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Integrating fragmented evidence by network
meta-analysis: relative effectiveness of psychological
interventions for adults with post-traumatic
stress disorder
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Background. To summarize the available evidence on the effectiveness of psychological interventions for patients with
post-traumatic stress disorder (PTSD).

Method. We searched bibliographic databases and reference lists of relevant systematic reviews and meta-analyses for
randomized controlled trials that compared specific psychological interventions for adults with PTSD symptoms either
head-to-head or against control interventions using non-specific intervention components, or against wait-list control.
Two investigators independently extracted the data and assessed trial characteristics.

Results. The analyses included 4190 patients in 66 trials. An initial network meta-analysis showed large effect sizes (ESs)
for all specific psychological interventions (ESs between −1.10 and −1.37) and moderate effects of psychological
interventions that were used to control for non-specific intervention effects (ESs −0.58 and −0.62). ES differences
between various types of specific psychological interventions were absent to small (ES differences between 0.00 and
0.27). Considerable between-trial heterogeneity occurred (τ2=0.30). Stratified analyses revealed that trials that adhered
to DSM-III/IV criteria for PTSD were associated with larger ESs. However, considerable heterogeneity remained.
Heterogeneity was reduced in trials with adequate concealment of allocation and in large-sized trials. We found evidence
for small-study bias.

Conclusions. Our findings show that patients with a formal diagnosis of PTSD and those with subclinical PTSD
symptoms benefit from different psychological interventions. We did not identify any intervention that was consistently
superior to other specific psychological interventions. However, the robustness of evidence varies considerably between
different psychological interventions for PTSD, with most robust evidence for cognitive behavioral and exposure
therapies.

Received 22 November 2013; Revised 24 February 2014; Accepted 11 March 2014; First published online 16 April 2014

Key words: Meta-analysis, outcome research, post-traumatic stress disorder, psychotherapy, PTSD.

Introduction

Psychological trauma is common in the general popu-
lation, with lifetime prevalence between 40% and 90%
(Breslau et al. 1991, 1998; Norris, 1992; Resnick et al.
1993; Kessler et al. 1995; Bernat et al. 1998). Many indivi-
duals develop psychological symptoms in the aftermath
of trauma experience, commonly referred to as post-
traumatic stress disorder (PTSD) symptoms. These

may include re-experiencing the traumatic event,
avoiding stimuli associated with the traumatic event,
and increased arousal. Although many survivors of
psychological trauma do not satisfy DSM-III/IV criteria
for PTSD diagnosis, they may still be severely impaired
andat increased riskof suicide (Stein et al. 1997;Marshall
et al. 2001; Zlotnick et al. 2002). Trauma survivors, with
or without a formal diagnosis of PTSD, often develop
chronic symptoms (Kessler et al. 1995; Koren et al.
2001; Mayou et al. 2002; Perkonigg et al. 2005; Breslau,
2009) and contribute considerably to health-care costs
(Walker et al. 1999).

A variety of psychological interventions have been
suggested to treat PTSD symptoms. Some are based
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on aetiologicalmodels andpropose specific intervention
components to relieve symptoms, such as exposure to
trauma-related stimuli (Foa et al. 1991) or working
through cognitions associated with the trauma (Ehlers
et al. 2005). Other psychological interventions are
based on components that are not unique to any particu-
lar psychological intervention and are therefore often
described as ‘common’ or ‘non-specific’, for example
empathy in supportive therapies or attention effects in
relaxation treatments. Several standard meta-analyses
have been designed to determine which psychological
interventions are most promising for patients with
PTSD symptoms, but they have been unable to come
to a definite conclusion (Bradley et al. 2005; Benish
et al. 2008; Bisson & Andrew, 2007).

There are two possible sources of evidence for a
comparison of the effectiveness of two interventions
A and B. The first is a direct within-trial comparison
of intervention A and B (direct evidence). The second
is a comparison of results from trials that compare
either of the two interventions A and B with a common
third intervention C (indirect evidence). Although di-
rect, within-trial comparisons of active psychological
interventions are the gold standard for establishing
relative effectiveness, for many psychological interven-
tions direct within-trial comparisons are rare or even
non-existent. Therefore, both sources of evidence are
useful for a comprehensive evaluation of relative effec-
tiveness of interventions A and B.

Two of the above-mentioned meta-analyses took
two approaches to determining the relative effects of
different psychological interventions. One research
group (Bisson & Andrew, 2007) conducted separate
meta-analyses for each direct comparison of psycho-
logical interventions that occurred in the literature (di-
rect evidence). They included trials that compared the
different interventions head-to-head, or with control
interventions, and compared effects across single
meta-analyses (informal indirect evidence). When ef-
fects of single meta-analyses were equal, they assumed
that those interventions were equally effective even
when interventions had not been directly compared
within a single trial. Heterogeneity remained un-
explained in some cases, and this limited interpretation
of their results. By this method, they concluded that
trauma-focused cognitive behavioral therapy (CBT)
and eye movement desensitization and reprocessing
(EMDR) were more effective than other psychological
interventions, including supportive therapy (ST) and
psychodynamic therapy (PT) for instance.

A second group (Benish et al. 2008) included only
trials that compared different types of psychological
interventions head-to-head (direct evidence) and
pooled them in one meta-analysis. They restricted the
range of psychological interventions to those they

classified as ‘intended to be therapeutic’. This classifi-
cation included psychological interventions such as
PT, but excluded ST or stress management (SM).
The latter interventions are typically used to control
for non-specific intervention effects and the authors
therefore did not consider them to be ‘intended to be
therapeutic’. The authors interpreted the absence of
between-trial heterogeneity of effect sizes as an indi-
cator that different psychological interventions were
equally effective and concluded that all interventions
that were ‘intended to be therapeutic’ were equally
effective.

Other meta-analyses that considered only direct
evidence for the effectiveness of particular types of
psychological interventions found no difference in
the effectiveness of EMDR and trauma-focused CBT
(Seidler & Wagner, 2006), EMDR and exposure-based
therapy (ET) (Davidson & Parker, 2001), CBT, ET and
cognitive therapy (CT) (Mendes et al. 2008) and ET,
CBT, EMDR and CT (Powers et al. 2010).

The results of recent meta-analyses leave us with a
patchwork of findings based on direct evidence and
informal indirect evidence. Although the equivalent ef-
fectiveness of trauma-focused CBT, ET, CT and EMDR
seems to have been established, the effectiveness of
other psychological interventions (including PT, ST
and SM) has not yet been ascertained. Residual hetero-
geneity complicates the interpretation of previous
findings in many cases (Davidson & Parker, 2001;
Bradley et al. 2005; Bisson & Andrew, 2007; Powers
et al. 2010).

To overcome the limitations of the available compar-
isons and informal indirect evidence, we used network
meta-analysis, a methodological approach to integrate
trials, comparing a variety of psychological interven-
tions head-to-head or with a control condition
(Lumley, 2002; Lu & Ades, 2004; Salanti et al. 2008;
Cipriani et al. 2009). In network meta-analyses, the in-
formation available from within-trial comparisons of
interventions A and B is combined with indirect com-
parisons of A and B derived from trials that compare
either of the two interventions with a common com-
parator C (either a third psychological intervention or
a control condition). Network meta-analysis has pre-
viously been used to investigate the effectiveness of
pharmacological treatments for depression (Cipriani
et al. 2009) and mania (Cipriani et al. 2011), and in
the evaluation of psychological interventions for de-
pression (Barth et al. 2013).

Meta-analyses on psychological interventions for
PTSD used different approaches to classify such inter-
ventions. As a result, the number and definition of cat-
egories vary across meta-analyses. Some researchers
used a large number of categories to capture differ-
ences between interventions according to their
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theoretical backgrounds (e.g. differentiating between
mainly cognitive interventions, primarily exposure-
based interventions and a mixture of cognitive and
behavioral elements; Bradley et al. 2005; Mendes
et al. 2008; Watts et al. 2013). Other authors suggested
summarizing interventions with different theoretical
backgrounds to broad categories (e.g. trauma-focused
CBT including CBT, CT and ET; Bisson & Andrew,
2007). Finally, some authors even argued against
categorizing interventions at all (Benish et al. 2008;
Wampold et al. 2010) because differences in their effec-
tiveness are only small. We chose an approach that
allowed us to include a large number of direct compar-
isons between psychological interventions in the net-
work (e.g. from dismantling studies such as Resick
et al. 2008). At the same time we aimed at limiting
the number of categories to a reasonable number
(e.g. no differentiation between different types of ex-
posure such as in vivo and in sensu).

To examine whether different approaches to
classifying psychological interventions affect meta-
analytic results, we reduced the number of inter-
vention categories subsequently and looked at possible
changes in effect sizes, heterogeneity statistics and
model fit.

As the quality of primary studies is known to be a
potential threat to the validity of meta-analyses (Jüni
et al. 2001; Matt & Cook, 2009; Cuijpers et al. 2010b),
we assessed the influence of study quality (Wood
et al. 2008; Nüesch et al. 2009), sample size (Nüesch
et al. 2010) and type of outcome assessment (Cuijpers
et al. 2010a). We also controlled for the presence of a
formal PTSD diagnosis in our analyses.

Method

Literature search

The literature search was based on a comprehensive
initiative to build a database of references to clinical
trials that had investigated the effectiveness of any
psychological intervention for adults with PTSD
symptoms. We searched bibliographic databases
relevant for the field of psychotherapy (EMBASE,
Medline, PsycINFO, Cochrane Controlled Trials
Register and PSYNDEX) by combining key words
and text words related to psychological interventions,
randomized trials and PTSD (see online Appendix 1
for the search strategies used). We also checked the
reference lists of relevant systematic reviews and
meta-analyses (van Etten & Taylor, 1998; Bradley
et al. 2005; Benish et al. 2008; Bisson & Andrew,
2008; Cloitre, 2009). The search was performed
in January 2011 for trials published between 1980
and 2010.

Selection of trials

We included randomized trials in adults with full or
subclinical PTSD that compared specific psychological
interventions head-to-head (e.g. CBT compared with
ET) against wait-list (WL), or against another control
intervention using only non-specific intervention com-
ponents such as therapist alliance, general attention or
empathy (e.g. ST). Other potential control interven-
tions, such as standard care involving pharmacological
intervention or the use of pill placebos, were not eli-
gible. Patients were considered to have subclinical
PTSD if they had experienced at least one psychologi-
cal trauma according to DSM-IV criteria and reported
subsequent PTSD symptoms. We included both vet-
eran and civilian samples. For a specific psychological
intervention to qualify, it had to be implemented at
the individual level (rather than as group, family or
couples therapy), include face-to-face contact between
the patient and the therapist (as opposed to telephone
or internet-based interaction between patient and
therapist), consist mainly of verbal communication,
and directly address the trauma or subsequent PTSD
symptoms. Trials had to be published as full journal arti-
cles; there were no language restrictions. We contacted
the authors if the available information was not suffi-
cient to determine inclusion of the trial. Seven investiga-
tors (H.G., T.M., one Ph.D. student and four M.Sc.
students) determined eligibility according to a struc-
tured manual. Eligibility of a random sample of 200
references was determined by all seven investigators;
the κ statistic for the coding of a reference as clearly in-
cluded, clearly excluded or unclear based on the title
and the abstract was 0.73. There were no disagreements
about whether a reference could be excluded based on
title and abstract. In ambiguous cases, a decision was
made by consensus between H.G., T.M. and a senior re-
searcher (J.B.) based on the full text.

Outcome measures

The prespecified primary outcome was severity of
PTSD symptoms after the intervention or at maximum
of 1 month after the intervention was terminated, mea-
sured with a validated scale. We preferred data from
scales that assessed symptoms according to DSM-III/
IV diagnostic criteria over (sub)scales that focused on
only one symptom cluster. When more than one out-
come measure was reported, we extracted the highest
outcome on a predefined hierarchy. Most frequently
used scales were given precedence. Self-rated PTSD
symptoms were preferred to observer-rated PTSD
symptoms, and results from intention-to-treat (ITT)
analyses that included all randomized patients took
precedence over results from analyses that excluded
patients. Both self-rated outcome assessment and ITT
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analyses have been shown to result in conservative ef-
fect estimates (Nüesch et al. 2009; Cuijpers et al. 2010a).

Data extraction and coding

We classified interventions according to eight prespe-
cified categories: WL, SM, ST, ET, CT, EMDR, CBT,
and other psychological interventions (OPIs; see online
Appendix 2 for descriptions of interventions). This
classification was based primarily on the treatment
descriptions in the published study reports. For further
analyses we combined single categories. First, we
reduced the number of intervention categories that re-
lied on cognitive behavioral components: from three
individual categories (i.e. CBT, CT and ET) to two
(i.e. CBTc and ET), to one broad CBT category
(CBTb); EMDR, OPI, ST, SM and WL remained un-
changed. Second, we further reduced the number of
categories to three, with all interventions that were
based on specific intervention components for PTSD
in one category of specific psychological interventions
(i.e. CBT, EMDR, CT, ET and OPI), and interventions
that were used as control for non-specific intervention
components that are common to all psychological
interventions as the second category (i.e. ST and SM),
and WL as the third category.

Studies were classified according to their adherence
to DSM-III/IV criteria for PTSD during patient in-
clusion. Studies in which at least 80% of patients
satisfied DSM-III/IV criteria for PTSD were considered
to adhere to DSM-III/IV criteria for PTSD during
patient inclusion.

We assessed concealment of treatment allocation
(Jüni et al. 2001; Wood et al. 2008), the reporting of
ITT data (Nüesch et al. 2009) and the type of outcome
assessment (Cuijpers et al. 2010a). Concealment of allo-
cation was considered adequate if the investigators re-
sponsible for patient selection did not suspect which
treatment was next before allocation. Analyses were
considered adequate if all recruited patients were
analysed in the group to which they were originally
allocated, regardless of intervention received (ITT prin-
ciple). Analyses were considered inadequate if data
were insufficient to calculate ES based on the ITT sam-
ple. Outcome assessment was classified as self-rated
when the patients used self-rating scales for outcome
assessment, and as observer rated when some other
person was involved in data collection, for example
through clinical interviews.

When necessary, means and measures of dispersion
of clinical outcome data were approximated from
figures in the reports. All trial data were extracted in
duplicate on a standardized form (Epidata 3.1, The
Epidata Association, Denmark) by two out of five
investigators (H.G. or T.M. and three M.Sc. students).

All investigators were trained with a manual in a
2-day training workshop. Disagreements were resolved
after they had been reviewed by a third investigator.
The median κ across all extracted clinical and methodo-
logical characteristics was 0.79 (range 0.62–0.97).

Statistical analysis

For each treatment arm, we standardized mean values
at the end of treatment using the pooled standard
deviation (S.D.) across arms within each trial. If S.D.s
were not provided, we calculated them from standard
errors (S.E.s), confidence intervals (CIs) or other mea-
sures as described elsewhere (Follmann et al. 1992;
Reichenbach et al. 2007).

For the network meta-analysis, we used an extension
of Bayesian random effects models for comparisons of
multiple interventions (Smith et al. 1995; Lu & Ades,
2004). It considers all included comparisons between
interventions, while completely preserving randomiza-
tion within each trial and accounting for correlation be-
tween multiple comparisons within a trial with more
than two treatment arms (Cooper et al. 2006). Pooled
effect sizes (ESs) were derived by the median of the
posterior distribution of the difference in standardized
mean values of two treatments. Negative ESs indicate
the experimental intervention had a beneficial effect
and may be interpreted as described elsewhere
(Cohen, 1988), with −0.20 s.D. units representing a
small, −0.50 a moderate and −0.80 a large difference
between interventions. Corresponding 95% credibility
intervals (CrIs) were derived by the 2.5th and 97.5th
percentiles of the posterior distribution. The between-
trial heterogeneity estimate τ2 was also estimated
from the median of the corresponding posterior distri-
bution. τ represents the S.D. of the underlying dis-
tribution from which the included trials are assumed
to be a random sample. Based on our definition
of small, moderate and large differences between
interventions, we interpreted τ2 as follows: τ2=0.01
[(0.2/2)2] was considered to represent low hetero-
geneity, τ2=0.0625 [(0.5/2)2] moderate heterogeneity
and τ2=0.16 [(0.8/2)2] high heterogeneity between
studies. τ2 has been shown to be independent of the
number of studies and the number of patients
included in the meta-analysis (i.e. no increase with
large numbers of studies or large sample sizes; Rücker
et al. 2008). The consistency of the network was deter-
mined by comparing effect estimates derived by a
meta-analysis including only direct comparisons
with the indirect effect estimates derived by a network
meta-analysis excluding the respective direct compari-
son. This procedurewas applied to all existing pair-wise
comparisons in the analysis dataset. Goodness-of-fit of
the model was assessed with Q–Q plots.
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To determine whether the network of evidence was
affected by small-study effects, we drew contour-
enhanced funnel plots (Peters et al. 2008) and added
lines representing predicted intervention effects de-
rived from random effects meta-regression using the
S.E. as the explanatory variable. Then we assessed
funnel plot asymmetry with a regression test (Egger
et al. 1997).

To determine whether estimated intervention effects
were affected by trial characteristics, we performed
stratified analyses by including an interaction term of
treatment and trial characteristics as covariates in the
network meta-analysis. We considered the following
characteristics: adequate concealment of allocation,
ITT analysis performed, trial size, type of outcome as-
sessment and adherence to DSM-III/IV criteria for
PTSD. p values for interaction effects between trial
characteristics and intervention effects were estimated
from the posterior distribution of covariates. These
p values can be interpreted in the same way as tra-
ditional p values for interaction (Altman & Bland,
2003). We used two cut-offs for trial size. The first
was based on the median of 19 patients per trial arm
observed in included studies, and distinguished be-
tween very small trials with an average of 19 patients
or less per arm, and trials with 20 patients or more.
The second cut-off distinguished between small to
moderate trials with an average of 59 patients or less
per arm, and trials with 60 patients or more. This trial
size yields more than 90% power to detect a moderate
to large ES of −0.60 s.D. units at a two-sided α=0.05.

Finally, we investigated whether different ap-
proaches to classifying psychological interventions
affect meta-analytic results. We subsequently com-
bined single interventions into broader categories.
This was implemented through a fully Bayesian strat-
egy including the network with all psychological inter-
ventions, but effect parameters were restricted to be
equal for comparisons of interventions between groups
(e.g. the specific and the non-specific psychological
interventions) and zero for comparison of interven-
tions within the same group (e.g. interventions within
the CBTb category). The network with effects for
every psychological intervention was compared with
a network based on the group-wise effects through
goodness-of-fit using the deviance information cri-
terion (DIC; Spiegelhalter et al. 2002). We used Stata
releases 11 and 12 (StataCorp LP 2005, USA) and
WinBUGS version 1.4.3 (MRC Biostatistics Unit 2007,
UK) for all analyses.

Results

Initially, we identified 1311 references in our literature
search and found 341 to be potentially eligible (Fig. 1).

Sixty-six trials met our criteria and were included
in the initial network meta-analysis (see online
Appendix 7 for references and online Appendix 3 for
a detailed description of each trial). The 66 trials had
155 arms that qualified for the analysis, with a median
of 19 patients per arm (range 6–143), and a total of 4190
randomized patients. All but one trial was published
in English. Thirty-two trials were conducted in the
USA (48%). The median year of publication was 2003
(range 1989–2010). The most frequently evaluated
specific psychological interventions were CBT in 31
trials (47%), ET in 23 trials (35%), EMDR in 20 trials
(30%), followed by OPI in 14 trials (21%) and CT in
six trials (9%). As control groups, WL was used in 37
trials (56%), followed by ST in 11 trials (17%) and SM
in seven trials (11%) as non-specific control interven-
tions (see Fig. 2 for the network of evidence).

Initial network meta-analysis

All 66 trials contributed to the overall network
meta-analysis. Table 1 presents ESs of all interventions
compared with WL. The five interventions, all based
on specific psychological components, were associated
with large ESs between −1.10 and −1.37. The ESs of
ST and SM as non-specific control interventions
were moderate (ES=–0.62 and −0.58 respectively).
However, the only significant difference between two
psychological interventions was that EMDR out-
performed ST. Figure 3a presents an overview of
pair-wise comparisons (ESs with 95% CrIs) of all inter-
ventions. The τ2 estimate of 0.30 suggested very large
heterogeneity. There was no evidence of network
inconsistency: although direct and indirect effect esti-
mates differed in a range of moderate to large ESs
for some comparisons, all CIs overlapped zero (see
online Appendix 5).

Exploration of variation between trials

Network meta-analyses that were stratified according
to different characteristics of the included trials
showed that the adherence to DSM-III/IV criteria for
PTSD during patient inclusion was the most relevant
moderator, with p=0.01 (Table 1). ESs were larger in
trials that adhered to DSM-III/IV during patient in-
clusion (with the smallest ES of −0.76 for SM and the
largest ES of −1.58 for EMDR) and ESs were smaller
in trials that included patients with subclinical PTSD
(with the smallest ES of −0.10 for ST and the largest
ES of −0.87 for CBT).

Examination of the funnel plot of all psychological
interventions compared with WL indicated asymmetry
with missing trials in areas of non-significance, even
though the corresponding regression test was only
borderline positive (p=0.053; online Appendix 6).
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Heterogeneity remained high in all strata except for
trials with adequate concealment of allocation and
trials with a large trial size. A large amount of hetero-
geneity between effect estimates from individual trials
complicated the interpretation of results in most sub-
groups of trials. Therefore, we highlight the results of
the two subgroups of studies with moderate hetero-
geneity, which allow clearer conclusions to be drawn.

Trials with adequate concealment of allocation

In the 10 trials with adequate concealment of allo-
cation, CBT was used as the specific psychological
intervention in five trials, EMDR in one trial, CT in
four trials, ET in four trials and OPI in two trials.
WL was used as control intervention in four trials
and ST in one trial. The test of interaction was non-
significant (p=0.98). The five interventions, all based
on specific psychological components, had large ESs.
The ES of ST as a non-specific control intervention

was moderate. The only significant difference
between two psychological interventions was that
EMDR outperformed ST (see online Appendix 4).
Table 1 shows that the differences between ESs in the
adequately versus inadequately concealed trials were
only small. Between-trial heterogeneity was moderate
(τ2=0.04).

Large-sized trials

In the seven large-sized trials, CBT was used as the
specific psychological intervention in five trials, ET in
three trials, and traumatic incident reduction (TIR)
therapy classified as OPI in one trial. WL was used
as control intervention in five trials and ST in two
trials. ESs of CBT and ET compared with WL were
smaller than in the initial network meta-analysis
(ES=–0.86 and −0.75 respectively) whereas the ES of
ST as one of the non-specific control interventions
did not change (ES=–0.61). However, the lower

Fig. 1. Flowchart of trial selection.
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number of included trials reduced the precision of the
estimates and the ES for ST was no longer statistically
significant. For TIR therapy classified as OPI, the
benefit was smaller (ES=–0.37) but 95% CrIs of all
psychological interventions under investigation were
largely overlapping: pair-wise comparisons showed
that none of the three specific psychological inter-
ventions was superior to ST (online Appendix 4).
Between-trial heterogeneity was moderate (τ2=0.08).

Reduction of the number of intervention categories

Table 2 shows the results from different models in
which the number of intervention categories was
reduced subsequently. Combining single categories
into broader categories did not affect either ESs or
heterogeneity statistics. In all models we found no
superiority of any specific psychological intervention
over any other specific psychological intervention
(Fig. 3b, c). However, we found evidence for the
superiority of specific over non-specific psychological
interventions. When all specific interventions were
summarized into one broad category and compared
to the non-specific psychological interventions, we
found a moderate superiority of −0.55 (95% CrI
−0.83 to −0.28, τ2=0.29) of specific over non-specific
psychological interventions. The goodness-of-fit of
either modelling all interventions separately or using

the grouping was comparable (DICs between 102.53
and 104.72) with a slight decrease in the models with
fewer categories (Table 2).

Discussion

Main findings

Our network meta-analysis of different psychological
interventions in patients with PTSD symptoms,
which integrated direct and indirect evidence, suggests
that different specific psychological interventions for
treating PTSD have similar benefits. We found no
evidence for the benefit of differentiating between dif-
ferent types of specific psychological interventions
with respect to their effectiveness. We found evidence
for the presence of small-study bias (i.e. the over-
estimation of intervention effects in trials with small
to moderate trial size). Effect estimates were based on
robust evidence with respect to a reasonable number
of trials and the size of the trials only for psychological
interventions that are based on cognitive behavioral
intervention components. Our results from large-sized
trials, however, indicate that STs that are based on non-
specific intervention components might be equally
effective as psychological interventions developed
specifically for the treatment of PTSD symptoms (i.e.
CBT and ET). It is important to note, however, that

Fig. 2. Effect sizes (ESs) and credibility intervals (CrIs) of all interventions compared with wait-list (WL) in the initial network
meta-analysis including 66 trials and network of eligible comparisons between different psychological interventions. Negative
ESs indicate superiority of the intervention compared to WL. Dotted lines indicate which comparisons have not yet been
evaluated in a randomized controlled trial. The width of the lines is proportional to the number of trials comparing each pair
of interventions, and the size of each node is proportional to the number of trials. CBT, Cognitive behavioral therapy;
CT, cognitive therapy; EMDR, eye movement desensitization and reprocessing; ET, exposure therapy; OPI, other
psychological intervention; SM, stress management; ST, supportive therapies.
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Table 1. PTSD outcomes of all interventions compared to wait-list stratified according to methodological and clinical trial characteristics

No. of
trials
(patients)

SM ST OPI ET EMDR CT CBT

τ2 paES (95% CrI) ES (95% CrI) ES (95% CrI) ES (95% CrI) ES (95% CrI) ES (95% CrI) ES (95% CrI)

All trials 66 (4190) −0.58 (−1.09 to −0.06) −0.62 (−1.01 to −0.23) −1.11 (−1.47 to −0.76) −1.10 (−1.40 to −0.81) −1.37 (−1.69 to −1.05) −1.25 (−1.75 to −0.76) −1.10 (−1.36 to −0.85) 0.30

Adequate concealment 0.78
Yes 10 (996) N.E. −0.46 (−1.37 to 0.43) −1.02 (−1.78 to −0.24) −0.84 (−1.49 to −0.22) −1.65 (−2.36 to −0.91) −1.03 (−1.50 to −0.57) −1.05 (−1.52 to −0.55) 0.04
No or unclear 56 (3194) −0.60 (−1.16 to −0.05) −0.61 (−1.06 to −0.17) −1.11 (−1.52 to −0.70) −1.13 (−1.48 to −0.79) −1.36 (−1.71 to −1.00) −1.51 (−2.41 to −0.63) −1.12 (−1.41 to −0.82) 0.37

ITT analyses 0.47
Yes 21 (1986) N.E. −0.76 (−1.32 to −0.21) −1.11 (−1.83 to −0.39) −0.95 (−1.42 to −0.49) −3.01 (−4.12 to −1.92) −1.03 (−1.80 to −0.25) −1.07 (−1.43 to −0.72) 0.21
No or unclear 45 (2204) −0.56 (−1.07 to −0.05) −0.37 (−0.89 to 0.15) −1.04 (−1.44 to −0.66) −1.16 (−1.53 to −0.79) −1.25 (−1.58 to −0.92) −1.36 (−1.97 to −0.77) −1.04 (−1.38 to −0.71) 0.28

Trial size 0.15
Moderate to large (520) 33 (3226) −0.77 (−1.45 to −0.08) −0.68 (−1.09 to −0.28) −0.77 (−1.15 to −0.39) −1.10 (−1.41 to −0.79) −1.42 (−1.82 to −1.03) −1.07 (−1.52 to −0.63) −0.96 (−1.21 to −0.71) 0.17
Small (<20) 33 (964) −0.51 (−1.27 to 0.26) −0.59 (−1.31 to 0.15) −1.54 (−2.20 to −0.90) −0.99 (−1.53 to −0.44) −1.45 (−1.96 to −0.93) −2.24 (−3.81 to −0.68) −1.33 (−1.84 to −0.82) 0.46

Trial size 0.16
Large (560) 7 (1233) N.E. −0.61 (−1.37 to 0.15) −0.37 (−1.20 to 0.48) −0.75 (−1.35 to −0.12) N.E. N.E. −0.86 (−1.33 to −0.37) 0.08
Small to moderate (<60) 59 (2957) −0.63 (−1.15 to −0.09) −0.61 (−1.05 to −0.17) −1.21 (−1.60 to −0.82) −1.18 (−1.50 to −0.86) −1.41 (−1.74 to −1.08) −1.29 (−1.81 to −0.77) −1.16 (−1.44 to −0.87) 0.33

Diagnosis 0.01
PTSD 47 (3032) −0.76 (−1.34 to −0.18) −0.97 (−1.52 to −0.42) −1.11 (−1.66 to −0.57) −1.25 (−1.59 to −0.92) −1.58 (−1.99 to −1.17) −1.35 (−1.88 to −0.82) −1.29 (−1.61 to −0.96) 0.33
Subclinical PTSD 19 (1158) 0.29 (−0.99 to 1.58) −0.10 (−0.60 to 0.43) −0.84 (−1.29 to −0.43) −0.26 (−1.37 to 0.86) −0.85 (−1.32 to −0.35) N.E. −0.87 (−1.24 to −0.51) 0.14

Outcome assessment 0.58
Self 54 (3298) −0.45 (−1.08 to 0.18) −0.71 (−1.16 to −0.25) −1.03 (−1.44 to −0.62) −1.02 (−1.37 to −0.67) −1.42 (−1.75 to −1.08) −1.31 (−1.88 to −0.76) −1.19 (−1.48 to −0.89) 0.30
Observer 12 (892) −0.55 (−1.63 to 0.48) −0.50 (−1.34 to 0.42) −1.30 (−2.13 to −0.50) −1.20 (−1.90 to −0.55) −0.46 (−1.90 to 0.91) −0.96 (−2.22 to 0.27) −0.80 (−1.35 to −0.25) 0.28

PTSD, Post-traumatic stress disorder; CBT, cognitive behavioral therapy; CT, cognitive therapy; CrI, credibility interval; EMDR, eye movement desensitization and reprocessing; ES,
effect size; ET, exposure therapy; ITT, intention-to-treat; OPI, other psychological intervention; τ2, variability between trials; SM, stress management; ST, supportive therapies; N.E., not
estimated: if CrIs were larger than 20 standard deviation (S.D.) units.

a The p value indicates whether the difference between subgroups is significant.
Bold font indicates whether the ES was statistically significant.
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interventions in the ST category may vary considerably
in their actual content. Therefore, the conclusion that
ST, CBT and ET may be equally effective for patients
with PTSD symptoms seems premature and deserves
more examination.

Strengths and weaknesses of the study

This study has several strengths. We performed an ex-
tensive literature search (Egger et al. 2003). To mini-
mize bias and transcription errors, data extraction

(a) N

(b) N

(c) N

Fig. 3. Effect sizes (ESs) and credibility intervals (CrIs) of pair-wise comparisons based on three different models of classifying
interventions. Negative ESs indicate superiority of the row defining intervention compared with the column defining
intervention. Bold font indicates whether the ES was statistically significant. CBT, Cognitive behavioral therapy; CBTb, broad CBT
category; CBTc, CBT with focus on cognitions; CT, cognitive therapy; EMDR, eye movement desensitization and reprocessing;
ET, exposure therapy; OPI, other psychological intervention; SM, stress management; ST, supportive therapy; WL, wait-list.
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was performed electronically and independently by
two investigators (Egger et al. 2001). Components
used for quality assessment are validated and reported
to be associated with bias (Jüni et al. 2001; Wood et al.
2008; Nüesch et al. 2009). Our network meta-analysis
integrated all available evidence on the effectiveness
of psychotherapy from direct and indirect comparisons
into one analysis while fully preserving
randomization.

This research has some limitations. Like standard
meta-analysis, network meta-analysis assumes the in-
cluded trials are drawn from the same population.
This assumption implies, first, that heterogeneity be-
tween ESs of individual trials is small, and second,
that direct and indirect effect estimates do not differ
significantly (i.e. no inconsistency between directly
and indirectly estimated ESs). If present, both hetero-
geneity and inconsistency complicate the interpretation
of results. Although we found no evidence for incon-
sistency in any analysis, heterogeneity was reduced

to a moderate amount only in some subsets of trials
(i.e. trials with adequate concealment of allocation
and large-sized trials).

We included only published trials in our analysis.
In view of the skewed funnel plot, we suggest that in-
cluding unpublished material would probably have
resulted in smaller estimated benefits than those
observed in our study.

We did not analyse the possibly moderating effect of
additional characteristics of the patient sample, such as
chronicity of the symptoms, the type of trauma or
whether it was a veteran or civilian sample. There is
some evidence that such characteristics moderate rela-
tive effects between specific and non-specific psycho-
logical interventions for PTSD (Gerger et al. 2013).
Nor did our study control for researcher allegiance
bias (Munder et al. 2012), which may have introduced
bias in effect estimates. Because data on a compari-
son level such as allegiance cannot be considered in
network meta-analysis, it is likely that researcher

Table 2. Results from different models with combined intervention categories: ESs, heterogeneity and model fit

Model
ES compared with WL
(95% CrI) τ2 DIC

All interventions: initial classification 0.30 104.72
CBT −1.10 (−1.36 to −0.85)
CT −1.25 (−1.75 to −0.76)
EMDR −1.37 (−1.69 to −1.05)
ET −1.10 (−1.40 to −0.81)
OPI −1.11 (−1.47 to −0.76)
ST −0.62 (−1.01 to −0.23)
SM −0.58 (−1.09 to −0.06)

Seven intervention categories: combined CBT, CT 0.31 103.15
CBTc −1.13 (−1.38 to −0.89)
EMDR −1.38 (−1.69 to −1.05)
ET −1.10 (−1.40 to −0.80)
OPI −1.12 (−1.48 to −0.76)
ST −0.63 (−1.02 to −0.25)
SM −0.55 (−1.09 to −0.04)

Six intervention categories: combined CBT, CT, ET 0.30 103.46
CBTb −1.12 (−1.34 to −0.90)
EMDR −1.38 (−1.70 to −1.07)
OPI −1.11 (−1.47 to −0.77)
ST −0.63 (−1.02 to −0.26)
SM −0.55 (−1.07 to −0.05)

Three intervention categories: combined CBT, CT, EMDR, ET, OPI and ST, SM 0.29 102.53
Specific −1.16 (−1.36 to −0.98)
Non-specific −0.61 (−0.94 to −0.28)

CBT, Cognitive behavioral therapy; CBTb, broad CBT category; CBTc, CBT with focus on cognitions; CrI, credibility interval;
CT, cognitive therapy; DIC, goodness-of-fit using the deviance information criterion; EMDR, eye movement desensitization
and reprocessing; ES, effect size; ET, exposure therapy; OPI, other psychological intervention; SM, stress management; ST,
supportive therapies; τ2, variability between trials; WL, wait-list.
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preferences influenced the intervention effects found in
this study to some extent.

Finally, the association of ESs with the adherence
to DSM criteria for PTSD during patient inclusion
is based on aggregated data available on the level
of trials rather than on individual patient data. This
approach is susceptible to the ecological fallacy
(Thompson & Higgins, 2002).

Comparison with other studies

Our findings of large ESs of specific psychological
interventions and moderate ESs of non-specific
psychological interventions are in line with findings
from previous meta-analyses (Bradley et al. 2005;
Bisson & Andrew, 2007). Our results confirmed pre-
vious findings that the effects of psychological inter-
ventions for PTSD are likely to be overestimated
(Watts et al. 2013). However, our results extend pre-
vious findings because our analyses suggest that
such small-study bias was present particularly in
specific psychological interventions for PTSD but not
in non-specific psychological interventions. This
finding is based on exploratory analyses, however,
and needs further examination. The finding that STs
may be as effective as CBT and ET from our analysis
of large-sized trials is confirmed by results from a
recent meta-analysis on present-centred therapy, one
of the STs in our meta-analysis (Frost et al. 2014).
The authors found only a small and non-significant
ES difference between present-centred therapies and
specific psychological interventions for PTSD on
PTSD symptoms.

Classifying interventions into mutually exclusive
categories is a common procedure in meta-analyses
that examine the effectiveness of different types of
interventions. In previous meta-analyses we found
various numbers of categories in addition to variation
in the labelling of individual categories (e.g. Bradley
et al. 2005; Bisson & Andrew, 2007; Watts et al. 2013).
To reduce between-trial heterogeneity, Watts et al.
(2013) subdivided their initial classification into more
specific intervention types subsequently. Such an ap-
proach has the disadvantage that it results in a large
number of intervention categories. As a consequence,
the number of single meta-analyses that need to be
conducted increases while the number of trials sum-
marized in one meta-analysis decreases. By contrast,
our network meta-analyses included all trials at the
same time. We started with a larger number of categor-
ies and reduced the number of categories (i.e. number
of nodes in the network) in subsequent analyses. We
found no evidence that classifying specific psychologi-
cal interventions into single categories according to
their underlying theoretical background would reduce

heterogeneity or provide a better model fit. This
finding can be seen as confirmation of the conclusion
drawn by Benish et al. (2008) and Wampold et al.
(2010), who deny the worth of classifying specific
psychological interventions into categories. For the in-
itial classification of psychological interventions, we
adhered to the labels given by the authors of primary
studies in most cases. However, we cannot rule out
the possibility that interventions within the same cate-
gory differed as to their content, which might have
contributed to heterogeneity.

The association of intervention benefits with metho-
dological quality varied for different types of psycho-
logical interventions. This inconclusive pattern is in
line with previous investigations (Bradley et al. 2005;
Bisson & Andrew, 2007). The results from our analyses
are difficult to interpret because a substantial amount
of heterogeneity remained unexplained in the stratified
analyses. This may be related to the generally unsatis-
factory methodological quality and the predominantly
small sample size of included trials. Besides this, we
calculated interaction effects and the corresponding
p values based on a model that assumes the same inter-
action effect for all comparisons. A more flexible mod-
elling approach would have allowed differential
interactions to be detected for different comparisons
but data were too scarce for such an approach.

Conclusions

Our network meta-analysis suggests that patients with
a formal diagnosis of PTSD and those with subclinical
PTSD symptoms benefit from different psychological
interventions. Those patients with a formal diagnosis,
however, may benefit more from both specific and
non-specific psychological interventions. We did not
identify any intervention that was consistently su-
perior to many or most other specific psychological
interventions. Thus, we agree with the conclusion of
Watts and colleagues that ‘factors, such as access, ac-
ceptability and patient preference should exert strong
and appropriate influence over the choice of treatment’
(Watts et al. 2013, p. e547). Given the availability of
effective treatment options and the severity of the
disorder, the use of WL controls seems unethical and
should be avoided in clinical trials. The effectiveness
of EMDR and those interventions summarized in the
OPI and ST categories in our analyses seems promis-
ing, but robust evidence from large trials with high
study quality is lacking to date. In the future, large-
sized trials should be conducted that compare such
promising interventions with CBT and ET with robust
evidence to expand available treatment options for
PTSD.
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