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Atleast half of all patients with mental health disorders do not respond

adequately to psychological therapy. Acutely enhancing particular
biological or psychological processes during psychological therapy may
improve treatment outcomes. However, previous studies are confined

to specificaugmentation approaches, typically assessed within single
diagnostic categories. Our objective was to assess to what degree acute
augmentations of psychological therapy reduce psychiatric symptoms

and estimate effect sizes of augmentation types (for example, brain
stimulation or psychedelics). We searched Medline, PsycINFO and Embase
for controlled studies published between database inception and 25

May 2022. We conducted a preregistered random-effects meta-analysis
(PROSPERO CRD42021236403). We identified 108 studies (N =5,889). Acute
augmentation significantly reduced the severity of mental health problems
(Hedges’ g=-0.27,95% CI:[-0.36,-0.18]; P< 0.0001), particularly for the
transdiagnostic dimensions 'Fear' and 'Distress'. This result survived a
trim-and-fill analysis to account for publication bias. Subgroup analyses
revealed that pharmacological, psychological and somatic augmentations
were effective, but to varying degrees. Acute augmentation approachesarea
promising route to improve outcomes from psychological therapy.

Mental ill health is the leading cause of global disability’, with an esti-
mated economic cost of nearly £119 billion in the United Kingdom
alone’. Although treatment efficacy and availability for psychiatric
disorders have improved over the past 30 years, population prevalence
remains high®. Psychological therapy (also known as psychotherapy
or talk therapy) confers widespread improvements in the disability,
mortality and occupational health of patients with mental health con-
ditions, including severe mental illness, particularly when combined
with pharmacological treatment*®. Yet even the best therapies leave
substantial proportions of patients with ongoing clinical problems®.
To improve this, over the past two decades, acute augmenta-
tions of psychological therapy have gained traction in experimental

neuroscience and psychology. Acute augmentations are interventions
delivered before, during or after asession of psychological therapy, with
the intention of enhancing the therapeutic impact of a single session
oftherapy (although acute augmentations can and often are repeated
across multiple therapy sessions). This approachis distinct fromlong-
term combination therapy, which describes twoindependently effica-
cious therapies that may (or may not) convey additive benefits when
used in the same patients (such as daily antidepressant medication
prescribed alongside a course of psychological therapy). By contrast,
therationale for acute augmentation is to enhance specific biological
or psychological mechanisms of an individual psychological therapy
session. For example, a pharmacological agent or cognitive training
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task might be administered to enhance theimpact ofaparticular aspect
of the therapy session, such as mental imagery’ or fear extinction.

Acute augmentations often originate from basic experimental sci-
ence. Forinstance, experimental neuroscience studies found the partial
N-methyl-D-aspartate agonist D-cycloserine, administered before or
shortly after exposure to afeared stimulus, enhanced fear extinction™.
Thisdiscoveryled to early-stage trials showing that D-cycloserine has
a small but significant augmentative effect on the clinical efficacy of
exposure-based cognitive behavior therapy for anxiety, obsessive—
compulsive and posttraumatic stress disorders". A similar translational
process occurred in the psychological literature: influential models
suggest that patients with affective disorders' have disrupted pro-
cessing of negatively valenced information. These cognitive biases
are proposed to play a causal role in development and maintenance of
various psychiatric disorders"”. This led to trials testing cognitive bias
modification as an acute enhancement of psychological therapy for
social anxiety™, panic® and obsessive-compulsive disorder'®, among
others. Separately, studies have examined the augmentative effects
of somatic interventions such as non-invasive brain stimulation” >,
exercise* and controlled breathing®?® on psychological therapy.

While augmentation studies focus almost exclusively on single-
diagnosis populations, these examplesillustrate that similar or identi-
calaugmentations are often tested across multiple patient populations
on the basis of similar theoretical grounding. As such, augmentation
approaches arelikely to have transdiagnostic mechanisms and utility.
This echoes a general increasing recognition that psychological
treatments and their underlying mechanisms transcend diagnostic
boundaries?.

It is currently unknown whether augmentative interventions
for psychological therapies are potentially useful across a range of
disorders and augmentation approaches. To address this gap in the
evidence, we conducted a meta-analysis across the extant literature
to determine whether acute augmentation of manualized psycho-
logical therapy was generally effective for transdiagnostic psychiatric
symptoms. Our goal was to quantify the effect sizes of augmenta-
tions of psychological therapies. We included adiverse range of acute
augmentations, including medications, brain stimulation and cogni-
tive training. This enabled us to assess the overall efficacy of acute
augmentations of psychological therapy, as well as examine specific
subcategories of augmentation.

Results
Results of initial and updated searches
The initial search results (conducted February 2021) included 12,458
unique studies; the updated search (May 2022) identified a further
1,984 studies (Fig.1and Supplementary Tables1and 2). Twoindepend-
entraters screened the titles and abstracts of all studies, after which
12,193 studies were excluded (initial search) followed by 1,907 studies
being excluded (updated search) when they did not meet one or more
of our prespecified criteria. Raters were 97.29% concordant on the
initial (2021) search, with a kappa value (indicating proportion of
agreement to include/exclude beyond that expected by chance) of
0.43 (moderate agreement), and 96.27% concordant on the updated
(2022) search, with a kappa value of 0.58 for the updated searches,
indicating moderate-to-good agreement. Note the large number of
abstracts screened (>12,000) likely contributes to the discrepancy
between very high concordance (>95%) and moderate (although
significantly better than chance) kappa (-0.5) (ref. 28). Following
discussion to resolve discrepancies, both raters independently
screened the full text of 265 studies (initial search) followed by 77
studies (updated search) to assess whether they metinclusion criteria.
The primary reason for excluding studies during full-text screen-
ingwas the absence of an acute augmentative intervention (53 studies).
After all screening, 108 studies were included in the meta-analysis,
representing 5,889 participants.

20,976 potentially eligible abstracts identified
5,690 Medline
11,548 Embase
3,350 Psyclinfo
387 ClinicalTrials.gov

6,534 duplicates removed

14,442 abstracts screened
independently by two authors on
the basis of titles and abstract

14,100 abstracts excluded after initial screening
because they did not meet inclusion criteria

234 full-text articles excluded
50 insufficient data

342 full-text articles
assessed for eligibility by
two authors

53 not an acute augmentation
39 review or secondary data analysis
33 conference abstract, protocol and

so on 31 no psychological therapy
12 duplicate
7 no mental health-related outcome

6 no control group
3 no clinical group

108 studies included
in meta-analysis

Fig.1|Flow chart of screening protocol. PRISMA flow diagram describing the
process of study identification, de-duplication, and screening (note this occurred
at two time-points due to the updated search in May 2022).

Characteristics of included studies

The characteristics of each included study are listed in Supplemen-
tary Table 2. Ofthe108included studies, 59 involved pharmacological
augmentations (2,381 patients), 26 had psychological or cognitive
augmentations (2,442 patients) and 20 used somatic augmentations
(951 patients). Three studies were included in the primary analysis but
excluded fromthe subgroup analyses as they did not clearly represent
any of the three subgroups. All studies were consistently categorized
into one of these three groups (or excluded) by the two reviewers (100%
concordance). Note thatallaugmentations tested in two or more studies
included in the meta-analysis were ‘transdiagnostic’ (tested in at least
two diagnostic/clinical categories) (Table 1).

Datasynthesis

We found asignificant advantage for augmentation groups over control
groups with a small-to-moderate effect size (Hedges’ g =-0.27, 95%
confidence interval (Cl):[-0.36,-0.18]; P < 0.0001) in the full sample
(N=5,889) (Fig. 2).

Next, we conducted planned subgroup analyses, additionally
reporting Bonferroni correction for multiple comparisons, to deter-
mine whether certain types of augmentations were more efficacious
thanothers. All three subgroups (pharmacological, psychological and
somatic) showed efficacy at P=0.05, but only pharmacological and
somatic interventions showed efficacy at our Bonferroni-corrected
alpha (P=0.016). Effect sizes also varied between augmentation sub-
groups: the effect size for trials using pharmacological augmentations
alone (59 studies; N =2,381) was comparable to the overall effect size
(Hedges’ g =-0.28,95% Cl:[-0.42,-0.15]; P< 0.0001) (Fig. 3A). Studies
using a psychological or cognitive augmentation (26 studies, N = 2,442)
had a smaller effect-size estimate (Hedges’ g =-0.18, 95% CI: [-0.33,
-0.027]; P=0.0225) (Fig. 3B). Studies using a somatic augmentation

Nature Mental Health | Volume 1| June 2023 | 389-401

390


http://www.nature.com/NatMentHealth

Analysis

https://doi.org/10.1038/s44220-023-00048-6

Table 1| Augmentation types according to diagnostic/
clinical category in which they were tested

Augmentation type

Clinical category

Memory MDD, phobia, PTSD
Imagery PTSD, social anxiety
Cortisol Phobia

D-cycloserine

OCD, PTSD, schizophrenia, social anxiety, SUD,
panic disorder, phobia, body dysmorphic disorder

Brain stimulation

MDD, anxiety, phobia, SUD, PTSD

Psychotropic PTSD, social anxiety, MDD, panic disorder,
comorbid PTSD-SUD, anxiety, adjustment disorder

Oxytocin Phobia, schizophrenia, PTSD, SUD

Yohimbine Phobia, social anxiety, PTSD

Motivational

PTSD, OCD, anxiety, PTSD

Bias modifications

Panic disorder, OCD

Exercise Panic disorder, MDD
Breathing training MDD, phobia
Animal-assisted SUD, PTSD

Hypnosis

Acute stress, depression

Virtual reality

Binge-eating disorder, phobia

Hydrocortisone

Phobia, PTSD

Allaugmentations tested in at least two studies are listed (augmentations tested in three or
more studies are indicated in bold to highlight their inclusion in the subgroup meta-analyses).
MDD, major depressive disorder; OCD, obsessive-compulsive disorder; PTSD, posttraumatic
stress disorder; SUD, substance-use disorder.

(20 studies; N=951) had a larger effect-size estimate but a much
wider confidence interval (Hedges’ g=-0.39, 95% CI: [-0.66, —0.13];
P=0.0063) (seeFig.3C).

Exploratory analyses

We conducted two sets of exploratory analyses to examine in more
detail the relative efficacy of specific augmentation subtypes and
transdiagnostic dimensions.

To examine the relative efficacy of specific augmentation sub-
types, we divided the dataset into ten categories, representing finer-
grained augmentation approaches. Only those categories with a
minimum of three studies per approach were analyzed (k = 66 studies
met this criterion; see Supplementary Information for included
studies). In these preliminary analyses, there was a striking variation
between effect sizes of different subtypes. Augmentations using psych-
edelics, 3,4-methylenedioxy methamphetamine (MDMA, or ecstasy)
and cannabis (k =13, labeled ‘psychotropic’in the following) had alarge
significant effect (Hedges’g=-0.84,95% Cl:[-1.26,-0.42]; P= 0.0009),
which remained after exclusion of await-list-controlled study (Hedges’
g=-0.69, 95% Cl: [-1.04, -0.34]; P=0.001). D-cycloserine (k = 24)
also had asignificant, but small, effect size (Hedges’ g =-0.21, 95% Cl:
[-0.37,-0.037]; P= 0.019). Other subtypes had non-significant effects,
which in some cases may due to low statistical power (for example,
brain stimulation: (Hedges’ g =-0.28, 95% Cl:[-0.6, 0.03]; P= 0.072))
(Supplementary Table 6).

We also classified each study into clinical categories using the
Hierarchical Taxonomy of Psychopathology, a transdiagnostic
approach for classifying psychiatric disorders”. According to this
approach, transdiagnostic augmentations were efficacious for Fear
and Distress dimensions (Fear: Hedges’ g =-0.26, 95% ClI: [-0.40,
-0.12]; P=0.0004; Distress: Hedges’ g = -0.28, 95% CI: [-0.44,-0.13];
P=0.0008, with ‘Fear’ encompassing traditional categories of pho-
bias, panicand social anxiety and ‘Distress’ encompassing dysphoria,

suicidality and generalized anxiety disorder, among others). Augmen-
tationapproaches were not effective for ‘Substance abuse’ or ‘Thought
disorder’ dimensions, although these analyses were probably under-
powered dueto the substantially fewer studies represented (nine and
three, respectively) (Substance abuse: Hedges’ g =—0.40,95% CI: [-0.87,
0.065]; P=0.083; Thought disorder: Hedges’ g =-0.11,95% CI: [-0.41,
0.20]; P=0.278) (Supplementary Information section 2.7).

Heterogeneity and publication bias

Tomeasure between-study heterogeneity, we calculated the /2 statistic™.
The /2 showed moderate heterogeneity (/*=56.2%, 95% CI: [45.7%,
64.7%]; Cochran’s Q =244.4, P<0.0001) across all study subcatego-
ries: pharmacological (= 50.0%, 95% CI: [33.7%, 63.6%]; Cochran’s
Q=118.1,P< 0.0001), psychological (* = 53.6%, 95% Cl:[27.6%, 70.3%];
Cochran’sQ=53.9,P=0.0007) and somatic (= 67.8%, 95% Cl:[48.7%,
79.8%], Cochran’s Q =59.0, P<0.0001).

We conducted an exploratory follow-up analysis repeating our
main analysis but excluding outliers, defined as having confidence
intervals not overlapping with the confidence intervals of the pooled
effect. Sixteen outliers were found (nine pharmacological, three psy-
chologicaland four somatic: Supplementary Table 3). After exclusion of
outliers, there was no longer significant between-study heterogeneity:
F#=9.8%(95% Cl:[0%; 31.1%]), Cochran’s Q =100.9, P= 0.2243. Neverthe-
less, evidence for our main effect remained (Hedges’ g =-0.21,95% Cl:
[-0.27;-0.14]; P < 0.0001).

Visual inspection of the funnel plot (Fig. 4a) showed some
moderate asymmetry; 79.6% of studies fell within the funnel. Egger’s
regression test confirmed asymmetry (¢£(106) =—4.02, P=0.0001),
which was unchanged by excluding outliers (Egger’s regression test
t(90) =-4.00, P=0.0001). A trim-and-fill analysis was then run, which
added sevenstudiesto the right-hand side of the funnel plot (Fig. 4b).
Although this againslightly decreased the overall estimated effect size,
evidence for our main effect remained strong (Hedges’ g =-0.21, 95%
CI:[-0.32;-0.11]; P= 0.0001).

Risk-of-bias analysis

We analyzed therisk of study bias using the Cochrane risk-of-bias tool.
We assessed the presence of random sequence generation, conceal-
ment of allocation, blinding of participants and treatment providers,
blinding of outcome assessment and incomplete outcome data, indi-
cating whether each of these criteria was present, absent or uncertain
(Supplementary Table 4). Note the presence of some degree of risk of
bias across most studies.

To assess the contribution of risk of bias overall, we repeated our
primary analysis excluding studies without certain blinded outcome
assessment, whichwe determined to be the most critical risk of experi-
menter bias in acute augmentations of psychotherapy trials. We found
15studies without, or with uncertain, blinding of outcome assessment.

Excluding these ‘high-risk’ studies and analyzing only ‘lower-risk’
studies did not alter our main effect, supporting the efficacy of brief
augmentations (Hedges’ g=-0.29, 95% Cl: [-0.39,-0.19]; P < 0.0001)
(Supplementary Fig. 3). Analyzing only high-risk studies, by contrast,
did notsupport the efficacy of briefaugmentations (Hedges’g=-0.19,
95% Cl:[-0.45,0.07]; P=0.013) (Supplementary Fig. 4). This suggests
this bias was not amajor driver of our effect.

Sensitivity analyses

We conducted a number of sensitivity analyses to assess the robust-
ness of our effect. First, we replicated our effect when excluding the
smallnumber (k =2) of non-randomized trials (Hedges’ g =-0.27,95%
Cl:[-0.36,-0.17]; P< 0.0001) (Supplementary Fig. 7) (the two non-
randomized studies themselves did not replicate the effect (Hedges’
g=-0.64,95% Cl=[-4.62,-0.17]; P< 0.0001) and studies without an
active therapeutic control (wait list; k= 2) (Hedges’ g=-0.26, 95% CI:
[-0.35,-0.17]; P< 0.0001).
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Fig.2|Synthesis of all studies included in the random-effects meta-analysis. The primary outcome of our random-effects meta-analysis of the included acute

Study

Acheson et al. (2015)"*
Alladin and Alibhai (2007)°"
Andersson et al. (2015)*
Arntz et al. (2007)%°

Aust et al. (2022)"°

Baker et al. (2020)'"®
Bischoff et al. (2018)**
Bouso et al. (2008)*
Brooks et al. (2021)%®
Bryant et al. (2005)"°
Bryant et al. (2008)'*°
Buchanan et al. (2021)"¥'
Burton et al. (2019)"?
Cesa et al. (2013)'*®
Chien et al. (2015)%°
Cobb et al. (2021)"°
Coffey et al. (2016)"*
Contalbrigo et al. (2017)"®
Craske et al. (2019)"®
Danforth et al. (2018)*®
Davis et al. (2014)"'

Davis et al. (2017)”2

Davis et al. (2021)*°

De Kleine et al. (2012)%
de Leeuw et al. (2017)%®
De Quervain et al. (2011)*”
Difede et al. (2014)*
Diminich et al. (2020)*°
Falkenstein et al. (2022)"®
Fayaz et al. (2022)°°
Feng et al. (2019)"'
Flanagan et al. (2018)*?
Foa et al. (2005)**

Fryml et al. (2019)"
Guastella et al. (2008)*
Guastella et al. (2009)*
Harb et al. (2019)**
Harvey et al. (2016)*
Hofmann et al. (2006)°®
Hofmann et al. (2013)%”

Hofmeijer-Sevink et al. (2017)%®
Hutschemaekers et al. (2021)°®

Isserles et al. (2021)'°
Isserles et al. (2013)%
Janse et al. (2020)""'
Kamboj et al. (2012)'?
Kozel et al. (2018)®
Krupitsky et al. (2002)'%®
Kushner et al. (2007)"*
Kwee et al. (2022)'°
Lancaster et al. (2020)'°®

Lass-Hennemann and Michael (2014)%°

Lazarov et al. (2018)"*

Lee et al. (2020)"%7
Lehrner et al. (2021)'°®
Leuchter et al. (2022)'%°
Litz et al. (2012)"°
Maples-Keller et al. (2017)™
Marker et al. (2020)""?
McEvoy et al. (2020)"*7
Meyer et al. (2010)"™
Meyer et al. (2022)"
Meyerbroeker et al. (2012)""®
Meyerbroker et al. (2018)
Mithoefer et al. (2011)**
Mithoefer et al. (2018)*
Morissette et al. (2008)"
Moshier and Otto (2017)"
Nations et al. (2012)"®
Nejati et al. (2017)°
Nicholas et al. (2022)*®
Nord et al. (2019)®
Oehen et al. (2013)*"
Otalora G et al. (2018)*®
Otto et al. (2010)"®
Pace-Schott et al. (2018)”
Powers et al. (2009)"®
Pyrkosch et al. (2018)°
Raeder et al. (2019)%°
Reinecke et al. (2020)%'
Reitmaier et al. (2022)%?
Rodebaugh et al. (2013)%
Ross et al. (2016)*

Ross et al. (2021)"

Rubin et al. (2022)"®
Santa Ana et al. (2015)"®
Sherman et al. (2017)'%°
Shiban et al. (2017)*®
Siegmund et al. (2011)"?'
Simpson et al. (2010)'
Sippel et al. (2020)'%
Smits et al. (2006)'2*
Smits et al. (2014)"°
Smits et al. (2020)'2°
Smits et al. (2020)"?7
Soravia et al. (2014)'2®
Soucy et al. (2021)'%

Steudte-Schmiedgen et al. (2021)'*°

Storch et al. (2007)*'

Tart et al. (2013)"*
Thierree et al. (2022)"7
Tuerk et al. (2018)"*
Vermes et al. (2020)'**
Weingarden et al. (2019)*®
Wilhelm et al. (2008)"*®
Witkiewitz et al. (2019)”
Wolfson et al. (2020)*
Zoellner et al. (2017)*

Random-effects model
Prediction interval

Augmentation

N

10
42
64
28
43

n
39

3

Mean

63.86
17.50
13.86
18.52
14.40
3.36
12.00
28.30

10 -47.70

30
59

11.30
43.27

22125.30

10
27
43
23
40
12
39
8
n
26
13
33
19
20
13
22
22
15
60
8
74
5
28
12
40
22
10
87
38
27
40
9
190
16
31
35

48.70
45.00
11.58
7.83
20.49
0.35
0.20
46.40
o
33.54
8.50
34.33
16.60
30.40
32.38
.91
-0.33
18.00
34.30
13.00
16.80
36.00
89.52
96.57
3.20
19.41
81.74
2.68
215
38.22
27.37
61.00
0.41
63.11
31m
3.97
10.90
35.38
6.95
4.60
48.37
-9.86
52.89
713
72.33
65.55
2.43
36.91
8.15
221
26.87
36.71
29.30
37.49
5.15
23.10
6.64
12.25
3.24
12.65
50.80
66.74
3.58
62.82
15.42
2116
26.05
210
64.45
55.89
7.45
40.33

10 123.50

23
8
15
20
15
6
35
20
na
27
n

3,035

Heterogeneity: > = 56%, 7° = 0.1010, P < 0.01

0.76
1.05
1.06
11.85
11.90
20.50
58.48
38.78
60.56
15.37
43.30
6.26
14.17
10.10
29.73
41.80
71.01
0.36
19.64
10.20
512
38.90
17.10

sd. N

24.03 13
8.50 42
6.50 64
14.50 39
6.90 42
31 12
7.60 38
10.48 2

Control
Mean  s.d.

44.66 22.95
21.30 7.20
11.77 5.95
17.63 13.76
15.70 7.30
6.82 4.09
13.00 7.50
40.00 1.4

8.60 13 -49.80 10.70

9.98 33
35.11 59
20.30 20
12.70 10
13.90 39
451 46
.52 19
17.87 86
0.19 10
0.56 21
15.20 4
070 1
8.41 47
570 M
37.11 34
4.20 20
13.86 20
28.55 12
5.26 22
075 8
5.00 12
12.60 60
12.74
13.20 79
36.71 3
22,63 28
2019 13
1.56 38
11.69 20
27.01 13
141 82
232 19
2122 27
1259 51
26.40
0.40 178
25.83 16
22.49 30
5.04 35
470 1
18.24 39

171 33
0.34 30
24.25 25
6.13 20
16.31 26
2185 9
28.63 13
49.88 44
1.28 18
217 54
5.43 45
3.35 5
19.64 25
15.41 17
2252 8
3012 7
105 4
10.80 13
378 13
562 7
3.36 40
6.91 19
19.70 4
30.78 6
1.96 14
23.68 14
13.39 12
8.81 33
14.35 23
17.20 14
19.13 26
20.46 16
4.81 14
10.97
21.21
1.37 24
165 7
0.63 14
6.05 19
235 15
19.53
24.33 33
10.24 20
23.34 38
10.38 26
128 1
4.78 231
239 16
6.80 12
25.67 14
31.90 16
14.37 12
0.60 21
6.80 14
7.20 13
314 37
10.60
10.57 16

©

©

© o

~

o

2,854

16.58 12.50
55.72 29.54
126.30 17.40
53.60 15.40
49.97 14.30
1274 419
12.74 17.75
21.54 19.57
0.67 0.43
0.58 0.50
64.00 13.30
0.35 0.80
3259 12.61
23.50 6.00
53.65 38.19
18.00 5.20
40.20 13.86
42.17 20.75
1218 3.79
0.96 1.05
26.00 3.00
46.00 13.20
17.71 9.62
17.90 14.50
43.30 35.23
99.30 27.26
91.4130.59
270 152
25.45 10.83
96.21 37.74
295 143
1.88 2.48
36.88 20.84
22.30 12.7
76.00 32.10
0.41 0.39
56.38 28.29
38.29 24.43
15.06 16.54
11.20 6.80
37.13 17.26
6.85 1.84
5.27 0.47
60.05 20.70
-7.94 3.37
48.94 17.49
80.22 21.31
53.73 26.22
76.57 47.46
285 1.28
36.24 1.82
13.90 9.39
5.62 3.47
23.96 17.10
29.18 16.45
66.80 22.63
76.00 23.40
4.40 133
18.60 13.30
6.60 4.29
2299 7.66
3.23 3.65
14.37 5.81
66.50 7.60
73.30 24.50
6.77 3.30
55.29 19.27
27.08 21.37
19.79 9.89
3217 19.72
21.3030.80
56.46 24.76
65.85 20.19
13.88 5.19
49.01 17.87
119.63 19.54
1.42 1.89
0.79 1.39
129 0.84
17.26 228
13.75 3.60
29.7126.39
58.97 23.01
47.19 10.49
65.88 25.16
17.80 13.77
53.50 17.58
6.22 5.05
15.95 3.92
8.60 8.80
35.55 25.18
51.60 23.70
75.08 10.77
0.51 0.44
18.77 10.03
14.50 6.40
5.64 4.06
48.60 12.60
14.67 9.27

—rT—t——T—T—
-3 -2 -1 0 1 2 3
Augmentation Control

0.79
-0.48
0.33
0.06
-0.18
-0.91
-0.13
-0.98
021
-0.46
-0.38
-0.05
-0.33
-0.35
-0.26
-0.33
-0.05
-0.96
-0.69
-11m
-0.31
0.08
-2.48
-0.51
-0.29
-0.69
-0.38
-0.06
-1.50
-1.83
-0.90
-0.40
-0.08
-0.18
-0.38
0.9
0.32
-0.52
-0.42
-0.19
on
0.06
0.40
-0.49
0.01
0.24
-0.30
-0.90
-0.05
-0.10
0.06
-1.61
-0.51
-0.38
0.23
-0.40
0.66
-0.22
-0.32
0.33
-0.75
-0.90
0.16
0.47
-1.59
-1.30
0.54
0.37
0.01
-1.39
0.00
-0.26
-0.85
-0.21
-113
0.34
-0.63
0.15
-0.34
-0.77
0.36
-0.48
-1.24
-0.55
0.18
-0.39
0.16
-0.30
-1.15
-0.59
-0.36
-0.02
-0.80
-0.22
-0.20
-0.66
0.01
-0.54
0.18
-0.22
-0.34
-0.31
-0.28
0.10
-0.61
-0.14
-0.83
0.24

-0.27

95% ClI

[-0.07, 1.65]
[-0.91,-0.04]
[-0.02, 0.68]
[-0.42, 0.55]
[-0.61, 0.24]
[-1.78, -0.04]
[-0.58, 0.32]

[-342, 1.15]
[-0.62, 1.03]
[-0.96, 0.04]
[-0.75,-0.02]
[-0.66, 0.55]
[-1.22, 0.55]
[-0.84, 0.15]
[-0.68, 0.15]
[-0.94, 0.28]
[-0.43, 0.32]
[-1.85,-0.06]
[-1.24, -0.15]
[-2.42, 0.21]
[-115, 0.53]
[-0.40, 0.56]
[-3.59, -1.37]
[-0.99, -0.02]
[-0.92, 0.34]
[-1.33,-0.05]
[-117, 0.42]
[-0.65, 0.53]
[-2.41,-0.60]
[-2.75,-0.91]
[-1.28, -0.52]
[-1.36, 0.56]
[-0.40, 0.24]

[-1.61, 1.26]
[-0.91, 0.14]
[-0.60, 0.98]
[-0.413, 0.77]
[-1.14, 0.09]
[-1.25, 0.42]
[-0.49, 0.11]
[-0.44, 0.66]
[-0.47, 0.60]
[-0.02, 0.82]
[-1.43, 0.45]
[-0.19, 0.22]
[-0.45, 0.94]
[-0.81, 0.20]
[-1.39,-0.40]
[-0.84, 0.74]
[-0.54, 0.35]
[-0.34, 0.45]
[-2.20, -1.02]
[-1.07, 0.05]
[-0.99, 0.24]
[-0.33, 0.79]
[-1.36, 0.56]
[-0.14, 1.45]
[-0.64, 0.19]
[-0.98, 0.34]
[-0.05, 0.72]
[-1.17,-0.33]
[-2.24, 0.43]
[-0.43, 0.75]
[-0.11, 1.05]
[-2.64,-0.54]
[-2.25,-0.36]
[-0.89, 1.98]
[-0.33, 1.07]
[-0.67, 0.68]
[-2.81, 0.03]
[-0.43, 0.44]
[-0.89, 0.37]
[-2.12, 0.42]
[-1.12, 0.69]
[-1.95,-0.31]
[-0.38, 1.05]
[-1.45, 0.19]
[-0.33, 0.62]
[-0.95, 0.26]
[

[-1.51,-0.03]
-0.19, 0.90]
[-1.16, 0.21]
[-2.09, -0.39]
[-1.77, 0.67)

[-0.75, 1.11]
[-0.97, 0.19]
[-0.86, 1.18]
[-1.04, 0.43]
[-1.83,-0.46]
[-1.33, 0.14]
[-1.47, 0.74]
[-0.50, 0.46]
[-1.44,-0.15)
[-0.59, 0.15]
[-0.74, 0.34]
[-1.53, 0.20]
[-0.18, 0.20]
[-1.24, 0.16]
[-0.62, 0.99]
[-0.95, 0.51]
[-1.08, 0.39]
[-1.08, 0.47]
[-0.89, 0.33]
[-0.67 (0.87]
[-1.46 (0.23]
[-0.58 (0.29]
[-1.91(0.25]
[-0.47 (0.95]

[-0.36, -0.18]
[-0.91, 0.36]
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a Augmentation Control

Study N Mean sd. N Mean sd. SMD SMD 95% CI Weight (%)

Acheson et al. (2015)* 10 63.86 24.03 13 44.66 22.95 079 [-0.07; 165]  14%
Andersson et al. (2015)"* 64 1386 650 64 1177 595 033 [-0.02; 0.68]  2.9%
Bouso et al. (2008)” 3 2830 1048 2 40.00 141 -098  [-312;115]  0.3%
Buchanan et al. (2021)' 22 12530 2030 20 12630 17.40 - -0.05 [-0.66; 0.55]  2.0%
Craske et al. (2019)"*° 39 020 056 21 058 050 - -069 [124;-015]  2.2%
Danforth et al. (2018)” 8 46.40 1520 4 64.00 13.30 —— - 0.7%
Davis et al. (2014)"" 1M oM 070 1 035 080 -0.31 1.4%
Davis et al. (2021)"° 13 850 570 11 2350 600 —=— -2.48 1.0%
De Kleine et al. (2012)* 33 3433 3711 34 5365 3819 -051 [-0.99;-0.02]  2.4%
de Leeuw et al. (2017)* 19 1660 420 20 18.00 520 -029 [-0.92; 0.34]  19%
De Quervain et al. (2011)" 20 3040 1386 20 4020 1386 —= -069 [-133;-0.05]  1.9%
Difede et al. (2014)” 13 3238 2855 12 4217 2075 -038 [-117; 0.42]  15%
Diminich et al. (2020)** 22 191 526 22 1218 379 = -0.06 [-0.65; 053]  2.0%
Flanagan et al. (2018)” 8 1300 1274 9 .71 962 -0.40 [-1.36; 056]  12%
Guastella et al. (ZDOB]“ 28 89.52 2263 28 99.30 27.26 -0.38 [-0.91; 0.14] 22%
Guastella et al. (2009)” 12 9657 2019 13 9141 30.59 019 [-060; 0.98]  15%
Hofmann et al. (2006)*® 10 8174 27.01 13 9621 37.74 -0.42  [125 0.42]  1.4%
Hofmann et al. (2013)°" 87 268 141 82 295 143 | ] -019  [-0.49; 0.1 3%
Hofmeijer-Sevink et al. (2017)"® 38 215 232 19 188 248 o oM [-0.44; 0.66]  22%
Hutschemaekers et al. (2021)*° 27 3822 2122 27 36.88 20.84 E 0.06 [-0.47; 0.60]  2.2%
Kamboj et al. (2012)'* 16 6311 2583 16 56.38 28.29 E 024 [-0.45;0.94]  17%
Krupitsky et al. (2002)'™® 35 397 504 35 1506 16.54 & -0.90 [-1.39;-0.40]  2.4%
Kushner et al. (2007)"* 141090 470 11 120 6.80 — -0.05 [-0.84; 0.74]  15%
Kwee et al. (2022)'® 39 3538 1824 39 373 17.26 g 3 -010 [-054; 035]  25%
Lehrner etal. (2021)”° 24 5289 1631 26 48.94 17.49 023 [-033 0.79]  22%
Litz et al. (2012)™ 13 7233 2863 13 5373 26.22 066 [-014; 145]  15%
Meyerbroeker et al. (2012)" 20 2687 19.64 25 2396 17.10 L 016 [-0.43; 075] 2%
Meyerbroker et al. (2018)" 37 3671 15.41 17 2918 16.45 e 047 [-0M; 1.05]  21%
Mithoefer et al. (2011)** 12 2930 2252 8 66.80 22.63 —— -159 [2.64;-054]  1.0%
Mithoefer et al. (2018)" 19 3749 3012 7 76.00 23.40 —— -130 [-2.25:-036]  12%
Morissette et al. (2008)7] 4 515 1.05 4 440 133 0.54 [-0.89; 1.98] 0.6%
Nations et al. (2012)" 24 664 378 13 660 429 —— 001 [-067; 068]  18%
Nicholas et al. (2022)*° 42 324 336 40 323 365 3 000 [-0.43; 0.44]  2.6%
Ochen et al. (2013)"” 8 5080 1970 4 6650 7.60 -0.85 [-212 042]  0.8%
Otalora G et al. (2018)° 22 6674 3078 6 73.30 2450 —— -021 [112 069]  13%
ottoetal. (2010) 13 358 196 14 677 3.30 —— 113 [195-031]  1.4%
Powers et al. (2009)" 12 1542 1339 12 27.08 2137 —= -063 [-145; 019]  1.4%
Pyrkosch et al. (2018)"° 36 2116 881 33 1979 9.89 - 015 [-033; 062  2.4%
Raeder et al. (2019)*° 20 2605 1435 23 3217 19.72 —s -0.34 [-0.95; 0.26]  2.0%
Reinecke et al. (2020)°" 17210 1720 14 21.30 30.80 —s= -077 [151-003]  16%
Rodebaugh et al. (2013)* 18 5589 2046 16 6585 2019 —=r -0.48 0211 18%
Ross et al. (2016)"! 12745 481 14 1388 519 —=— -124 [-2.09;-0.39]  1.4%
Ross et al. (2021)"" 6 40.33 1097 5 49.01 17.87 —b— -0.55 [-177; 067  0.8%
Santa Ana et al. (2015)" 23 076 137 24 142 189 — -039 [-0.97; 019]  21%
Sherman et al. (2017) 8 105 165 7 079 139 —— 016 [-0.86; 118] 1%
siegmund et al. (2011)”' 20 185 605 19 1726 228 —— 115 [-183;-0.46]  18%
Sippel et al. (2020) 6 2050 1953 7 2971 26.39 —— -0.36 [-147; 0.74]  1.0%
Smits et al. (2014)"*° 20 3878 1024 20 4749 10.49 = -0.80 [1.44;-015]  1.9%

Smits et al. (2020)"*° 114 6056 2334 38 65.88 2516 -0.22 [-0.59; 015]  2.8%

Smits et al. (2020)"” 27 1537 1038 26 17.80 1377 -020 [-074; 0.34]  2.2%
Soravia et al. (2014)”® 11 4330 128 11 5350 17.58 -0.66 [-153; 0.20]  1.4%
Steudte-Schmiedgen etal. (2021)® 17 1417 239 16 1595 3.92 -054  [-1.24; 0.16] 17%
Storch et al. (2007)" 12 1010 680 12 860 8.80 018 [-0.62; 0.99]  15%
Tart et al. (2013)* 15 2973 2567 14 3555 2518 -0.22 [-0.95; 051 17%
Tuerk etal. (2018)* 14 7101 1437 12 75.08 10.77 -0.31 [1.08; 0.47]  15%
Weingarden et al. (2019)"** 12 1964 680 14 1877 10.03 010 [-067; 0.87]  16%
Wilhelm et al. (2008)"*® 10 1020 720 13 1450 6.40 -061 [-146; 023]  1.4%
Wolfson et al. (2020)* 13 3890 1060 5 48.60 12.60 - -083 [-19%; 025]  1.0%
Zoellner et al. (2017)* 15 1710 1057 16 14.67 9.27 H— 024 [-047;095]  17%
Random-effects model 1,287 1,094 . -028 [-0.42;-015] 100.0%
Prediction interval — [-0.97; 0.40]
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Augmentation Control
Study N Mean sd. N Mean sd. SMD SMD 95% CI Weight (%)
Alladin and Alibhai, 2007)°" 42 1750 850 42 2130 7.20 =] -048 [-0.91:-0.04]  4.3%
Amntz et al. (2007)°° 28 1852 1450 39 1763 13.76 —— 006 [-0.42; 0.55]  3.9%
Baker et al. (2020)" 1336 3N 12 682 409 ——] -091 [178;-0.04]  1.8%
Bryant et al. (2005)** 30 1130 998 33 1658 1250 -0.46 [-0.96; 0.04]  37%
Bryant et al. (2008)'*° 59 4327 3511 59 5572 2054 -0.38 [-075:-0.02]  51%
Cesaetal (20|3)Mj 27 45.00 13.90 39 49.97 14.30 -0.35 [-0.84; 0.15] 3.8%
Coffey et al. (2016)"** 40 2049 1787 86 2154 1957 E 3 -0.05 [-0.43; 0.32]  4.9%

Falkenstein et . (2022)"°
Foa et al. (2005)*
Harb et al. (2019)™
Harvey et al. (2016)°
Janse et al. (2020)”'
Lancaster et al. (2020)
Lazarov et al. (2018)"*
Lee etal. (2020)"”"

25 48.37 24.25 25 60.05 20.70 -0.51

22 -986 613 20 -7.94 337 -0.38
Maples-Keller et al. (2017)"™ 45 65.55 49.88 44 7657 47.46 -0.22
Marker et al. (2020)" 18 243 128 18 285 128 -0.32
McEvoy et al. (2020)"”7 51 36.91 217 54 3624 182 0.33
Meyer et al. (2010)™ 48 815 543 45 1390 9.39 - -0.75
Moshier and Otto, 2017)"* 21 2310 1080 13 18.60 13.30 037
Reitmaier et al. (2022) 27 64.45 1913 26 56.46 24.76 0.36
Rubin et al. (2022)"® 1012350 2121 8 119.63 19.54 0.18
Simpson et al. (2010)"” 15 1190 235 15 1375 3.60 -0.59

22 -033 075 8
74 16.80 1320 79 17.90 14.50
40 320 156 38 270 152
22 19.41 M69 20 25.45 10.83
0.41 0.39
6.85 184

096 105 150 [-2.41;-0.60] 17%
-0.08 [-0.40; 0.24]  56%

032 [-013; 0.77]  42%
-052  [-114; 0.09]  2.9%
190 0.41 0.40 178 001  [-019; 022]  6.9%

8 97 695 171 33

006 [-0.34; 0.45]  47%
[-1.07; 0.05] 3.3%
[-0.99; 024]  3.0%
[-0.64; 0.19] 45%
[-0.98; 0.34]  27%
[-0.05; 0.72]  4.8%
[-117;-0.33] 4.5%
[-0.33; 1.07] 2.5%
[-019; 0.90]  3.4%

[-0.75; 1.11] 16%
[-1.33; 0.14]  2.3%
Smits et al. (2006)2* 35 58.48 2433 33 58.97 23.01 -0.02 [-050; 0.46]  4.0%

129

Soucy et al. (2021) 203 626 478 231 622 505 001 [-018; 020]  71%
Vermes et al. (2020)"** 21 036 060 21 051 044 -028 [-0.89; 0.33]  3.0%
Random-effects model 1,223 1219 -018 [-0.33;-0.03] 100.0%
Prediction interval [-0.67; 0.32]
Heterogeneity: I = 54%, T = 0.0537, P < 0.01
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c Augmentation Control
Study N Mean sd. N Mean s.d. SMD SMD 95% CI Weight (%)
Austetal. (2022)° 43 1440 690 42 1570 7.30 -018  [-0.61; 024]  67%
Bischoff et al. (2018)"* 39 1200 760 38 1300 7.50 -013 [-058; 0.32]  65%
Brooks et al. (2021)° 10 -4770 860 13 -49.80 10.70 021 [-0.621.03]  4.3%
Chien et al. (2015)"° 43 158 451 46 1274 419 6.7%
Cobb etal. (2021)"° 23 783 152 19 1274 1775 : 55%
Fayaz et al. (2022)"° 15 1800 500 12 26.00 3.00 183 [2 91 3.9%
Feng et al. (2019)"" 60 34.30 1260 60 46.00 13.20 —_ -0.90 [-1.28;-0.52]  7.0%
Fryml et al. (2019)”" 5 3600 3671 3 4330 3523 — -018  [16%; 126]  22%
Isserles etal. (2021)'® 40 27.37 1259 51 2230 127 = 040 [-002 082  67%
Isserles et al. (2013 9 61002640 9 76.00 3210 — -049 [-143; 045]  3.8%
Kozel et al. (2018)° 31 3101 2249 30 3829 24.43 = -030 [-0.81; 020]  6.2%
Lass-Hennemann and Michael (2014)‘5 30 460 034 30 527 0.47 —- -1.61  [-2.20;-1.02] 5.7%
Leuchter et al. (2022)'” 8 7113 2185 9 8022 21.31 —— -0.40 3.7%
Meyer et al. (2022)" 5 221 335 5 562 347 @ ———%—— -0.90 2.4%
Nejati et al. (2017)*° 4 1225 562 7 2299 7.66 — % -1.39 2.2%
Nord et al. (2019)"® 20 1265 691 19 1437 58 —=— -026 [-0.89; 0.37)  5.4%
Pace-Schott et al. (2018)” 17 6282 2368 14 5529 19.27 e 034 [-038 1.05]  4.9%
Shiban et al. (2017)"° 5 106 063 14 129 084 —— -030 [-1.04; 0.43]  4.8%
Thierree et al. (2021)"*7 13 4180 3190 16 5160 23.70 —= -034 [-1.08; 0.39]  4.8%
Witkiewitz et al. (2019)" 47 512 314 37 564 4.06 E X -014 [-058; 029]  6.6%
Random-effects model a7 474 - -0.39 [-0.66;-0.13] 100.0%
Prediction interval — [-1.35; 0.57]
Heterogeneity: I = 68%, T = 0.1923, P < 0.01
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Fig.3|Forest plots of study subcategories in the random-effects meta-analysis. a, Pharmacological. b, Psychological. c, Somatic. Data fromrefs. 14-26,32-39,41,

49-53,68-147.

We performed afurther sensitivity analysis, excluding six studies
where (although meeting our owninclusion criteria) the study authors
framed the study as more combinatory than augmentative in nature.
This did not alter our main analysis results (Hedges’ g =-0.28, 95%
Cl:[-0.37,-0.18]; P< 0.0001) (Supplementary Fig. 6). However, the
remaining 20 psychological augmentation studies showed a reduced
and now non-significant effect of augmentation: Hedges’ g =-0.16,95%
Cl:[-0.35,0.03]; P=0.089 (Supplementary Fig. 5).

Discussion
We conducted a transdiagnostic meta-analysis to estimate the effect
size of acutely augmented psychological therapy, compared with a
control or non-augmented therapy. On our preregistered primary
outcome, we found that acute augmentations of psychological therapy
are efficacious for a diverse array of mental health problems, with an
overall small effect size. Examining specific transdiagnostic dimen-
sions and intervention types, we found support for the use of acute
augmentations for fear- and distress-based mental health problems
and for interventions employing acute pharmacological (for example,
the psychedelic compound psilocybin) and somatic (for example,
transcranial magnetic stimulation) augmentations of psychological
therapy. This suggests that augmenting specific therapy sessions with
medication or brain stimulation interventions (among others) could
improve clinical response to psychological therapy.

Althoughwe found evidence for overallmoderate efficacy of acute
augmentations, we also reported substantial heterogeneity among
all types of studies. This did not seem to be driving our overall effect:

excludingasmallnumber of outliers (k =15), heterogeneity decreased
substantially while the effect of acute augmentations remained with a
near-equal magnitude. Similarly, a number of sensitivity analyses did
not substantially alter our finding, suggesting that our overall effect
was not driven by poor outcome blinding and lack of randomization,
which affected a small number of studies.

The small effect size we report is comparable to the effect size
recently found in a large umbrella review for the combination of
psychotherapy and pharmacotherapy, compared with either as a
monotherapy™. This is compelling because the nature of long-term
(compared with brief) augmentation is very different, commonly
associated with different disorders (major depression versus phobias),
and far fewer administrations of amedication take place inthe context
of brief pharmacological augmentations than during longer-term
combination therapies. Potentially, the lower intensity and chronicity
of brief interventions may offer a similar benefit with fewer adverse
effectsand atreduced cost; thisisanimportant topic for investigation
in future work.

An additional implication of our results is that certain brief aug-
mentations may confer much larger effects than either other brief
augmentations or, indeed, long-term combination of psychotherapy
and pharmacotherapy. Our meta-analysisincluded three broad types
ofaugmentationtrials: psychological, pharmacological and somatic.In
exploratory analyses, we found that all three acute augmentations were
somewhat efficacious, but to varying degrees. We found particularly
robust evidence for pharmacological augmentations, which also com-
prised the largest group of acute augmentations. This is exemplified
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Fig. 4 | Funnel plot of all studies. a, To evaluate publication bias, we plotted the standardized mean difference of each study with respect toits standard error.
We visually inspected the plot for asymmetry: 79.6% of studies fell within the funnel. b, We then ran a trim-and-fill analysis, which added seven studies.

in the case of d-cycloserine augmentations of psychological therapy,
which represented the largest single augmentation type in our meta-
analysis and had a similarly small effect size to our overall effect.
Previous meta-analyses have reported a small advantage of d-cyclo-
serine-enhanced exposure therapy, albeit with notable between-study
variation", a conclusion supported by our meta-analysis.

Our meta-analysis alsoincluded anumber of more atypical acute
pharmacological augmentations, such as eight studies testing MDMA
(ecstasy)** or psilocybin***' as therapeutic augmentations, an area of
substantial currentinterestinthe psychiatric research community**,
We found evidence for a large significant effect of recreational drugs as
therapeutic enhancers (d = -0.84, comprising MDMA, psilocybin and
cannabis augmentations) in a subanalysis of 13 such studies (N = 412).
This compares favorably with the significant but smaller effects of
d-cycloserine (d = 0.21). Our meta-analysis suggests that psychedelic
andrelated compounds may be particularly effective brief therapeutic
enhancers.

By contrast, we found weaker evidence for various psychological
augmentations (d = -0.18), the efficacy of whichwas not as robust as the
other groups of interventions; this did not survive analyses of specific
augmentation types (memory, imagery, motivation or bias training) or
exclusion of studies framed as more ‘combinatory’ than augmentative.
While somatic augmentations had the largest effect size of the three,
the estimate of this effect was less precise (95% Cl: [-0.66,-0.13]. This
isprobably areflection of this category’s relatively smaller size and/or
greater heterogeneity among the augmentations, whichincluded brain
stimulation, sleep, time of day, exercise and controlled breathing. We
had sufficient studies to perform an exploratory subanalysis on the
somatic subcategory of brain stimulation, which showed a significant
effect (smaller than psychedelic and related drugs but of a similar
magnitude to the overall effect of augmentations (d = 0.28)). Infuture,
precise estimates of other somatic augmentations’ efficacy could be
obtained by splitting this category into its constituent parts (requir-
ing more studies with particular somatic augmentation approaches).

Recent efforts have been made to characterize the ‘active ingredi-
ents’ of mental health treatment: thatis, the aspects of anintervention
that drive clinical effects*. This approach may hold particular potential
for uncovering acute augmentation strategies. By first identifying
key therapeutic mechanisms of action via reverse translation, acute
therapeutic augmentations can be applied in novel combinations to
specifically target those mechanisms. Forinstance, mentalimagery is
thoughtbean ‘active ingredient’ of effective psychological therapy*.
Techniques designed to enhance mental imagery have been widely
studied as acute augmentations of psychological therapies, with
some evidence of success, particularly in young people*®. Outside of a

research setting, imagery-enhanced group cognitive behavior therapy
isahighly effectiveintervention, even when delivered by trainee clini-
cians in independent settings’. Future work could establish whether
imagery-based psychological augmentation could be particularly help-
fulin certain patients or at certain points inalonger course of therapy.
Unlike chronic, long-term combination therapies, acute augmentations
support modular therapy: during a course of therapy, d-cycloserine
mightbeusedinonesession dedicated to exposure; brain stimulation
mightbe used at alater session focusing on cognitive restructuring.

Acute augmentations of psychological therapy hold particular
promise as tests of whether particular approaches can be subject
to clinical translation. For example, as with previous psychological
augmentation approaches such as imagery, acute pharmacological
augmentations could also focus on targeting specific active ingre-
dients of psychological therapy. This strategy could be helpful for
individuals unlikely to respond to psychological therapy alone. For
example, patients with pathological disgust respond generally poorly
to exposure therapy; our recent experimental work suggests that a
peripherally selective dopamine antagonist may enhance disgust
habituation, an active ingredient of exposure therapy”. Alternatively
or in addition, specific neural effects of psychological therapy might
be used as future targets of augmentation, for example, with brain
stimulation interventions.

A limitation of our meta-analysis is its potential for bias due to
existing issues with scientific robustness in the clinical literature.
This was seen both in the risk-of-bias assessment, where most studies
showed some degree of bias, and in the funnel plot of the effect-size
estimates of individual studies against their standard errors, where
we found some evidence of asymmetry in our sample of studies. In
the absence of publicationbias (or any other sources of heterogeneity
biased by sample size), 95% of studies should fall inside the funnel of
the plot*%; in our results, approximately 80% of studies fall within the
funnel. This probably indicates some publication bias in the augmenta-
tionliterature, potentially due to selective outcome reporting or under-
reporting of null results. This could have inflated our estimates of effect
size. However, asymmetry in funnel plots can also be caused by sources
of heterogeneity that are genuinely associated with sample size, such
as smaller studies having higher treatment fidelity or larger studies
generally delivering less-intense interventions due to feasibility*®,
whichare plausibleinthe context of the acute augmentation literature.
Inoursample, both publication bias and true sources of heterogeneity
may have contributed to our findings. Crucially, our central results
survived correction for publication bias with trim and fill.

A second caveat originates from the transdiagnostic approach
employed inthis meta-analysis. Arisk of thisapproachis thatit obscures
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the effectiveness or ineffectiveness of augmentations for particular
subcategories of symptoms, such as eating-disorder symptoms, which
were under-represented in our studies. In partial mitigation of this
concern, trials measuring these symptoms were not statistical outliers
inour analysis. As only two studies measured eating-disorder-related
symptoms as a primary outcome in our sample, these studies would
have been excluded from diagnosis-specific meta-analysis. Therefore,
we believe it was beneficial to use atransdiagnostic approach, despite
the potential risk that our findings may differ between subcategories
in the future. It is possible that some groups of symptoms may be
particularly sensitive (or insensitive) to augmentative approaches,
whichwillrequire alarger number of trials ineach domainin the future.

One putative limitation is whether augmented psychological
therapy involves additional overall contact time due to the duration
of the augmentation, compared with standard interventions. For the
majority of pharmacological and somatic augmentations, this was not
the case: almost all used placebo medication (for example, refs. 32,49),
sham brain stimulation (for example, ref. 21) or other somatic condi-
tions (for example, refs. 24,50)—control groups with equivalent thera-
peutic contact time and duration. By contrast, several psychological
augmentations involved additional contact time or duration, such
as 15 minutes of hypnotic induction preceding cognitive behavioral
therapy” (others, including cognitive bias modification', memory
support®” and imagery rescripting®, explicitly equalized therapist
contact time/duration between groups). However, evidence for psy-
chological augmentations was the weakest of the three, suggesting
that any increased contact time or duration was unlikely to drive the
overall efficacy of augmentative approaches.

Given the debilitating effects of mental health disorders and the
challenges in their treatment, improving mental health treatment is
of the utmost economic and societal importance. For many decades,
researchhas tended to conclude that psychological and pharmacologi-
cal treatments are comparably efficacious, or that even different psy-
chological therapies are equally effective (the ‘dodo-bird verdict’: that
everybody has won and must have prizes*®). This is despite differential
treatment mechanisms within and between therapeutic modalities®~.
Improvingonour current treatment paradigm may involve a paradigm
shift towards individualized, mechanism-focused interventions. One
approach to this is acute augmentations designed to optimize the
specific subcomponents of therapy indicated for that particular
patient. Augmentations of psychological therapy represent an area
in which translational science can be directly tested, potentially
improving clinical treatment rapidly and at scale. Future studies should
investigate optimal combinations of augmentations and therapies,
going beyond use of a single intervention to enhance a course of
therapy and towards matching specific medications to the activities
and contents of specific therapy sessions.

Additional augmentative domains could also be examined, for
example augmentations focused on potentiating the therapeutic
relationship or alliance”. Even our most effective psychiatric inter-
ventions leave many patients with clinically-significant problems.
To move the needle on mental health interventions, we may need a
different approach. Acute augmentations of psychological therapy
represent aroute from experimental science to clinical translation and
may offer particular promise for precision psychiatry approaches. Our
meta-analysis supports the usefulness of acute augmentations in the
context of mostly smaller, experimental trials, but there remains aneed
for robust, real-world trials testing acute augmentation strategies.

Methods

Preregistration

Our meta-analysiswas preregistered on PROSPERO (CRD42021236403).
There were no deviations from the preregistered methods. We report
both preregistered (primary) analyses and exploratory (secondary)
analyses.

Inclusion criteria
We included studies in which the following were true.

« Participants had a diagnosed mental disorder*® according to a
validated questionnaire or interview assessment, or presented
with subthreshold clinical symptoms, and in which the mean
age of the sample was over 18 years. Mental disorders included
mood disorders, anxiety disorders, eating disorders, personal-
ity disorders, psychotic disorders, trauma and stressor-related
disorders, obsessive-compulsive disorder and substance-use
disorders. Patients with comorbidities were not excluded.

« Treatment involved manualized psychological therapy (for exam-
ple, cognitive behavioral therapy) combined with an acute augmen-
tation (for example, exercise) administered before, during or after
the therapy with the aim of enhancing the effect of the psycho-
logical therapy on mental health problems. Psychological therapy
could have taken place face to face or online but was required to
have been at least partially clinician led (not self-guided). Manual-
ized therapies are those for which a manual or guide exists (for
example, cognitive behavioral therapy for depression) and where
the specific manual used is cited by the study authors.

« Acontrol or comparison group for the acute augmentation was
included, namely, a placebo drug, treatment as usual, another
psychological treatment, wait list, sham brain stimulation
or sham cognitive training. We recorded the primary mental
health-related outcome reported in the study (for example,
interview, self-report questionnaire or physiological measure).
Included studies could be randomized or non-randomized con-
trolled trials, including feasibility trials. Studies were required
toinclude at least one session of psychological therapy and
one acute augmentation aimed at enhancing the effects of the
psychological therapy.

Exclusion criteria

Weexcluded studies aimed at treating neurological disorders or neuro-
developmental disorders unless the primary outcome of the interven-
tion was a mental health symptom. We also excluded studies in which
theinterventionwas alonger-term combination treatment, the study
did not report any mental health-related outcomes measured on a
continuous scale, the study was a case report, case series, conference
abstract or animal study or the data presented were insufficient to
calculate effect sizes.

Information sources and search strategy

We conducted searches in the following databases: Medline (via Ovid),
PsycINFO (viaEBSCOhost) and Embase (via Ovid) (frominception until
2February2021; following areviewer request to repeat searches, from
inception until 25May 2022). The full search terms used on each data-
base are provided in Supplementary Information. We used a search
strategy combining psychological therapy terms withaugmentation-
related terms, trial terms and psychiatric disorder-related terms using
Boolean operators (>100 search termsincluded per database). Clinical
trials registrations were also searched via ClinicalTrials.gov with the
search terms (psychiatric disorder*) AND (behavioral OR pharmaco-
logical OR somatic) AND (psychological therapy).

We also performed reference tracing for additional studies
meetinginclusioncriteriareferencedinthearticles from our database
searches.

To determine study suitability, we used a two-step approach. First,
aminimum oftwoindependent raters separately screened all titlesand
abstracts. Studies were excluded if they did not meetinclusion criteria
onthebasis of their title or abstract. Any discrepancies were resolved
via discussion. Subsequently, the full text of the included studies was
assessed by two independent raters to ensure these met inclusion
criteria; discrepancies were again resolved by discussion.
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The following information was collected from the included stud-
ies:author(s), year of publication, mental health assessment measure,
mental health diagnosis or dimension studied, sample size, mean age,
gender, types of interventions (augmentation(s) and control(s)), dura-
tion of interventions and outcome data (see the following).

Primary outcome data

We extracted summary data from reports by recording the primary
mental health-related outcome reported in each study. If no measure
was designated primary, or the primary outcome was categorical, we
recorded the first continuous mental health-related outcome reported
inthe Results. If no continuous outcomes were reported, we excluded
the study.

Grouping for synthesis

Our preregistered primary outcome was the standardized mean dif-
ference (Hedges’ g) across all studies corresponding to the difference
between the two groups at posttreatment (standardized mean
difference) and the 95% confidence intervals around the effect sizes.
We conducted random-effects meta-analysis due to anticipated
between-study heterogeneity (confirmed in heterogeneity analyses
(Results)).

We ran exploratory subgroup analyses using the same approach
to obtain the effect size for each of three types of augmentations:
(1) pharmacological (forexample, cortisol or psilocybin), (2) psychologi-
cal or cognitive (for example, attention bias modification or cognitive
control training) and (3) somatic (nonpharmacological biological inter-
ventions, forexample, transcranial magnetic stimulation or exercise).

Synthesis of results

In most studies, a lower value posttreatment indicated an improve-
mentinmental health. Inthree studies, a higher value on their primary
outcomeindicated animprovementin symptoms, so mean values were
multiplied by -1to align the direction of the scales. Where we could not
retrieve the relevant summary statistics from the text, the software
WebPlotDigitizer was used to extract the data from figures where pos-
sible®” (WebPlotDigitizer is accurate to the level of an individual pixel
of the plot published; users can zoom in and out to select the most
precise location withina pixel for data extraction. Intercoder reliability
and validity of WebPlotDigitizer is high (r=0.999 intercoder correla-
tion)®°). In studies that included multiple augmentation groups that
allmetcriteria, the sample size, means and standard deviations for the
multiple groups were combined, as per Cochrane recommendations®;
we followed the same recommendation for studies reporting multi-
ple active control groups (combining and treating as a single control
group); for studies reporting active and inactive control groups, we
always used the active control.

All analyses were performed in the statistical software environ-
ment R using the meta package®’. We report pooled between-group
effects by calculating Hedges’ g corresponding to the difference
between the augmentation group and the control group posttreat-
ment (standardized mean difference)®’. We also report the 95% confi-
denceintervals around the effect sizes as ameasure of certainty in the
evidence for each pooled outcome. We used a random-effects model
to calculate a pooled effect size and the Der Simonian-Laird method
to estimate tau squared®*.

We used the /I statistic to assess the proportion of variability due
to heterogeneity and calculated the Q statistic to test the existence of
heterogeneity in our sample®. We interpreted the /2 value according
to the following guidelines: 25% representing low heterogeneity, 50%
representing moderate heterogeneity and 75% representing high het-
erogeneity®®. We also assessed the potential for publication bias via (1)
visual inspection of a funnel plot and (2) Egger’s regression test®, and
conducted a trim-and-fill analysis to assess the impact of including
studies that may be missing due to publication bias®.

Risk of bias

For each included study, we assessed risk of bias according to the
Cochranerisk-of-bias tool®. This tool provides a framework for assess-
ing different contributors to potential study bias originating from
study design, conduct, analysis and reporting®. For each study, we
assessed the use of random sequence generation, concealment of
allocation, blinding of participants and treatment providers, blinding
of outcome assessment and incomplete outcome data. We summarized
eachstudy’s overall risk of bias following the Cochrane recommenda-
tion to use the domain(s) of most importance in the context of our
meta-analysis®’. We assessed blinding of outcome assessment to be
the most critical risk in acute augmentations of psychotherapy trials.
Therefore, we repeated our primary analysis excluding studies without
blinded outcome assessment or with uncertain blinding of outcome
assessment.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The preregistration can be found at https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42021236403, and all datacan
be found on the Open Science Framework: https://osf.io/a7x8j/.

Code availability
Allrelevant analysis code canalso be found onthe OpenScience Frame-
work: https://osf.io/a7x8j/.
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controlled. If this is not relevant to your study, explain why.

Blinding Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why
blinding was not relevant to your study.

Did the study involve field work? [] Yes []no

Field work, collection and transport

Field conditions Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).

Location State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).

Access & import/export Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in
compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority,
the date of issue, and any identifying information).

Disturbance Describe any disturbance caused by the study and how it was minimized.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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