not impute any studies
and did not adjust the effect size. A funnel plot of standard error and
effect size within VRET and in vivo comparisons did not reveal

asymmetry, and the Duval and Tweedie (2000) trim and fill procedure
did not impute any studies or adjust the effect size (Fig. 6).

4. Discussion

This meta-analysis of 30 VRET trials (participants N=1057) sup-
ported the study hypotheses. Consistent with hypothesis 1, VRET
showed a large effect size compared to waitlist conditions and a
medium to large effect size compared to psychological controls.
Consistent with hypothesis 2, VRET was not significantly more or less
effective than in vivo exposure. An analysis across each disorder
showed that these effect sizes were relatively consistent.

These findings differ somewhat from the previous meta-analysis
(Powers & Emmelkamp, 2008). First, the effect size for VRET versus
control conditions was somewhat weaker, with a previous estimate of
Hedge’s g=1.08 versus the current g=0.88. Second, the previous
meta-analysis found a significant small effect size favoring VRET
(g=0.34) whereas the current meta-analysis found a small non-
significant effect in favor of in vivo conditions (g=−0.07). The pre-
vious meta-analysis included a smaller number of trials (5 in vivo
comparisons and 11 control comparisons) and thus, the previous con-
clusions may have been influenced underpowered studies.

Despite the differences with the previous meta-analysis, there is
consensus between the two that VRET is effective for anxiety-related
disorders and is not inferior to in vivo exposure. Given that some survey
studies have indicated a preference for VRET over in vivo exposure
(Garcia-Palacios et al., 2001, 2007), VRET should be considered both an
attractive and effective clinical tool.

Interestingly, our findings are similar to a recent meta-analysis on
64 trials of internet-delivered CBT for anxiety and depression (Andrews
et al., 2018), which found an overall large effect size for internet-de-
livered CBT (g=0.80) and equal effectiveness with face-to-face CBT. In
addition, these results generally seem to be maintained at follow-up
(Andersson, Rozental, Shafran, & Carlbring, 2018), as were the results
in the present meta-analysis. It seems that, across the board,

Fig. 6. Funnel plot for in vivo comparisons.
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technologically based delivery of clinical tools is proving its value, and
even equality to traditional treatment (Carlbring, Andersson, Cuijpers,
Riper, & Hedman-Lagerlöf, 2018). This is important to making evi-
dence-based treatment more accessible to those who are unable (e.g.,
due to mobility or geographic limitations) or unwilling (e.g., due to
perceived stigmatization) to receive in-person treatment.

5. Limitations

These findings do, however, need to be considered in the context of
several limitations. Most notably, this meta-analysis of VRET for an-
xiety-related disorders is limited by the number of trials for many di-
agnoses. With no studies meeting study criteria for GAD or OCD, it is
still too early to draw conclusions about the efficacy of VRET for these
clinical domains. Likewise, the inclusion and exclusion of trials present
a number of important considerations. First, we did not require that
participants were diagnosed with an anxiety disorder (n=9 trials with
nondiagnosed participants; although many of the studies without di-
agnosed participants screened for clinical elevations on questionnaires).
While this allowed for greater quantity in the analysis, the applications
for clinical settings are clearer when conclusions can be drawn from
diagnosed samples. Second, in order to preserve homogeneity in the
sample, a number of conditions and trials had to be excluded for ex-
ceptional reasons (e.g., VRET combined with another intervention
outside of traditional CBT techniques, VRET compared to imaginal
exposure). This necessity negated the inclusion of a number of VRET
trials; for example, one study did use a VRET intervention for GAD
(Repetto et al., 2013), but used progressive muscle relaxation and
biofeedback in conjunction with exposure. Additionally, a large number
of trials used non-exposure VR conditions as a control. While a great
deal more data on VRET for anxiety-related conditions would be
available with the inclusion of these trials, the absence of a non-VR
control condition makes it impossible to parse the effectiveness of VR as
a medium for exposure therapy. Lastly, this analysis did not use an
index for study quality or risk of bias, and so was not able to test for
quality or bias as moderators.

6. Conclusion

To conclude, this meta-analysis indicates that, for a number of the
anxiety-related disorders, VRET has a large effect size compared to
control conditions and an equal effect size to that of in vivo exposure.
These results were consistent for different disorders, with a medium or
large effect size for VRET compared to controls for specific phobias,
SAD and performance anxiety, PTSD, and PD. In cases where VRET is
preferable or more accessible, VRET can be considered an acceptable
and efficacious alternative to in vivo exposure for the treatment of
anxiety-related disorders.
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