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ABSTRACT
Objective To appraise the evidence for comparative
efficacy and tolerability of drug treatments in patients
with generalised anxiety disorder.
Design Systematic review of randomised controlled trials.
Primary Bayesian probabilistic mixed treatment metaanalyses allowed pharmacological treatments to be
ranked for effectiveness for each outcome measure, given
as percentage probability of being the most effective
treatment. Secondary frequentist mixed treatment metaanalyses conducted with random effects model; effect
size reported as odds ratio and 95% confidence interval.
Data sources Medline, Embase, BIOSIS, PsycINFO, Health
Economic Evaluations Database, National Health Service
Economic Evaluation Database, and Database of
Abstracts of Reviews of Effects via DataStar, and Cochrane
Database of Systematic Reviews via Cochrane Library
(January 1980 to February 2009).
Eligibility criteria Double blind placebo controlled
randomised controlled trials; published systematic
reviews and meta-analyses of randomised controlled
trials. Randomised controlled trials including adult
participants (aged ≥18) receiving any pharmacological
treatment for generalised anxiety disorder.
Data abstraction methods Titles or abstracts reviewed
initially, followed by review of full text publications for
citations remaining after first pass. A three person team
conducted screening; an independent reviewer checked a
random selection (10%) of articles screened. Data
extracted for meta-analysis were also independently
reviewed.
Main outcome measures Proportion of participants
experiencing ≥50% reduction from baseline score on
Hamilton anxiety scale (HAM-A) (response), proportion
with final HAM-A score ≤7 (remission), proportion
withdrawing from trial because of adverse events
(tolerability).
Results The review identified 3249 citations, and 46
randomised controlled trials met inclusion criteria; 27
trials contained sufficient or appropriate data for
inclusion in the analysis. Analyses compared nine drugs
(duloxetine, escitalopram, fluoxetine, lorazepam,
paroxetine, pregabalin, sertraline, tiagabine, and
venlafaxine). In the primary probabilistic mixed treatment

meta-analyses, fluoxetine was ranked first for response
and remission (probability of 62.9% and 60.6%,
respectively) and sertraline was ranked first for
tolerability (49.3%). In a subanalysis ranking treatments
for generalised anxiety disorder currently licensed in the
United Kingdom, duloxetine was ranked first for response
(third across all treatments; 2.7%), escitalopram was
ranked first for remission (second across all treatments;
26.7%), and pregabalin was ranked first for tolerability
(second across all treatments; 7.7%).
Conclusions Though the frequentist analysis was
inconclusive because of a high level of uncertainty in
effect sizes (based on the relatively small number of
comparative trials), the probabilistic analysis, which did
not rely on significant outcomes, showed that fluoxetine
(in terms of response and remission) and sertraline (in
terms of tolerability) seem to have some advantages over
other treatments. Among five UK licensed treatments,
duloxetine, escitalopram, and pregabalin might offer
some advantages over venlafaxine and paroxetine.

INTRODUCTION
Generalised anxiety disorder is a chronic or relapsing
condition characterised by persistent and pervasive
worrying and tension,1 which causes substantial personal distress and imposes a considerable economic
burden.2 Anxiety disorders are among the most prevalent of mental disorders, and generalised anxiety disorder is the most common impairing anxiety disorder
in primary care.3 The degree of disability attributable
to generalised anxiety disorder compares with that of
major depression and is similar to that of chronic physical illnesses such as peptic ulceration, arthritis,
asthma, and diabetes mellitus.4
Current guidelines for the pharmacological management of generalised anxiety disorder tend to recommend first line treatment with a selective serotonin
reuptake inhibitor or pregabalin.5-7 Updated guidelines from the National Institute for Health and Clinical Excellence (NICE) were published in January
2011. Published systematic reviews and meta-analyses
have compared the effectiveness of psychotropic drugs
for treating generalised anxiety disorder.8-10 These studies, however, compared the effectiveness of only
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METHODS
Literature search

We conducted a systematic review of the literature on
the treatment of generalised anxiety disorder. To be
eligible for inclusion studies had to be double blind,
placebo controlled, phase II, III, or IV randomised
controlled trials of any duration; published systematic
reviews and meta-analyses of randomised controlled
trials; and randomised controlled trials in adults
(aged ≥18) receiving any active drug treatment for generalised anxiety disorder
We retrieved published randomised controlled
trials, systematic reviews, and meta-analyses from January 1980 to February 2009 by conducting a systematic search of mental and general health databases
(Medline, Embase, BIOSIS, PsycINFO, Health Economic Evaluations Database (HEED), National Health
Service Economic Evaluation Database (NHSEED),
and Database of Abstracts of Reviews of Effects
(DARE)) using DataStar on the internet,12 and the
Cochrane Database of Systematic Reviews using the
Cochrane Library on the internet.13 The Medline,
Embase, BIOSIS, and PsycINFO searches were conducted on 30 January 2009; the HEED, NHSEED, and
DARE searches were conducted on 4 February 2009;
the Cochrane Library was searched on 2 February
2009. We used a comprehensive search strategy,
including terms for anxiety and generalised anxiety
disorder, using both UK and American spellings, and
incorporated specific filters for retrieving randomised
controlled trials, meta-analyses, and systematic
reviews in humans. The full search strategy is shown
in appendix 1 on bmj.com. Hand searching was not
performed, but reference lists of identified systematic
reviews, meta-analyses, and pooled analyses were
reviewed to identify further studies. Unpublished studies were not specifically sought but were included if
they were identified from the reference lists of published systematic reviews or meta-analyses.
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Data selection
Identified articles were screened to ensure they met
pre-determined inclusion criteria. Each reviewer was
given a checklist of inclusion criteria specified in the
systematic review protocol, and a structured Excel
spreadsheet was used to ensure uniformity of appraisal
for each study. Titles or abstracts, or both, for all identified citations were reviewed initially, followed by a
second review stage of full text publications for citations remaining after the first pass. A three person
team reviewed the articles at first and second pass,
and an independent reviewer checked a random selection (10%) of filtered articles for consistency.
We used a positive exclusion method, whereby we
excluded only those publications that did not meet one
or more of the inclusion criteria.
Data extraction
The structured Excel spreadsheet onto which data
were extracted ensured uniformity of appraisal for
each study and capture of all relevant data. All data
extracted for meta-analysis were also independently
reviewed. Extracted data consisted of study characteristics (such as treatments and doses, method for diagnosis of generalised anxiety disorder, duration, and
study location) and relevant outcomes (such as anxiety
scores at baseline and end of study, and proportions of
responders and remitters) (see table A on bmj.com).
Outcome measures
There were three primary outcomes: response and
remission were considered as measures of efficacy,
and, because of the absence of a rating scale for side
effects across studies, we used withdrawals because of
adverse events as the measure of tolerability.
“Response” was defined as the proportion of patients
who experienced a reduction of at least 50% from their
baseline score on the Hamilton anxiety scale (HAMA), and “remission” was defined as the proportion of
patients with a final score ≤7. These definitions for
response and remission are consistent with commonly

Placebo

Venlafaxine

Escitalopram

Tiagabine

Duloxetine

Sertraline

Fluoxetine

Pregabalin

Lorazepam

Paroxetine

Fig 1 | Eligible network comparisons between all treatments,
with increasing thickness of lines indicating increasing
number of direct comparisons
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selected treatments (such as benzodiazepines8 10) rather
than all available treatments.
In this systematic review we compared the efficacy
and tolerability of all drug treatments for generalised
anxiety disorder by combining data from published
randomised controlled trials. We also carried out a
subanalysis comparing the five drugs currently
licensed for generalised anxiety disorder in the United
Kingdom (duloxetine, escitalopram, paroxetine, pregabalin, and venlafaxine). The extracted data were combined in a series of mixed treatment meta-analyses,
which incorporated evidence from trials indirectly
comparing drugs with a common comparator (such
as placebo) as well as evidence from direct comparisons of drugs (that is, head to head trials).11 Application
of this approach within a Bayesian framework enabled
treatments to be ranked in terms of the probability of
each treatment being the first or most effective for each
outcome measure.
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Table 1 | Probabilistic analysis showing ranking of treatments by outcome measure according
to currently available evidence for generalised anxiety disorder
Response*

Remission†

Withdrawal‡

Fluoxetine§

Fluoxetine§

Sertraline§

2

Lorazepam§

Escitalopram

Pregabalin

3

Duloxetine

Venlafaxine

Fluoxetine§

4

Sertraline§

Paroxetine

Paroxetine

5

Paroxetine

Sertraline§

Tiagabine§

6

Pregabalin

Duloxetine

Venlafaxine

7

Venlafaxine

Tiagabine§

Escitalopram

8

Escitalopram

NA

Duloxetine

9

Tiagabine§

NA

Lorazepam§

NA=not available (not all studies reported on this outcome for all drugs).
*
Proportion of patients who experienced reduction of ≥50% from their baseline Hamilton anxiety scale score.
†Proportion of patients with final HAM-A score ≤7.
‡Percentage of patients withdrawing from study because of adverse events.
§Not licensed for generalised anxiety disorder in UK.

used thresholds in clinical studies and those reported in
the 2007 National Institute for Health and Clinical
Excellence guideline.7 We extracted and analysed
data on withdrawals when these were reported but
did not specifically obtain these for studies that did
not report this outcome: the withdrawals outcome
was defined as the percentage of patients withdrawing
from the trial because of adverse events.
Statistical analysis
Analyses were performed on data that were explicitly
reported in the individual papers, with no imputations
for data that were not reported. When available, we
analysed the intention to treat population; when this
was not possible, we used data from the last observation carried forward.
The network of treatment comparisons (fig 1)
formed the basis for two sets of mixed treatment
meta-analyses (described below), which combine
both direct and indirect evidence in a single model. 11

Primary analyses
The primary analyses were conducted with a Bayesian
Markov chain Monte Carlo method and fitted with the
Bayesian software in WinBUGS (Medical Research
Council Biostatistics Unit, Cambridge, UK).14 For the
analyses in WinBUGS, every sample consisted of
20 000 iterations with an initial burn-in period of
1000 iterations. The model framework, stratified by
study, included univariate random effects to allow for
apparent heterogeneity between studies in the treatment comparison effects. The probability of the outcome was modelled with a binomial distribution, as
described in detail elsewhere,15 and each pair of treatments was compared by estimating the odds ratio of
the outcome. Each study within each random effects
meta-analysis had a weight based on the variation
within the study. We assumed that each of the log
odds ratios had been sampled from a normal distribution and that treatment effects are wholly exchangeable within studies. The model was checked for
convergence by considering the relevant kernel
BMJ | ONLINE FIRST | bmj.com

Secondary analyses
The secondary analyses were carried out in a frequentist framework in Stata version 9 (StataCorp, College
Station, Texas). These were designed to support the
validity of any findings identified in the primary probabilistic analyses. The model framework, stratified by
study, included random effects to allow for apparent
heterogeneity between studies in treatment comparison effects (assumed to be consistent for each comparison). All outcome measures considered in the
secondary analyses (response, remission, and withdrawals because of adverse events) were binary so we
reported the odds ratio as the summary statistic. Differences between treatments were tested for significance
at the 95% significance level.

Potentially relevant publications
identified by literature search (n=3249)
First pass
screening

Rejected at first pass (n=3094)
Full length articles retrieved (n=155)

Second pass
screening

Rejected at second pass (n=98):
Inappropriate population (n=20)
Insufficient data (n=61)
Duplicates (n=5)
Unobtainable for screening (n=12)
Meta-analysis, systematic review,
or pooled analyses (n=11)

Randomised controlled trial eligible for data extraction (n=46)

Data
selection

Rejected at data extraction (n=19):
Duplicates (n=2)
Insufficient data (n=4)
Insufficient network connections (n=13)

Randomised controlled trial included in analysis (n=27)

Fig 2 | Progression of articles through each stage of systematic
review
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Ranking
1

density plots and was also checked diagnostically
through the autocorrelation plots within WinBUGS,
which showed that throughout the iterative process
the autocorrelation was satisfactorily reduced to a
nominal amount. We chose “vague prior parameters,”
given the relatively novel analytical approach,16 especially within this area. The prior parameters for the
model were fixed because of the goodness of fit of
data to the model and the fact that the prior parameters
were relatively vague. The initial values used were varied and tested in the models, with both specified and
auto-generated data. In all cases the effect estimates
converged to a common figure.
A benefit of this modelling technique was that treatments could be ranked by using probabilistic statements, and the probability of each treatment being
ranked first/most effective could be determined for
each outcome measure. We carried out a subanalysis
of drugs licensed for the treatment of generalised anxiety disorder in the UK at the time our analysis was
conducted.
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Mixed treatment meta-analyses
We performed two different mixed treatment metaanalyses: the primary analysis consisted of a Bayesian
probabilistic analysis and the secondary analysis used
frequentist methods. The network of treatments for
generalised anxiety disorder on which both sets of analyses were based (see fig 1 allowed both direct evidence
(from head to head trials) and evidence from trials
indirectly comparing drugs with a common comparator (such as placebo) to be combined. Figure 3 shows
quantification of the direct evidence used to inform the
network of eligible comparisons, which relied heavily
on comparison of active treatment with placebo.
Table 1 shows the results of the primary analysis. In
these analyses, drug treatments were ranked in terms of
effectiveness for each of the three outcome measures.
Figure 4 shows the percentage probability of each
treatment being ranked the most effective for the
three outcome measures. Probabilistic analyses also
allowed the probability of each active treatment
being ranked at each position (that is, first to ninth) to
be calculated for each outcome (fig 5).
Tables 2-4 present the results of the secondary analyses, which compared each UK licensed treatment for
generalised anxiety disorder with each other drug
treatment for each of the three outcomes.
The appropriateness of the model framework used
in the secondary analyses was supported by the test for
consistency between the results of the direct comparison meta-analyses and those of the mixed treatment
meta-analyses (see table B on bmj.com). Although
there were 28 possibilities for direct treatment comparisons, based on the number of treatments investigated
(fig 3), only six included studies provided direct

RESULTS
Data selection
Figure 2 shows selection process for articles. The systematic search identified 3249 potentially relevant
publications. First pass screening eliminated 3094,
leaving 155 full text articles to be reviewed at the second pass stage. Of these, 46 trials met the inclusion
criteria, but only 27 contained sufficient or appropriate
data to be included in the analysis. 17-43 Of the 19 trials
rejected at data selection, two presented duplicate
data, 23 39 four presented insufficient data for extra
ction, 44-47 and 13 presented insufficient network connections (that is, the only randomised controlled trials
for a particular drug or the comparator in the study was
inappropriate). 48-60 Table A on bmj.com gives details
of the 27 included trials.
The data extracted from these 27 publications
allowed analyses to be performed for nine treatments:
duloxetine, escitalopram, fluoxetine, lorazepam, paroxetine, pregabalin, sertraline, tiagabine, and venlafaxine. Eight of the trials identified examined
venlafaxine, five escitalopram, five pregabalin, five
paroxetine, five duloxetine, three sertraline, two lorazepam, two tiagabine, and one fluoxetine (containing
links to two treatments of interest).

Duloxetine Escitalopram Fluoxetine Lorazepam Paroxetine
Duloxetine
Escitalopram
Fluoxetine
Lorazepam
Paroxetine
Placebo

–

–

–

–

Placebo

Pregabalin Sertraline

Tiagabine Venlafaxine

–

5

–

–

–

2

–

2

4

–

–

–

–

–

–

1

–

–

–

1

–

3

2

–

–

–

3

–

1

–

–

5

2

2

8

–

–

1

–

–

Pregabalin
Sertraline
Tiagabine

–

Venlafaxine

Fig 3 | Number of direct comparisons between treatments (or placebo) for generalised anxiety
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Of the included studies, 26 were published in 2001
or later and one was published in 1999. Most participating patients were from the European Union or the
United States. Twenty three studies reported response
outcomes, 23 reported data on withdrawals because of
adverse events, and 14 studies contained information
on remission.

We tested the validity of the mixed treatment model
by comparing the consistency of results between the
mixed treatment meta-analyses and the direct comparison meta-analyses of the UK licensedtreatmentsversus
all active treatments of interest and all active treatments
versus placebo. This was done by calculating the difference between the odds ratios for each pairwise
comparison (mixed treatment comparison − direct
comparison) and conducting an unpaired t test to
identify differences in effect estimate between the two
models. The results were considered significant (that is,
inconsistent) if the 95% confidence interval did not
contain zero. Ideally, the difference in the odds ratio
should be zero (that is, results of the direct and indirect
meta-analyses are identical) (see table B on bmj.com.).
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Table 2 | Results of secondary mixed treatment meta-analyses comparing UK licensed treatments with other treatments in terms of response (proportion of
patients who experienced reduction of ≥50% from baseline in Hamilton anxiety scale score). Figures are odds ratios* (95% confidence intervals)

Duloxetine

Escitalopram

Fluoxetine

Lorazepam

Paroxetine

Pregabalin

Sertraline

Tiagabine

Venlafaxine

—

1.45
(0.68 to 3.18)

0.84
(0.35 to 1.97)

0.87
(0.45 to 1.72)

1.06
(0.51 to 2.22)

1.12
(0.75 to 1.67)

1.01
(0.59 to 1.73)

1.62†
(1.01 to 2.55)

1.01
(0.76 to 1.35)

Escitalopram

0.67
(0.32 to 1.47)

—

0.39
(0.1 to 1.64)

0.59
(0.23 to 1.55)

0.96
(0.29 to 1.63)

0.76
(0.34 to 1.7)

0.68
(0.29 to 1.59)

1.09
(0.48 to 2.46)

0.77
(0.35 to 1.65)

Paroxetine

0.95
(0.46 to 1.98)

0.9
(0.45 to 1.78)

0.57
(0.13 to 2.36)

0.83
(0.33 to 2.06)

—

1.08
(0.5 to 2.32)

0.96
(0.42 to 2.16)

1.54
(0.69 to 3.33)

1.09
(0.51 to 2.23)

Pregabalin

0.89
(0.6 to 1.32)

1.3
(0.59 to 2.9)

0.74
(0.29 to 1.86)

0.78
(0.49 to 1.24)

0.94
(0.44 to 2.02)

—

0.88
(0.49 to 1.58)

1.42
(0.84 to 2.4)

0.94
(0.67 to 1.32)

Venlafaxine

0.99
(0.74 to 1.32)

1.3
(0.62 to 2.82)

0.87
(0.38 to 2.01)

0.77
(0.45 to 1.32)

0.93
(0.46 to 1.96)

1.06
(0.76 to 1.49)

0.87
(0.53 to 1.5)

1.41
(0.92 to 2.25)

—

Placebo

0.45†
(0.38 to 0.54)

0.67
(0.39 to 1.14)

0.27†
(0.09 to 0.81)

0.40†
(0.24 to 0.66)

0.48†
(0.30 to 0.77)

0.52†
(0.39 to 0.68)

0.45†
(0.33 to 0.62)

0.81
(0.64 to 1.08)

0.53†
(0.45 to 0.61)

Duloxetine

*OR >1 favours UK licensed treatment (or placebo) in left hand column; OR <1 favours treatment along top.
†Significant at P<0.05.

Remission
When we ranked all active treatments in terms of
remission (table 1), fluoxetine was ranked highest,
with a 60.6% probability of being the most efficacious
treatment for this outcome (fig 4). In the subanalysis of
UK licensed treatments, escitalopram was ranked first
BMJ | ONLINE FIRST | bmj.com

Withdrawals because of adverse events
The primary analysis allowed treatments to be ranked
in terms of tolerability, measured as the percentage of
patients who withdrew from studies because of adverse
events (table 1). Sertraline was ranked first (that is, it
was associated with the lowest percentage of withdrawals), with a 49.3% probability of being the best for this
Percentage probability ranked first

Response
In the primary probabilistic analysis, fluoxetine was
ranked first for response. Figure 4 shows the percentage probability of each treatment being ranked the
most effective for response. Fluoxetine had the greatest
probability of being the most efficacious treatment
(probability 62.9%). In a subanalysis considering
response data for UK licensed treatments (see table 1),
duloxetine was ranked first (third across all treatments), though it had a only 2.7% probability of
being the most effective treatment for response (fig 4).
Table 2 shows the results of the secondary frequentist analyses, comparing each active treatment (and placebo) for response. These analyses showed that all
treatments were favoured over placebo (odds ratio
<1). The difference between treatments and placebo
was significant (table 2), except in comparisons with
escitalopram (odds ratio 0.67, 95% confidence interval
0.39 to 1.14) and tiagabine (0.81, 0.64 to 1.08).
In contrast with comparisons with placebo, there
were few significant differences in terms of response
when we compared UK licensed treatments with
“active” treatments. The only significant difference
was for the comparison between duloxetine and tiagabine, which favoured duloxetine (1.62, 1.01 to 2.55).

(second across all treatments) in terms of remission
(table 1), having a 26.7% probability of being the
most efficacious (fig 4).
Table 3 reports the results of the secondary analyses
in terms of remission. These analyses showed that all
active treatments were favoured over placebo (odds
ratio <1) in terms of inducing remission. With the
exception of tiagabine (0.76, 0.57 to 1.01), the difference between treatments was significant. When we
compared UK licensed treatments with other active
treatments, venlafaxine was superior to tiagabine
(1.74, 1.07 to 2.95); there were, however, no significant
differences between the other treatments.
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comparison data (the remaining studies were of active
treatment versus placebo). Furthermore, not all of
these studies reported results of the direct comparisons
for each of the outcome measures of interest. Of the 18
possibilities (six direct comparisons × three outcomes)
there were 14 pieces of direct evidence reported, 13 of
which were deemed to be consistent with the indirect
evidence.

Fig 4 | Probabilistic analysis showing percentage probability of
each treatment being ranked first by outcome measure.
Numbers in parentheses indicate number of trials analysed
for each treatment. Remission data were not available for
lorazepam and pregabalin. *Drug licensed in UK
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UK licensed
treatments
and placebo
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Table 3 | Results of secondary mixed treatment meta-analyses comparing UK licensed treatments with other treatments considered, in terms of remission
(proportion of patients with final Hamilton anxiety scale score ≤7). Figures are odds ratios* (95% confidence intervals)

Duloxetine

Duloxetine

Escitalopram

Fluoxetine

Paroxetine

Sertraline

Tiagabine

Venlafaxine

—

0.62 (0.29 to 1.32)

0.57 (0.28 to 1.43)

0.85 (0.5 to 1.46)

0.9 (0.43 to 1.84)

1.42 (0.88 to 2.25)

0.83 (0.64 to 1.08)

Escitalopram

1.61 (0.73 to 3.5)

—

0.72 (0.15 to 3.78)

1.38 (0.59 to 3.3)

1.43 (0.52 to 3.84)

2.21 (0.95 to 5.06)

1.31 (0.56 to 2.81)

Paroxetine

1.18 (0.68 to 2.03)

0.74 (0.32 to 1.78)

0.49 (0.11 to 2.47)

—

1.06 (0.46 to 2.42)

1.66 (0.89 to 3.03)

0.96 (0.52 to 1.64)

Venlafaxine
Placebo

1.2 (0.93 to 1.56)

0.77 (0.37 to 1.7)

0.71 (0.3 to 1.64)

1.05 (0.62 to 1.9)

1.1 (0.52 to 2.33)

1.74† (1.07 to 2.95)

—

0.53† (0.47 to 0.65)

0.34† (0.20 to 0.57)

0.24† (0.06 to 0.97)

0.45† (0.33 to 0.63)

0.78† (0.29 to 0.78)

0.76 (0.57 to 1.01)

0.45† (0.37 to 0.55)

* OR >1 favours UK licensed treatment (or placebo) in left hand column; OR <1 favours treatment along top.
†Significant at P<0.05.

outcome (fig 4). Lorazepam was ranked last in terms
(that is, it was associated with the highest percentage
of study withdrawals).
In the subanalysis of UK licensed treatments (see
table 1), pregabalin was ranked first (second across
all treatments), with a 7.7% probability of being the
best tolerated of all treatments considered, and duloxetine was ranked last in terms of withdrawals because
of adverse events (fig 4).
Table 4 shows the results of the secondary analyses
for withdrawals because of adverse events: placebo
was favoured over all active treatments . The difference
between treatments was significant except for comparisons with fluoxetine (1.54, 0.13 to 16.67) and sertraline
(1.12, 0.61 to 2.04). When we compared withdrawals
because of adverse events for UK licensed treatments
and other active treatments, pregabalin was superior to
duloxetine (1.97, 1.07 to 3.63) and lorazepam (1.92,
1.17 to 3.16) and sertraline was superior to duloxetine
(0.34, 0.13 to 0.83). There were no significant differences between any of the remaining comparisons
(table 4).
There were insufficient data to look at funnel plots
for small study effects (which could be caused by publication bias) as this is recommended only when there
are at least 10 studies.61 Using Begg’s test we found no
evidence of publication bias in any of the analyses,
except for withdrawals because of adverse events
when we considered all active treatments (P=0.005).
DISCUSSION
Principal findings
Primary probabilistic mixed treatment meta-analyses
comparing drug treatments for generalised anxiety disorder showed that fluoxetine was ranked first in terms
of response and remission and sertraline was ranked
first in terms of withdrawals because of adverse events.
Guidance from the General Medical Council
encourages treatments to be prescribed within their
licensed indications,62 so we performed subanalyses
to assess the comparative efficacy of treatments
licensed for generalised anxiety disorder in the UK.
In these analyses, duloxetine, escitalopram, and pregabalin were ranked first for response, remission, and
withdrawals because of adverse events, respectively.
Secondary frequentist mixed treatment meta-analyses
page 6 of 11

showed that all active treatments were favoured over
placebo in terms of response and remission, whereas
placebo was favoured over all active treatments in
terms of tolerability (withdrawals because of adverse
events). There were few significant differences
between active treatments in terms of response and
remission. This might be expected as many of the
included studies were powered to find superiority to
placebo and non-inferiority to active treatment. As
our primary probabilistic analysis did not rely on significant outcomes, however, treatments could still be
ranked in terms of effectiveness.
Strengths and weaknesses of the study
The strength of our analysis rests on its robust and
transparent design. Our predefined research question
was answered by conducting a systematic literature
review of all published randomised controlled trials
of drug treatments for generalised anxiety disorder.
In addition to a systematic search of electronic databases, we identified further studies, some of which
were unpublished, by reviewing the reference lists of
published pooled analyses and meta-analyses. Our
analysis used standard and prespecified definitions
for response and remission, as measured with the
observer rated scale for assessing anxiety symptoms
(HAM-A). We chose the proportion of patients withdrawing because of adverse events during treatment as
the best measure of overall tolerability as no single rating scale for side effects was used across studies. We
analysed extracted data using robust statistical methods and our primary probabilistic analysis using a
Bayesian approach allowed treatments to be ranked
in terms of the three outcomes measured. The Bayesian analysis allowed both direct and indirect data to
be combined in a robust and more intuitive way than in
a standard frequentist analysis; probabilities are easier
to understand and interpret than P values. Although
Bayesian analysis includes a subjective element, this
has been minimised, and there was consistency
between the direct and mixed treatment evidence.
There were, however, some weaknesses. We did not
specifically search for unpublished data, so despite a
comprehensive search strategy to identify published
studies and any unpublished studies referenced in previous systematic reviews and meta-analyses, there
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Table 4 | Results of secondary mixed treatment meta-analyses comparing UK licensed treatments with other treatments considered, in terms of percentage
of patients withdrawing because of adverse events. Figures are odds ratios* (95% confidence intervals)

Duloxetine

Escitalopram

Fluoxetine

Lorazepam

Paroxetine

Pregabalin

Sertraline

Tiagabine

Venlafaxine

—

0.78
(0.36 to 1.74)

0.49
(0.1 to 2.38)

1.46
(0.54 to 3.92)

0.71
(0.32 to 1.57)

0.5†
(0.27 to 0.91)

0.34†
(0.13 to 0.83)

0.74
(0.34 to 1.56)

0.81
(0.55 to 1.19)

Escitalopram

1.32
(0.56 to 2.97)

—

0.62
(0.04 to 6.47)

1.91
(0.61 to 5.58)

0.94
(0.36 to 2.29)

0.66
(0.27 to 1.52)

0.44
(0.15 to 1.22)

0.97
(0.38 to 2.37)

0.98
(0.41 to 2.22)

Paroxetine

1.4
(0.59 to 3.43)

0.73
(0.3 to 1.78)

0.58
(0.03 to 8.51)

2.03
(0.61 to 6.95)

—

0.67
(0.27 to 1.69)

0.46
(0.16 to 1.43)

1.02
(0.41 to 2.76)

1.05
(0.44 to 2.62)

Pregabalin

1.97†
(1.07 to 3.63)

1.58
(0.69 to 3.57)

0.77
(0.16 to 3.82)

1.92†
(1.17 to 3.16)

1.38
(0.62 to 3.25)

—

0.66
(0.26 to 1.76)

1.47
(0.65 to 3.32)

1.57
(0.94 to 2.62)

Venlafaxine

1.24
(0.84 to 1.83)

1.07
(0.47 to 2.34)

0.49
(0.11 to 2.09)

1.47
(0.71 to 3.07)

0.94
(0.41 to 2.05)

0.63
(0.38 to 1.04)

0.43
(0.17 to 1.05)

0.99
(0.46 to 2.11)

—

Placebo

3.57†
(2.50 to 5.26)

2.86†
(1.64 to 4.76)

1.54
(0.13 to 16.67)

2.26†
(2.5 to 11.11)

5.26†
(2.50 to 11.11)

1.79†
(1.15 to 2.78)

1.12
(0.61 to 2.04)

2.56†
(1.64 to 4.0)

Duloxetine

2.70†
(1.79 to 4.0)

*OR >1 favours UK licensed treatment (or placebo) in left hand column; OR <1 favours treatment along top.
†Significant at P<0.05.

could be unpublished studies we did not identify. All
included studies were sponsored by manufacturers and
potentially open to bias, though this would probably
affect all drugs similarly. The asymmetry that exists
in the analysis of withdrawals because of adverse
effects could be caused by publication bias but could
also be caused by the heterogeneity that exists between
studies, not least between the different active treatments considered. The funnel plots also illustrated
the difficulty of comparing various treatments in this
manner, with two studies having high odds ratios for
response compared with most studies. One of these
was the fluoxetine study. As this was the only study
involving fluoxetine, it is uncertain whether this study
is an outlier because fluoxetine is a more efficacious
drug or if it is a positive outlier (high odds ratio) that
is not matched with a negative outlier (low odds ratio),
which might suggest publication bias. Funnel plots
were constructed both with and without the outlying
studies.
We used a single reviewer to assess publications during the data selection stages of the systematic review.
As eligibility criteria were relatively simple there was
limited scope for erroneous exclusion of suitable publications. In addition, the eligibility criteria were sufficiently restrictive to ensure that we included only
higher quality publications (that is, only double blind
randomised controlled trials) in our meta-analysis. We
did not consider covariate effects such as history of
previous treatment or study region in the model as
these were not explicitly reported in the included studies. Although comorbidity is common in generalised
anxiety disorder (particularly with depression and
other anxiety disorders), potential participants with
relevant comorbidity were excluded from the included
studies so we could not examine the effects of comorbid depression or other anxiety disorders on clinical
outcomes.
Our analysis also had some limitations that were largely inherent in the evidence available for mixed treatment meta-analyses. For example, placebo was often
BMJ | ONLINE FIRST | bmj.com

the common comparator but response rates to placebo
in generalised anxiety disorder are highly variable.63
This might have affected the strength of such analyses
and could have contributed to the lack of significance
in many treatment comparisons. The strength and
validity of some treatment comparisons were also
affected by the limited data used to inform the statistical analyses. For example, we found few randomised
controlled trials for comparisons of fluoxetine, sertraline, or tiagabine. For fluoxetine and tiagabine we
found only one study (containing links to two treatments of interest) forming the evidence base for the
favourable ranking of fluoxetine33 and two studies for
the unfavourable ranking of tiagabine18 23 in terms of
response and remission.
Finally, although diagnostic checks showed model
convergence, we did not perform sensitivity analyses
around baseline prior parameterisation and covariance structure for treatment effects. However, different initial values were considered and the respective
models were compared to determine if these had any
bearing on the output.
Strengths and weaknesses in relation to other studies
There are limited published data comparing all available drug treatments for generalised anxiety disorder.
A similar network meta-analysis published by Cipriani
and colleagues in 2009 ranked antidepressant drugs in
terms of response and early withdrawals for any reason
but this was in patients with depression rather than generalised anxiety disorder.64 Our analysis did not identify a single drug (or class of drugs) that could be
considered superior to other drugs. This is consistent
with the results of another meta-analysis, which was
unable to differentiate between the beneficial effects
of benzodiazepines and azapirones.10 As our primary
probabilistic analysis did not rely on significant outcomes, however, the comparative effectiveness of
active treatments could still be assessed, based on the
probability of each treatment being most effective or
first in terms of each outcome. “Response” is a good
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Fig 5 | Individual rankings for outcomes for response, remission, and withdrawals because of adverse events for each of treatments considered. Ranking
indicates probability that treatment is first, second, third most effective and so on among nine treatments considered

measure of the reduction in severity of symptoms;
“remission” represents another important outcome,
as patients who respond might still have troublesome
residual symptoms and an increased risk of relapse.65 66
Our study ranked the selective serotonin reuptake
inhibitors fluoxetine and escitalopram first and second,
respectively, in terms of remission. This accords with
previous7 and current67 guidelines from the National
Institute for Health and Clinical Excellence and a
recent comprehensive review of
pharmacotherapies,68 which both suggest that selective
serotonin reuptake inhibitors should be considered as
first line treatment because of their favourable efficacy
and tolerability. We did not perform a cost effectiveness analysis so cannot comment on efficacy and tolerability benefits in relation to costs. The recent National
Institute for Health and Clinical Excellence guideline
suggests that sertraline might be the most cost effective
drug, based on economic modelling.67
Interpretation
The findings of this meta-analysis suggest that selective
serotonin reuptake inhibitors are the most effective
drug treatment option for patients with generalised
anxiety disorder. This is consistent with previous and
current National Institute for Health and Clinical
page 8 of 11

Excellence guidelines and the results of a supportive
analysis, which recommend selective serotonin reuptake inhibitors as first line treatment for long term
management.7 67 68 In our analysis, fluoxetine was the
most efficacious drug in terms of remission, but the
limited evidence on which the fluoxetine analysis was
based casts doubt on the robustness of this finding.
Furthermore, within the European Union the granting
of a licence for treatment of generalised anxiety disorder requires proof of both acute efficacy and efficacy
over the long term, and neither fluoxetine nor sertraline have proved efficacy in prevention of relapse. In
the subanalysis that compared treatments currently
licensed for generalised anxiety disorder in the UK,
escitalopram was ranked first in terms of symptomatic
remission.
Intriguingly, the results relating to the differing measures of response and remission in our meta-analysis
do not seem to correlate well. By contrast, in clinical
studies, response and remission treatment outcomes
correlate highly; by definition, patients achieving
remission will also have achieved a response.22 36 39
The possible reasons for the lack of correlation in our
analysis are that our approach compared response and
remission rates across a broad range of clinical studies,
in varying settings, and was conducted in groups of
BMJ | ONLINE FIRST | bmj.com
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Recent guidelines tend to recommend a selective serotonin reuptake inhibitor for first line
treatment on the basis of benefit in reducing anxiety symptoms with generally mild side
effects, but the comparative efficacy and tolerability of treatments is uncertain

WHAT THIS STUDY ADDS
In this mixed treatment meta-analysis fluoxetine was ranked first for response and remission
and sertraline was ranked first for tolerability
Among treatments licensed specifically for generalised anxiety disorder in the UK, duloxetine,
escitalopram, and pregabalin might offer some advantages over venlafaxine and paroxetine

patients with differing severity of symptoms and
undergoing treatment with varying regimens. As a
result, the data informing our meta-analysis did not
represent a discrete or continuous population and
some studies included in our analysis reported
response rates only, with no remission data. Furthermore there was no evidence of a correlation between
baseline HAM-A score and either the percentage of
patients achieving a response or the percentage achieving remission (ρ=0.09 and ρ=−0.05, respectively).
The current evidence base used to inform this metaanalysis was limited. There were few studies directly
comparing active treatments (that is, head to head studies). In addition, we could evaluate only the initial
phase of treatment (6-8 weeks), whereas generalised
anxiety disorder is generally regarded as a long term
condition requiring long term treatment.
Unanswered questions and future research
A more complex model with incorporation of covariate effects could be implemented in further work to
elucidate and therefore adjust for other factors that
might have an impact on parameters as these would
manage any variation between the direct and indirect
evidence. Finally, we identified relatively little published evidence on patient reported outcomes such as
quality of life in generalised anxiety disorder. These
limitations in the evidence base could form the rationale for future research investigating comparative
effectiveness of treatments used in generalised anxiety
disorder over the longer term.
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