
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Augmentation of cognitive and behavioural therapies (CBT) with d-
cycloserine for anxiety and related disorders (Review)

 

  Ori R, Amos T, Bergman H, Soares-Weiser K, Ipser JC, Stein DJ  

  Ori R, Amos T, Bergman H, Soares-Weiser K, Ipser JC, Stein DJ. 
Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders. 
Cochrane Database of Systematic Reviews 2015, Issue 5. Art. No.: CD007803. 
DOI: 10.1002/14651858.CD007803.pub2.

 

  www.cochranelibrary.com  

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders
(Review)

 

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD007803.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 9

OBJECTIVES.................................................................................................................................................................................................. 10

METHODS..................................................................................................................................................................................................... 10

RESULTS........................................................................................................................................................................................................ 15

Figure 1.................................................................................................................................................................................................. 16

Figure 2.................................................................................................................................................................................................. 19

Figure 3.................................................................................................................................................................................................. 20

Figure 4.................................................................................................................................................................................................. 25

Figure 5.................................................................................................................................................................................................. 26

Figure 6.................................................................................................................................................................................................. 27

DISCUSSION.................................................................................................................................................................................................. 27

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 30

ACKNOWLEDGEMENTS................................................................................................................................................................................ 30

REFERENCES................................................................................................................................................................................................ 31

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 39

DATA AND ANALYSES.................................................................................................................................................................................... 79

Analysis 1.1. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 1 Treatment eCicacy: treatment responders - end of treatment........................................................

83

Analysis 1.2. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 2 Treatment eCicacy: treatment responders - 1-12 month follow up.................................................

84

Analysis 1.3. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 3 Treatment acceptability: withdrawals from treatment - end of treatment.....................................

85

Analysis 1.4. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 4 In remission - end of treatment........................................................................................................

86

Analysis 1.5. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 5 In remission - 1-6 month follow up...................................................................................................

87

Analysis 1.6. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 6 Condition-specific anxiety symptoms - end of treatment................................................................

88

Analysis 1.7. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 7 Condition-specific anxiety symptoms - 1-12 month follow up........................................................

89

Analysis 1.8. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 8 Co-morbid symptoms of depression - end of treatment..................................................................

90

Analysis 1.9. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 9 Co-morbid symptoms of depression - 1-6 month follow up............................................................

90

Analysis 1.10. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 10 Co-morbid anxiety symptoms - end of treatment..........................................................................

91

Analysis 1.11. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 11 Co-morbid anxiety symptoms - 3-5 month follow up.....................................................................

92

Analysis 1.12. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 12 Quality of life - end of treatment.....................................................................................................

92

Analysis 1.13. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 13 Quality of life - 1 month follow up..................................................................................................

92

Analysis 1.14. Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults, Outcome 14 Adverse events leading to hospitalisation or discontinuation - end of treatment........................

93

Analysis 2.1. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 1 Treatment eCicacy: treatment responders - end of treatment.........................

95

Analysis 2.2. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 2 Treatment eCicacy: treatment responders - 3-12 month follow up..................

96

Analysis 2.3. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 3 Treatment acceptability: withdrawals from treatment - end of treatment........

96

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.4. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 4 In remission - end of treatment.........................................................................

97

Analysis 2.5. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 5 In remission - 3-12 month follow up..................................................................

97

Analysis 2.6. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 6 Condition-specific anxiety symptoms - end of treatment.................................

98

Analysis 2.7. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 7 Condition-specific anxiety symptoms - 3-12 month follow up..........................

98

Analysis 2.8. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 8 Co-morbid symptoms of depression - end of treatment...................................

99

Analysis 2.9. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 9 Co-morbid symptoms of depression - 3-12 month follow up............................

99

Analysis 2.10. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 10 Co-morbid anxiety symptoms - end of treatment...........................................

100

Analysis 2.11. Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents, Outcome 11 Co-morbid anxiety symptoms - 3 month follow up.........................................

100

ADDITIONAL TABLES.................................................................................................................................................................................... 101

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 105

DECLARATIONS OF INTEREST..................................................................................................................................................................... 105

SOURCES OF SUPPORT............................................................................................................................................................................... 105

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 105

INDEX TERMS............................................................................................................................................................................................... 106

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ii



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Augmentation of cognitive and behavioural therapies (CBT) with d-
cycloserine for anxiety and related disorders

Rasmita Ori1, Taryn Amos1, Hanna Bergman2, Karla Soares-Weiser2, Jonathan C Ipser1, Dan J Stein1

1Department of Psychiatry and Mental Health, University of Cape Town, Cape Town, South Africa. 2Enhance Reviews Ltd, Wantage, UK

Contact: Taryn Amos, Department of Psychiatry and Mental Health, University of Cape Town, Cape Town, South Africa.
tarynamos@gmail.com.

Editorial group: Cochrane Common Mental Disorders Group.
Publication status and date: Edited (no change to conclusions), published in Issue 5, 2015.

Citation:  Ori R, Amos T, Bergman H, Soares-Weiser K, Ipser JC, Stein DJ. Augmentation of cognitive and behavioural therapies (CBT)
with d-cycloserine for anxiety and related disorders. Cochrane Database of Systematic Reviews 2015, Issue 5. Art. No.: CD007803. DOI:
10.1002/14651858.CD007803.pub2.

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

A significant number of patients who suCer with anxiety and related disorders (that is post-traumatic stress disorder (PTSD), social anxiety
disorder (SAnD), panic disorder with or without agoraphobia (PD), specific phobia (SPh) and obsessive compulsive disorder (OCD)) fail
to respond optimally to first-line treatment with medication or cognitive and behavioural therapies. The addition of d-cycloserine (DCS)
to cognitive and behavioural therapies may improve treatment response by impacting the glutamatergic system. This systematic review
aimed to investigate the eCects of adding DCS to cognitive and behavioural therapies by synthesising data from relevant randomised
controlled trials and following the guidelines recommended by Cochrane.

Objectives

To assess the eCect of DCS augmentation of cognitive and behavioural therapies compared to placebo augmentation of cognitive and
behavioural therapies in the treatment of anxiety and related disorders. Additionally, to assess the eCicacy and tolerability of DCS across
diCerent anxiety and related disorders.

Search methods

This review fully incorporates studies identified from a search of the Cochrane Depression, Anxiety and Neurosis Controlled Trials Register
(CCDANCTR) to 12 March 2015. This register includes relevant randomised controlled trials (RCTs) from: the Cochrane Library (all years),
EMBASE (1974 to date), MEDLINE (1950 to date), PsycINFO (1967 to date), the World Health Organization’s trials portal (ICTRP) and
ClinicalTrials.gov . Reference lists from previous meta-analyses and reports of RCTs were also checked. No restrictions were placed on
language, setting, date or publication status.

Selection criteria

All RCTs of DCS augmentation of cognitive and behavioural therapies versus placebo augmentation of cognitive and behavioural therapies
for anxiety and related disorders were included.

Data collection and analysis

Two authors (RO and TA) independently assessed RCTs for eligibility and inclusion, extracted outcomes and risk of bias data and entered
these into a customised extraction form. Investigators were contacted to obtain missing data. In addition, data entry and analysis were
performed by two review authors (KSW and HB).
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Main results

Twenty-one published RCTs, with 788 participants in outpatient settings, were included in the review. Sixteen studies had an age range of
18 to 75 years, while four investigated paediatric populations aged 8 to 17 years and one included children, adolescents and adults. The
21 RCTs investigated OCD (number of RCTs (N) = 6), PTSD (N = 5), SAnD (N = 5), SPh (N = 3) and PD (N = 2). Most information from the studies
was rated as having either low risk or unclear risk of bias.

There was no evidence of a diCerence between DCS augmentation of cognitive and behavioural therapies and placebo augmentation of
cognitive and behavioural therapies for the treatment of anxiety and related disorders in adults at the endpoint (treatment responders,
N = 9, risk ratio (RR) 1.10; 95% confidence interval (CI) 0.89 to 1.34; number of participants (n) = 449; low quality evidence) and between
1 and 12 months follow-up (N = 7, RR 1.08; 95% CI 0.90 to 1.31; n = 383). DCS augmentation of cognitive and behavioural therapies was
not superior to placebo augmentation of cognitive and behavioural therapies for children and adolescents, both at the endpoint (N = 4, RR
1.01; 95% CI 0.78 to 1.31; n = 121; low quality evidence) and between 3 and 12 months follow-up (N = 3, RR 0.86; 95% CI 0.67 to 1.09; n = 91).

There was no evidence of a diCerence in treatment acceptability for DCS augmentation of cognitive and behavioural therapies compared
with placebo augmentation of cognitive and behavioural therapies in adults (N = 16, RR 0.88; 95% CI 0.61 to 1.25; n = 740), nor in children
and adolescents (N = 4, RR 0.90; 95% CI 0.17 to 4.69; n = 131). These conclusions were based on moderate quality evidence for adults, and
very low quality evidence for children and adolescents. Although the observed diCerence was small, it is noteworthy that there was a high
eCicacy of exposure-based therapies alone in the included trials. Due to the limited number of studies, subgroup analysis of moderating
factors for clinical and methodological eCect could not take place.

Authors' conclusions

This review found no evidence of a diCerence between DCS augmentation of cognitive and behavioural therapies and placebo
augmentation of cognitive and behavioural therapies for treating anxiety and related disorders in children, adolescents and adults. These
findings are based on low quality evidence from heterogenous studies with small sample sizes and incomplete data for clinical response,
which precludes us from drawing conclusions on the use of DCS augmentation of cognitive and behavioural therapies at this stage. Given
there is some promising preliminary data from individual studies, further research is necessary to assess DCS compared with placebo
augmentation of cognitive and behavioural therapies, and determine mechanisms of action as well as magnitude of eCect in anxiety and
related disorders.

P L A I N   L A N G U A G E   S U M M A R Y

Addition of d-cycloserine to cognitive and behavioural therapies for the treatment of anxiety and related disorders

Why is this review important?

Many people suCer from anxiety and related disorders (post-traumatic stress disorder, social anxiety disorder, panic disorder with or
without agoraphobia, specific phobia and obsessive compulsive disorder). These disorders are disabling and can aCect a person’s ability
to function well at work and in social situations. Current treatment options include talking therapies such as cognitive and behavioural
therapies. Many patients, however, do not respond as well as hoped to these treatments. Using cognitive and behavioural therapies in
combination with certain medicines, for example d-cycloserine (DCS), is one option that may improve treatment response. In this review
we examined the evidence for DCS combined with cognitive behavioural therapies as a treatment for anxiety and related disorders in
children, adolescents and adults.

Who may be interested in this review?

- People with anxiety and related disorders.

- Families and friends of people who suCer from anxiety and related disorders.

- General practitioners, psychiatrists, psychologists and pharmacists.

- Professionals working in adult as well as child and adolescent mental health services.

What does this review aim to answer?

- Is treatment with DCS in combination with cognitive and behavioural therapies more eCective than treatment with placebo (dummy pill)
and cognitive and behavioural therapies for anxiety and related disorders?

- Is treatment with a combination of DCS and cognitive and behavioural therapies more eCective in some anxiety and related disorders
compared to others?

- How acceptable is DCS to patients and do people withdraw from treatment?

Which studies were included in the review?

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)
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We searched medical databases to find reports of clinical trials (specifically randomised controlled trials) published up to 12 March 2015
that investigated the treatment of anxiety and related disorders using DCS combined with cognitive and behavioural therapies. To be
included in the review, trials had to compare the combined treatment of DCS and a cognitive and behavioural therapy with combined
treatment of a placebo and a cognitive and behavioural therapy for anxiety and related disorders. We included studies with participants
of all ages.

We included 21 studies in the review, with a total of 788 participants.

What does the evidence from the review tell us?

There was no evidence of a diCerence between combined treatment with DCS and cognitive and behavioural therapies, and combined
treatment with placebo and cognitive and behavioural therapies for anxiety and related disorders in children, adolescents or adults. This
conclusion was based on low quality evidence mainly due to small sample sizes and inconsistency across studies.

There was no evidence of a diCerence in the number of children, adolescents and adults who withdrew from treatment with DCS in addition
to cognitive behavioural therapies, and those who withdrew from treatment with placebo in addition to psychological therapies.

What should happen next?

More trials are needed to enable a clearer understanding of the eCect of treatment with DCS in combination with cognitive and behavioural
therapies.

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   DCS and cognitive and behavioural therapies compared to placebo and cognitive and behavioural
therapies for anxiety disorders in adults

Augmentation of cognitive and behavioural therapies with DCS compared to placebo for anxiety disorders in adults at end of treatment

Patient or population: Adults with anxiety disorders
Settings: Outpatient settings in Australia, Germany, the Netherlands and the USA
Intervention: Augmentation of cognitive and behavioural therapies with DCS

Comparison: Cognitive and behavioural therapies and placebo pill

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Placebo and
cognitive and
behavioural
therapies

DCS and cognitive and behav-
ioural therapies

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Treatment efficacy:
treatment responders

As assessed per study

59 per 100 65 per 100 
(53 to 79)

RR 1.1 
(0.89 to 1.34)

449
(9 studies)

⊕⊕⊝⊝

low 1,2
Subgroups included: OCD (1
study), PD (1), PTSD (3), SAnD
(1), and SPh (3). For PD a sin-
gle study showed an improve-
ment with DCS compared to
placebo, RR 2.25 (1.04 to 4.86)

Treatment acceptabil-
ity: withdrawals from
treatment

23 per 100 20 per 100 
(14 to 28)

RR 0.88 
(0.61 to 1.25)

740
(16 studies)

⊕⊕⊕⊝

moderate 3
Subgroups included: OCD (3),
PD (1), PTSD (4), SAnD (5), and
SPh (3)

In remission

As assessed per study

30 per 100 35 per 100 
(24 to 52)

RR 1.16 
(0.79 to 1.71)

292
(5 studies)

⊕⊕⊕⊝

moderate 4
Subgroups included: OCD (1),
PTSD (2), SAnD (1), and SPh
(1)

Condition-specific anx-
iety symptoms 

As assessed by LSAS5

(scale from: 0 to 144,
better indicated by a
lower score. 55 to 65
points = moderate so-

The mean con-
dition-specific
anxiety symp-
toms in the
control groups
was 57.79
points

The mean condition-specific anx-
iety symptoms in the interven-
tion groups was 6.55 points low-
er (11.88 to 1.43 lower), which
may represent a clinically im-
portant improvement since the
mean in the control group was
57.79 points (moderate social

MD** -6.55

(-11.88 to -1.43)

735
(17 studies)

⊕⊕⊕⊝

moderate 6
Subgroups included: OCD
(3), PD (2), PTSD (4), SAnD
(5), and SPh (3). Little or no
difference was found with
DCS compared to placebo for
OCD, SMD -0.14 (-0.61 to 0.33);
PTSD, SMD -0.06 (-0.52 to
0.39); SAnD, SMD -0.39 (-0.99
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cial anxiety disorder
(Liebowitz 1987))

anxiety on the LSAS scale) and
the mean in the intervention
group was 6.55 points lower (be-
low the cut-oC for moderate so-
cial anxiety on the LSAS scale).

to 0.21); and SP, SMD -0.51
(-1.14 to 0.13)

Co-morbid symptoms
of depression 

As assessed by BDI-II7

(scale from: 0 to 63, bet-
ter indicated by a lower
score)

The mean co-
morbid symp-
toms of depres-
sion in the con-
trol groups was
10.73 points

The mean co-morbid symptoms
of depression in the intervention
groups was 2.25 points lower
(7.2 lower to 2.79 higher)

MD** -2.25

(-7.22 to 2.79)

178
(5 studies)

⊕⊕⊕⊝

moderate 8
Subgroups included: OCD
(2), PD (1), and PTSD (2). For
OCD two studies found an im-
provement with DCS com-
pared to placebo, SMD -1.64
(-1.23 to -0.04)

Co-morbid anxiety
symptoms 

As assessed by BAI9

(scale from: 0 to 63, bet-
ter indicated by a low-
er score. 8 to 15 points
= mild anxiety, 16 to 25
points = moderate anxi-
ety (Beck 1993))

The mean co-
morbid anxi-
ety symptoms
in the control
groups was
19.5 points

The mean co-morbid anxiety
symptoms in the intervention
groups was 8.82 points lower
(13.85 to 3.64 lower), which may
represent a clinically important
improvement since the mean in
the control group was 19.5 points
(moderate anxiety on the BAI
scale) and the mean in the inter-
vention group was 8.82 points
lower (mild anxiety on the BAI
scale).

MD** -8.82

(-13.85 to -3.64)

122
(3 studies)

⊕⊕⊝⊝

low 10,11
Subgroups included: PD (1),
PTSD (1) and (SAnD (1). Little
or no difference was found
with DCS compared to place-
bo for PD, MD -1.52 (-1.16 to
0.12), and for SAnD, MD -0.70
(-1.73 to 0.32)

Quality of life 
Assessed by LIS (scale
from: 0 to 48, better indi-
cated by a lower score)

The mean qual-
ity of life in the
control group
was 30.75
points

The mean quality of life in the in-
tervention group was 5.32 points
lower (9.87 to 0.77 lower)

MD -5.32

(-9.87 to -0.77)

56
(1 study)

⊕⊝⊝⊝

very low 12,13
Subgroups included: SAnD (1)

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% CI).

** Back-estimated from the SMD, see footnotes for further details.
BAI: Beck Anxiety Inventory; BDI-II: Beck Depression Inventory-II; CI: Confidence interval; DCS: d-cycloserine; LSAS: Liebowitz Social Anxiety Scale; LIS: Life Interference
Scale; MD: mean difference; OCD: Obsessive compulsive disorder; PD: Panic disorder; PTSD: Post-traumatic stress disorder; RR: Risk ratio; SAnD: social anxiety disorder;
SMD: standardised mean difference; SPh: Specific phobia

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
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1 Downgraded 1 step due to risk of bias: five out of the nine included studies did not report on method of allocation concealment suCiciently.
2 Downgraded 1 step due to inconsistency: there was substantial heterogeneity between subgroups (I2 = 57%).
3 Downgraded 1 step for indirectness: withdrawals from treatment is not a direct measure of treatment acceptability to the participants. There could be other reasons for dropping
out.
4 Downgraded 1 step for risk of bias: In remission is at risk of selective reporting bias as only five out of 16 studies reported on this important outcome.
5Five of the 16 studies used the LSAS. Scores were back-estimated to the LSAS from the SMD -0.32 (-0.58 to -0.07) using the control group SD 20.4802 from the representative
study Hofmann 2013.
6 Downgraded 1 step for inconsistency: there was substantial heterogeneity between subgroups (I2 = 60%).
7 Three of the five studies used the BDI-II. Scores were back-estimated to the BDI-II from the SMD -0.25 (-0.80 to 0.31) using the control group SD 9.0 from the representative
study Storch 2007.
8 Downgraded 1 step for inconsistency: there was substantial heterogeneity between subgroups (I2 = 68%).
9 One of the two studies used the BAI. Scores were back-estimated to the BAI from the SMD -0.63 (-0.99 to -0.26) using the control group SD 13.9921 from the representative
study Siegmund 2011.
10 Downgraded 1 step for risk of bias: Two out of the three included studies had a high drop-out rate and one study was of high risk of bias for allocation concealment and blinding.
11 Downgraded 1 step for imprecision: the total sample size is lower than the calculated optimal information size.
12 Downgraded 2 steps for imprecision: the total sample size is lower than the calculated optimal information size, and one study reported on this outcome.
13 Downgraded 1 step for indirectness: measuring the impact of an individual’s social fears on various components of their life is not a direct measure of quality of life, which
includes many more factors.
 
 

Summary of findings 2.   DCS and cognitive and behavioural therapies compared to placebo and cognitive and behavioural therapies for anxiety
disorders in children and adolescents

Augmentation of cognitive and behavioural therapies with DCS compared to placebo for anxiety disorders in children and adolescents at end of treatment

Patient or population: Children and adolescents with anxiety disorders
Settings: Outpatient settings in Australia, the UK and the USA
Intervention: Augmentation of cognitive and behavioural therapies with DCS

Comparison: Cognitive and behavioural therapies and placebo pill

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Placebo and
cognitive and
behavioural
therapies

DCS and cognitive
and behavioural ther-
apies

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Treatment efficacy:
treatment responders

As assessed per study

77 per 100 78 per 100 
(60 to 100)

RR 1.01 
(0.78 to 1.31)

121 partici-
pants
(4 studies)

⊕⊕⊝⊝

low 1
Subgroups included OCD (3 studies)
and PTSD (1)
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Treatment acceptability:
withdrawals from treat-
ment

9 per 100 8 per 100 
(2 to 43)

RR 0.90 
(0.17 to 4.69)

131 partici-
pants
(4 studies)

⊕⊝⊝⊝

very low 1,2
Subgroups included OCD (3) and
PTSD (1)

In remission

As assessed per study

45 per 100 54 per 100 
(30 to 98)

RR 1.19 
(0.66 to 2.16)

44 participants
(2 studies)

⊕⊕⊝⊝

low 1
Subgroups included OCD (2)

Condition-specific anxi-
ety symptoms 

As assessed by Y-BOCS3

(scale from 0 to 40, bet-
ter indicated by a lower
score)

The mean condi-
tion-specific anx-
iety symptoms
ranged across
control groups
from 11-13.8
points

The mean condi-
tion-specific anxiety
symptoms in the in-
tervention groups was
0.46 higher (3.63 low-
er to 4.55 higher)

MD** 0.46 
(-3.63 to 4.55)

131 partici-
pants
(4 studies)

⊕⊝⊝⊝

very low 1,4
Subgroups included: OCD (3) and
PTSD (1). For OCD one study found
an improvement with placebo com-
pared to DCS, SMD 0.70 (0.17 to 1.24)

Co-morbid symptoms of
depression 

As assessed by CDI5 (scale
from 0 to 54, better indi-
cated by a lower score)

The mean co-
morbid symp-
toms of depres-
sion ranged
across control
groups from
2.2-16.2 points

The mean co-morbid
symptoms of depres-
sion in the interven-
tion groups was 0.62
higher (4.06 lower to
5.38 higher)

MD** 0.62 
(-4.06 to 5.38)

114 partici-
pants
(3 studies)

⊕⊝⊝⊝

very low 1,6
Subgroups included OCD (2) and
PTSD (1). For PTSD one study found
an improvement with placebo com-
pared to DCS, SMD 0.60 (0.06 to 1.13)

Co-morbid anxiety
symptoms 
As assessed by each study

See comment 104 partici-
pants
(3 studies)

⊕⊝⊝⊝

very low 1,7,8
Heterogeneity was considerable (I2

= 77%), consequently no pooled esti-
mate was calculated. Subgroups in-
cluded OCD, SMD -0.35 (-0.93 to 0.23,
2 studies, 47 participants) and PTSD,
SMD 0.80 (0.26 to 1.34, 1 study, 57
participants)

Quality of life No study was found that reported on this outcome.

*The basis for the assumed risk is the control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the com-
parison group and the relative effect of the intervention (and its 95% CI).

**Back-estimated from the SMD, see footnotes for further details.
CDI: Child Depression Inventory; CI: Confidence interval; DCS: d-cycloserine; MASC: Multidimensional Anxiety Scale for Children; OCD: Obsessive compulsive disorder;
PD: Panic disorder; PTSD: Post-traumatic stress disorder; RR: Risk ratio; SAnD: social anxiety disorder; SMD: standardised mean difference; Y-BOCS: Yale-Brown Obsessive
Compulsive Scale

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

C
o
ch

ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



A
u
g
m
e
n
ta
tio

n
 o
f co

g
n
itiv

e
 a
n
d
 b
e
h
a
v
io
u
ra
l th

e
ra
p
ie
s (C

B
T
) w

ith
 d
-cy

clo
se
rin

e
 fo

r a
n
x
ie
ty
 a
n
d
 re

la
te
d
 d
iso

rd
e
rs (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2015 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio

n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

8

Very low quality: We are very uncertain about the estimate.

1 Downgraded 2 steps for imprecision: the total sample size is lower than the calculated optimal information size, and the confidence intervals are wide including both appreciable
benefit and no eCect.
2 Downgraded 1 for indirectness: withdrawals from treatment is not a direct measure of treatment acceptability.
3 Three of the four studies used the Y-BOCS. Scores were back-estimated to the Y-BOCS from the SMD 0.07 (-0.55 to 0.69) using the control group SD 6.6 from the representative
study Storch 2010.
4 Downgraded 1 step for inconsistency: there was substantial heterogeneity between subgroups (I2 = 66%).
5 Two of the three studies used the CDI. Scores were back-estimated to the CDI from the SMD 0.08 (-0.52 to 0.69) using the control group SD 7.8 from the representative study
Scheeringa 2014.
6 Downgraded 1 step for inconsistency: there was substantial heterogeneity between subgroups (I2 = 60%).
7 Downgraded 1 step for risk of bias: two of the three included studies did not report details on allocation concealment.
8 Downgraded 1 step for inconsistency: there was considerable heterogeneity between subgroups (I2 = 77%), consequently the subgroups were not pooled.
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B A C K G R O U N D

Description of the condition

Anxiety and related disorders including generalized anxiety
disorder (GAD), obsessive compulsive disorder (OCD), panic
disorder (PD), post-traumatic stress disorder (PTSD), specific
phobia (SPh), and social anxiety disorder (SAnD) are the most
prevalent class of psychiatric disorders, aCecting up to 29% of
United States of America (US) citizens at some point in their
lives (Kessler 2005) and 13.6% of Europeans (Alonso 2004). The
anxiety disorders are associated with significant co-morbidity
(Kessler 1994; Kessler 2005), disability, and impaired quality of life
(Mendlowicz 2000) and also contribute significantly to the global
burden of disease and disability adjusted life years (Murray 2013).

Anxiety disorders are identified aRer careful history taking and
physical history and examination to exclude general medical
conditions as the cause of symptoms. They are diagnosed
according to criteria specified in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5), or the International
Classification of Diseases and Related Health Problems, 10th
revision (ICD-10) (APA 2013; WHO 1993).

From a biological perspective, anxiety disorders have been
associated with disrupted modulation of various central
neurotransmitter systems, including the gamma-aminobutyric
acid (GABA), noradrenergic and serotonergic systems (Ressler
2000). From a psychological perspective, learning and cognitive
theories largely predominate in the explanation and treatment
of anxiety disorders. According to learning theory, individuals
develop associations between threatening stimuli (conditioned
stimulus) and adverse outcomes (unconditioned stimulus). Anxiety
disorders develop when individuals develop irrational associations
or associations that lead to excessive symptoms (Yates 2012).

Description of the intervention

Fear conditioning occurs as a conditioned response (CR) and
is created when a conditioned stimulus (CS) is paired with
an aversive unconditioned stimulus (US). These CRs can be
decreased, or extinguished, by the repeated presentation of the
CS in the absence of the US. Pavlovian fear conditioning and
extinction are relevant to the neurobiology of anxiety and related
disorders (Rothbaum 2003). Further, extinction learning refers
to the gradual, within-session decrements of conditioned fear
responses (Quirk 2000). This forms the basis for exposure and
response prevention (ERP) therapies. The cognitive behaviour
therapy (CBT) model suggests that dysfunctional thoughts are
causally related to emotional distress, and that correcting these
dysfunctional thoughts results in improvement of the distress
and maladaptive behaviours. CBT is a short-term individual or
group treatment. The treatment introduces cognitive restructuring
techniques and the exposure rationale. Specifically, patients
practise identifying maladaptive cognitions (automatic thoughts),
observing the association between anxious mood and automatic
thoughts, examining the errors of logic, and formulating rational
alternatives to their automatic thoughts. Patients also learn to
identify avoidance strategies and to eliminate them while exposing
themselves to anxiety-provoking situations. Patients then confront
increasingly diCicult feared situations while applying cognitive
restructuring techniques and eliminating any forms of avoidance

strategies. Behavioural experiments are utilized to confront specific
reactions to exposure experiences (Hofmann 2011).

CBT has been shown to be successful in reducing the severity of
anxiety symptoms in PTSD, OCD, SAnD, PD and SPh (NICE 2011).
A number of specific pharmacologic agents, such as the selective
serotonin reuptake inhibitors (SSRIs) and the noradrenergic and
serotonin selective reuptake inhibitors (SNRIs), have also proven to
have eCicacy as first-line treatments for anxiety disorders and are
recommended by expert consensus for this purpose (Baldwin 2011;
Bandelow 2008; CPA 2006).

Despite the availability of eCicacious pharmacotherapy and
cognitive and behavioural therapies for anxiety disorders, a
significant number of patients with these conditions fail to respond
optimally to first-line interventions. Treatment failure rates are
estimated at 40% to 60% in OCD (Pallanti 2002) and 20% to 40%
in PD (Bandelow 2004). Poor patient adherence may limit the
eCicacy of treatment, while treatment with certain agents (that is
benzodiazepines) carries the risk of dependency (Shader 1993).

Multimodal treatment regimes combining cognitive and
behavioural therapies with pharmacotherapy represent one
potential approach to maximise treatment response. However, the
results of clinical trials employing this approach have been mixed
(Black 2006; Furukawa 2006; Mitte 2005). Where there is evidence
in some trials of an increased response to combination treatment,
this may be jeopardised by higher relapse rates once treatment
has been discontinued (Barlow 2000; Marks 1993). In general, it has
been found that combination treatments are not more eCicacious
than monotherapies (Hofmann 2009).

The finding that the N-methyl-D-aspartate (NMDA) receptor
complex is critical for associative learning suggests that a
pharmacological agent might usefully be employed to potentiate
the learning eCects of cognitive and behavioural therapies.
Animal studies have demonstrated that NMDA antagonists prevent
both acquisition and extinction of conditioned responses (Lee
1998; Lee 2006; Szapiro 2003). Conversely, administration of d-
cycloserine (DCS), a partial agonist that binds to the glycine site
at the NMDA receptor, has been associated with enhanced fear
extinction in multiple animal studies employing diverse paradigms
(Ledgerwood 2003; Ledgerwood 2005; Walker 2002). DCS may
therefore possess clinical potential in augmenting responses
to cognitive and behavioural therapies for anxiety disorders.
Findings from Jones 2002 and Tiihonen 2006 would not necessarily
be relevant to this hypothesis, since both tested DCS only as
monotherapy for treating psychiatric disorders.

Research on cognitive enhancers for the CBT of anxiety and
related disorders is ongoing and includes DCS, methylene
blue, catecholamines (dopamine and noradrenaline), yohimbine
(selective competitive alpha2-adrenergic receptor antagonist),
modafinil, endocannabinoids, cortisol, and nutrients and
botanicals (omega-3 fatty acids, caCeine and nicotine) as potential
cognitive enhancers. Of these substances, DCS has so far been the
best studied (Hofmann 2009; Sulkowski 2014).

How the intervention might work

While the exact mechanism of action of DCS is unknown, there is
some evidence that it achieves its eCects during the consolidation
stage of the formation of new memories (Richardson 2004) through

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)
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the downstream modulation of protein synthesis in the amygdala,
a region of the brain implicated in the processing of fearful
stimuli (Yang 2005). Further, there is evidence that the chronic
application of partial agonists desensitises the glycine site of the
NMDA receptor (Boje 1993). This is consistent with clinical findings
of the reduced eCicacy of DCS in treating anxiety disorders when
given over extended periods of time (Kushner 2007). However, to
date, we do not know what the optimal dosing schedule is for DCS
administration in conjunction with exposure therapy. In contrast,
the administration of anti-depressants typically only results in
detectable improvements in symptoms aRer weeks of sustained
treatment.

Why it is important to do this review

A meta-analysis of the eCicacy of augmenting fear extinction and
exposure therapy with DCS (Norberg 2008) included data from
a number of published randomised controlled trials (RCTs) that
addressed the eCicacy of cognitive and behavioural therapies
(Guastella 2008; Hofmann 2006; Kushner 2007; Ressler 2004; Storch
2007). This meta-analysis observed a moderate treatment eCect
(Cohen's d = 0.6) for patients diagnosed with a range of anxiety
and related disorders (PD, OCD, SAnD, SPh) who received exposure-
based therapy augmented with DCS. A robust association was
detected between the magnitude of the eCect and the timing of
medication administration, with medication administered closer to
the start of the exposure therapy being more eCicacious. Similar
results were found with Rodrigues 2014 where DCS appeared to
be eCicacious when administered a limited number of times closer
to the exposure therapy and at low doses. These findings are in
contrast to a meta-analysis by Bontempo 2012 in which no evidence
of an eCect of dose timing, number or dosage of D-cycloserine was
seen on reported eCicacy in the ranges assessed.

The synthesis of data from RCTs of DCS augmentation of cognitive
and behavioural therapies for the treatment of anxiety and related
disorders would therefore allow one to obtain a more reliable
estimate of the magnitude of the treatment eCect, as well as
allow investigation of clinical and methodological mediators of
this strategy. A meta-analysis would also help determine the
extent to which the eCicacy of DCS is consistent across anxiety
disorders. Moreover, following the guidelines recommended by The
Cochrane Collaboration to minimise systematic sources of bias
provides some assurance of the accuracy of the eCect size estimates
obtained in this review.

The outcome of the review would be beneficial for clinicians
deciding on a treatment approach, particularly in patients who
have a limited response to combination treatments with cognitive
and behavioural therapies and pharmacological agents. Patients
in turn would also be informed about treatment options and the
potential for both positive and negative outcomes. Families and
friends of patients with anxiety disorders will have a basis of
knowledge on treatment options available.

O B J E C T I V E S

To assess the eCect of DCS augmentation of cognitive and
behavioural therapies compared to placebo augmentation of
cognitive and behavioural therapies in the treatment of anxiety
and related disorders. Additionally, to assess the eCicacy and
tolerability of DCS across diCerent anxiety and related disorders.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs), cluster randomised controlled
trials, cross-over trials and studies with multiple treatment groups
were considered for inclusion. Both published and unpublished
trials were considered. No restrictions were placed on language,
setting, date or publication status.

Types of participants

Participant characteristics

All patients diagnosed with an anxiety disorder according to DSM-
III (APA 1980), DSM-IV (APA 1994), DSM-IV-TR (APA 2000) and DSM-
V (APA 2013) criteria, irrespective of age, gender or ethnicity were
included.

Diagnosis

The following anxiety diagnoses were included.

1. Generalized anxiety disorder (GAD).

2. Obsessive compulsive disorders (OCD).

3. Panic disorder ± agoraphobia (PD and PD&A).

4. Post-traumatic stress disorder (PTSD).

5. Social anxiety disorder (SAnD).

6. Specific phobias (SPh).

Co-morbidities

Patients diagnosed with a comorbid DSM Axis I anxiety disorder
were included on the condition that the primary anxiety disorder
was the most significant source of distress. Participants who were
receiving pharmacotherapy were also included if trial investigators
identified them as having achieved a stable dose of medication.

Setting

No restrictions were placed on setting.

Types of interventions

Experimental interventions

• Cognitive and behavioural therapies* augmented with DCS

Comparator interventions

• Cognitive and behavioural therapies* augmented with placebo
pill

There were no restrictions placed on dose, duration or co-
interventions. These details were reported in Characteristics of
included studies. We aimed to investigate the possible impact on
the results of DCS dose and co-medication in Subgroup analysis
and investigation of heterogeneity. In addition, we could not
address the additional two comparators (that is d-cycloserine
and psychotherapy versus wait-list and psychotherapy, and d-
cycloserine and psychotherapy versus psychotherapy only) as
specified previously in the protocol (for more details see DiCerences
between protocol and review).

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)
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*As per protocol, we limited the interventions included in this
review to those psychological therapies containing a form of
exposure-based learning. These therapies are behavioural or
cognitive behavioural, or both, in approach and include the
following:

Exposure and response prevention therapy (ERP)

ERP is a type of cognitive behavioural therapy (CBT). It is focused on
facilitating fear extinction through systematic, prolonged exposure
to anxiety-provoking stimuli while simultaneously preventing fear-
reducing physical and mental actions in the patient. ERP has been
found to be very eCective for the treatment of OCD; patients who
completed 10 to 20 sessions reported a symptom reduction of
85% (Jenike 2004). This form of therapy can be performed in a
manualised method of CBT (Scheeringa 2014).

Exposure therapy (ET) (individual or group)

ET is a type of CBT that is used in the treatment of anxiety
disorders, including PTSD and SAnD. Patients undergoing ET are
repeatedly exposed to their traumatic or anxiety-producing stimuli
via imaginal exposure. They may also be exposed to real time
anxiety-provoking stimuli (in vivo exposure). Fear is extinguished
through the eCective emotional processing of the traumatic
memory and with the incorporation of corrective information (Foa
1986).

Prolonged exposure therapy (PE)

PE is a type of CBT that is used in the treatment of PTSD. It is
a manualised treatment focused on extinguishing fears through
eCicacious emotional processing of the traumatic memory. It is
based on Emotional Processing Theory, which states that PTSD
stems from cognitive and behavioural avoidance of trauma-related
thoughts, activities and situations. With PE treatment, clients re-
process and reorganize their experience of trauma via imaginal and
in vivo exposure (Foa 2007).

Virtual reality exposure therapy (VRE)

VRE is a form of CBT that is used in the treatment of anxiety
disorders. VRE uses a multisensory virtual reality environment as
a form of exposure. Whereas patients undergoing exposure via PE
or ET are generally imagining their traumatic experience with their
eyes closed, patients participating in VRE are exposed to visual and
auditory stimuli related to their traumatic past (Difede 2014(a)).

Types of outcome measures

Primary outcomes

1. Treatment eCicacy: treatment responders as defined by each
study, for instance using the Clinical Global Impressions scale -
Improvement item (CGI-I), a widely used global outcome measure
(Guy 1976).

2. Treatment acceptability: withdrawals from treatment, indicating
the number of participants who dropped out of cognitive and
behavioural therapies for any reason. This served as a surrogate
measure of treatment acceptability in the absence of other more
direct indicators of acceptability.

All primary outcome measures were binary in nature.

Secondary outcomes

3. Remission, as defined by each study.

4. Anxiety symptoms specific to the condition: determined from a
variety of outcome measures tailored to each anxiety disorder, such
as the Liebowitz Social Anxiety Scale (LSAS) (Liebowitz 1987), the
Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (Goodman 1989)
and the Clinician Administered PTSD Scale (CAPS) (Blake 1990).

5. Co-morbid symptoms of depression: these were assessed using
scales such as the Beck Depression Inventory (BDI) (Beck 1961) and
the Child Depression Inventory (CDI) (Kovacs 1992).

6. Co-morbid symptoms of anxiety: assessed using clinician-rated
measures of anxiety such as the Beck Anxiety Inventory (BAI) (Beck
1993), the State-Trait Anxiety Inventory (STAI) (Spielberger 1970),
the Multidimensional Anxiety Scale for Children (MASC) (March
1997) and the Screen for Child Anxiety Related Disorders (SCARED)
(Birmaher 2003).

7. Quality of life: the eCicacy of treatment was determined using
measures of quality of life as well as measures of functional
disability, such as the Life Interference Scale (LIS), which provides
a measure of the impact of an individual’s social fears on various
components of their life (Rapee 2007).

8. Adverse events leading to discontinuation or hospitalisation.

9. The most common adverse events (defined as those occurring in
at least 20% of the participants), as well as significant diCerences
in the rate of occurrence of drug-related adverse events between
intervention and control groups.

Secondary outcomes 6 and 7 were continuous outcome measures
whereas 8 and 9 were reported as binary outcomes.

Main outcomes in 'summary of findings’ tables

We used the GRADE approach to summarise and interpret findings
(Schünemann 2008) and the GRADE profiler to import data from
RevMan to create summary of findings tables. These tables provide
outcome-specific information concerning within-study risk of bias
(methodological quality), directness of evidence, heterogeneity,
precision of eCect estimates, risk of publication bias and the sum
of available data on all outcomes rated as important to patient care
and decision making. The GRADE approach specifies four levels of
quality. The highest quality rating is for randomised trial evidence.
We included the following outcomes in the summary of findings
table.

1. Treatment eCicacy: treatment responders.

2. Treatment acceptability: withdrawals from treatment.

3. Remission.

4. Condition-specific anxiety symptoms.

5. Co-morbid symptoms of depression.

6. Co-morbid anxiety symptoms.

7. Quality of life.

Timing of outcome assessment

Outcome measures were collected at end of treatment and end of
follow-up, and the duration of follow-up was noted. We report the
end-of-treatment outcomes in the summary of findings tables.

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11

http://www.ims.cochrane.org/revman/gradepro


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Hierarchy of outcome measures

Where there were several possible measures for one outcome, we
selected the measures or scales in the order laid out in the Primary
outcomes and Secondary outcomes, and any other validated scales
aRer those. We chose clinician-rated scales over self-reported
scales.

Search methods for identification of studies

CCDAN Specialised Register (CCDANCTR)

The Cochrane Depression, Anxiety and Neurosis Group (CCDAN)
maintain two clinical trials registers at their editorial base in
Bristol, UK, a references register and a studies based register. The
CCDANCTR-References Register contains over 37,500 reports of
randomised controlled trials in depression, anxiety and neurosis.
Approximately 60% of these references have been tagged to
individual, coded trials. The coded trials are held in the CCDANCTR-
Studies Register and records are linked between the two registers
through the use of unique Study ID tags. Coding of trials is based on
the EU-Psi coding manual.

Reports of trials for inclusion in the Group's registers are collated
from routine (weekly), generic searches of MEDLINE (January 1950
to date), EMBASE (January 1974 to date) and PsycINFO (January
1967 to date); quarterly searches of the Cochrane Central Register
of Controlled Trials (CENTRAL) and review specific searches of
additional databases. Reports of trials are also sourced from
international trials registers care of the World Health Organisation’s
trials portal (ICTRP), ClinicalTrials.gov, drug companies, the hand-
searching of key journals, conference proceedings and other
(non-Cochrane) systematic reviews and meta-analyses. Details of
CCDAN's generic search strategies can be found on the Group's
website.

Electronic searches

The CCDANCTR (Studies and References Register) was initially
searched (2014-03-25) using the following search terms:
(*cycloserine or Seromycin).

No restriction on date, language or publication status was applied
to the search.

The CCDANCTR already contained relevant records from
ClinicalTrials.gov and the WHO trials portal (ICTRP), so it was not
necessary to re-search these registries.

An update search was conducted (2015-03-12) using a more precise
search strategy. CCDANCTR: ((antibiotic or *cycloserine or DCS or
seromycin) NEAR (“add on“ or add-on or adjunct* or augment* or
combin* or enhanc*)):ti,ab

Searching other resources

Reference lists

The bibliographies of all identified trials were scanned for
additional studies.

Correspondence

1. Attempts were made to obtain published and unpublished trials,
as identified by the frequency with which they were cited in the
bibliographies of RCTs and open-label studies.

2. Authors or pharmaceutical companies were contacted if further
information was needed. These were identified through the
source of funding cited in published RCTs, as well as through
author aCiliations.

Data collection and analysis

Selection of studies

RCTs identified from the search were independently assessed
for inclusion by two authors (RO and TA), based on information
included in the abstract or method section of the trial report. These
two authors were also independently involved in full text screening.
The authors independently collated the data listed under Data
extraction and management from RCTs that they both regarded
as satisfying the inclusion criteria specified in the Criteria for
considering studies for this review. Studies for which additional
information was required in order to determine their suitability
for inclusion in the review were listed in Characteristics of studies
awaiting classification, pending the availability of this information.
Any disagreements in the independent trial assessment and data
collation procedures were resolved by discussion with a third
review author (DS).

Data extraction and management

Spreadsheet forms were designed for the purpose of recording
descriptive information, summary statistics of the outcome
measures, the risk of bias ratings, and associated commentary.
Data were collected independently by two review authors (RO
and TA). Any disagreements were resolved in discussion with a
third review author (DS). Where data were presented in graphs, we
used digitizing soRware (http://www.getdata-graph-digitizer.com/)
to acquire data points, and reported where this had been done
in the analyses footnotes and Characteristics of included studies.
Where information was missing, the review authors contacted the
study investigators in an attempt to obtain the information.

The following study characteristics were collated from each trial.

1. Description of the trials: study design, duration, follow-up and
country.

2. Characteristics of the participants: sample size, recruitment
method, diagnostic classification criteria, rating scale inclusion
criteria, included disorders, co-morbidities (especially major
depressive disorder), gender, mean age, ethnicity and
pharmacotherapy during the study.

3. Characteristics of the interventions: description of the
intervention and comparison conditions including number of
participants randomised to each condition, dose and timing of
medication, number of sessions and description of therapists.

4. Outcome measures: we listed outcome measures (primary
and secondary), summary continuous (means and standard
deviations) and dichotomous (number of responders) data, and
whether data reflected the intention to treat, with methods of
estimating the outcome for participants who dropped out of the
study (such as last observation carried forward (LOCF) or mixed
eCects (ME) model, or completer/observed cases (OC)) sample.

5. Notes: funding from industry, whether medication was supplied
by industry, whether any author worked for industry and study
ID were also recorded for each study.
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Main comparisons

• D-cycloserine (DCS) augmentation of cognitive and behavioural
therapies versus placebo augmentation of cognitive and
behavioural therapies for adults and children.

We made a post hoc decision to analyse studies conducted with
adult participants separately from those conducted with children
and adolescents. This decision was made as the disorders profile
and treatment response is diCerent per group (see DiCerences
between protocol and review).

Outcomes were also stratified by type of anxiety disorder (GAD,
OCD, PD and PD&A, PTSD, SAnD, or SPh). In addition, we could
not address the additional two comparators (that is DCS and
psychotherapy versus wait-list and psychotherapy, and DCS and
psychotherapy versus psychotherapy only) as specified previously
in the protocol (for more details see DiCerences between protocol
and review).

Assessment of risk of bias in included studies

The quality of the trials was assessed independently by two review
authors (RO and TA) using the Cochrane Collaboration's risk of
bias tool (Higgins 2008a). Any disagreements were discussed with
a third and fourth review author (KSW and HB). Where necessary,
the authors of the studies were contacted for further information,
see Risk of bias in included studies. The Cochrane risk of bias
instrument consists of items assessing six potential domains of
systematic bias, including the following.

1. Random sequence generation: referring to a random number
table or using a computer random number generator?

2. Allocation concealment: was the medication allocation
sequentially numbered, sealed or placed in opaque envelopes?

3. Blinding of a) participants, personnel, and b) outcome assessors
for each main outcome or class of outcomes: was knowledge
of the allocated treatment or assessment adequately prevented
during the study?

4. Incomplete outcome data for each main outcome or class of
outcomes: were missing or excluded outcome data adequately
addressed?

5. Selective outcome reporting: were the reports of the study free
of suggestion of selective outcome reporting?

6. Other sources of bias: was the study apparently free of other
problems that could put it at a 'high' risk of bias.

Studies were rated as: 'low', 'high' or 'unclear' risk of bias for these
domains.

Measures of treatment e>ect

Categorical data

For dichotomous data, we calculated a standard estimation of the
risk ratio (RR) and its 95% confidence interval (CI). Although odds
ratios possess mathematical characteristics that are advantageous
with respect to modelling treatment eCects, especially in small
samples (Greenland 1987), they are frequently confused with RRs
leading to inflated estimates of treatment eCects (Deeks 2008).

Continuous data

Mean diCerences (MD) were calculated for continuous summary
data derived from the same scale, such as the CAPS. When a

range of scales were employed for each outcome, such as in
the assessment of symptoms on the LSAS and CAPS, as well as
in the assessment of co-morbid depression on the Montgomery-
Asberg Depression Rating Scale (MADRS) and Hamilton Rating
Scale for Depression (HAM-D), the standardised mean diCerence
(SMD) was determined for each outcome. This method of analysis
standardises the diCerences between the means of the treatment
and control groups in terms of the variability observed in the trial.

To facilitate interpretation of SMDs, for meta-analyses where results
were statistically significant we estimated whether the magnitude
of eCect was of minimal clinical importance. The SMDs were
converted to MDs using a representative study for the most
frequently reported scale within that outcome (section 12.6.4 in
Higgins 2011). The pooled eCect was thus re-expressed in the
original units of that particular scale and the clinical relevance and
impact of the intervention eCect were interpreted. Please note this
was a post hoc change to the protocol methods (see DiCerences
between protocol and review).

Unit of analysis issues

Studies with multiple treatment groups

The potential bias introduced through comparing the summary
statistics for multiple groups against the same placebo control in
dose comparison studies was avoided by pooling the means and
standard deviations across all of the treatment arms as a function
of the number of participants in each arm.

Cross-over trials

Cross-over trials were only included in the calculation of summary
statistics when it was: (a) possible to extract treatment and placebo
or comparator data from the first treatment period, or (b) when the
inclusion of these data from both treatment periods was justified
through a wash-out period of suCicient duration to minimise the
risk of carry-over eCects (Higgins 2011). No cross-over trials were
found in the study search.

Cluster randomised trials

Cluster randomised trials were included as long as the clustering
eCect was properly adjusted for in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2008b).
No cluster randomised trials were included in this review. To
prevent unit of analysis errors in future updates of this review, we
plan to divide the sample size of each comparison group in trials
that do not adjust for clustering by the design eCect metric (Higgins
2011). For these analyses the intraclass correlation coeCicient
(ICC) that is incorporated within the design eCect will be set
equivalent to the median ICC from published cluster randomised
pharmacotherapy RCTs for anxiety and related disorders.

Dealing with missing data

We extracted data to allow an intention-to-treat analysis in which
all randomised participants were analysed in the groups to
which they were originally assigned. For continuous outcomes,
we calculated missing standard deviations from other available
data such as confidence intervals, standard errors, P, T or F
values, as detailed in the Cochrane Handbook for Systemic reviews
of Interventions, section 7.7.3 (Higgins 2011). If such statistics
were unavailable, we imputed SDs using the average SD of
the other included studies (section 16.1.3.1 in Higgins 2011). In
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trial reports in which multiple forms of data imputation were
conducted, we gave preference to the inclusion of summary
statistics for continuous outcome measures derived from mixed-
eCects models (ME), followed by last observation carried forward
(LOCF) and observed cases (OC) summary statistics (in that order).
If data on studies, outcomes, summary data, participants or
study-level characteristics were missing, we contacted the original
investigators.

Assessment of heterogeneity

Heterogeneity was assessed by means of the Chi2 test of
heterogeneity to assess whether observed diCerences in results
were compatible with chance alone. If the Chi2 test had a P value
of less than 0.10, this was interpreted as evidence of heterogeneity,
given the low power of the Chi2 statistic when the number of trials
is small (Deeks 2008).

In addition, the I2 heterogeneity statistic was used to quantify the
inconsistency of the trial results within each analysis (Higgins 2003).
The I2 statistic was interpreted as follows:

• 0% to 40%, might not be important;

• 30% to 60%, may represent moderate heterogeneity;

• 50% to 90%, may represent substantial heterogeneity;

• 75% to 100%, considerable heterogeneity (Higgins 2011).

We used the Tau2, the estimated standard deviation of underlying
eCects across studies in random-eCects model meta-analyses
(section 9.5.4 in Higgins 2011) to estimate between-study variance.
As a rough indication, we interpreted 4*Tau as the width of the
prediction interval that contains 95% of the true eCects of future
studies, assuming the sample size was large enough (Higgins 2009).

Assessment of reporting biases

Funnel plots provide a graphical illustration of the eCect estimates
of an intervention from individual studies against some measure
of the precision of that estimate. Tests for funnel plot asymmetry
should be used only when there are at least 10 studies included in
the meta-analysis (see section 10.4.3.1 in Higgins 2011). We visually
inspected publication bias from the funnel plot for treatment
acceptability and condition-specific anxiety disorders for adults
at end of treatment, the only two outcomes with at least 10
studies, with consideration of confounding selection bias, poor
methodological quality, true heterogeneity, artefact and chance.

Data synthesis

Categorical and continuous treatment eCects were obtained from
a random-eCects model. Random-eCects analytic models include
both within-study sampling error and between-study variation
in determining the precision of the confidence interval around
the overall eCect size. A random-eCects meta-analysis model
involves an assumption that the eCects being estimated in the
diCerent studies are not identical, but follow some distribution. The
outcomes were expressed in terms of an average eCect size as well
as by means of 95% confidence intervals. Outcomes were stratified
by type of anxiety disorder.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses were planned to assess the degree to
which methodological diCerences between trials might have
systematically influenced diCerences observed in the primary

treatment outcomes (Thompson 1994). Current guidelines
recommend at least 10 studies per characteristic used for stratifying
subgroups (Deeks 2011). Accordingly, we did not conduct subgroup
analyses to determine diCerences in dosage, isolated versus
chronic treatment with DCS, and timing of drug administration (see
DiCerences between protocol and review).

Sensitivity analysis

We planned to conduct sensitivity analyses for the primary
outcomes to determine:

1) Whether studies that imputed data influenced the results.
Studies in which missing data were imputed would be excluded
from this analysis;

2) Whether study quality influenced the findings. Studies with high
risk of bias for allocation concealment and studies with at least two
high risk of bias judgements would be excluded in this analysis.

As four studies at most were included for any single outcome,
we did not find any meaningful sensitivity analyses that could be
undertaken with so few studies per outcome.

Summary of findings tables

Summary of findings tables were compiled to summarise the best
evidence for all relevant outcomes (that is experimental versus
comparator interventions). These consisted of the following six
elements, using a fixed format (Higgins 2011).

• A list of all important outcomes, both desirable and undesirable.

• A measure of the typical burden of these outcomes (e.g.
illustrative risk, or illustrative mean, on control intervention).

• Absolute and relative magnitude of eCect (if both are
appropriate).

• Numbers of participants and studies addressing these
outcomes.

• A grade of the overall quality of the body of evidence for each
outcome.

• Space for comments.

Evidence for downgrading studies was based on five factors. If we
found a reason for downgrading the evidence, we classified the
factor as ’serious’ (downgrading the quality rating by one level) or
’very serious’ (downgrading the quality grade by two levels).

• Limitations in the design and implementation of the trial.

• Indirectness of evidence.

• Unexplained heterogeneity or inconsistency of results.

• Imprecision of results.

• High probability of publication bias.

The quality of evidence was classified for each outcome according
to the following categories.

• High quality: further research is very unlikely to change our
confidence in the estimate of eCect.

• Moderate quality: further research is likely to have an important
impact on our confidence in the estimate of eCect and may
change the estimate.
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• Low quality: further research is very likely to have an important
impact on our confidence in the estimate of eCect and is likely
to change the estimate.

• Very low quality: we are very uncertain about the estimate.

R E S U L T S

Description of studies

Results of the search

The search of the CCDAN Specialised Register (see Search methods
for identification of studies) yielded 116 references (all years to 12

March 2015). ARer removing one duplicate record, 27 records were
excluded at abstract level screening, 88 full text documents were
assessed for eligibility and a further 14 records excluded at this
stage. Twenty-one studies (48 records including secondary reports
of same trial) and 788 participants were included. Four studies are
awaiting classification (7 records) and 18 studies are ongoing. See
Figure 1 for a flow chart of the screening process.
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Figure 1.   Study flow diagram.
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Included studies

See Characteristics of included studies for full details of the
included studies, and Table 1 for an overview of the studies' main
characteristics.

Design

The review included 21 RCTs of DCS augmentation of cognitive and
behavioural therapies versus placebo augmentation of cognitive
and behavioural therapies for the treatment of anxiety and related
disorders in children, adolescents and adults. Treatment was
provided over 1 to 17 weeks, and most studies had 1 to 3 months
follow-up. Two studies reported a follow-up of one year (Mataix-
Cols 2014; Rothbaum 2014). No cross-over trials were found in the
study search. Each study was published in English.

Sample size

The sample size for studies ranged from 16 (Sheerin 2014) to 169
(Hofmann 2013).

Setting

The majority of the studies were conducted in the United States
of America (USA), two in Australia (Farrell 2013; Guastella 2008),
and one each in Germany (Siegmund 2011), the Netherlands (de
Kleine 2012) and the United Kingdom (UK) (Mataix-Cols 2014). All
participants were outpatients.

Participants

Age

Most studies included adults above the age of 18 years. Three
studies included children and adolescents (Farrell 2013; Scheeringa
2014; Storch 2010) and one study included adolescents only
(Mataix-Cols 2014). One study included children, adolescents and
adults, with 36% below the age of 18 years and the remaining
participants above 18 years (Cameron 2005); this study was
analysed within the adult category. One study did not report the age
of participants (Kushner 2007) and was also placed in this category.

Gender

The proportion of male participants in the studies ranged from 37%
(Sheerin 2014) to 100% (Litz 2012).

Diagnosis

Obsessive compulsive disorder (OCD)

Six studies included participants with a primary diagnosis of OCD
(Farrell 2013; Kushner 2007; Mataix-Cols 2014; Storch 2007; Storch
2010; Wilhelm 2008). A diagnosis was made according to the DSM-
IV criteria for OCD in four studies (Kushner 2007; Mataix-Cols
2014; Storch 2010; Wilhelm 2008), whereas one study used the
revised version (Storch 2007). The additional study by Farrell 2013
did not report which diagnostic measure was used to diagnose
participants.

Panic disorder ± agoraphobia (PD and PD&A)

Two studies included participants with a primary diagnosis of
PD and PD&A: panic disorder with or without agoraphobia (Otto
2010) and PD&A (Siegmund 2011). Both studies used the DSM-IV to
diagnose participants.

Post-traumatic stress disorder (PTSD)

Five studies included participants with PTSD (de Kleine 2012; Difede
2014; Litz 2012; Rothbaum 2014; Scheeringa 2014). The participants
were diagnosed using the DSM-IV in four studies. Scheeringa 2014
did not report the diagnostic measure used.

Social anxiety disorder (SAnD)

Five studies included participants with SAnD and all studies
followed the DSM-IV criteria (Cameron 2005; Guastella 2008;
Hofmann 2006; Hofmann 2013; Sheerin 2014).

Specific phobias (SPh)

Two studies included participants with acrophobia (Ressler 2004;
Tart 2013) and one with snake phobia (Nave 2012). Ressler 2004
used the DSM-III-R, Nave 2012 the DSM-IV, and Tart 2013 the DSM-
IV-TR to diagnose the disorder.

Interventions

All of the studies used some form of exposure-based learning,
although this was not explicitly stated in Cameron 2005. Just over
a third of the studies used ET, one study used PE (de Kleine
2012), one study ERP (Storch 2007) and another used ERP with
CBT (Farrell 2013). VRE was used alone in three studies (Ressler
2004; Rothbaum 2014; Tart 2013) and with CBT in one study
(Difede 2014). Five studies used exposure-based CBT (Hofmann
2013; Mataix-Cols 2014; Otto 2010; Sheerin 2014; Storch 2010),
and one used manualised trauma-focused CBT (Scheeringa 2014).
The number of exposure sessions ranged from 12 (Cameron 2005;
Difede 2014; Hofmann 2013; Storch 2007) to one session (Nave
2012). Kushner 2007 provided exposure therapy until all Subjective
Units of Distress (SUDS) ratings were reduced by 50%, or when
10 sessions were completed, whichever came sooner. In most
studies DCS was given before the therapy session, ranging from
30 minutes (Litz 2012; Rothbaum 2014) to 4 hours (Storch 2007).
Three studies gave DCS immediately aRer the session (Mataix-Cols
2014; Sheerin 2014; Tart 2013). The dose of DCS given to adults
ranged from 50 mg, which was used in the majority of studies,
to 500 mg (Ressler 2004). For children and adolescents, the dose
was 50 mg in two studies (Mataix-Cols 2014; Scheeringa 2014)
and in the other two studies it was 25 mg or 50 mg depending
on the weight of the participants (Farrell 2013; Storch 2010). The
number of DCS augmentation of cognitive and behavioural therapy
sessions also ranged from 1 (Nave 2012) to 12 (Cameron 2005). Six
of the 21 studies administered DCS augmentation of cognitive and
behavioural therapy over 10 sessions (de Kleine 2012; Difede 2014;
Kushner 2007; Mataix-Cols 2014; Sheerin 2014; Wilhelm 2008).

Outcomes

Primary outcomes

Twelve studies provided data on response to treatment at end
of treatment, and nine at end of follow-up. Nave 2012, Ressler
2004, Storch 2007, Storch 2010 and Tart 2013 defined response
to treatment as ‘very much improved’ or ‘much improved’ on
the CGI-I scale. Other studies defined response to treatment as a
pre-specified reduction on the scale measuring anxiety for each
condition: Farrell 2013 > 25% and Mataix-Cols 2014 > 35% reduction
on the Children's Y-BOCS (CY-BOCS) (Scahill 1997), Scheeringa 2014
> 50% reduction in joint (parent and child ratings) Child PTSD
Symptom Scale (CPSS) (Foa 2001) scores, de Kleine 2012 and Litz
2012 as a > 10 point reduction on the CAPS, and Hofmann 2013 as a
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score of 1 or 2 on the Social Phobic Disorders Severity and Change
Form (SPDSCF) - improvement score (Liebowitz 1992). Rothbaum
2014 reported how many participants met the PTSD criteria aRer
treatment; we included these data as non-response to treatment.

All studies provided data on withdrawals from treatment, except
Otto 2010, which did not report how many participants withdrew
from each treatment group.

Secondary outcomes

Seven studies provided data on remission at end of treatment and
at end of follow-up. Storch 2007 defined remission as a severity
rating on the Anxiety Disorder Interview Schedule–Fourth Edition
(ADIS-IV) (Brown 1989) of ≤ 3 and on the CY–BOCS as ≤ 10, de Kleine
2012 on the CAPS as < 20, Difede 2014 as ≤ 20 with minimal or
no impairment in social, occupational and other important areas
of functioning (CAPS items F21 and F22 ≤ 1), Hofmann 2013 as an
improvement score of 1 or 2 on the SPDSCF and a score of < 30
on the LSAS, Tart 2013 as 'normal' or 'minimally ill' on the Clinical
Global Impressions scale - Severity item (CGI-S) (score ≤ 2) (Guy
1976), Farrell 2013 as > 50% reduction on the CY-BOCS combined
with a CY-BOCS score of < 14, and Mataix-Cols 2014 as ≤ 10 on the
CY-BOCS.

All studies measured anxiety symptoms using various condition-
specific scales at end of treatment. Only four studies reported
follow-up data for this outcome (Cameron 2005; Kushner 2007;
Nave 2012; Storch 2010). OCD was measured using the Y-BOCS
(Farrell 2013; Kushner 2007; Mataix-Cols 2014; Storch 2007; Storch
2010; Wilhelm 2008), PD with the Panic and Agoraphobia Scale
(PAS) (Siegmund 2011) with the Panic Disorder Severity Scale
(PDSS) (Otto 2010), PTSD with the CAPS (de Kleine 2012; Difede
2014; Litz 2012; Rothbaum 2014) and CPSS (Scheeringa 2014),
SAnD with the LSAS (Cameron 2005; Guastella 2008; Hofmann
2006; Hofmann 2013; Sheerin 2014), and SPh with the Acrophobia
Anxiety Questionnaire (AAQ) (Ressler 2004; Tart 2013) and Snake
Questionnaire (Klorman 1974).

Eight studies measured co-morbid symptoms of depression at end
of treatment. Only one of the eight studies reported follow-up data
(Storch 2010) for this outcome. All studies with adult participants
used the BDI (de Kleine 2012; Siegmund 2011) or BDI-II scale (Litz
2012; Storch 2007; Wilhelm 2008). The studies on children and
adolescents used the Beck Depression Inventory for Youth (BDI-Y)
(Beck 2001) (Mataix-Cols 2014) or the CDI (Scheeringa 2014; Storch
2010).

Six studies measured co-morbid anxiety symptoms at end of
treatment, although data were only available at follow-up for two
of these studies (Farrell 2013; Storch 2010). Studies with adults used
the BAI (Siegmund 2011) or STAI (de Kleine 2012; Sheerin 2014),
whereas studies with children and adolescents used the MASC
(Farrell 2013; Storch 2010) or SCARED (Scheeringa 2014).

Only Guastella 2008 measured quality of life, both at end of
treatment and at follow-up, using the LIS.

We analysed data for adverse events for all but three studies: de
Kleine 2012 merely reported that there was no diCerence between
groups, and Nave 2012 and Rothbaum 2014 did not report on
adverse events. In addition, Hofmann 2013 reported on those
hospitalised due to adverse events, and Siegmund 2011 on those
that discontinued due to adverse events.

Excluded studies

Fourteen studies were excluded from the review. Eight studies were
excluded because they did not include cognitive and behavioural
therapies (Behar 2010; Evins 2012; Gutner 2012; Heresco-Levy
2002; Inslicht 2013; Levinson 2013; Rajabi 2013; Rodebaugh 2013),
whereas five studies did not meet the inclusion criteria for an
anxiety disorder: subclinical fear of public speaking in Galovic 2010,
subclinical spider fear in Guastella 2007(a) and Guastella 2007(b),
children with food refusal in Sharp 2013, and anorexia in Steinglass
2007. One study was a prevention study (NCT00257361 2005) (also
see Characteristics of excluded studies).

Studies awaiting classification

Four studies are awaiting classification as additional information
is required in order to determine their suitability for inclusion. A
record of Guay 2007 was traced through ClinicalTrials.gov. It aimed
to compare CBT plus DCS to CBT plus placebo in the treatment
of PTSD in adults. The main hypothesis of this study is that the
eCicacy of CBT for PTSD will be increased when combined with DCS
compared to a placebo. Anxiety severity was measured with SCID
and CAPS. Additional information necessary to classify the study
was not available. Strohle 2011 is a completed randomised, double-
blind, parallel assignment study involving participants aged 18 to
75 years with a diagnosis of agoraphobia. Participants received 12
sessions of CBT with 50 mg DCS or placebo pill administered three
times directly aRer exposure. The severity of anxiety symptoms was
measured with the PAS and BAI. Additional information necessary
to classify the study was not available. A collaborative project in the
Netherlands assessed DCS enhancement in exposure therapy for
patients with PD&A (Cath 2010a) (conference abstract) or OCD (Cath
2010b.) (see Characteristics of studies awaiting classification).

Ongoing studies

Eighteen ongoing randomised double-blinded trials, investigating
augmentation of cognitive and behavioural therapies with DCS or
placebo, in various phases were identified. Seven studies include
participants diagnosed with OCD, three with PTSD, four with SPh,
four with PD, and one with SAnD. Studies on OCD used either the Y-
BOCS or CY-BOCS as a measure of severity. Dosages of DCS ranged
from 25 mg to 125 mg one hour prior to exposure sessions (Arman
2013; Bergman 2012; Cath 2010a; Farrell 2014; de Leeuw 2008; Ruck
2012; Storch 2011). Of the three studies on PTSD only, Difede 2009
stated that the CAPS scale would be used. All studies stated single
doses prior to the exposure session (Difede 2009; Difede 2011a).
Pollack 2014 diCered from other studies as it aimed to assess
the optimal dose timing of DCS to augment treatment for SAnD
in adults. Participants would receive five weeks of CBT for social
anxiety and two pills (one placebo before and one DCS or placebo
aRer the session), or five weeks of CBT and two pills (one DCS before
and one placebo aRer), or five weeks of CBT and two pills (one
placebo before and one placebo aRer) or five weeks of CBT for SAnD
and two pills (one DCS before and one DCS aRer). Little information
was provided on the remaining studies (Guastella 2006; Otto 2008;
Reinecke 2012; Sirbu 2009; Smits 2013). Most ongoing studies
include adults only. One study included adolescents (Arman 2013),
five studies children and adolescents (Bergman 2012; Farrell 2012;
Farrell 2014; Geller 2011; Storch 2011), and two studies include
children (Rapee 2010; Rapee 2011). See Characteristics of ongoing
studies for more details.
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Risk of bias in included studies

Risk of bias was assessed using the Cochrane Collaboration's
'risk of bias' tool for allocation concealment, blinding, incomplete

outcome data, selective reporting and other potential sources of
bias. Most information was from studies rated at 'low' or 'unclear'
risk of bias (see Characteristics of included studies; Figure 2 and
Figure 3).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3.   (Continued)

 
Allocation

Randomisation

We classified 16 of the 21 studies as 'low' risk of bias. Of
the 16 studies, 10 employed computer generated random block
sequences (de Kleine 2012; Farrell 2013; Hofmann 2013; Litz 2012;
Mataix-Cols 2014; Scheeringa 2014; Sheerin 2014; Siegmund 2011;
Storch 2010; Tart 2013). Difede 2014, Hofmann 2006, Storch 2007,
Wilhelm 2008, Guastella 2008 and Rothbaum 2014 were regarded
as low risk as other forms of bias were minimised. The remaining
studies were rated 'unclear' as the authors did not report on the
method of randomisation.

Allocation concealment

Eleven of the studies provided suCicient information to be
considered at 'low' risk for selection bias. Active and placebo
medications were dispensed by a pharmacist in numbered
containers according to a randomly generated list in eight
studies (de Kleine 2012; Difede 2014; Guastella 2008; Hofmann
2006; Litz 2012; Rothbaum 2014; Storch 2010; Wilhelm 2008).
One study (Sheerin 2014) was rated 'high' risk of bias because
the psychiatrist, who met with patients, was not blinded to
allocation. The additional studies were rated 'unclear' because
there was insuCicient information to determine how allocation was
concealed.

Blinding

Blinding of participants and personnel

Sixteen of the studies reported that the participants and personnel
were blinded, and used an adequate method; these were therefore
rated as being at 'low' risk of bias. Medication was administered
in a double-blind fashion and the research pharmacist oversaw
the randomisation (de Kleine 2012; Difede 2014; Farrell 2013;
Guastella 2008; Hofmann 2006; Hofmann 2013; Kushner 2007; Litz
2012; Otto 2010; Ressler 2004; Scheeringa 2014; Siegmund 2011;
Storch 2007; Storch 2010; Tart 2013; Wilhelm 2008). One study
(Sheerin 2014) was rated 'high' risk of bias because the psychiatrist,
who met with patients, had access to the list with participants'
treatment conditions. The remaining four studies were given a
rating of 'unclear' for risk of bias: Cameron 2005 and Rothbaum
2014 reported that they were double-blind but did not provide
further details; Mataix-Cols 2014 and Nave 2012 reported that
identical pills were used but other details to assure blinding were
not reported.

Blinding of outcome assessors

Five studies were rated as at 'unclear' risk of bias. These studies
were described as double-blind but no information was provided
on how the outcome assessors were blinded (Cameron 2005; Nave
2012; Otto 2010; Rothbaum 2014; Scheeringa 2014). The remaining
16 studies were rated 'low' risk of bias as outcome assessors
were blinded in these studies. It was stated in these studies that

the psychologist or therapist who was blind to the medication
condition conducted the assessments.

Incomplete outcome data

Eleven studies were classified as 'low' risk of bias. Each of these
studies had no missing data and missing outcome data were
balanced in numbers across the intervention groups. Three studies
were rated as 'high' risk of bias (Cameron 2005; de Kleine 2012;
Sheerin 2014). In Cameron 2005 five participants were not included
in the analysis with no reason given, in de Kleine 2012 there
was a high dropout rate with approximately one in three patients
ending treatment prematurely, and in Sheerin 2014 only 7 out of
16 participants that started treatment completed, which may have
introduced bias in the results. We classified the remaining studies
as 'unclear'.

Selective reporting

Ten studies were rated as 'low' risk of bias. The protocols for each
of these 10 studies were available and all pre-specified outcomes
were reported. Seven studies were rated as 'unclear' risk of bias. In
five of these this was because the study protocol was not available,
in Otto 2010 the protocol was available but did not list the specific
scales that would be used to measure the outcomes, and Storch
2010 had a protocol available but reported additional outcomes in
the study report. Four studies were rated 'high' for reporting bias.
In three of these studies outcomes were missing that had been pre-
specified in the protocol (Hofmann 2006; Litz 2012; Ressler 2004;
Rothbaum 2014); whereas in Difede 2014 two outcome measures
were not reported suCiciently with means and standard deviations
(SDs).

Other potential sources of bias

Ten studies were noted to have 'unclear' risk for other sources of
bias. In six of those studies a large percentage of patients were
receiving concomitant medications, which might have confounded
the results. In de Kleine 2012, when patients completed the
homework assignments they were not taking DCS, which may
have diluted DCS-related eCects and influenced the treatment
outcomes. Cameron 2005 and Mataix-Cols 2014 were brief reports
and insuCicient information was provided to assess other biases.
The remaining eleven studies were rated 'low' risk bias because no
sources of other bias were identified.

E>ects of interventions

See: Summary of findings for the main comparison DCS and
cognitive and behavioural therapies compared to placebo and
cognitive and behavioural therapies for anxiety disorders in adults;
Summary of findings 2 DCS and cognitive and behavioural
therapies compared to placebo and cognitive and behavioural
therapies for anxiety disorders in children and adolescents
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Comparison 1: DCS augmentation of cognitive and behavioural
therapies (CBT) versus placebo augmentation of CBT for adults

See: Summary of findings for the main comparison.

Primary outcomes

1.1 Treatment e>icacy: treatment responders at end of treatment

There was no evidence of a diCerence between DCS augmentation
of CBT compared to placebo augmentation of CBT (N = 9, risk ratio
(RR) 1.10; 95% confidence interval (CI) 0.89 to 1.34; n = 449; see
Analysis 1.1) for the treatment of anxiety and related disorders in
adults. The evidence was low in quality. In addition, no evidence
of a diCerence was found within the subgroups that reported
on this outcome (OCD, PTSD, SAnD, SPh), except for PD where
DCS augmentation of CBT was found to be more eCicacious than
placebo augmentation of CBT (N = 1, RR 2.25; 95% CI 1.04 to 4.86;
n = 31). There were moderate levels of heterogeneity in the overall
results (I2 = 45%, Tau2 = 0.03).

1.2 Treatment e>icacy: treatment responders at 1 to 12 months
follow-up

No evidence of a diCerence between DCS augmentation of CBT
compared to placebo augmentation of cognitive and behavioural
therapies was found at follow-up (N = 7, RR 1.08; 95% CI 0.90
to 1.31; n = 383; see Analysis 1.2). In addition, no evidence of a
diCerence was found within the subgroups that reported on this
outcome (OCD, PD, PTSD, SAnD, SPh). Substantial heterogeneity
was observed within some of the subgroups.

1.3 Treatment acceptability: withdrawals from treatment at end of
treatment

There was no evidence of a diCerence in treatment acceptability
for DCS augmentation of CBT with placebo augmentation of CBT
overall (N = 16, RR 0.88; 95% CI 0.61 to 1.25; n = 740; see Analysis
1.3). This conclusion was based on moderate quality evidence. In
addition, no evidence of a diCerence between the experimental
and control interventions was found within the subgroups that
reported on this outcome (OCD, PD, PTSD, SAnD, SPh). Substantial
heterogeneity was observed within some of the subgroups.

1.4 Treatment acceptability: withdrawals from treatment at 1 to 12
months follow-up

This outcome was not applicable in the comparison of DCS
augmentation of CBT versus placebo augmentation of CBT for
adults at follow-up.

Secondary outcomes

1.5 In remission at end of treatment

There was no evidence of a diCerence in rate of remission between
DCS augmentation of CBT and placebo augmentation of CBT (N
= 5, RR 1.16, 95% CI 0.79 to 1.71; n = 292; see Analysis 1.4). This
conclusion was based on moderate quality evidence. In addition,
no evidence of a diCerence was found within the subgroups that
reported on this outcome (OCD, PTSD, SAnD, SPh). Substantial
heterogeneity was observed within some of the subgroups.

1.6 In remission at one to six months follow-up

No evidence of a diCerence in rate of remission for DCS
augmentation of CBT compared with placebo augmentation of
CBT was found (N = 5, RR 1.29; 95% CI 0.79 to 2.10; n = 272; see

Analysis 1.5). In addition, no evidence of a diCerence was found for
the subgroups that reported on this outcome (OCD, PTSD, SAnD,
SPh), except for PTSD where DCS augmentation of CBT was more
eCicacious than placebo augmentation of CBT (N = 2, RR 2.58; 95%
CI 1.34 to 4.99; n = 92). There was substantial heterogeneity in the
overall results (I2 = 53%, Tau2 = 0.16).

1.7 Condition-specific anxiety symptoms at end of treatment

DCS augmentation of cognitive and behavioural therapies was
found to be more eCicacious than placebo augmentation of
CBT in reducing condition-specific anxiety symptoms (N = 17,
standardised mean diCerence (SMD) -0.32; 95% CI -0.58 to -0.07;
n = 735; see Analysis 1.6). The evidence was moderate in quality.
To investigate whether the magnitude of eCect was of clinical
importance, the SMD was converted to mean diCerence (MD)
using a representative study (Hofmann 2013) for the LSAS scale.
Compared to the mean 57.79 points for the control group, the
converted MD (6.55 points lower) exceeded the minimal clinically
important diCerence on the LSAS scale (55 to 65 points = moderate
social phobia, lower scores indicate a better outcome). The 95% CI
lower value (11.88 points lower) also showed a clinically important
diCerence, whereas the upper value (1.43 points lower) did not. No
evidence of a diCerence was found for the subgroups that reported
on this outcome (OCD, PTSD, SAnD, SPh), except for PD where
DCS augmentation of CBT was found to be more eCicacious than
placebo augmentation of CBT (N = 2, SMD -0.84; 95% CI -1.33 to
-0.34; n = 70). There was substantial heterogeneity in the overall
results (I2 = 60%, Tau2 = 0.15).

1.8 Condition-specific anxiety symptoms at 1 to 12 months follow-up

DCS augmentation of cognitive and behavioural therapies was
found to be more eCicacious than placebo augmentation of CBT in
reducing condition-specific anxiety symptoms (N = 13, SMD -0.27;
95% CI -0.47 to -0.06; n = 641; see Analysis 1.7). To investigate
whether the magnitude of eCect was of clinical importance, the
SMD was converted to MD using a representative study (Hofmann
2013) for the LSAS scale. Compared to the mean 46.84 points for the
control group, the converted MD (6.43 points lower; 95% CI 11.21
to 1.43) did not exceed the minimal clinically important diCerence
on the LSAS scale (55 to 65 points = moderate social phobia, lower
scores indicate a better outcome). No evidence of a diCerence was
found within the subgroups that reported on this outcome (OCD,
PD, PTSD, SAnD), except for SPh where DCS augmentation of CBT
was found to be more eCicacious than placebo augmentation of
CBT (N = 2, SMD -0.66; 95% CI -1.21 to -0.11; n = 56).

1.9 Co-morbid symptoms of depression at end of treatment

There was no evidence of a diCerence in co-morbid symptoms
of depression between DCS augmentation of CBT and placebo
augmentation of CBT (N = 5, SMD -0.25, 95% CI -0.80 to 0.31; n = 178;
see Analysis 1.8). This conclusion was based on moderate quality
evidence. In addition, no evidence of a diCerence was found within
the subgroups that reported on this outcome (PD, PTSD), except
for OCD for which DCS augmentation of CBT was more eCicacious
than placebo augmentation of CBT (N = 2, SMD -0.64, 95% CI -1.23
to -0.04; n = 47). There was substantial heterogeneity in the overall
results (I2 = 68%, Tau2 = 0.26).
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1.10 Co-morbid symptoms of depression at one to six months follow-
up

There was no evidence of a diCerence in co-morbid symptoms of
depression with DCS augmentation of CBT compared to placebo
augmentation of CBT (N = 5, SMD -0.12; 95% CI -0.47 to 0.24; n =
171; see Analysis 1.9). In addition, no evidence of a diCerence was
found within the subgroups that reported on this outcome (OCD,
PD, PTSD). Moreover, there was substantial heterogeneity within
some of the subgroups.

1.11 Co-morbid anxiety symptoms: end of treatment

There was evidence of a diCerence showing that DCS augmentation
of CBT was more eCicacious in reducing co-morbid anxiety
symptoms than placebo augmentation of CBT (N = 3, SMD -0.63;
95% CI -0.99 to -0.26; n = 122; see Analysis 1.10). This conclusion
was based on low quality evidence. To investigate whether the
magnitude of eCect was of clinical importance, the SMD was
converted to MD using a representative study (Siegmund 2011) for
the BAI scale. Compared to the mean 19.5 points for the control
group, the converted MD (8.82 points lower; 95% CI 13.85 to 3.64
points) may represent a clinically important improvement for the
intervention group in co-morbid anxiety, from moderate anxiety
to mild anxiety on the BAI scale (8 to 15 points = mild anxiety, 16
to 25 points = moderate anxiety). One of the three subgroups that
reported on this outcome (PTSD) also found that DCS augmentation
of CBT was more eCicacious than placebo augmentation of CBT (N
= 1, SMD -0.67; 95% CI -1.16 to -0.18; n = 67). The other subgroups,
however, found no evidence of a diCerence for DCS over placebo
(PD: N = 1, SMD -0.52; 95% CI -1.16 to 0.12; n = 39; SAnD: N = 1, SMD
-0.70; 95% CI -1.73 to 0.32; n = 16; see Analysis 1.10).

1.12 Co-morbid anxiety symptoms at three to five months follow-up

No evidence of a diCerence in the reduction of co-morbid anxiety
symptoms with DCS augmentation of CBT compared with placebo
augmentation of CBT was found (N = 2 ,SMD -0.29; 95% CI -0.68
to 0.09; n = 106; see Analysis 1.11). In addition, no evidence of a
diCerence was found within the subgroups that reported on this
outcome (PD, PTSD).

1.13 Quality of life at end of treatment

There was very low quality evidence that DCS augmentation of
CBT was more eCicacious in improving quality of life than placebo
augmentation of CBT (N = 1, MD -5.32; 95% CI -9.87 to -0.77; n = 56;
see Analysis 1.12).

1.14 Quality of life at one month follow-up

DCS augmentation of CBT was found to be more eCicacious in
increasing quality of life than placebo augmentation of CBT (N = 1,
MD -5.71; 95% CI -11.12 to -0.30; n = 56; see Analysis 1.13).

1.15 Adverse events leading to discontinuation or hospitalisation at
end of treatment

No evidence of a diCerence was noted between DCS augmentation
of CBT and placebo augmentation of CBT (N = 2, RR 0.96; 95% CI
0.10 to 9.00; n = 213; see Analysis 1.14). In addition, no evidence of
a diCerence was found within the subgroups that reported on this
outcome (PD, SAnD).

1.16 Adverse events leading to discontinuation or hospitalisation at
follow-up

This outcome measure was not applicable during the follow-up
period.

1.17 Commonly occurring or treatment-related adverse events at end
of treatment

No studies were found that specifically reported on commonly
occurring or treatment-related adverse events.

None of the five studies that reported on 'any' or 'all' adverse events
found any evidence of a diCerence between DCS augmentation
of CBT and placebo augmentation of cognitive and behavioural
therapies in anxiety and related disorders. A further eight studies
reported no events. See Table 2 for detailed results on adverse
events.

1.18 Commonly occurring or treatment-related adverse events at
follow-up

This outcome measure was not applicable during the follow-up
period.

Comparison 2: DCS augmentation of cognitive and behavioural
therapies (CBT) versus placebo augmentation of CBT for
children and adolescents

See: Summary of findings 2.

Primary outcomes

2.1 Treatment e>icacy: treatment responders at end of treatment

There was no evidence of a diCerence between DCS augmentation
of CBT and placebo augmentation of CBT for the treatment of
anxiety and related disorders in children and adolescents (N = 4, RR
1.01; 95% CI 0.78 to 1.31; n = 121; see Analysis 2.1). The evidence was
low in quality. In addition, no evidence of a diCerence was found
within the subgroups that reported on this outcome (OCD, PTSD).

2.2 Treatment e>icacy: treatment responders at 3 to 12 months
follow-up

No evidence of a diCerence between DCS augmentation of CBT and
placebo augmentation of cognitive and behavioural therapies was
found (N = 3, RR 0.86; 95% CI 0.76 to 1.09; n = 91; see Analysis
2.2). In addition, no evidence of a diCerence was found within the
subgroups that reported on this outcome (OCD, PTSD).

2.3 Treatment acceptability: withdrawals from treatment at end of
treatment

There was no evidence of a diCerence in treatment acceptability for
DCS augmentation of CBT compared with placebo augmentation of
CBT (N = 4, RR 0.90; 95% CI 0.17 to 4.69; n = 131; see Analysis 2.3).
The evidence was very low in quality. In addition, no evidence of
a diCerence was found within the subgroups that reported on this
outcome (OCD, PTSD).

2.4 Treatment acceptability: withdrawals from treatment at follow-up

This outcome was not applicable for DCS augmentation of CBT
versus placebo augmentation of CBT for children and adolescents
at follow-up.
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Secondary outcomes

2.5 In remission at end of treatment

There was no evidence of a diCerence in rate of remission between
DCS augmentation of CBT and placebo augmentation of CBT for the
2 studies including participants with OCD (RR 1.19; 95% CI 0.66 to
2.16; n = 44; see Analysis 2.4). This conclusion was based on low
quality evidence.

2.6 In remission at 3 to 12 months follow-up

There was no evidence of a diCerence between DCS augmentation
of CBT and placebo augmentation of CBT for participants with OCD
in the studies that reported on rate of remission (RR 1.05; 95% CI
0.69 to 1.61; n = 44; see Analysis 2.5).

2.7 Condition-specific anxiety symptoms at end of treatment

There was no evidence of a diCerence between DCS augmentation
of CBT compared with placebo augmentation of CBT for condition-
specific anxiety symptoms (N = 4, SMD 0.07; 95% CI -0.55 to 0.69;
n = 131; see Analysis 2.6). The evidence was very low in quality.
There was, however, evidence of a small diCerence for children and
adolescents with PTSD in favour of placebo (N = 1, SMD 0.70; 95%
CI 0.17 to 1.24; n = 57). There was substantial heterogeneity in the
overall results (I2 = 66%, Tau2= 0.26).

2.8 Condition-specific anxiety symptoms at 3 to 12 months follow-up

No evidence of a diCerence in condition-specific anxiety
symptoms for DCS augmentation of CBT compared with placebo
augmentation of CBT was found (N = 3, SMD 0.23; 95% CI -0.32 to
0.78; n = 91; see Analysis 2.7). There was, however, evidence of a
small diCerence for children and adolescents with PTSD at follow-
up in favour of placebo augmentation of CBT (N = 1, SMD 0.62; 95%
CI 0.03 to 1.21; n = 57).

2.9 Co-morbid symptoms of depression at end of treatment

There was no diCerence between DCS augmentation of CBT
compared with placebo augmentation of CBT for co-morbid
symptoms of depression (N = 3, SMD 0.08; 95% CI -0.52 to 0.69;
n = 114; see Analysis 2.8). Evidence of a small diCerence for
children and adolescents with PTSD was found in favour of placebo
augmentation of CBT (N = 1, SMD 0.60; 95% CI 0.06 to 1.13; n = 57).
There was substantial heterogeneity in the overall results (I2 = 60%,
Tau2 = 0.17).

2.10 Co-morbid symptoms of depression at 3 to 12 months follow-up

No evidence of a diCerence in the reduction of co-morbid
symptoms of depression in DCS augmentation of CBT compared
with placebo augmentation of CBT was found (N = 2, SMD 0.09; 95%
CI -0.56 to 0.74; n = 84; see Analysis 2.9). In addition, no evidence of
a diCerence was found within the subgroups that reported on this
outcome (OCD, PTSD). There was also substantial heterogeneity in
the overall results (I2 = 51%, Tau2 = 0.11).

2.11 Co-morbid anxiety symptoms at end of treatment

Results were not pooled between subgroups as heterogeneity was
considerable (I2 = 77%, Tau2 = 0.45). The following was found (see
Analysis 2.10).

2.11.1 OCD

In this subgroup we identified two relevant trials that used MASC
to measure co-morbid anxiety symptoms and found no evidence
of a diCerence between DCS augmentation of CBT and placebo
augmentation of CBT (SMD -0.35; 95% CI -0.93 to 0.23; n = 47).

2.11.2 PTSD

In this subgroup we identified one relevant trial that found
placebo augmentation of CBT to be more eCicacious than DCS
augmentation of CBT in reducing co-morbid anxiety symptoms,
using the SCARED measurement (SMD 0.80; 95% CI 0.26 to 1.34; n
= 57).

2.12 Co-morbid anxiety symptoms at three months follow-up

Placebo augmentation of CBT was found to be more eCicacious
than DCS augmentation of CBT for the single study including
participants with PTSD that reported on co-morbid anxiety
symptoms (MD 10.1; 95% CI 1.88 to 18.32; n = 57; see Analysis 2.11).

2.13 Quality of life at end of treatment

No studies were found that reported on quality of life.

2.14 Quality of life at follow-up

No studies were found that reported on quality of life.

2.15 Adverse events leading to discontinuation or hospitalisation at
end of treatment

No studies were found that reported on adverse events leading to
hospitalisation or discontinuation.

2.16 Adverse events leading to discontinuation or hospitalisation at
follow-up

This outcome was not applicable to the follow-up period.

2.17 Commonly occurring or treatment related adverse events at end
of treatment

Two studies that reported on treatment or drug-related adverse
events reported no events (Farrell 2013; Mataix-Cols 2014), see
Table 2.

The one study that reported on 'any' or 'all' adverse events did
not find any evidence of a diCerence for DCS augmentation of
CBT compared to placebo augmentation of CBT, whereas the other
study reported no events.

2.18 Commonly occurring or treatment related adverse events at
follow-up

This outcome was not applicable to the follow-up period.

3. Heterogeneity

Assessment of the primary outcome measure of treatment eCicacy
(treatment response) indicated Tau2 = 0.03; Chi2 = 14.61, df = 8 (P =
0.07); I2 = 45%. This suggested that the result may present moderate
heterogeneity.

4. Subgroup analysis

Subgroup analyses were planned to assess the degree to
which methodological diCerences between trials might have
systematically influenced diCerences observed in primary
treatment outcomes. Analyses of medication dosages, isolated
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versus chronic treatment with DCS, timing of drug administration,
and the eCect of the inclusion of patients on a stable dose of
anti-depressants were intended, however there were insuCicient
studies to conduct the subgroup analyses (fewer than 10).

5. Sensitivity analysis

There were insuCicient studies (fewer than ten) to conduct planned
sensitivity analyses. For Sheerin 2014, SDs for the DCS group
were not reported for two outcomes (condition-specific anxiety
symptoms and co-morbid anxiety symptoms). As stated in Dealing
with missing data, we imputed the DCS group SDs based on an
average of the other studies' SDs. However, as the placebo group
SD was available for this study and diCered from the average SDs,

we carried out sensitivity analyses to investigate whether using the
placebo group SDs would impact on the overall results for these
outcomes. We found that they did not significantly change the total
eCect or 95% CI (data not reported).

6. Publication bias

There was no evidence of possible funnel plot asymmetry for the
outcomes that included at least 10 studies: treatment acceptability
for adults at end of treatment, and condition-specific anxiety
disorders for adults at the end of treatment and at follow-up. The
graphs appeared to be symmetrical and disorders were normally
distributed above and below the mean (see Figure 4; Figure 5;
Figure 6).

 

Figure 4.   Funnel plot of comparison: 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults at end of treatment, outcome: 1.3 Treatment acceptability: withdrawals from
treatment - end of treatment.
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Figure 5.   Funnel plot of comparison: 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, outcome: 1.6 Condition-specific anxiety symptoms - end of treatment.
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Figure 6.   Funnel plot of comparison: 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, outcome: 1.7 Condition-specific anxiety symptoms - 1 to 12 month follow-up.

 

D I S C U S S I O N

Summary of main results

This review aimed to assess the eCicacy and acceptability of
DCS augmented cognitive and behavioural therapies compared
to placebo augmented cognitive and behavioural therapies for
anxiety and related disorders in children, adolescents and adults.
Exposure-based forms of cognitive and behavioural therapies were
included in the review, namely ERP, ET (group or individual),
PE and VRE. Overall, 21 studies were included in the review
(788 participants). The 21 RCTs investigated obsessive compulsive
disorder (OCD, N = 6), post-traumatic stress disorder (PTSD, N = 5),
social anxiety disorder (SAnD, N = 5), specific phobia (SPh, N = 3)
and panic disorder (PD, N = 2).

Although DCS augmentation of cognitive and behavioural therapies
was eCicacious in individual studies, the combined eCect size
indicated that there was no diCerence in terms of eCicacy, response
or remission. These findings were seen in the adult group at the
end of treatment and of follow-up. Further, DCS augmentation of
cognitive and behavioural therapies for children and adolescents,
both at post-treatment and follow-up, did not appear to be superior
to placebo augmentation of cognitive and behavioural therapies.
No evidence of a diCerence was found within the subgroups
that reported on treatment eCicacy (OCD, PTSD, SAnD, SPh),
except for PD where one small adult study found DCS augmented
cognitive and behavioural therapies to be more eCicacious than
placebo augmented cognitive and behavioural therapies. Moderate

heterogeneity was detected amongst studies, particularly for the
primary outcome assessment of treatment eCicacy in the adult
comparator group.

There was no evidence of diCerence in treatment acceptability
for DCS augmentation of cognitive and behavioural therapies
compared with placebo augmentation of cognitive and behavioural
therapies overall. No studies were found that specifically reported
on commonly occurring or treatment -related adverse events.

Findings on secondary outcome measures were largely consistent
with those for the primary outcome measures. A reduction
in condition-specific anxiety symptoms was found in the DCS
arm compared to the placebo arm for adults, both at the end
of treatment and at follow-up. There is a noted statistically
significant improvement with DCS augmentation of CBT over
placebo augmentation of CBT (moderate quality evidence). This
could be interpreted as a clinically important eCect, due to the
overall SMD that was back transformed to one scale, the LSAS scale.
The LSAS scale was chosen as it was included in most studies.
Further, Hofmann 2013 was chosen as the representative study
as it was relatively large with low risk of bias. This method is
based on many assumptions and the clinical importance should
be interpreted with caution. Overall the upper CI value showed
no clinically important diCerence for this outcome. There was no
evidence of a diCerence in condition-specific anxiety symptom for
children and adolescents. The reduction of co-morbid symptoms
of depression was not found in the DCS arm compared to the
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placebo arm. Subgroup analysis in the adult comparator group
showed no evidence of a diCerence except for the OCD group
where two small studies showed DCS augmentation of cognitive
and behavioural therapies to be more eCicacious than placebo
augmentation of cognitive and behavioural therapies. In the
child and adolescent comparison group, DCS augmentation of
cognitive and behavioural therapies was successful in reducing
co-morbid depression. Evidence of a diCerence was also found
for children, adolescents and adults with PTSD. No evidence of a
diCerence was found at follow-up across all age groups, however.
Furthermore, there was no evidence of a diCerence between DCS
augmentation of cognitive and behavioural therapies compared
with placebo augmentation of cognitive and behavioural therapies
in the reduction of disability for adult participants.

Overall completeness and applicability of evidence

Although every eCort was made to identify relevant trials, the
number of studies included in this review is small. There are a
number of factors limiting the strength of the conclusions that can
be supported by this review. Missing outcome data for numerous
studies prevented the addition of their data into the analysis of
treatment eCicacy, despite requests to trial investigators for this
information. Of the 21 included studies in the review, only nine
studies in the adult comparator groups provided responder rates,
and four studies in the child and adolescent group. Further, in
the child and adolescent group only studies on OCD and PTSD
were found, which limits the completeness and applicability of the
findings. Limited conclusions can be drawn around acceptability
of treatment, as treatment withdrawals were used as an indirect
measure. Quality of life outcomes could not be determined as only
one study reported on this outcome. Two trials did not report on
the reasons why participants were excluded from the analysis and
one noted a large dropout rate with a premature end to treatment.

The sample size of each trial (mean 40 participants) and the review
(788 participants) were small. This raises concerns around the
interpretation of findings given that (1) larger studies tend to give
more precise estimates of eCects (and hence have narrower CIs)
than smaller studies; (2) the statistical significance of an eCect of a
particular magnitude will be greater (the P value will be smaller) in
a larger study than in a smaller study; and (3) the Chi2 test will be
low in power in the (common) situation of a meta-analysis where
studies have small sample sizes or are few in number (Hofmann
2011).

InsuCicient data are currently available to carry out subgroup
analysis, as a minimum of 10 studies per outcome is required.
This limits the overall completeness of the evidence presented.
Numerous disorders (OCD, PTSD, SAnD, SPh, PD) were included in
the review and compared. Marked heterogeneity exists between
these disorders in clinical presentation and response to treatment.

The amount of DCS given amongst the disorders varied
significantly. The timing of DCS was another significant
methodological factor as DCS was given from between four hours
before the exposure session to half an hour before. Studies also
employed post-exposure treatment administration of DCS. When
comparing reduction in symptoms, clinician assessed scales were
not uniformly used, namely the AAVQ, which is a self-report scale,
could have possibly skew the results.

A lack of generalizability of the results is noted. Most participants
were in an outpatient rather than primary care setting. Of the
selected study population, only three studies included children and
adolescents, and one adolescents only. These studies were also
limited to OCD and PTSD. It may be possible that the population
selected, given the stringent exclusion criteria employed in the
studies, may not have been representative of the 'real world'
sample. All included studies in the review excluded participants
who were pregnant or lactating, had a history of substance abuse,
and a history of a serious general medical condition, and thus
participants may not be representative of the general population.
ORen 'real' patients with anxiety disorders have several co-
morbidities, and this may not be accurately reflected in the severity
of the condition evident in the participants in these trials. Only 55%
of studies reported on co-morbidities (de Kleine 2012; Farrell 2013;
Guastella 2008; Hofmann 2013; Litz 2012; Mataix-Cols 2014; Nave
2012; Rothbaum 2014; Storch 2007; Storch 2010; Wilhelm 2008).
These rates varied from a total of 70.1% of the sample having
an additional diagnosis (de Kleine 2012), 65% having a second
diagnosis and 53% having a third diagnosis in Farrell 2013, and only
one participant in Nave 2012 with an additional diagnosis. Further,
all the trials were conducted in first world settings, limiting the
applicability to developing and resource limited countries.

Quality of the evidence

The quality of the evidence was assessed across seven outcomes
at the end of treatment, namely treatment eCicacy, treatment
acceptability, remission, condition-specific anxiety symptoms, co-
morbid depression, co-morbid anxiety and quality of life. We
constructed two separate summary of findings tables, one for DCS
and cognitive and behavioural therapies compared to placebo and
cognitive and behavioural therapies for anxiety disorders in adults
(see Summary of findings for the main comparison) and the other
in children and adolescents (see Summary of findings 2). In the
adult comparison the main outcome of treatment eCicacy was
marked as low quality mainly due to the missing data reported on
allocation concealment in five studies. This indicates that future
research is likely to have an important impact on our confidence in
the estimate of eCect and is likely to change this eCect. The quality
of evidence for the main outcome comparison of treatment eCicacy
in the children and adolescent group was also regarded as low. The
quality of information was downgraded as the total sample size
was lower than the calculated optimal information size; and the
confidence intervals are wide, including both appreciable benefit
and no eCect.

Study limitations (risk of bias)

Treatment eCicacy in adults was marked as having a high risk
of bias due to insuCicient reporting on the method of allocation
concealment. This risk of bias was also seen in comparisons of co-
morbid anxiety symptoms in children and adolescents. Outcome
assessment of remission in adults was downgraded to a moderate
quality due to concerns around selective reporting.

Consistency of e>ect

Studies showed marked heterogeneity over a range of outcomes in
both adult and children and adolescent comparator groups. This
may be due to the variability in the types of anxiety disorders
compared, the participants, and the severity of illness within each
group. Methodological diversity may also account for this result as
diCerent dosages, timing and frequency of DCS were administered.

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

28



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Further, the number and duration of exposure-based therapy
sessions varied amongst studies. Treatment acceptability in adults
was downgraded to very low quality. In the child and adolescent
comparator groups assessment of co-morbid depression and co-
morbid anxiety was downgraded to very low quality of evidence
suggesting uncertainty about the overall estimate.

Indirectness

The studies included in our review were conducted in outpatient
settings and some populations were regarded as diCicult to
treat, so results may not be generalizable to the primary care
setting. In addition, withdrawal from treatment was used as
an indirect measure of treatment acceptability to patients. The
quality of evidence was thus downgraded by one level as there
could have been other reasons why participants dropped out.
Quality of life outcomes were downgraded by one step for
indirectness. Measuring the impact of an individual's fears on
various components of their life can not be considered the sole
measure of quality of life.

Imprecision

The results on co-morbid anxiety symptoms and quality of life
were downgraded by two levels for imprecision. The total sample
size was lower than the calculated optimal information size and
two or fewer studies reported this outcome for adults. Treatment
eCicacy or the measurement of treatment responders in children
and adolescents was downgraded two levels as the total sample
size was also lower than the optimal informational size and the CIs
were wide, including both appreciable benefit and no treatment
eCect.

Publication bias

A funnel plot was used to assess condition-specific anxiety
symptoms at treatment and follow-up. This was the only outcome
with more than 10 studies. The funnel plots indicated no evidence
asymmetry, therefore this outcome was not downgraded (see
Figure 4; Figure 5).

Potential biases in the review process

Some biases and limitations can be noted:

1. We tried to perform a thorough article search, however it
is possible that we missed some relevant studies, including
unpublished trials. We did not consider searching for publicly
accessible reports of drug trials in the FDA and EMA databases, and
this may have limited the study findings.

2. The post hoc addition of analysing adults and children separately
may have introduced bias.

3. Only 9 of 16 studies in the adult comparator group reported on
responder rates and this could have introduced bias in the results.

4. Two studies were rated as high risk of bias, in Cameron 2005
five participants were not included in the analysis with no reason
given, and in de Kleine 2012, there was a high dropout rate with
approximately one in three patients ending treatment prematurely.

5. Six included studies had a large percentage of patients receiving
concomitant medications, which might have confounded the
results. In de Kleine 2012, when patients completed the homework

assignments they were not taking DCS, which may have diluted the
DCS-related eCects and influenced treatment outcomes. There was
also insuCicient information provided on other biases.

6. The extraction of data points from graphs using digitizing
soRware may have introduced bias as any adjustment of the
analysis in the graph might have made it diCicult to match the
eCect size exactly. To ensure that our estimations were not too far
oC, we compared the P values from our estimations with those
reported in the papers (when P values were reported). This applied
to continuous outcomes for Otto 2010, Ressler 2004 and Siegmund
2011. Standard deviations, standard errors or CIs for the treatment
eCects were not reported for these studies.

Agreements and disagreements with other studies or
reviews

Our findings are similar to research conducted on the eCects
of DCS by Bontempo 2012. Bontempo 2012 found no significant
diCerences in methodological features, however the authors found
that DCS may still have significant eCects in improving outcomes
in patients using CBT for anxiety and related disorders. Our current
findings contrast with this conclusion, possibly due to the inclusion
of more studies without significant clinical eCects of DCS compared
with placebo.

A meta-analysis by Rodrigues 2014 suggests that DCS enhances the
eCects of exposure therapy in anxiety and related disorders. The
observed eCect size was, however, small to moderate (Cohen’s d =
-0.34) and showed low heterogeneity. Our results may have diCered
as, despite Rodrigues 2014 being published in 2014, the search
results only included studies up to 2012, and seven new studies
were not included. Of these new studies, five indicated that there
was no clinically significant diCerence between DCS augmentation
of cognitive and behavioural therapies compared to placebo
augmentation of cognitive and behavioural therapies for treatment
response in anxiety and related disorders (Cameron 2005; Hofmann
2013; Mataix-Cols 2014; Rothbaum 2014; Scheeringa 2014). In
addition, Hofmann 2013, which indicated similar response rates
between the placebo and DCS arms, is the largest trial to date,
with 144 participants, and was not included in the analysis. The
remaining two new studies (Difede 2014; Farrell 2013) that did
show a response in favour of DCS were smaller trials of 25 and 30
participants respectively. Farrell 2013 also stated that both groups
showed significant improvement of anxiety symptoms, with 94% of
the total sample regarded as responders.

These nuances include claims made about DCS around eCects on
the speed of treatment gains, eCects of dosing and dose timing,
and eCects on fear memory reconsolidation (Hofmann 2015). Of
these claims, this review aimed to primarily assess the response for
DCS augmentation of CBT compared with placebo augmentation
of CBT for anxiety and related disorders. Nevertheless, other
reviews and updates have suggested a trend toward acceleration
in symptom reduction, particularly in more severe symptoms
(Hofmann 2015; Siegmund 2011). Hofmann 2015 suggests three
important issues that may influence the therapeutic action of DCS,
namely that DCS primarily acts by accelerating CBT; the dosage and
timing of administration, and under conditions of poor exposure
therapy; and that DCS can worsen symptoms by enhancing fear
memory reconsolidation. Declining benefit of DCS across weeks of
treatment, as seen in Kushner 2007, Siegmund 2011 and Wilhelm
2008, suggests an accelerated response rather than an increased
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magnitude of eCect. This was further replicated in Hofmann
2013, where both DCS and placebo augmented CBT groups were
associated with similar response and remission rates at the end of
treatment and follow-up, but DCS was associated with a 24% to
33% faster rate of improvement over 12 weeks relative to placebo.
This has important implications as patients who may experience
early treatment gains are less likely to discontinue treatment. Some
studies also show that increased doses, from 500 mg to 1 g, have a
weaker eCect; and sometimes NMDA antagonistic eCects are seen
at diCerent concentrations (Davis 2006). The authors conclude that
there is currently not enough information to provide clear guidance
on the most eCicacious dose, number of exposure therapy sessions,
and the timing of administration of DCS. Further considerations
provided by Lee 2006 and Hofmann 2014 are that, in addition
to strengthening extinction memory, DCS can be employed to
strengthen reconsolidation of fear memory. It has been proposed
that DCS may worsen symptoms if the within-session decrease
of fear is insuCicient, and may result in fear consolidation. This
suggests that DCS augmentation should only be administered if the
exposure sessions were regarded as successful. Further, this current
review aimed to assess the eCicacy of DCS augmented cognitive
and behavioural therapies compared to placebo and cognitive
and behavioural therapies at the end of treatment, rather than
per session reduction of anxiety symptoms. We, therefore, cannot
support these conclusions but suggest future work in the direction
of assessing within session reduction of anxiety symptoms and thus
speed of treatment gains.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is currently no evidence of a diCerence between DCS
augmentation of cognitive and behavioural therapies and placebo
augmentation of cognitive and behavioural therapies in children,
adolescents and adults. These findings were based on low quality
evidence due to incomplete data, with many studies not presenting
response, and small sample sizes. It is noteworthy that whilst
there is no evidence of an eCect of DCS augmentation of cognitive
and behavioural therapies in the treatment of anxiety and related
disorders, there is also no evidence against its use. On balance we
believe there is not suCicient evidence to draw conclusions on its
use at this stage.

Implications for research

The evidence from the studies of DCS augmentation of cognitive
and behavioural therapies for the treatment of anxiety and related
disorders included in this review is limited by the small sample
sizes used. Larger trials and additional meta-analysis would allow
for a more precise estimate of the treatment eCects of DCS, as
well as a more comprehensive look at sources of heterogeneity
between study results. Methodological diCerences in therapy
techniques in trials and particular types of anxiety disorders may

be important causes of heterogeneity between trials, and deserve
further research.

More experimental work should be undertaken to disentangle
extinction learning, fear memory reconsolidation and DCS
enhancement. Increasing evidence shows that DCS enhances
cognitive processes during extinction learning, as well as
in fear memory reconsolidation. This evidence suggests that
administration of DCS based on the level of fear reduction at the
end of an exposure session may be eCicacious. However, it is not
yet known whether this is a desirable augmentation strategy in
humans.

Several aspects of DCS augmentation need further investigation in
order to establish optimal augmentation strategies, such as dosage,
timing of administration (for example before or aRer therapy
sessions), number of administrations and individual diCerences in
response. Studies should also include quality of life as an outcome
measure. Only one included study reported quality of life despite
its clinical value in understanding treatment strategies for these
disorders.

DCS acts as a cognitive enhancer but may not be the only agent that
has potential benefit for augmenting cognitive and behavioural
therapies processes. Other agents have been identified, such as
yohimbine (a selective, competitive alpha2-adrenergic receptor
antagonist), thus future research may be employed to determine
mechanisms of action as well as magnitude of eCect.
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Characteristics of included studies [ordered by study ID]

 

Methods Design: Randomised double-blind placebo controlled trial

Study duration: 12 weeks

Follow-up: 3 months

Country: USA

Participants Sample size: 39 children, adolescents and adults were randomised

Recruitment: Not reported

Inclusion criteria - diagnostic classification criteria: DSM-IV symptoms of social phobia, generalized or
specific type

Inclusion criteria - rating scales: Not reported

Included disorders: Social anxiety disorder

Co-morbidities: co-morbid major depressive disorder was an exclusion criteria

Gender: 51% male

Mean age: Not reported; 36% were below 18 years old, the remaining participants were 18 to 65 years
old

Ethnicity: 5% Asian, 26% Black, 62% White, 5% not reported, 3% multiracial

Pharmacotherapy during the study: Naturalistic prescribing not allowed

Interventions 1. Intervention: 12 weekly CBT sessions with 50 mg DCS 1 to 2 hours prior to each CBT session (n = 20)

2. Comparison: 12 weekly CBT sessions with placebo 1 to 2 hours prior to each CBT session (n = 19)

Therapists: Not reported

Outcomes Withdrawals; anxiety symptoms: LSAS; adverse events

Notes Funding from industry: No

Medication supplied by industry: Not reported

Any author work for industry: Not reported

Study ID: NCT00128401

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk States "randomised" but does not report method

Allocation concealment
(selection bias)

Unclear risk Details not provided

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk "Masking: Double Blind (Subject, Caregiver, Investigator, Outcomes Asses-
sor)". Further details not reported

Cameron 2005 
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All outcomes

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk "Masking: Double Blind (Subject, Caregiver, Investigator, Outcomes Asses-
sor)". Further details not reported

Incomplete outcome data
(attrition bias) 
All outcomes

High risk The study stated that 14 participants in the DCS group (70%) and 15 partici-
pants from the placebo group (79%) completed the study, but only 12 partic-
ipants from each group (60%) were analysed for the CGI-S and LSAS with no
reasons given for excluding data

Selective reporting (re-
porting bias)

Low risk All outcomes stated in protocol reported on with data provided

Other bias Unclear risk Insufficient information to assess other bias (record from www.ClinicalTrial-
s.gov)

Cameron 2005  (Continued)

 
 

Methods Design: Randomized, double-blind, placebo controlled study

Study duration: 10 weeks

Follow-up: 3 months

Country: Netherlands

Participants Sample size: 67 adult patients eligible and agreed to participate

Recruitment: recruited from referrals to two Dutch outpatient clinics

Inclusion criteria - diagnostic classification criteria: DSM-IV primary diagnosis of PTSD

Inclusion criteria - rating scales: Mini-International Neuropsychiatric Interview (MINI)

Included disorders: PTSD and any co-morbid diagnoses. The traumatic events underlying PTSD were
mixed and comprised sexual assault including childhood sexual abuse (n = 35), violent nonsexual as-
sault (n = 20), a road traffic or other accident (n = 3), war-zone experiences (n = 2), and miscellaneous (n
= 7)

Co-morbidities: 70.1% (n = 47) had additional diagnosis (mean 2.0) -mMajor depressive disorder
(53.7%) and anxiety disorders (41.8%)

Gender: 80.6% female

Mean age: 38.3 years (SD 11.4 years)

Ethnicity: Not reported

Pharmacotherapy during the study: Naturalistic prescribing allowed; 11 participants were taking a
benzodiazepine, 8 participants were taking an anti-depressant, 9 participants were taking a benzodi-
azepine and an antidepressant

Interventions 1. Intervention: Participants received 50 mg DCS administered 1 hour prior to 10 weekly sessions of pro-
longed exposure therapy (n = 33)

2. Comparison: Participants received placebo pill administered 1 hour prior to 10 weekly sessions of
prolonged exposure therapy (n = 34)

Therapists: Psychologists trained in prolonged exposure therapy (PE) administered the PE
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Outcomes Responders; withdrawals; remission; anxiety: CAPS; co-morbid depression: BDI; co-morbid anxiety:
STAI

Notes Funding from Industry: Unclear

Medication funded by industry: No, DCS purchased from Duchefa Farma

Any authors work for industry: Unclear. This work was supported by Stichting Achmea Slachtoffer en
Samenleving (to GH and AvM) and Vereniging tot Christelijke Verzorging van Geestes- en Zenuwzieken
(to GH and AvM)

Study ID: NTR1184 (Nederlands trial register: http://www.trialregister.nl/)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Using standard software, an independent statistician generated a randomisa-
tion list using random blocks with a maximum of 1 number each

Allocation concealment
(selection bias)

Low risk The active and placebo capsules were dispensed by the pharmacist in num-
bered containers in accordance with the randomisation list.The compound-
ing chemist purchased DCS from Duchefa Farma (Haarlem, the Netherlands) to
make the 50 mg DCS capsules along with the identical-looking placebo

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Everyone involved in the study (i.e. researchers, participants, therapists, and
assessors) were blind to the treatment condition until all follow-up assess-
ments were completed

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Everyone involved in the study (i.e. researchers, participants, therapists, and
assessors) were blind to the treatment condition until all follow-up assess-
ments were completed

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Eight dropped out before the first exposure session, leaving 67 participants
receiving the allocated intervention. The treatment protocol was complet-
ed by 45 participants, whereas 40 completers and 5 dropouts completed the
3-month follow-up assessment. High dropout rate: in both groups, approxi-
mately one in three patients ended treatment prematurely. This may have in-
troduced a bias in the results. Eight participants never received any exposure
treatment and were not included in the analysis, thus not a true intention-to-
treat analysis

Selective reporting (re-
porting bias)

Low risk Outcomes pre-specified in protocol were reported

Other bias Unclear risk When patients completed the homework assignments they were not taking
DCS, which may have diluted DCS-related effects

de Kleine 2012  (Continued)

 
 

Methods Design: Randomised, placebo controlled, double-blind trial

Study duration: 12 weeks

Follow-up: 6 months
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Country: USA

Participants Sample size: Estimated 40 adult participants who developed posttraumatic stress disorder (PTSD) fol-
lowing either the events of September 11, 2001, or military service in the war in Iraq

Sample size: 25 participants were randomised

Recruitment: Participants were recruited between 2005 and 2011 by publicizing the study in medical
centres and the general community

Inclusion criteria - diagnostic classification criteria: PTSD, according to DSM-IV criteria, following expo-
sure to the World Trade Center (WTC) attacks

Inclusion criteria - rating scales: Clinician Administered PTSD Scale (CAPS)

Included disorders: PTSD

Co-morbidities: Not reported

Gender: 76% male

Mean age: 45.84 years (SD = 10.50, range 25 to 70 years)

Ethnicity: 84% White

Pharmacotherapy during the study: Naturalistic prescribing allowed. Participants had to be on a sta-
ble dose for at least 2 months before enrolment and maintain their medication regimen throughout the
study. Prescriptions included: Paxil, Xanax, Klonopin, Lexapro, Prozac, Wellbutrin, Effexor, Ativan, Nor-
triptyline, Celexa, Cymbalta, and ZoloR. Numbers of participants taking each medication not reported

Interventions 1. Intervention: 12 weekly sessions of CBT including prolonged exposure enhanced by virtual reality with
100 mg d-cycloserine 90 min before their weekly exposure session (sessions 2 to 11) (n = 13)

2. Comparison: 12 weekly sessions of CBT including prolonged exposure enhanced by virtual reality with
placebo pill 90 min before their weekly exposure session (sessions 2 to 11) (n = 12)

Therapists: Not reported

Outcomes Withdrawals; remission; anxiety: CAPS; adverse events

Notes Funding from industry: "Partial funding support was provided by DeWitt-Wallace Fund of the New York
Community Trust, which had no role in study design, data collection, analysis and interpretation, or
writing of this paper"

Medication supplied by industry: Not reported

Any author work for industry: Dr Altemus has consulted for Ironwood Pharmaceuticals and Corcept
Therapeutics, and has received research support from the Fisher Family Foundation

Study ID: NCT00632632

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk States "randomised" but does not report method of sequence generation.
However, since allocation concealment was adequate we assume that ran-
domisation method also was adequate

Allocation concealment
(selection bias)

Low risk Central allocation: "the research pharmacy oversaw randomisation"

Difede 2014  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "100 mg DCS capsules and matching placebo capsules containing lactose were
prepared. Medication was administered double-blind; the research pharmacy
oversaw randomisation."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "A psychologist who was blind to the medication condition conducted assess-
ments"

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk A total of 22/25 (88%) completed intervention and follow-up process. Although
the number of dropouts was small, all dropouts were in the intervention group
and reasons for dropping out were not provided. "Three participants dropped
out (after sessions 3, 6, and 7); all were in the VRE-placebo group". "All analyses
adhered to intent-to-treat principle, with the last available observation used
as the outcome data (ITT/LOCF)."

Selective reporting (re-
porting bias)

High risk Two outcome measures (PCL and BDI-II) were not reported sufficiently with
means and SDs to be included in a meta-analysis

Other bias Low risk The study appears to be free of other sources of bias

Difede 2014  (Continued)

 
 

Methods Design: Randomised double-blind placebo controlled pilot trial

Study duration: 9 weeks

Follow-up: 3 months

Country: Australia

Participants Sample size: 17 children and adolescents were enrolled

Recruitment: Children and adolescents with a primary diagnosis of OCD were enrolled at Griffith Uni-
versity between May 2009 and September 2010

Inclusion criteria - diagnostic classification criteria: Primary diagnosis of OCD, child meeting criteria for
"difficult-to-treat OCD", specific diagnostic criteria not reported

Inclusion criteria - rating scales: CY-BOCS score of ≥ 19

Included disorders: OCD

Co-morbidities: 65% of the sample was presented with a secondary co-morbid diagnosis and 53% pre-
sented with a tertiary diagnosis Diagnoses included: Specific phobia (3), GAD (8), MDD (2), SAnD (1), So-
cial phobia (3), PTSD (1), ADD/ADHD (4)

Gender: 41% male

Mean age: mean age = 13.11 years (SD 3.33, range 8 to 18)

Ethnicity: 94% Caucasian, 6% Asian

Pharmacotherapy during the study: Naturalistic prescribing allowed. At study entry, 13 youth (76%)
were on SRI medication and were stable on medication for at least 4 weeks, mean 51 weeks (range 4 to
240) and remained stable throughout the trial

Interventions 1. Intervention: Participants received 9 weekly 90 minute individual CBT sessions, including 5 sessions
of ERP (sessions 5 to 9) combined with DCS. Participants received either 25 mg or 50 mg of DCS, de-
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pending on weight or participant (≤ 45 kg = 25 mg, > 45 kg = 50 mg) dispensed 1 hour prior to treatment
sessions 5 to 9 (n = 9)

2. Comparison: Participants received 9 weekly 90 minute individual CBT sessions, including 5 sessions
of ERP (sessions 5 to 9) combined with placebo pill dispensed 1 hour prior to treatment sessions 5 to
9 (n = 8)

Therapists: Therapists were all postgraduate-level clinicians with previous experience in CBT for OCD.
All clinicians received formal weekly supervision, wherein clinicians reported client progress, adher-
ence to the treatment protocol, and provided and had an opportunity to ask questions and problem
solve treatment difficulties or process issues

Outcomes Responders; withdrawals; remission; anxiety: CY-BOCS; co-morbid anxiety: MASC; adverse events

Notes Funding from industry: No, this trial was supported by an Australian Rotary Health Research Fund grant

Medication supplied by industry: Not reported

Any author work for industry: Not reported

Study ID: ACTRN12609000370202

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Children were randomised using a computer-generated list of randomly per-
muted blocks of pairs, with an allocation of 1:1 to either ERP + DCS or ERP +
PBO"

Allocation concealment
(selection bias)

Unclear risk Details not provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "All other investigators were blind, as were assessors, therapists, and all par-
ticipants." "Pills were compounded to be identical in size and colour, and were
dispensed by the study pharmacist corresponding to randomisation"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Therapists and assessors were blinded. Additionally, some outcome assess-
ments were self-reports

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "All children enrolled in the trial completed treatment"

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the protocol were reported

Other bias Unclear risk Greater than 75% of patients (13/17 patients) were receiving concomitant
medications, which might have confounded the results

Farrell 2013  (Continued)
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Study duration: 5 weeks

Follow-up: 1 month
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Country: Australia

Participants Sample size: 56 adult patients eligible and agreed to participate

Recruitment: recruited from the community

Inclusion criteria - diagnostic classification criteria: DSM-IV primary diagnosis of SAnD

Inclusion criteria - rating scales: Anxiety Disorder Interview Schedule for Adults (ADIS-IV) and self-re-
ported fear of public speaking

Included disorders: SAnD and co-morbid diagnoses

Co-morbidities: 30.34% of the participants (n = 17) had secondary diagnosis, 8 = additional anxiety dis-
order, 8 = additional secondary mood disorder, 1 = additional anxiety and mood disorder

Gender: 57% male

Mean age: 35.48 years (SD 11.35 years, range 18 to 60 years)

Ethnicity: 76.8% Caucasian

Pharmacotherapy during the study: Naturalistic prescribing allowed; 5 participants were taking an an-
tidepressant, 2 participants were taking an immune suppressant, 2 participants were taking an ap-
petite suppressant, 2 participants were taking blood pressure medication, and 1 participant was taking
an herbal preparation

Interventions 1. Intervention: Participants received 50 mg doses of DCS administered 1 hour prior to sessions 2 to 5 of
5-weekly group exposure therapy (n = 28)

2. Comparison: Participants received placebo pill administered 1 hour prior to sessions 2 to 5 of 5 weekly
sessions of group exposure therapy (n = 28)

Therapists: Sessions were administered by therapists who were registered clinical psychologists or pro-
visionally registered clinical psychologists. All therapists were supervised and trained by a senior clini-
cal psychologist

Outcomes Withdrawals; anxiety: LSAS; quality of life: LIS; adverse events

Notes Funding from Industry: No

Medication supplied by industry: No, DCS purchased from Eli-Lilly

Any of the authors work for industry: No

Study ID: Australian Clinical Trials Registry: 012606000352505

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random component in sequence generation performed by chemist, the
method was not stated. However, since allocation concealment was adequate
we assume that the randomisation method also was adequate

Allocation concealment
(selection bias)

Low risk A random allocation sequence was generated by numbering containers with
the medication. This randomisation sequence was developed by the com-
pounding chemist before the trial and concealed from all individuals involved
in patient care, evaluation, or supervision until follow-up assessments were
completed. The compounding chemist purchased DCS to make 50 mg DCS
capsules, along with identical placebo

Guastella 2008  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and assessor were blinded until follow-up assessments were com-
pleted

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Participants and assessor were blinded until follow-up assessments were com-
pleted

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk After drug assignment, 6 participants (n = 1 DCS; n = 5 placebo) failed to attend
at least three group exposure sessions between session 2 and 5 and dropped
out of treatment. The x 2 analysis showed the difference between the two
groups in dropout rates after drug assignment approached significance (P =
0.08). No dropouts occurred over the 1-month follow-up assessment period.
LOCF used, with ITT principle

Selective reporting (re-
porting bias)

Unclear risk Study protocol not available (the trial was registered retrospectively) thus un-
sure if all of study's pre-specified outcomes of interest reported in pre-speci-
fied way

Other bias Low risk No sources of other bias were identified

Guastella 2008  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled augmentation trial

Study duration: 5 weeks

Follow-up: 1 month

Country: USA

Participants Sample size: 27 adult patients eligible and agreed to participate

Recruitment: self-referred from the community to one of three research clinics

Inclusion criteria - diagnostic classification criteria: DSM-IV primary diagnosis of SAnD with significant
public speaking anxiety

Inclusion criteria - rating scales: Anxiety Disorder Interview Schedule for Adults (ADIS-IV) and self-re-
ported fear of public speaking

Included disorders: SAnD and co-morbid diagnoses

Co-morbidities: 11 individuals had at least 1 additional DSM-IV Axis I diagnosis; 9 had an additional anx-
iety disorder and 4 had an additional mood disorder

Gender: 70% male

Mean age: 33.70 years (SD 10.02 years)

Ethnicity: 59.3% White, 14.8% Asian, 11.1% Hispanic, 11.1% African American

Pharmacotherapy during the study: Naturalistic prescribing allowed; 1 participant was taking a benzo-
diazepine, 9 participants were taking an antidepressant, 1 participant was taking a beta-blocker, and 3
participants were taking stimulants

Interventions 1. Intervention: Participants received 50 mg doses of DCS administered 1 hour prior to sessions 2 to 5 of
5-weekly individual or group exposure therapy (n = 12)
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2. Comparison: Participants received placebo pill administered 1 hour prior to sessions 2 to 5 of 5-weekly
individual or group exposure therapy (n = 15)

Therapists: Sessions were administered by therapists who were supervised and trained by 2 of the arti-
cle authors

Outcomes Withdrawals; anxiety: LSAS; adverse events

Notes Funding from Industry: Unclear

Medication funded by industry: Unclear

Any authors work for industry: Unclear

Study ID: NCT00515879

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Patients were randomised to either adjunctive DCS or pill placebo admin-
istered as a 50-mg pill on each of 4 occasions.' Study was randomised but
method of sequence generation not stated. However, since allocation conceal-
ment was adequate we assume that randomisation method was adequate

Allocation concealment
(selection bias)

Low risk 'The random allocation sequence was generated by numbering containers
with the medication. The sequence was generated prior to allocating partici-
pants and was concealed until the end of the study.' Matching d-cycloserine or
placebo was given

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'All of the individuals involved inpatient care, evaluation, or study supervision
were blind to group assignment until the end of the study.'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'All of the individuals involved inpatient care, evaluation, or study supervision
were blind to group assignment until the end of the study.'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Of the 32 eligible participants, 5 had to be excluded from analysis for the fol-
lowing reasons: 4 patients withdrew after signing the consent form or after the
initial treatment session, and 1 patient was excluded owing to a protocol vi-
olation. Twenty-seven patients (12 who received exposure therapy plus DCS
and 15 who received exposure therapy plus placebo) completed the 5-session
treatment. Twenty-three patients (10 who received exposure therapy plus DCS
and 13 who received exposure therapy plus placebo) completed the 1-month
follow-up assessment.

Selective reporting (re-
porting bias)

High risk No information was provided on the following outcomes as per protocol - So-
cial Phobic Disorders Severity and Change Form, Quality of Life Enjoyment and
Satisfaction Questionnaire, Range of Impaired Functioning Tool

Other bias Unclear risk A large percentage of patients (11 patients, 40.7%) were receiving concomitant
medications, which might have confounded the results

Hofmann 2006  (Continued)
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Study duration: 12 weeks

Follow-up: 6 months

Country: USA

Participants Sample size: 169 participants were randomised

Recruitment: Participants were recruited between September 2007 and June 2011 through referrals to
the three study sites (Boston University, Massachusetts General Hospital, and Southern Methodist Uni-
versity) from other area clinical facilities and programs, and through advertisements

Inclusion criteria - diagnostic classification criteria: DSM-IV diagnosis of generalized social anxiety dis-
order

Inclusion criteria - rating scales: score > 60 on the Liebowitz Social Anxiety Scale

Included disorders: SAnD

Co-morbidities: entry of patients with other mood or anxiety disorders was permitted if the social anxi-
ety disorder was judged to be the predominant disorder

Gender: DCS group 64.4% male; placebo group 48.8% male

Mean age: DCS group 34.6 years; placebo group 30.5 years

Ethnicity: DCS group 70.1% White, 9.2% African-American, 15% Asian, 5.7% other, 10.3 Hispanic or Lati-
no; placebo group 74.4% White, 9.8% African-American, 8.5% Asian, 7.3% other, 11.0% Hispanic or Lati-
no

Pharmacotherapy during the study: Naturalistic prescribing not allowed

Interventions 1. Intervention: 12-weekly sessions of group CBT lasting approximately two and a half hours each, with
50 mg d-cycloserine one hour before sessions 3 to 7 that also included exposure therapy (n = 87)

2. Comparison: 12 weekly sessions of group CBT lasting approximately two and a half hours each, with
placebo pill 1 hour before sessions 3 to 7 that also included exposure therapy (n = 82)

Therapists: All therapists were trained and supervised by senior clinicians and participated in weekly
cross-site supervision

Outcomes Response; withdrawals; remission; anxiety: LSAS; adverse events

Notes Funding from industry: No, supported by NIMH grant

Medication supplied by industry: Not reported

Any author work for industry: Dr Hofmann has received royalties from multiple publishers, including
Routledge, the publisher of the CBT manual used in the study. Dr Otto has also received royalties from
Routledge. Dr Pollack has served as a consultant for Bristol-Myers Squib, Euthymics, Eli Lilly, Forest
Laboratories, GlaxoSmithKline, Medavante, and Targia Pharmaceuticals and has equity in Medavante,
Mendsante, Mindsite and Targia Pharmaceuticals

Study ID: NCT00633984

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Assignment to treatment condition was determined by a computer-generat-
ed allocation schedule with stratification by baseline severity of social anxiety
disorder."

Hofmann 2013  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment method not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "All capsules were identical in appearance to maintain the blind." " patients
were asked to indicate whether they believed the pill contained d-cycloser-
ine or placebo or whether they were unable to guess. Approximately one-third
to one-half of all patients (30.9%–46.2%, depending on group and session) in
both conditions reported that they were unable to guess their treatment con-
dition (all chi-square tests, n.s.). Among patients who guessed either of the two
drug conditions, those who received d-cycloserine did not differ significantly
from those who received placebo in their guess that they received d-cycloser-
ine, in any of the sessions".

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "The blinded assessments were conducted by a master’s-level or doctoral-lev-
el clinician trained in these assessments."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk "Attrition rates during the 12-week treatment phase were low and did not dif-
fer significantly between groups (10.3% for the DCS group and 15.9% for the
placebo group)." "Attrition was low during the follow-up phase (11.5% and
11.)% for the DCS and placebo groups, respectively)."

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the protocol were reported

Other bias Low risk The study appears to be free of other sources of bias

Hofmann 2013  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled trial

Study duration: 5 weeks

Follow-up: 3 months

Country: USA

Participants Sample size: 32 adult participants eligible and agreed to participate

Recruitment: 150 individuals responded to newspaper ads about study; 63 failed to meet inclusion/ ex-
clusion criteria and 55 chose not to participate or could not be contacted

Inclusion criteria - diagnostic classification criteria: primary diagnosis of OCD, DSM-IV

Inclusion criteria - rating scales: Structured Clinical Interview (SCID-IV) and Yale-Brown Obsessive Com-
pulsive Scale (Y-BOCS)

Included disorders: OCD and co-morbid diagnoses, excluding substance abuse disorders, major de-
pressive disorder, or primary hoarding or ordering ritual behaviours.

Co-morbidities: Not reported

Gender: Not reported

Mean age: Not reported, adults

Ethnicity: Not reported

Kushner 2007 
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Pharmacotherapy during the study: Naturalistic prescribing allowed if participant had been stable for
at least 2 months prior to beginning of study

Interventions 1. Intervention: Participants received 125 mg doses of DCS administered 2 hours prior to exposure ther-
apy twice weekly until all SUDS ratings reduced by 50%, or 10 sessions, whichever came sooner (n = 15)

2. Comparison: Participants received placebo pill administered 2 hours prior to exposure therapy, until
all SUDS ratings reduced by 50%, or 10 sessions, whichever came sooner (n = 17)

Therapists: Sessions were administered by psychologists who were supervised and trained by 2 of the
article authors

Outcomes Withdrawals; anxiety: Y-BOCS; adverse events

Notes Funding from Industry:

Unclear- This work was supported, in part, by a grant to the first author from the Obsessive-Compulsive
Foundation (#450709)

Medication supplied by industry: Unclear

Any authors work for industry: Unclear

Study ID: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk 'participants allocated (to intervention) in a random double-blind fashion.'
Likely that adequate sequence generation performed, but method not stated

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment were not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and personnel were blinded. "We dispensed to each subject 10
doses of 125 mg DCS or 10 identical-looking placebo doses in a random dou-
ble-blind fashion"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Assessors were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk '7 dropouts. We also found that those given DCS were about one sixth as like-
ly to drop out of the EX/RP therapy as those given placebo 6% (1) vs. 35% (6).
Baseline scores of both completers and non-completers provided'. Outcome
data for completers and non-completers provided

Selective reporting (re-
porting bias)

Unclear risk Study protocol not available thus unsure if all of study's outcomes of interest
reported in pre-specified way

Other bias Low risk No sources of other bias were identified

Kushner 2007  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled trial

Study duration: 6 weeks

Litz 2012 
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Follow-up: 6 months

Country: USA

Participants Sample size: 26 adult participants eligible and agreed to participate

Recruitment: unclear

Inclusion criteria - diagnostic classification criteria: primary diagnosis of PTSD, DSM-IV

Inclusion criteria - rating scales: Structured Clinical Interview (SCID-IV)

Included disorders: PTSD and co-morbid diagnoses

Co-morbidities: MDD (n = 7), alcohol use (n = 5), SAnD (n = 2)

Gender: 100% male

Mean age: 32.19 years (SD 9.31 years)

Ethnicity: 76.9% White, 15.4% Black, 3.% Hispanic, 11.18% Pacific Islander, 3.8% Haitian

Pharmacotherapy during the study: Naturalistic prescribing allowed

Interventions 1. Intervention: Participants received 6-weekly sessions of exposure therapy and 50 mg DCS adminis-
tered 30 minutes prior to sessions 2 to 5 (n = 13)

2. Comparison: Participants received 6-weekly sessions of exposure therapy and placebo pill adminis-
tered 30 minutes prior to sessions 2 to 5 (n = 13)

Therapists: Therapists were doctoral-level clinicians with previous experience and training in CBT for
anxiety disorders

Outcomes Response; withdrawals; anxiety: CAPS; co-morbid depression: BDI-II; adverse events

Notes Funding from Industry:

No, this randomised controlled trial was funded by the VA as part of a joint VA/NIMH solicitation for
R-34 type PTSD trials

Medication supplied by industry: No

Any authors work for industry: Yes

Study ID: NCT00371176

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer generated randomisation list. Randomisation was blocked and
stratified based on PTSD scores (CAPS scores < 75 or > 75)

Allocation concealment
(selection bias)

Low risk The randomisation allocation sequence was implemented by a pharmacist
(not part of the research team) who assigned participants to conditions ac-
cording to a computer generated randomisation list

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All research team members, therapists, assessors, and participants were blind
to condition

Litz 2012  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All research team members, therapists, assessors, and participants were blind
to condition

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Six participants were lost to follow-up. Insufficient reporting of attrition to per-
mit judgement

Selective reporting (re-
porting bias)

High risk Quality of Life Enjoyment and Satisfaction Questionnaire, an outcome relevant
for this review, was pre-stated in the protocol but the results not reported

Other bias Low risk No sources of other bias were identified

Litz 2012  (Continued)

 
 

Methods Design: double-blind randomised placebo controlled trial

Study duration: 17 weeks

Follow-up: 1 year

Country: UK

Participants Sample size: 27 adolescent participants were randomised

Recruitment: youth with a principle diagnosis of OCD were recruited from the OCD Clinic for Young Peo-
ple at the Maudsley Hospital, London

Inclusion criteria - diagnostic classification criteria: DSM-IV principle diagnosis of OCD

Inclusion criteria - rating scales: Children's Yale-Brown Obsessive Compulsive Scale (Y-BOCS) score > 16

Included disorders: OCD

Co-morbidities: for DCS group co-morbidities included: social anxiety disorder (3), specific phobia (5),
GAD (2), body dysmorphic disorder (1), MDD (1). For placebo group, co-morbidities included: SAnD (3),
specific phobia (2), GAD (1), dysthymia(2), tic disorder (3), ADHD (1)

Gender: DCS group 38% male; placebo group 64% male

Mean age: DCS group - mean age 14.7, SD 2.1. Placebo group mean age 15.2, SD 2.0

Ethnicity: Not reported

Pharmacotherapy during the study: Naturalistic prescribing allowed; participants must have been sta-
ble on medication for at least 12 weeks. At baseline 4/13 subjects in the DCS group and 1/14 subjects
in the placebo group were treated with SSRI and 1/14 subjects in the placebo group was treated with
risperidone. In the DCS group, for 1 participant, SSRI dose was increased at 3-month follow-up; another
started fluoxetine at 6-month follow-up; one participant discontinued medication at the end of treat-
ment; another's SSRI dose was reduced at 6-month follow-up and stopped completely at 12-month fol-
low-up. For 1 participant (placebo), SSRI dose was reduced at 5-month follow-up and stopped com-
pletely at 8-month follow-up

Interventions 1. Intervention: Participants received 50 mg of DCS administered immediately after each of 10 out of 14
CBT sessions (sessions 3 to 12), primarily consisting of exposure and ritual prevention (n = 13)

2. Comparison: Participants received placebo pill administered immediately after each of 10 out of 14
CBT sessions (sessions 3-12), primarily consisting of exposure and ritual prevention (n = 14)

Therapists: "treatment was delivered by experienced therapists"

Mataix-Cols 2014 
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Outcomes Response; withdrawals; remission; anxiety: CY-BOCS; co-morbid depression: BDI-Y; adverse events

Notes Funding from industry: No, this work was funded by the Department of Health

Medication supplied by industry: Not reported

Any author work for industry: Unclear

Study IDs: ISRCTN70977225; EUCTR2008-006947-38-GB

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Participants were randomly allocated via an external computer allocation
system to receive either 50 mg DCS or placebo in a double-blind design."

Allocation concealment
(selection bias)

Low risk "Participants were randomly allocated via an external computer allocation
system to receive either 50 mg DCS or placebo in a double-blind design."

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk DCS and placebo pills were "identical". Additional procedures for assurance of
blinding not reported

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "A masked rater administered the CY-BOCS at the beginning of each session,
providing session-by-session data. Double-blind follow-up assessments were
completed at 3, 6, and 12 months post-treatment. Unmasking took place after
the last patient had completed the 12-month follow-up."

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk One participant dropped out from the DCS group and two from the placebo
group. ITT analyses of all participants randomised were presented

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the protocol were reported

Other bias Unclear risk Insufficient information to assess other bias (very brief report)

Mataix-Cols 2014  (Continued)

 
 

Methods Design: double-blind, randomised pilot study

Study duration: 1 week (1 session, plus assessment 1 week before)

Follow-up: 1 week

Country: USA

Participants Sample size: 20 adult participants were randomised

Recruitment: Not reported

Inclusion criteria - diagnostic classification criteria: DSM-IV Specific Phobia

Inclusion criteria - rating scales: Mini-International Neuropsychiatric Interview (MINI), Snake Question-
naire

Nave 2012 
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Included disorders: specific phobia: snake phobia

Co-morbidities: 1 participant in DCS group had co-morbid depressive disorder

Gender: 40% male (both groups)

Mean age: placebo group mean age 39.00 years (SD 13.91); DCS group mean age 34.60 years (SD 12.69)

Ethnicity: 80% of placebo group was White; 60% of DCS group was White

Pharmacotherapy during the study: Naturalistic prescribing allowed. 3 participants in placebo group
were taking medication; 2 participants in DCS group were taking medication (types of medication not
reported)

Interventions 1. Intervention: Participants received 50 mg of DCS 1 hour prior to 1 session of graded exposure therapy
(N = 10)

2. Comparison: Participants received placebo pill 1 hour prior to 1 session of graded exposure therapy
(N = 10)

Therapists: Not reported

Outcomes Response; withdrawals; anxiety: Snake Questionnaire

Notes Funding from industry: No, study was funded by departmental funds at Hartford Hospital

Medication supplied by industry: Not reported

Any author work for industry: No

Study ID: NCT01450306

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Described as randomised, but does not report method of sequence generation

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment were not provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Subjects received DCS or "an identically packaged placebo capsule". Other de-
tails to assure blinding not reported

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Details regarding blinding of assessors not provided

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All randomised subjects participated in study and clinical follow-up assess-
ment

Selective reporting (re-
porting bias)

Low risk All outcomes stated in protocol were reported

Other bias Low risk The study appears to be free of other sources of bias

Nave 2012  (Continued)
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Methods Design: Randomised, double-blind, placebo controlled augmentation trial

Study duration: 5 weeks

Follow-up: 1 month

Country: USA

Participants Sample size: 31 participants eligible and agreed to participate

Recruitment: participants recruited from 3 outpatient treatment centres

Inclusion criteria - diagnostic classification criteria: primary diagnosis of panic disorder with or without
agoraphobia, DSM-IV

Inclusion criteria - rating scales: Structured Clinical Interview (SCID-IV) and Clinical Global Impres-
sion-Severity Scale (CGI-S)

Included disorders: Panic Disorder and co-morbid diagnoses, excluding history of bipolar disorder, psy-
chosis or delusional disorders, or substance abuse or dependence (other than nicotine) in the last 3
months, current PTSD, current MDD with severity more than mild to moderate, and severe agoraphobia

Co-morbidities: Not reported

Gender: 50% male

Mean age: 35.0 years (SD 11.0 years)

Ethnicity: 100.0% White, 7% Hispanic ethnicity

Pharmacotherapy during the study: Naturalistic prescribing allowed; 12 participants were taking an an-
tidepressant and benzodiazepine, 7 participants were taking an antidepressant alone, 3 participants
were taking a benzodiazepine, and 1 participant was taking gabapentin and atomoxetine

Interventions 1. Intervention: Participants received 50 mg doses of DCS administered 1 hour prior to sessions 3 to 5 of
5 sessions of exposure-based cognitive behavioural therapy (n = 16)*

2. Comparison: Participants received placebo pill administered 1 hour prior to sessions 3 to 5 of 5 ses-
sions of exposure-based cognitive behavioural therapy (n = 15)*

Therapists: Therapists were doctoral and graduate-level providers trained and supervised by the pa-
per’s first and second authors.

*The study did not report number randomised, allocated or analysed per group. We requested clarifica-
tion from the study investigators, but no further information was available at the time this review was
prepared. We assumed 1:1 randomisation and divided the participants accordingly in the analyses

Outcomes Response; anxiety: PDSS (data points derived from graph); adverse events

Notes Funding from Industry: Unclear - authors declared funding from various organisations, however not
stated if this study funded from those proceeds

Medication supplied by industry: Unclear

Any authors work for industry: Yes

Study ID: NCT00131339

Risk of bias

Bias Authors' judgement Support for judgement

Otto 2010 
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Random sequence genera-
tion (selection bias)

Unclear risk Participants were randomised, but no details provided on how random se-
quence generated

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment were not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'Blinding occurred for both participant and personnel.' 'Doses of study drug
(50 mg of DCS or matching placebo) were administered by study personnel in a
double-blind fashion'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Details of outcome assessor blinding were not reported

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Dropout rates: Five patients discontinued participation (two before randomi-
sation at week 3 of the protocol, three after randomisation). Reasons for dis-
continuation and which group they belonged to were not reported. Only those
patients who completed the 1-month follow-up assessment were included in
the analyses

Selective reporting (re-
porting bias)

Unclear risk The protocol states that the primary outcome is "significant reduction in panic
symptoms after completion of treatment", the paper reports of the PDSS and
CGI-S scales

Other bias Unclear risk Greater than 60% of patients (19/31 patients) were receiving concomitant an-
ti-depressants, which might have confounded the results

Otto 2010  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled trial

Study duration: 2 weeks

Follow-up: 3 months

Country: USA

Participants Sample size: 28 adult participants eligible and agreed to participate

Recruitment: participants recruited from the general community to a research clinic

Inclusion criteria - diagnostic classification criteria: primary diagnosis of acrophobia, DSM-III-R

Inclusion criteria - rating scales: Structured Clinical Interview (SCID-III-R)

Included disorders: Acrophobia

Co-morbidities: Not reported

Gender: 59.3% female

Mean age: DCS mean age 46.4 years (SD 2.8); placebo mean age 44.8 years (SD 2.3)

Ethnicity: Not reported

Pharmacotherapy during the study: Not reported

Ressler 2004 
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Interventions 1. Intervention: Participants received 50 mg or 500 mg doses of DCS administered 2 to 4 hour prior to 2-
weekly sessions of VRE therapy (n = 17)

2. Comparison: Participants received placebo pill administered 2 to 4 hours prior to 2-weekly sessions
of VRE therapy (n = 10)

Therapists: Information about therapists administering treatment not provided

Outcomes Response (data points derived from graph); withdrawals; anxiety: AAQ (data points derived from
graph); adverse events

Notes Funding from Industry:

No - Supported by grant IBN-987675 from the Science and Technology Center Program, Center for Be-
havioral Neuroscience, National Science Foundation, Arlington, Va

Medication supplied by industry: Unclear - d-cycloserine (Seromycin, 250 mg; Eli Lilly and Co, Indi-
anapolis, Ind) was reformulated into 50 mg or 500 mg with identical placebo capsules

Any authors work for industry: Yes

Study ID: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk '27 were randomly assigned, via a predetermined and blinded order of treat-
ment assignment'. The process of sequence generation was however not de-
scribed

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment were not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'Treatment condition was double-blinded, such that the subjects, therapists,
and assessors were not aware of the assigned study medication condition.'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'Treatment condition was double-blinded, such that the subjects, therapists,
and assessors were not aware of the assigned study medication condition.'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Dropout rates: 'Twenty-one of the 27 completing participants returned for fol-
low-up assessment (8 placebo (80% of enrolled), 13 DCS (77% of enrolled)),'
however all enrolled participants completed intervention.' Analysis of the
pretreatment data and the 1-week post-treatment assessments showed that
there were no significant pretreatment or post-treatment differences on anx-
iety or fear measures between those who returned for follow-up and the six
who did not.'

Selective reporting (re-
porting bias)

High risk Results for BDI (co-morbid depression) and STAI (co-morbid anxiety) scales
were not reported

Other bias Low risk Small sample size - not adequately powered to demonstrate significant dif-
ferences between the DCS doses used. Psychological measures are by defini-
tion subjective, and the physiological measure of skin conductance fluctuation
may also be affected by external stimuli and the subjects’ movements, howev-
er every attempt to control for these issues and to demonstrate that the physi-
ological and subjective measures of fear were correlated (stated in methods)

Ressler 2004  (Continued)
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Methods Design: Randomised, double blind, placebo controlled trial

Study duration: 6 weeks

Follow-up: 12 months

Country: USA

Participants Sample size: 106 adult participants were randomised

Recruitment: Not reported

Inclusion criteria - diagnostic classification criteria: DSM-IV criteria for PTSD due to Iraq military trauma

Inclusion criteria - rating scales: CAPS to assess PTSD diagnosis status and MINI to assess co-morbidi-
ties

Included disorders: PTSD

Co-morbidities: 22.6% of participants in the DCS group and 35.8% of placebo group had co-morbid
mood disorder

Gender: 99 males, 7 females

Mean age: DCS 34.9, placebo 34.3 years

Ethnicity: DCS: 50.9% Black, 41.5% White, 5.7% Hispanic, 1.9% other; Placebo: 52.8% Black, 37.7%
White, 3.8% Hispanic, 1.9% Asian, 3.8% other

Pharmacotherapy during the study: About half of participants (n = 14, 56%) were on a stable dose of
psychotropic medications (n = 9 in the VRE-DCS group, n = 5 in the VRE-placebo group)

Interventions 1. Intervention: DCS 50 mg given 30 minutes prior to each of 6-weekly 90 minute VRE session of 60 min-
utes which includes viewing scenes of virtual Iraq via a head mounted display (n = 53)

2. Comparison: Participants received 6-weekly 90 minute VRE session of 60 minutes which includes view-
ing scenes of virtual Iraq via a head mounted display and placebo (n = 53)

Therapists: Doctoral-level clinicians

The study also included an active comparison group where participants received VRE therapy and al-
prazolam. This group was not included in the review

Outcomes Response; withdrawals; anxiety: CAPS

Notes Funding from Industry: No, supported by NIMH grant R01 MH-70880 to Dr Rothbaum

Medication supplied by industry: Not reported

Any authors work for industry: Drs Ressler and Davisare founding members of Extinction Pharmaceu-
ticals/Therapade Technologies, which seek to develop d-cycloserine and other compounds for use to
augment the efficacy of cognitive and behavioural therapies; they have received no equity or income
from this relationship within the last 3 years

Study ID: NCT00356278

Risk of bias

Bias Authors' judgement Support for judgement

Rothbaum 2014 
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Random sequence genera-
tion (selection bias)

Low risk Subjects were randomly assigned to treatment and comparison, but the pro-
cedure was not specified. However, since allocation concealment was ade-
quate we assume that the randomisation method also was adequate

Allocation concealment
(selection bias)

Low risk Central allocation. "The compounding pharmacy randomly assigned patients
to the medications in blocks of 30"

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk "The study staC were blind to medication condition", further, the study was
described as 'double-blind', though no specific information was provided on
blinding of participants

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk The study was described as 'double-blind', though no information was provid-
ed on blinding of outcome assessors

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was insufficient information to determine dropout rates for the two
groups separately. Reasons for withdrawals were not provided. Quote:
"Dropouts did not significantly differ from completers on baseline demograph-
ic characteristics or symptom variables. Weaknesses of the current study in-
clude the high dropout rate. It should be noted that 31 participants dropped
out before the first treatment session"

Selective reporting (re-
porting bias)

High risk No information was provided on the following scales as per protocol - Quality
of Life Inventory, State-Trait Anxiety Inventory, Beck Depression Inventory

Other bias Unclear risk A total of 56% of patients were receiving concomitant psychotropic medica-
tions, which might have confounded the results

Rothbaum 2014  (Continued)

 
 

Methods Design: Randomised, placebo controlled, double-blind study

Study duration: 12 weeks (4 weeks CBT only)

Follow-up: 3 months

Country: USA

Participants Sample size: 57 children and adolescents were randomised

Recruitment: Investigators attempted to contact a total of 644 potential participants: 30% were re-
ferred by other professionals, 14% referred themselves from radio and television advertisements, and
56% were contacted from the local level I trauma centre registry

Inclusion criteria - diagnostic classification criteria: 5 or more PTSD symptoms plus functional impair-
ment, specific diagnostic criteria not reported

Inclusion criteria - rating scales: National Institute of Mental Health Diagnostic Interview Schedule for
Children-IN (DISC-IV)

Included disorders: PTSD

Co-morbidities: Not reported

Gender: DCS group 66% female; placebo group 46% female

Mean age: DCS group mean age 12.4 (SD 3.3); placebo group mean age 12.6 (SD 3.4)

Scheeringa 2014 
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Ethnicity: DCS group 41% Black, 41% White, 14% mixed, 3% other; placebo group 43% Black, 39%
White, 14% mixed, 4% other

Pharmacotherapy during the study: Naturalistic prescribing allowed. Subjects must have been stable
on medication for at least 4 weeks prior to treatment

Interventions 1. Intervention: Individuals received 12-weekly sessions of manualized trauma-focused cognitive behav-
ioural therapy plus 7 doses of 50 mg d-cycloserine 1 hour prior to sessions 5 to 11. N = 29

2. Comparison: Individuals received 12-weekly sessions of manualized trauma-focused cognitive behav-
ioural therapy plus 7 doses of placebo 1 hour prior to sessions 5 to 11, N = 28

Therapists: Therapy was delivered by 2 masters-level therapists trained in CBT and supervised by the
authors

Outcomes Response; withdrawals; anxiety: CPSS; co-morbid depression: CDI; co-morbid anxiety: SCARED

Notes Funding from industry: No. Financial support for this study was provided by National Institute of Men-
tal Health grant 5RC1MH088969-02 and a 2009 National Alliance for Research on Schizophrenia and De-
pression (NARSAD) Independent Investigator Award (principal investigator: M.S.S.)

Medication supplied by industry: Not reported

Any author work for industry: Unclear, "No competing financial interests exist."

Study ID: NCT01157416

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "For each age group, we created a list of randomised numbers using the Mi-
crosoft Excel 2007 random number generator. Block randomisation in sets
of four was used. Within the first set of four numbers, two were randomly as-
signed to CBT and DCS and two to CBT and placebo."

Allocation concealment
(selection bias)

Unclear risk Details on allocation concealment were not provided

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk "All research personnel were blinded except the pharmacist, who had no con-
tact with subjects." "The study was triple-blind as the Board, the participants,
and the investigators were blind to allocation status."

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk "All research personnel were blinded except the pharmacist, who had no con-
tact with subjects." It is not specifically stated that outcome assessors were
blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk A total of 72% of DCS group completed treatment and follow-up; 64% of place-
bo group completed treatment and follow-up. Reasons were not reported

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the protocol were reported

Other bias Low risk The study appears to be free of other sources of bias

Scheeringa 2014  (Continued)
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Methods Design: Randomised double-blind placebo controlled study

Study duration: 10 weeks

Follow-up: 6 months

Country: USA

Participants Sample size: 16 adult participants were found eligible and agreed to participate.

Recruitment: flyers were posted around a university campus with relevant information about the na-
ture of the study, what types of participants were being recruited, who was conducting the study, who
to contact for more information, and information needed to schedule an initial assessment.

Inclusion criteria - diagnostic classification criteria: participants who met criteria for a current DSM-IV
diagnosis of social anxiety disorder.

Inclusion criteria - rating scales: Anxiety Disorders Interview Schedule (ADIS), supported by results of
the Liebowitz Social Anxiety Scale (LSAS), with a minimum score (minimum 55) required for designa-
tion of moderate social anxiety.

Included disorders: social anxiety disorder.

Co-morbidities: exclusion criteria included current major depressive episode, obsessive-compulsive
disorder, panic disorder, and post-traumatic stress disorder, as well as diagnosis of bipolar disorder
or psychosis, assessed by the ADIS-IV. Additionally, anyone with a drug allergy that included medica-
tions in the class with DCS was excluded for health reasons, as well as anyone who was pregnant (de-
termined by pregnancy test given at the initial screening), breast feeding, as was anyone who had med-
ical conditions contraindicated for the experimental drug (e.g., a heart condition or epilepsy). Also, in-
dividuals who reported currently drinking alcohol on a daily basis were excluded.

Gender: 63% female

Mean age: 19.81 (SD 1.91), range not reported.

Ethnicity: 63% non-Hispanic white.

Pharmacotherapy during the study: Potential participants were excluded if they were currently taking
anti-anxiety or anti-depressant medications, currently using illicit substances, reported currently drink-
ing alcohol on a regular basis or were on a medication that could potentially interact with DCS.

Interventions 1. Intervention: participants received 10 weekly 60-minute sessions of exposure-based cognitive behav-
ioral therapy. Following each session, if the therapist determined that evidence of some extinction
learning occurred during the session, they received a 250 mg DCS pill. N = 7

2. Comparison: participants received 10 weekly 60-minute sessions of exposure-based cognitive behav-
ioral therapy. Following each session, if the therapist determined that evidence of some extinction
learning occurred during the session, they received a placebo pill. N = 9

Therapists: sessions were conducted by doctoral graduate student therapists with a minimum of one
year of supervised clinical experience.

Outcomes Withdrawals: anxiety: LSAS (imputed SDs for DCS group); co-morbid anxiety: STAI (imputed SDs for DSC
group); adverse events.

Notes Funding from industry: unclear.

Medication supplied by industry: no, DCS and placebo purchased from a local pharmacy.

Any author work for industry: unclear (PhD dissertation).

Study ID: not stated.

Sheerin 2014 
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A dissertation submitted to the Graduate College in partial fulfilment of the requirements for the de-
gree of Doctor of Philosophy - West Michigan University.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A random number generator was used to randomly assign participants to one
of two conditions.

Allocation concealment
(selection bias)

High risk "All participants, research assistants, and therapists were blind to the condi-
tion; however, the psychiatrist and pharmacy staC retained a list of all partici-
pants and those who were receiving DCS and placebo."
 
Risk of bias is considered high, since the psychiatrist, whom all potential par-
ticipants met with individually for a medical screening, was not blind to the al-
location. Further, it is not specified in what way the blinding was carried out.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk "All participants, research assistants, and therapists were blind to the condi-
tion; however, the psychiatrist and pharmacy staC retained a list of all partici-
pants and those who were receiving DCS and placebo."
 
Risk of bias is considered high, since the psychiatrist, whom all potential par-
ticipants met with individually for a medical screening, was not blind to the al-
location. Further, it is not specified in what way the blinding was carried out.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk "All participants, research assistants, and therapists were blind to the condi-
tion."

Incomplete outcome data
(attrition bias) 
All outcomes

High risk "Of the 24 randomized participants, 16 entered treatment, with 7 in the DCS
group and 9 in the placebo group."
 
"Except where noted, all analyses were conducted using the intent-to-treat
sample (N = 16)."
 
"Of participants who entered treatment, 7 completed and 9 dropped out prior
to session completion."
 
Although the data for all intention-to-treat patients is reported and the rea-
sons for attrition were reported, the high dropout rate (8 out of 24 before treat-
ment and 9 out of 16 prior to treatment completion) could well have intro-
duced a bias in the results, especially given the small sample size. Further-
more, only two participants completed the pre-planned 6 months follow-up
assessment.

Selective reporting (re-
porting bias)

Low risk All outcomes were completed and presented, as proposed.

Other bias Low risk No sources of other bias were identified.

Sheerin 2014  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled study

Study duration: 1 month
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Follow-up: 5 months

Country: Germany

Participants Sample size: 44 adult participants eligible and agreed to participate

Recruitment: Not reported

Inclusion criteria - diagnostic classification criteria: primary diagnosis of panic disorder with agorapho-
bia, DSM-IV

Inclusion criteria - rating scales: Clinical Global Improvement Scale (CGI-I)

Included disorders: panic disorder with agoraphobia

Co-morbidities: Not reported, though "severe other mental disorders" excluded

Gender: DCS group 40% male; comparison group 68% male

Mean age: DCS group 37.85; comparison group 37.32

Ethnicity: Not reported

Pharmacotherapy during the study: Naturalistic prescribing allowed; 9 participants were taking an an-
tidepressant, 1 participant was taking 2 antidepressants, 2 patients were taking benzodiazepines, 2
participants were taking an anti-depressant and a benzodiazepine, and 1 participant was taking prega-
balin

Interventions 1. Intervention: Participants received 50 mg doses of DCS administered 1 hour prior to 8 sessions of
group exposure therapy plus three individual exposures (n = 20)

2. Comparison: Participants received placebo pill administered 1 hour prior to 8 sessions of group expo-
sure therapy plus three individual exposures (n = 19)

Therapists: Therapy conducted by a certified psychologist accompanied by a co-therapist

Outcomes Withdrawals; anxiety: PAS (data points derived from graph); co-morbid depression: BDI (data points de-
rived from graph); co-morbid anxiety: BAI (data points derived from graph); adverse events

Notes Funding from Industry: No. This work was funded by a research grant of the German Federal Ministry of
Education and Research to Andreas Ströhle (01GV0612).

Medication supplied by industry: Unclear - 50 mg of d-cycloserine (Seromycin, Eli Lilly, USA)

Any authors work for industry: Yes

Study ID: ISRCTN44960833

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Randomisation was performed by pharmacy which prepared the study med-
ication using the method of randomly permuted blocks of pairs.'

Allocation concealment
(selection bias)

Low risk 'The study medication was handed out by the study staC in consecutive num-
bers, according to the individual time arrangements for exposure therapy
(next exposure received next container). The randomisation sequence was
kept in the pharmacy inaccessible to study staC until the last follow-up data
had been assessed and monitored.'

Siegmund 2011  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'All study staC (including those who did recruitment, assessments and therapy)
and all participants were blind to the random allocation sequence.'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'All study staC (including those who did recruitment, assessments and therapy)
and all participants were blind to the random allocation sequence.'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing data balanced in numbers across intervention groups, with similar rea-
sons for missing data across groups, n = 2 in DCS group declined to participate
in intervention, in placebo group n = 3 did not participate, n = 2 due to fami-
ly problems and n = 1 worried about possible side effects. At 5 months post-
treatment, n = 4 lost for DCS group, n = 2 for further cognitive and behaviour-
al therapies, n = 1 further pharmacotherapy, n = 1 for further pharmacother-
apy and cognitive and behavioural therapies. In placebo group,n = 4 lost at
five months, n = 3 for further pharmacotherapy and n = 1 for further pharma-
cotherapy and cognitive and behavioural therapies

Selective reporting (re-
porting bias)

Low risk All outcomes stated in the protocol were reported on with data provided

Other bias Low risk No sources of other bias were identified

Siegmund 2011  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled trial

Study duration: 12 weeks

Follow-up: 2 months

Country: USA

Participants Sample size: 24 participants eligible and agreed to participate

Recruitment: Participants were recruited from patients who presented at the University of Florida OCD
Program for treatment

Inclusion criteria - diagnostic classification criteria: primary diagnosis of OCD, DSM-IV-TR

Inclusion criteria - rating scales: Yale-Brown Obsessive Compulsive Scale (YBOC-S)

Included disorders: OCD

Co-morbidities: GAD 50%, MDD 25%, dysthymia 16%, social phobia 25%, panic disorder 21%, tricotillo-
mania 4%

Gender: 50% male

Mean age: 29.9 years (SD 9.9 years)

Ethnicity: 92% White, 4% African American, 4% Asian

Pharmacotherapy during the study: 50% of participants were taking SSRIs

Interventions 1. Intervention: Participants received 250 mg doses of DCS administered 4 hours prior to each weekly
session of ERP therapy, total 12 sessions (n = 12)

Storch 2007 
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2. Comparison: Participants received placebo pill administered 4 hours prior to each weekly session of
ERP therapy, total 12 sessions (n = 12)

Therapists: Therapy was conducted by the first author or doctoral fellows or trainees under his supervi-
sion

Outcomes Response; withdrawals; remission; anxiety: Y-BOCS; co-morbid depression: BDI-II; adverse events

Notes Funding from Industry:

This work was supported by a grant to the first author from the Obsessive–Compulsive Foundation

Medication supplied by industry: Unclear, Seromycin, Eli Lilly, USA

Authors work for industry: Unsure

Study ID: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Participants were randomised to receive DCS or placebo.' Sequence genera-
tion not stated. Marked as low risk, as other included publications by author
used computer generated random number generation (Storch 2010) therefore
likely to be similar

Allocation concealment
(selection bias)

Low risk 'The rater, the treatment teams, the patients and their families were unaware
of and unable to determine, the study drug assignment by appearance or oth-
erwise'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk 'The rater, the treatment teams, the patients and their families were unaware
of and unable to determine, the study drug assignment by appearance or oth-
erwise'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'The rater, the treatment teams, the patients and their families were unaware
of and unable to determine, the study drug assignment by appearance or oth-
erwise'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing data balanced in numbers across intervention groups with similar rea-
sons for missing data across groups.' Thirty-four participants randomised with
n = 17 across each arm; n = 12 received allocation in each arm as n = 5 for each
arm withdrew. Exactly the same number and reasons sited across both groups;
n = 3 for each group refusing to sign consent form, n = 1 for each group with-
drawing before the second session, n = 1 for each arm withdrawing as unwill-
ing to receive cognitive and behavioural therapies; n = 1 for each arm lost to
follow-up as unable to be contacted

Selective reporting (re-
porting bias)

Unclear risk Study protocol not available thus unsure if all of study's pre-specified out-
comes of interest reported in pre-specified way

Other bias Unclear risk A total of 50% of patients were receiving concomitant anti-depressants, which
might have confounded the results

Storch 2007  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled augmentation trial
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Study duration: 8 weeks

Follow-up: post-treatment

Country: USA

Participants Sample size: 30 children and adolescent participants eligible and agreed to participate

Recruitment: Not reported

Inclusion criteria - diagnostic classification criteria: primary diagnosis of OCD, DSM-IV

Inclusion criteria - rating scales: Anxiety Disorder Interview Schedule (ADIS) and Children’s Yale–Brown
Obsessive Compulsive Scale CY-BOCS

Included disorders: OCD

Co-morbidities: ADHD 47%, GAD 17%, ODD 13%, Tourette Syndrome 10%, MDD 10%, social phobia 7%,
enuresis 7%, specific phobia 3%

Gender: 63% male

Mean age: 12.2 (SD 2.8)

Ethnicity: 97% Caucasian, 3% Hispanic

Pharmacotherapy during the study: SSRI 30%, atomoxetine 7%, alpha2-adrenergic agonist 7%, tricyclic
3%, SNRI 3%, stimulant 3%

Interventions 1. Intervention: Participants received 25 or 50 mg (≤ 45 kg = 25 mg, > 45 kg = 50 mg) doses of DCS admin-
istered 30 minutes prior to sessions 4 to 10 of exposure-based cognitive behavioural therapy. Sessions
1 to 4 were twice weekly and sessions 5 to 10 were weekly (n = 15)

2. Comparison: Participants received placebo pill administered 30 minutes prior to sessions 4 to 10 of
exposure-based cognitive behavioural therapy. Sessions 1 to 4 were twice weekly and sessions 5 to
10 were weekly (n = 15)

Therapists: Therapy was provided by experienced therapists supervised by the first or ninth author

Outcomes Response to treatment, defined as "very much improved" or "much improved" on CGI-I (information
received from study investigator E Storch in an e-mail to RO on 15/09/2014); withdrawals; anxiety: CY-
BOCS; co-morbid depression: CDI; co-morbid depression: MASC; adverse events

Notes Funding from Industry: No. This work was supported by grants to the first author from the National In-
stitutes of Health (Grant Nos. MH076775 and L40 MH081950-02) and National Alliance for Research on
Schizophrenia and Affective Disorders (Robidoux Foundation Young Investigator Award)

Medication supplied by industry: No

Authors work for Industry: Yes

Study ID: NCT00864123

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Randomized by a computer-generated program maintained in the site re-
search pharmacy, in a double-blinded fashion to CBT + DCS or CBT + Placebo.'

Allocation concealment
(selection bias)

Low risk 'Identical placebo and DCS given in double-blinded fashion.'

Storch 2010  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The study was described as double-blind. Further information from the study
investigators (e-mail from E Storch to RO on 15/09/2014) states "DCS/PBO
were matched in every fashion in a double blinded manner"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'Assessments were conducted by trained blinded raters at pretreatment, after
Session 6, and within 1 week post-treatment.'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants allocated to each treatment arm completed the intervention
and were analysed in study findings

Selective reporting (re-
porting bias)

Unclear risk All outcomes stated in the protocol reported on with data provided. In addi-
tion, the Multidimensional Anxiety Scale for Children and the Children's De-
pression Inventory are reported

Other bias Low risk No sources of other bias were identified

Storch 2010  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled augmentation trial

Study duration: 2 weeks

Follow-up: 1 month

Country: USA

Participants Sample size: 29 adult participants eligible and agreed to participate

Recruitment: Participants recruited via study advertisements

Inclusion criteria - diagnostic classification criteria: primary diagnosis of acrophobia, DSM-IV-TR

Inclusion criteria - rating scales: Subjective Units of Distress Scale (SUDS)

Included disorders: Acrophobia

Co-morbidities: Individuals with co-morbidities excluded from study

Gender: Not reported.

Mean age: DCS group 29.33 (SD 14.67); comparison group 37.71 (SD 16.81)

Ethnicity: Not reported

Pharmacotherapy during the study: Naturalistic prescribing not permitted

Interventions 1. Intervention: Participants received 50 mg doses of DCS administered immediately after 2-weekly ses-
sions of virtual reality exposure therapy (n = 15)

2. Comparison: Participants received placebo pill administered immediately after 2-weekly sessions of
virtual reality exposure therapy (n = 14)

Therapists: Therapists were advanced doctoral student-level therapists trained and supervised by the
senior author

Outcomes Response; withdrawals; remission; anxiety: AAQ; adverse events

Tart 2013 
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Notes Funding from industry:

No. This work was supported by Diversity Supplement to R01MH075889 from the National Institute of
Mental Health (NIMH)

Medication supplied by industry: No

Authors work for Industry: Yes

Study ID: Not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk 'Done by research staC not involved in trial using minimisation procedures and
stratifying on gender, therapist, time of day of treatment sessions.'

Allocation concealment
(selection bias)

Unclear risk Details of allocation concealment were not reported

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All participants and personal were blinded. 'All capsules were identical in ap-
pearance to maintain blinding.'

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'Outcome assessors blind to group assignment.'

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups with
similar reasons for missing data in groups; 'n = 15 assigned to DCs and cogni-
tive and behavioural therapies arm and n = 14 to placebo and cognitive and
behavioural therapies arm, with n = 3 withdrawing from placebo arm by post-
treatment, n = 3 withdrawing from DCS arm at follow-up and n = 1 withdrawing
from follow-up in placebo arm

Selective reporting (re-
porting bias)

Unclear risk Study protocol not available thus unsure if all of study's pre-specified out-
comes of interest reported in pre-specified way

Other bias Unclear risk CGI ratings were completed by a clinician who was blind to group assignment
but not an independent evaluator. May have introduced a bias resulting in
larger overall clinician-rated improvement rates

Tart 2013  (Continued)

 
 

Methods Design: Randomised, double-blind, placebo controlled trial

Study duration: 5 weeks

Follow-up: 1 month

Country: USA

Participants Sample size: 33 adult participants eligible and agreed to participate, 29 initiated treatment

Recruitment: participants were recruited through flyers posted in the community and in area outpa-
tient clinics

Wilhelm 2008 
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Inclusion criteria - diagnostic classification criteria: primary diagnosis of OCD, DSM-IV

Inclusion criteria - rating scales: Not reported

Included disorders: OCD and co-morbid diagnoses

Co-morbidities: MDD (N = 3), social phobia (N = 3), specific phobia (N = 3), dysthymia (N = 2), GAD (N =
2), anxiety disorder not otherwise specified (N = 1), depressive disorder not otherwise specified (N = 1),
and panic disorder with agoraphobia (N = 1)

Gender: not reported

Mean age: mean age of DCS group 40.0 years (SD 13.4); mean age of placebo group 38.2 years (SD 13.0)

Ethnicity: Not reported

Pharmacotherapy during the study: Naturalistic prescribing allowed; 14 participants were taking an an-
ti-depressant, 5 participants were taking a benzodiazepine, and 1 participant was taking an antipsy-
chotic

Interventions 1. Intervention: Participants received 100 mg doses of DCS administered 1 hour prior to 10 twice weekly
sessions or exposure-based behavioural therapy (n = 14)

2. Comparison: Participants received placebo pill administered 1 hour prior to 10 twice weekly sessions
of exposure-based behavioural therapy (n = 15)

Therapists: Advanced trainees, under the supervision of licensed psychologists, administered the ERP

Outcomes Withdrawals; anxiety: Y-BOCS; co-morbid depression: BDI-II, adverse events

Notes Funding from Industry:

No. Supported by internal funding provided by Massachusetts General Hospital

Medication supplied by industry: No

Authors work for industry: Unclear

Study ID: NCT00126282

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Study was randomised but not stated how random sequence generation was
done. However, since allocation concealment was adequate we assume that
randomisation method also was adequate

Allocation concealment
(selection bias)

Low risk 'The research pharmacies at Massachusetts General Hospital and the Institute
of Living prepared and dispensed the study medication (100 mg d-cycloserine
or placebo) and maintained the coded random assignment schedule for the
double-blind design.'

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Participants and personnel blinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk 'Assessors blinded to treatment condition.'

Wilhelm 2008  (Continued)
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Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Thirty-three patients signed consent form of which three did not meet inclu-
sion criteria, one refused the treatment because he reported that he was “not
ready for change”, and six discontinued treatment before the mid-treatment
evaluation. Twenty-two patients completed the treatment and were includ-
ed in the statistical analysis. One patient dropped out after the mid-treatment
evaluation; his data were carried forward. Reasons for dropping out before
mid-treatment were not provided, and all randomised patients not included in
analysis

Selective reporting (re-
porting bias)

Low risk All outcomes pre-specified in protocol were reported

Other bias Unclear risk More than 40% of patients (14/33 patients) were receiving concomitant an-
ti-depressants, which might have confounded the results

Wilhelm 2008  (Continued)

(ADIS-IV) Anxiety Disorder Interview Schedule for Adults, (SPAI) Social Phobia and anxiety Inventory, (LSAS) Liebowitz Social Anxiety
Scale, (BFNES) Brief Fear of Negative Evaluation Scale, (LIS) Life Interference Scale, (GAF) Global Assessment of Functioning Scale, (SCID)
Structured Clinical Interview for DSM-IV, (YBOC-S) Yale-Brown Obsessive Compulsive Scale, (SUDS) Subjective Units of Distress Scale, (CGI-
S) Clinican's Global impressions of Severity Scale, (PDSS) Panic Disorder Severity Scale, (CAPS) Clinician Administered Post Traumatic
Stress Disorder Scale, (PCL) PTSD Checklist, (BDI-II) Beck's Depression Inventory, (PSS-SR) Posttraumatic Stress Symptom Scale—Self
Report, (STAI) State and Trait Anxiety Inventory, (SL90) Symptom Checklist 90, (AAVQ) Acrophobia Questionnaire with Avoidance, (AAQ)
Anxiety sub-scales, (ATHI) Attitudes Toward Heights Inventory, (BAT) Behavioural Avoidance Test, (PAS) Panic and agoraphobia scale,
(MI) Mobility Index, (BAI) Beck's Anxiety Inventory, (HAM-D) Hamilton Depression Scale, (CGI), Clinical Global improvement scale, (OCI-
R) Obsessive-Compulsive Inventory Revised, (ADIS-IV-P) Anxiety Disorders Interview Schedule for DSM-IV: Parent Version, (CY-BOCS)
Children’s Yale–Brown Obsessive Compulsive Scale, (MASC) Multidimensional Anxiety Scale for Children
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Behar 2010 Cognitive and behavioural therapies were not used in the study, instead attentional therapy was
augmented with d-cycloserine in trait anxiety, which did not meet Diagnostic and Statistical Manu-
al Criteria for Anxiety Disorders

Evins 2012 No cognitive and behavioural therapies

Galovic 2010 Participants had fear of public speaking which did not meet inclusion criteria

Guastella 2007(a) Spider fear was tested with subclinical anxiety and participants did not meet criteria for specific
phobia

Guastella 2007(b) Subclinical spider fear - does not meet criteria for specific phobia

Gutner 2012 No cognitive and behavioural therapies

Heresco-Levy 2002 No cognitive and behavioural therapies comparison

Inslicht 2013 No cognitive and behavioural therapies

Levinson 2013 No cognitive and behavioural therapies

NCT00257361 2005 This study was withdrawn prior to participant enrolment

Rajabi 2013 Most participants did not receive cognitive and behavioural therapies in addition to d-cycloserine
or placebo pill.
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Study Reason for exclusion

Rodebaugh 2013 No cognitive and behavioural therapies

Sharp 2013 Participants were children with food refusal, which did not meet inclusion criteria

Steinglass 2007 Participants were patients with anorexia, which did not meet inclusion criteria

 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised, double blind placebo controlled trial

Participants 60 participants meeting DSM-IV-TR criteria for PD with or without agoraphobia

Interventions All participants receive 12 ERP standard sessions, and in the first 6 sessions they receive study med-
ication either directly pre or post session:

Group 1, n = 20 receive DCS pre and placebo post session; Group 2, n=20 receive placebo pre and
DCS post-session; and Group 3, n = 20 receive placebo both pre- and post-sessions

Outcomes Panic disorder and agoraphobia: the Mobility Inventory

Notes Study ID: Euctr-021198-35-Nl, NTR2050 (Nederlands trial register: http://www.trialregister.nl/)

Cath 2010a 

 
 

Methods Randomised, double-blind placebo controlled trial

Participants 60 participants meeting DSM-IV-TR criteria for OCD

Interventions All participants receive 12 ERP standard sessions, and in the first 6 sessions they receive study med-
ication either directly pre- or post-session:

Group 1, n = 20 receive DCS pre- and placebo post-session; Group 2, n = 20 receive placebo pre- and
DCS post-session; and Group 3, n = 20 receive placebo both pre- and post-sessions

Outcomes Y-BOCS

Notes Study ID: NTR2050 (Nederlands trial register: http://www.trialregister.nl/)

Cath 2010b 

 
 

Methods Randomised, double-blinded, placebo controlled trial

Participants Adults with a confirmed diagnosis of PTSD

Interventions Compare CBT and d-cycloserine to CBT or placebo in the treatment of PTSD. The main hypothesis
of the current study is that the efficacy of CBT for PTSD will be increased when combined with d-cy-
closerine compared to a placebo

Guay 2007 
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Outcomes CAPS, SCID

Notes The recruitment status of this study is unknown as the study information has not been updated
since 2007

Study ID: NCT00452231

Guay 2007  (Continued)

 
 

Methods Randomised, double-blind parallel assignment study

Participants Subjects aged 18 to 75 years with diagnosis of agoraphobia

Interventions 12 sessions of CBT with 50 mg DCS or placebo pill administered 3x, directly after exposure

Outcomes Panic and Agoraphobia Rating Scale (PAS), Beck Anxiety Inventory (BAI), Clinical Global Index (CGI),
Agoraphobic Cognitions, Body Sensations Questionnaire and Mobility Inventory (AKV), Anxiety Sen-
sitivity Index (ASI), Beck Depression Inventory II (BDI II), Brief Symptom Inventory (BSI)

Notes Study ID: NCT01928823

Strohle 2011 

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title The efficacy of D-Cycloserine and cognitive-behavioral therapy on symptoms improvement in the
adolescents with one type of anxiety disorders: A double-blind randomised controlled trial

Methods Double-blind, randomised controlled trial

Participants Adolescents aged 12 to 20 years with anxiety disorders. Target sample size = 36

Interventions 50 mg DCS or placebo daily for a month in addition to cognitive and behavioural therapies

Outcomes SCARED score, CATS questionnaire

Starting date September 2011

Contact information soroorarman@yahoo.com

Notes Study ID: IRCT2012071610297N1

Arman 2013 

 
 

Trial name or title The Use of D-Cycloserine to Augment Intensive Cognitive Behavioral Therapy for Pediatric Obses-
sive Compulsive Disorder

Methods Randomised double-blind parallel assignment study

Participants 26 subjects aged 7 to 17 with a primary diagnosis of DSM IV criteria for OCD

Bergman 2012 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

72



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions 50 mg of DCS or placebo 1 hour prior to each treatment session, 4 days per week for 2 weeks

Outcomes Children's Yale-Brown Obsessive-Compulsive Scale (CY-BOCS)

Starting date July 2012

Contact information lbergman@mednet.ucla.edu

Notes Study ID: NCT01687140

Bergman 2012  (Continued)

 
 

Trial name or title The effect of the addition of D-cycloserine to exposure sessions in the treatment of patients with
obsessive-compulsive disorder. A randomised, placebo-controlled trial

Methods Randomised placebo controlled, double-blind, parallel trial

Participants Subjects aged 18 years and up with a primary diagnosis of OCD as established with Structural Clini-
cal Interview for axis I DSM-IV Disorders (SCID-I)

Interventions DCS capsule in oral form

Outcomes Y-BOCS

Starting date February 2008

Contact information aleeuw@meerkanten.nl

Notes Study ID: NTR1189; EUCTR2007-000367-18-NL

de Leeuw 2008 

 
 

Trial name or title Imaginal exposure and D-cycloserine for Post Traumatic Stress Disorder

Methods Randomised placebo controlled double-blind study

Participants 124 estimated participants with PTSD

Interventions Assignment to one of two treatment groups: imaginal exposure (IE) plus DCS (100mg) or IE plus
placebo (sugar pill) as well as 12 to 14 weekly individual (one-on-one) sessions of imaginal expo-
sure, graduated in vivo exposure. In addition, all participants will be genotyped once for the BDNF
SNP (Val66Met) using a non-invasive saliva sample

Outcomes CAPS, BDI-II

Starting date April 2009

Contact information jdifede@med.cornell.edu

Notes Study ID: NCT00875342

Difede 2009 
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Trial name or title Enhancing Exposure Therapy for Post Traumatic Stress Disorder (PTSD): Virtual Reality and Imagi-
nal Exposure With a Cognitive Enhancer

Methods Randomised, double-blind, parallel efficacy study

Participants War veterans with PTSD

Interventions DCS (d-cycloserine ) + prolonged imaginal exposure
DCS (d-cycloserine ) + virtual reality exposure

Placebo + prolonged imaginal exposure
Placebo (sugar pill) + virtual reality exposure

Genetic polymorphism (BDNF Val66Met) obtained from a saliva sample will be examined

Outcomes CAPS

Starting date May 2011

Contact information jdifede@med.cornell.edu

Notes Phase 3

Study ID: NCT01352637

Difede 2011a 

 
 

Trial name or title Novel treatment of phobias in children and teenagers

Methods Randomised, controlled parallel trial

Participants Individuals aged 7 to 17 years with a DSM-IV-TR diagnosis of any anxiety disorders and specific pho-
bia

Interventions DCS and exposure therapy versus placebo pill and exposure therapy. Participants receive 1 session
of exposure therapy with 35 or 70 mg of DCS (dose dependant on child's weight) at the beginning of
the session

Outcomes Anxiety Disorders Interview Schedule (ADIS), Childrens Global Assessment Scale (CGAS), Fear Sur-
vey Schedule for Children Revised, Spence Children's Anxiety Scale

Starting date March 2012

Contact information l.farrell@griffith.edu.au

Notes Study ID: ACTRN12612000420842

Farrell 2012 

 
 

Trial name or title Intensive treatment of Pediatric Obsessive Compulsive Disorder (OCD): Improving access and out-
comes

Farrell 2014 
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Methods Randomised controlled trial, double-blind

Participants Individuals aged 7 to 17 years with a primary diagnosis of OCD (CYBOCS score of ≥ 16). Target sam-
ple size = 60

Interventions DCS pill and intensive exposure therapy or placebo and intensive exposure therapy

Outcomes Children's Yale-Brown Obsessive-Compulsive Scale (CY-BOCS)

Starting date January 2014

Contact information l.farrell@griffith.edu.au

Notes Study ID: ACTRN12614000140651

Farrell 2014  (Continued)

 
 

Trial name or title 2/2 D-Cycloserine Augmentation of CBT for Pediatric OCD

Methods Randomised, double-blind placebo controlled trial

Participants 75 youth aged between 7 and 17 years with clinical diagnosis of OCD as primary or co-primary diag-
nosis with score on CY-BOCS of 16 or greater and Full Scale IQ greater than or equal to 85

Interventions 25 mg dose of DCS for children weighing between 22.5 kg and 45 kg (dose = approximately 0.7 mg/
kg), 50 mg dose for children weighing greater than 46 kg (dose = approximately 0.7 mg/kg). Dose
given 7 times, every 7 days, except for the third dose, which will be given three days after the sec-
ond dose. All doses given 1 hour prior to therapy session. The placebo comparator will be a sugar
pill

Outcomes CY-BOCS, CGI

Starting date July 2011

Contact information amstark@partners.org

Notes Study ID: NCT01404208

Geller 2011 

 
 

Trial name or title The role of D-Cycloserine in combination with exposure therapy in the treatment of Panic Disorder
to improve the severity of Panic Symptoms

Methods Randomised parallel controlled trial

Participants Subjects aged 18 years and older with a primary diagnosis of panic disorder

Interventions DCS and exposure therapy. Participants receive 3 weekly sessions of group-based exposure thera-
py. One group of participants receives 50 mg of DCS before each session

Outcomes Severity of panic symptoms: global functioning such as their general health, depression and stress
levels and current diagnosis

Guastella 2006 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Starting date June 2006

Contact information a.guastella@unsw.edu.au

Notes Study ID: ACTRN12606000351516

Guastella 2006  (Continued)

 
 

Trial name or title Exposure, D-Cycloserine Enhancement, and Genetic Modulators in Panic Disorder

Methods Double-blind, randomised placebo controlled trial

Participants 192 patients who meet criteria for panic disorder, will be followed for over 5 years

Interventions Patient with panic disorder will randomly receive DCS or placebo 1 hour prior to sessions 3 to 5 of a
5-session CBT protocol that includes 2 additional booster sessions over the course of follow-up

Outcomes MADRS, CGI

Starting date April 2008

Contact information Michael Otto, National Institute on Drug Abuse

Notes Phase 2

Study ID: NCT00790868

Otto 2008 

 
 

Trial name or title Dose timing of D-cycloserine to augment CBT for social anxiety disorder

Methods Randomised double-blind parallel study

Participants Outpatients aged 18 to 70 years with a primary diagnosis of social anxiety disorder meeting DSM-V
criteria

Interventions Five weeks of CBT for social anxiety and 2 pills (1 placebo before and one DCS or placebo after the
session) or 5 weeks of CBT for social anxiety disorder and 2 pills (1 DCS before and 1 placebo after)
or 5 weeks of CBT for social anxiety disorder and 2 pills (1 placebo before and 1 placebo after) or 5
weeks of CBT for social anxiety disorder and 2 pills (1 DCS before and 1 DCS after)

Outcomes Liebowitz Social Anxiety Scale (LSAS) and the Social Phobic Disorders Severity and Change Form
(SPD-SC Form)

Starting date April 2014

Contact information scarlett.baird@utexas.edu

Notes Study ID: NCT02066792

Pollack 2014 
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Trial name or title Examining the efficacy of D-cycloserine for augmenting exposure therapy in children with spider
phobia and dog phobia: A randomised controlled trial

Methods Randomised controlled parallel trial

Participants Children aged 8 to 14 with DSM-IV diagnosis of spider or dog phobia

Interventions 50 mg DCS administered 1 hour before single exposure therapy session

Outcomes Behavioural Avoidance Test: BAT, Children's State-Trait Anxiety Inventory, Spider Phobia Question-
naire or Dog Phobia Questionnaire, Spider or Dogs Beliefs Questionnaire "Harm Subscale", Spence
Child Anxiety Scale

Starting date August 2010

Contact information rrapee@psy.mq.edu.au

Notes Study ID: ACTRN12610000490077

Rapee 2010 

 
 

Trial name or title d-cycloserine versus placebo combined with in-vivo exposure in the reduction of specific fears
among children with broad-based anxiety disorders

Methods Randomised controlled parallel trial

Participants Subjects aged 7-14 years with DSM diagnosis of anxiety disorder

Interventions 50 mg DCS or placebo taken on 5 weekly occasions 1 hour before session

Outcomes Behavioural avoidance test, Spence Children's Anxiety Scale

Starting date September 2011

Contact information Ron.Rapee@mq.edu.au

Notes Study ID: ACTRN12611000660987

Rapee 2011 

 
 

Trial name or title The Effect of a Single-dose of D-cycloserine on the Basic Effects of Cognitive-behaviour Therapy for
Panic Disorder - a Randomized Placebo-controlled Trial

Methods Randomised, double-blind, parallel assignment study

Participants Subjects aged 18 to 65 years with clinical diagnosis of panic disorder and at least moderate agora-
phobic evidence

Interventions 250 mg of DCS or placebo pill with CBT

Outcomes Self-reported and clinician-rated anxiety and depression measures

Reinecke 2012 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

77



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Starting date October 2012

Contact information andrea.reinecke@psych.ox.ac.uk

Notes Study ID: NCT01680107

Reinecke 2012  (Continued)

 
 

Trial name or title D-Cycloserine as an Adjunct to Internet-CBT for OCD

Methods Randomised, placebo controlled, double-blind study

Participants Fulfilling diagnostic criteria of OCD not associated with hoarding. Number of subjects: 128

Interventions The purpose of this study is to examine if d-cycloserine is an efficacious adjunct to Internet-based
cognitive behaviour therapy for patients with obsessive compulsive disorder

Outcomes YBOC-S, OCI-R,CGI, GAF

Starting date August 2012

Contact information  

Notes Study ID: NCT01649895

Ruck 2012 

 
 

Trial name or title D-Cycloserine-Enhancer of One-Session Treatment for Phobia of Heights

Methods Randomised placebo controlled double-blind study

Participants 80 participants with acrophobia

Interventions One of the 4 treatment conditions: one-session VRET (3 hours) and 50 mg d-cycloserine (VR-OST +
DCS) (N1 = 20); one-session VRET (3 hours) and placebo (VR-OST + Pl (N2 = 20); one-session IVET (3
hours) and placebo (IV + Pl) (N3 = 20); or one-session IVET (3 hours) and 50 mg d-cycloserine (IV +
DCS) (N4 = 20). For 20 participants (5 from each group) the treatment will be delayed for 3 weeks
and an additional assessment will be conducted as they will comprise a wait list (WL) control group

Outcomes ADIS-IV, Subjective Units of Distress during a Behavioral Avoidance Test (BAT)

Starting date July 2009

Contact information cristian.sirbu@camc.org

Notes Study ID: NCT01037101

Sirbu 2009 

 
 

Trial name or title Enhancing Panic and Smoking Reduction Treatment With D-Cycloserine

Smits 2013 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

78



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Methods Randomised, parallel assignment, double-blind study

Participants 18 to 65 years old, daily smoker for at least 1 year, currently smoking average of at least 10 ciga-
rettes per day, evidence of panic attack within past year

Interventions 7 weeks of panic and smoking reduction treatment (PSRT) and one pill of DCS or placebo 1 hour
prior to sessions 3, 4, 5 and nicotine replacement therapy as part of PSRT

Outcomes Not reported

Starting date October 2013

Contact information scarlett.baird@utexas.edu

Notes Study ID: NCT01944423

Smits 2013  (Continued)

 
 

Trial name or title 1/2 D-cycloserine Augmentation of CBT for Pediatric OCD

Methods Randomised double-blind placebo controlled trial

Participants 150 youths aged 7 to 17 years with obsessive compulsive disorder and a CY-BOCS score ≥ 16 and
Full Scale IQ ≥ 85 as assessed will be included

Interventions To examine the relative benefit of 10 cognitive and behavioural therapies sessions of which ses-
sions 4 to 10 will be augmented with weight-adjusted doses of DCS (25, 50 mg) compared to CBT
augmented with placebo in paediatric OCD

Outcomes CY-BOCS, CGI

Starting date June 2011

Contact information estorch@health.usf.edu

Notes Study ID: NCT01411774

Storch 2011 

(YBOC-S) Yale Brown Obsessive Compulsive Scale, (OCI-R) Obsessive Compulsive Scale - Revised, (MADRS-S) Montgomery Asberg
Depression Rating Scale Self-rating, (CGI) Clinical Global Impression Scale, (GAF) Global assessment of Functioning Scale, CAPS (Clinician
Administered PTSD Scale), (AAVQ) Acrophobia Questionnaire With Avoidance, (ATHQ) Attitudes Towards Heights Questionnaire, (BAT)
Behavioral Avoidance Test, (ADIS- IV) Anxiety Disorders Interview Schedule-IV, (BDI-II) Beck's Depression Inventory, (MADRS) Montgomery-
Asberger Depression rating scale, (STAXI-2) State Trait Anger Expression Inventory, (PSS-SR) Post-Traumatic Stress Symptom Self-Report
Scale, (QLI) Quality of Life Inventory, (STAI) State-Trait Anxiety Inventory
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Comparison 1.   DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - adults

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Treatment efficacy:
treatment responders -
end of treatment

9 449 Risk Ratio (M-H, Random, 95% CI) 1.10 [0.89, 1.34]

1.1 OCD 1 24 Risk Ratio (M-H, Random, 95% CI) 0.91 [0.67, 1.23]

1.2 PD 1 31 Risk Ratio (M-H, Random, 95% CI) 2.25 [1.04, 4.86]

1.3 PTSD 3 149 Risk Ratio (M-H, Random, 95% CI) 1.28 [0.79, 2.07]

1.4 SAD 1 169 Risk Ratio (M-H, Random, 95% CI) 1.13 [1.00, 1.27]

1.5 SP 3 76 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.61, 1.65]

2 Treatment efficacy:
treatment responders -
1-12 month follow up

7 383 Risk Ratio (M-H, Random, 95% CI) 1.08 [0.90, 1.31]

2.1 OCD 1 23 Risk Ratio (M-H, Random, 95% CI) 0.84 [0.63, 1.13]

2.2 PD 1 31 Risk Ratio (M-H, Random, 95% CI) 1.41 [0.81, 2.44]

2.3 PTSD 2 104 Risk Ratio (M-H, Random, 95% CI) 1.17 [0.73, 1.85]

2.4 SAD 1 169 Risk Ratio (M-H, Random, 95% CI) 1.10 [0.93, 1.31]

2.5 SP 2 56 Risk Ratio (M-H, Random, 95% CI) 1.36 [0.49, 3.79]

3 Treatment acceptabil-
ity: withdrawals from
treatment - end of treat-
ment

16 740 Risk Ratio (M-H, Random, 95% CI) 0.88 [0.61, 1.25]

3.1 OCD 3 89 Risk Ratio (M-H, Random, 95% CI) 0.69 [0.20, 2.37]

3.2 PD 1 44 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.12, 3.61]

3.3 PTSD 4 224 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.57, 1.84]

3.4 SAD 5 307 Risk Ratio (M-H, Random, 95% CI) 0.72 [0.42, 1.22]

3.5 SP 3 76 Risk Ratio (M-H, Random, 95% CI) 5.0 [0.27, 92.62]

4 In remission - end of
treatment

5 292 Risk Ratio (M-H, Random, 95% CI) 1.16 [0.79, 1.71]

4.1 OCD 1 24 Risk Ratio (M-H, Random, 95% CI) 0.71 [0.31, 1.63]

4.2 PTSD 2 92 Risk Ratio (M-H, Random, 95% CI) 2.01 [0.50, 8.05]

4.3 SAD 1 147 Risk Ratio (M-H, Random, 95% CI) 1.47 [0.87, 2.47]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

4.4 SP 1 29 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.53, 1.65]

5 In remission - 1-6
month follow up

5 272 Risk Ratio (M-H, Random, 95% CI) 1.29 [0.79, 2.10]

5.1 OCD 1 23 Risk Ratio (M-H, Random, 95% CI) 0.61 [0.23, 1.60]

5.2 PTSD 2 92 Risk Ratio (M-H, Random, 95% CI) 2.58 [1.34, 4.99]

5.3 SAD 1 128 Risk Ratio (M-H, Random, 95% CI) 1.06 [0.62, 1.81]

5.4 SP 1 29 Risk Ratio (M-H, Random, 95% CI) 1.04 [0.61, 1.76]

6 Condition-specific anx-
iety symptoms - end of
treatment

17 735 Std. Mean Difference (IV, Random,
95% CI)

-0.32 [-0.58, -0.07]

6.1 OCD (Y-BOCS) 3 72 Std. Mean Difference (IV, Random,
95% CI)

-0.14 [-0.61, 0.33]

6.2 PD (PAS or PDSS) 2 70 Std. Mean Difference (IV, Random,
95% CI)

-0.84 [-1.33, -0.34]

6.3 PTSD (CAPS) 4 224 Std. Mean Difference (IV, Random,
95% CI)

-0.06 [-0.52, 0.39]

6.4 SAD (LSAS) 5 293 Std. Mean Difference (IV, Random,
95% CI)

-0.39 [-0.99, 0.21]

6.5 SP (AAQ and Snake
Questionnaire)

3 76 Std. Mean Difference (IV, Random,
95% CI)

-0.51 [-1.14, 0.13]

7 Condition-specific anx-
iety symptoms - 1-12
month follow up

13 641 Std. Mean Difference (IV, Random,
95% CI)

-0.27 [-0.47, -0.06]

7.1 OCD (Y-BOCS) 2 45 Std. Mean Difference (IV, Random,
95% CI)

-0.15 [-1.13, 0.83]

7.2 PD (PDSS and PAS) 2 70 Std. Mean Difference (IV, Random,
95% CI)

-0.45 [-1.10, 0.21]

7.3 PTSD (CAPS) 4 218 Std. Mean Difference (IV, Random,
95% CI)

-0.21 [-0.55, 0.14]

7.4 SAD (LSAS) 3 252 Std. Mean Difference (IV, Random,
95% CI)

-0.17 [-0.57, 0.22]

7.5 SP (AAQ) 2 56 Std. Mean Difference (IV, Random,
95% CI)

-0.66 [-1.21, -0.11]

8 Co-morbid symptoms
of depression - end of
treatment

5 178 Std. Mean Difference (IV, Random,
95% CI)

-0.25 [-0.80, 0.31]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

8.1 OCD (BDI-II) 2 47 Std. Mean Difference (IV, Random,
95% CI)

-0.64 [-1.23, -0.04]

8.2 PD (BDI) 1 38 Std. Mean Difference (IV, Random,
95% CI)

-0.34 [-0.98, 0.30]

8.3 PTSD (BDI and BDI-II) 2 93 Std. Mean Difference (IV, Random,
95% CI)

0.21 [-1.27, 1.70]

9 Co-morbid symp-
toms of depression - 1-6
month follow up

5 171 Std. Mean Difference (IV, Random,
95% CI)

-0.12 [-0.47, 0.24]

9.1 OCD (BDI-II) 2 45 Std. Mean Difference (IV, Random,
95% CI)

0.03 [-0.86, 0.93]

9.2 PD (BDI) 1 39 Std. Mean Difference (IV, Random,
95% CI)

-0.32 [-0.95, 0.31]

9.3 PTSD (BDI and BDI-II) 2 87 Std. Mean Difference (IV, Random,
95% CI)

-0.04 [-0.78, 0.71]

10 Co-morbid anxiety
symptoms - end of treat-
ment

3 122 Std. Mean Difference (IV, Random,
95% CI)

-0.63 [-0.99, -0.26]

10.1 PD (BAI) 1 39 Std. Mean Difference (IV, Random,
95% CI)

-0.52 [-1.16, 0.12]

10.2 PTSD (STAI) 1 67 Std. Mean Difference (IV, Random,
95% CI)

-0.67 [-1.16, -0.18]

10.3 SAD (STAI) 1 16 Std. Mean Difference (IV, Random,
95% CI)

-0.70 [-1.73, 0.32]

11 Co-morbid anxiety
symptoms - 3-5 month
follow up

2 106 Std. Mean Difference (IV, Random,
95% CI)

-0.29 [-0.68, 0.09]

11.1 PD (BAI) 1 39 Std. Mean Difference (IV, Random,
95% CI)

-0.30 [-0.93, 0.33]

11.2 PTSD (STAI) 1 67 Std. Mean Difference (IV, Random,
95% CI)

-0.29 [-0.77, 0.19]

12 Quality of life - end of
treatment

1   Mean Difference (IV, Random, 95% CI) Totals not selected

12.1 SAD (LIS) 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]

13 Quality of life - 1
month follow up

1   Mean Difference (IV, Random, 95% CI) Totals not selected

13.1 SAD (LIS) 1   Mean Difference (IV, Random, 95% CI) 0.0 [0.0, 0.0]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

14 Adverse events lead-
ing to hospitalisation or
discontinuation - end of
treatment

2 213 Risk Ratio (M-H, Random, 95% CI) 0.96 [0.10, 9.00]

14.1 PD 1 44 Risk Ratio (M-H, Random, 95% CI) 0.33 [0.01, 7.76]

14.2 SAD 1 169 Risk Ratio (M-H, Random, 95% CI) 2.83 [0.12, 68.49]

 
 

Analysis 1.1.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - adults, Outcome 1 Treatment e>icacy: treatment responders - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 OCD  

Storch 2007 10/12 11/12 18.37% 0.91[0.67,1.23]

Subtotal (95% CI) 12 12 18.37% 0.91[0.67,1.23]

Total events: 10 (CBT + DCS), 11 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.61(P=0.54)  

   

1.1.2 PD  

Otto 2010 12/16 5/15 5.69% 2.25[1.04,4.86]

Subtotal (95% CI) 16 15 5.69% 2.25[1.04,4.86]

Total events: 12 (CBT + DCS), 5 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.07(P=0.04)  

   

1.1.3 PTSD  

de Kleine 2012 21/33 13/34 10.84% 1.66[1.01,2.74]

Litz 2012 3/9 4/11 2.58% 0.92[0.27,3.07]

Rothbaum 2014 6/28 9/34 4.34% 0.81[0.33,2]

Subtotal (95% CI) 70 79 17.76% 1.28[0.79,2.07]

Total events: 30 (CBT + DCS), 26 (CBT + placebo)  

Heterogeneity: Tau2=0.03; Chi2=2.36, df=2(P=0.31); I2=15.17%  

Test for overall effect: Z=1.02(P=0.31)  

   

1.1.4 SAD  

Hofmann 2013 80/87 67/82 28.32% 1.13[1,1.27]

Subtotal (95% CI) 87 82 28.32% 1.13[1,1.27]

Total events: 80 (CBT + DCS), 67 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.93(P=0.05)  

   

1.1.5 SP  

Nave 2012 8/10 9/10 15.27% 0.89[0.61,1.29]

Ressler 2004 10/17 2/10 2.26% 2.94[0.8,10.81]

Tart 2013 10/15 11/14 12.33% 0.85[0.54,1.33]

Subtotal (95% CI) 42 34 29.85% 1[0.61,1.65]

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS
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Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 28 (CBT + DCS), 22 (CBT + placebo)  

Heterogeneity: Tau2=0.1; Chi2=4.64, df=2(P=0.1); I2=56.91%  

Test for overall effect: Z=0.02(P=0.98)  

   

Total (95% CI) 227 222 100% 1.1[0.89,1.34]

Total events: 160 (CBT + DCS), 131 (CBT + placebo)  

Heterogeneity: Tau2=0.03; Chi2=14.61, df=8(P=0.07); I2=45.26%  

Test for overall effect: Z=0.89(P=0.37)  

Test for subgroup differences: Chi2=5.43, df=1 (P=0.25), I2=26.36%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 1.2.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - adults, Outcome 2 Treatment e>icacy: treatment responders - 1-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 OCD  

Storch 2007 10/12 11/11 21.04% 0.84[0.63,1.13]

Subtotal (95% CI) 12 11 21.04% 0.84[0.63,1.13]

Total events: 10 (CBT + DCS), 11 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.15(P=0.25)  

   

1.2.2 PD  

Otto 2010 12/16 8/15 9.05% 1.41[0.81,2.44]

Subtotal (95% CI) 16 15 9.05% 1.41[0.81,2.44]

Total events: 12 (CBT + DCS), 8 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.21(P=0.23)  

   

1.2.3 PTSD  

de Kleine 2012 23/33 17/34 14.24% 1.39[0.93,2.09]

Rothbaum 2014 8/17 11/20 7.09% 0.86[0.45,1.62]

Subtotal (95% CI) 50 54 21.33% 1.17[0.73,1.85]

Total events: 31 (CBT + DCS), 28 (CBT + placebo)  

Heterogeneity: Tau2=0.05; Chi2=1.6, df=1(P=0.21); I2=37.59%  

Test for overall effect: Z=0.65(P=0.51)  

   

1.2.4 SAD  

Hofmann 2013 69/87 59/82 31.32% 1.1[0.93,1.31]

Subtotal (95% CI) 87 82 31.32% 1.1[0.93,1.31]

Total events: 69 (CBT + DCS), 59 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

   

1.2.5 SP  

Ressler 2004 12/17 3/10 3.26% 2.35[0.87,6.37]

Tart 2013 11/15 11/14 13.99% 0.93[0.62,1.41]

Subtotal (95% CI) 32 24 17.25% 1.36[0.49,3.79]

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

84



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 23 (CBT + DCS), 14 (CBT + placebo)  

Heterogeneity: Tau2=0.42; Chi2=3.77, df=1(P=0.05); I2=73.5%  

Test for overall effect: Z=0.58(P=0.56)  

   

Total (95% CI) 197 186 100% 1.08[0.9,1.31]

Total events: 145 (CBT + DCS), 120 (CBT + placebo)  

Heterogeneity: Tau2=0.02; Chi2=9.52, df=6(P=0.15); I2=36.99%  

Test for overall effect: Z=0.84(P=0.4)  

Test for subgroup differences: Chi2=3.99, df=1 (P=0.41), I2=0%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 1.3.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - adults, Outcome 3 Treatment acceptability: withdrawals from treatment - end of treatment.

Study or subgroup CBT+ DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 OCD  

Kushner 2007 1/15 6/11 2.97% 0.12[0.02,0.88]

Storch 2007 5/17 5/17 8.76% 1[0.35,2.83]

Wilhelm 2008 4/14 3/15 6.1% 1.43[0.39,5.28]

Subtotal (95% CI) 46 43 17.84% 0.69[0.2,2.37]

Total events: 10 (CBT+ DCS), 14 (CBT + placebo)  

Heterogeneity: Tau2=0.67; Chi2=4.71, df=2(P=0.09); I2=57.53%  

Test for overall effect: Z=0.58(P=0.56)  

   

1.3.2 PD  

Siegmund 2011 2/22 3/22 3.93% 0.67[0.12,3.61]

Subtotal (95% CI) 22 22 3.93% 0.67[0.12,3.61]

Total events: 2 (CBT+ DCS), 3 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.47(P=0.64)  

   

1.3.3 PTSD  

de Kleine 2012 9/33 13/34 14.91% 0.71[0.35,1.44]

Difede 2014 0/13 3/12 1.47% 0.13[0.01,2.33]

Litz 2012 4/13 2/13 4.76% 2[0.44,9.08]

Rothbaum 2014 25/53 19/53 22.4% 1.32[0.83,2.08]

Subtotal (95% CI) 112 112 43.54% 1.02[0.57,1.84]

Total events: 38 (CBT+ DCS), 37 (CBT + placebo)  

Heterogeneity: Tau2=0.13; Chi2=4.84, df=3(P=0.18); I2=38.06%  

Test for overall effect: Z=0.07(P=0.94)  

   

1.3.4 SAD  

Cameron 2005 6/20 4/19 8.08% 1.43[0.48,4.27]

Guastella 2008 1/28 5/28 2.68% 0.2[0.02,1.6]

Hofmann 2006 0/12 0/15   Not estimable

Hofmann 2013 9/87 13/82 12.81% 0.65[0.29,1.44]

Sheerin 2014 3/7 6/9 9.71% 0.64[0.24,1.7]

Subtotal (95% CI) 154 153 33.27% 0.72[0.42,1.22]

favours CBT + DCS 1000.01 100.1 1 favours CBT + placebo
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Study or subgroup CBT+ DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 19 (CBT+ DCS), 28 (CBT + placebo)  

Heterogeneity: Tau2=0.01; Chi2=3.09, df=3(P=0.38); I2=2.78%  

Test for overall effect: Z=1.22(P=0.22)  

   

1.3.5 SP  

Nave 2012 2/10 0/10 1.42% 5[0.27,92.62]

Ressler 2004 0/17 0/10   Not estimable

Tart 2013 0/15 0/14   Not estimable

Subtotal (95% CI) 42 34 1.42% 5[0.27,92.62]

Total events: 2 (CBT+ DCS), 0 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.08(P=0.28)  

   

Total (95% CI) 376 364 100% 0.88[0.61,1.25]

Total events: 71 (CBT+ DCS), 82 (CBT + placebo)  

Heterogeneity: Tau2=0.09; Chi2=15.79, df=12(P=0.2); I2=23.99%  

Test for overall effect: Z=0.73(P=0.47)  

Test for subgroup differences: Chi2=2.36, df=1 (P=0.67), I2=0%  

favours CBT + DCS 1000.01 100.1 1 favours CBT + placebo

 
 

Analysis 1.4.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo
and cognitive and behavioural therapies - adults, Outcome 4 In remission - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 OCD  

Storch 2007 5/12 7/12 16.93% 0.71[0.31,1.63]

Subtotal (95% CI) 12 12 16.93% 0.71[0.31,1.63]

Total events: 5 (CBT + DCS), 7 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.42)  

   

1.4.2 PTSD  

de Kleine 2012 11/33 9/34 19.86% 1.26[0.6,2.64]

Difede 2014 6/13 1/12 3.67% 5.54[0.78,39.57]

Subtotal (95% CI) 46 46 23.52% 2.01[0.5,8.05]

Total events: 17 (CBT + DCS), 10 (CBT + placebo)  

Heterogeneity: Tau2=0.59; Chi2=2.03, df=1(P=0.15); I2=50.7%  

Test for overall effect: Z=0.98(P=0.33)  

   

1.4.3 SAD  

Hofmann 2013 28/80 16/67 31.29% 1.47[0.87,2.47]

Subtotal (95% CI) 80 67 31.29% 1.47[0.87,2.47]

Total events: 28 (CBT + DCS), 16 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.44(P=0.15)  

   

1.4.4 SP  

Tart 2013 9/15 9/14 28.26% 0.93[0.53,1.65]

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS
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Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 15 14 28.26% 0.93[0.53,1.65]

Total events: 9 (CBT + DCS), 9 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.24(P=0.81)  

   

Total (95% CI) 153 139 100% 1.16[0.79,1.71]

Total events: 59 (CBT + DCS), 42 (CBT + placebo)  

Heterogeneity: Tau2=0.05; Chi2=5.55, df=4(P=0.24); I2=27.94%  

Test for overall effect: Z=0.77(P=0.44)  

Test for subgroup differences: Chi2=3.24, df=1 (P=0.36), I2=7.42%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 1.5.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and
cognitive and behavioural therapies - adults, Outcome 5 In remission - 1-6 month follow up.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 OCD  

Storch 2007 4/12 6/11 15.59% 0.61[0.23,1.6]

Subtotal (95% CI) 12 11 15.59% 0.61[0.23,1.6]

Total events: 4 (CBT + DCS), 6 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1(P=0.32)  

   

1.5.2 PTSD  

de Kleine 2012 15/33 7/34 20.29% 2.21[1.03,4.71]

Difede 2014 9/13 2/12 10.24% 4.15[1.11,15.49]

Subtotal (95% CI) 46 46 30.53% 2.58[1.34,4.99]

Total events: 24 (CBT + DCS), 9 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.67, df=1(P=0.41); I2=0%  

Test for overall effect: Z=2.83(P=0)  

   

1.5.3 SAD  

Hofmann 2013 21/69 17/59 26.82% 1.06[0.62,1.81]

Subtotal (95% CI) 69 59 26.82% 1.06[0.62,1.81]

Total events: 21 (CBT + DCS), 17 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.2(P=0.84)  

   

1.5.4 SP  

Tart 2013 10/15 9/14 27.06% 1.04[0.61,1.76]

Subtotal (95% CI) 15 14 27.06% 1.04[0.61,1.76]

Total events: 10 (CBT + DCS), 9 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.89)  

   

Total (95% CI) 142 130 100% 1.29[0.79,2.1]

Total events: 59 (CBT + DCS), 41 (CBT + placebo)  

Heterogeneity: Tau2=0.16; Chi2=8.6, df=4(P=0.07); I2=53.49%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS
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Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=1.02(P=0.31)  

Test for subgroup differences: Chi2=7.62, df=1 (P=0.05), I2=60.63%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 1.6.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, Outcome 6 Condition-specific anxiety symptoms - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.6.1 OCD (Y-BOCS)  

Kushner 2007 14 10.9 (4.7) 11 11.2 (6.8) 5.31% -0.05[-0.84,0.74]

Storch 2007 12 10.1 (6.8) 12 8.6 (8.8) 5.23% 0.18[-0.62,0.99]

Wilhelm 2008 10 10.2 (7.2) 13 14.5 (6.4) 4.93% -0.61[-1.46,0.23]

Subtotal *** 36   36   15.47% -0.14[-0.61,0.33]

Heterogeneity: Tau2=0; Chi2=1.88, df=2(P=0.39); I2=0%  

Test for overall effect: Z=0.6(P=0.55)  

   

1.6.2 PD (PAS or PDSS)  

Otto 2010 16 3.6 (2.1) 15 6.8 (3.4) 5.49% -1.12[-1.89,-0.36]

Siegmund 2011 20 11.8 (6.2) 19 17.2 (10.2) 6.42% -0.63[-1.28,0.01]

Subtotal *** 36   34   11.9% -0.84[-1.33,-0.34]

Heterogeneity: Tau2=0; Chi2=0.92, df=1(P=0.34); I2=0%  

Test for overall effect: Z=3.32(P=0)  

   

1.6.3 PTSD (CAPS)  

de Kleine 2012 33 34.3 (37.1) 34 53.7 (38.2) 7.81% -0.51[-0.99,-0.02]

Difede 2014 13 32.4 (28.6) 12 42.2 (20.8) 5.29% -0.38[-1.17,0.42]

Litz 2012 13 72.3 (28.6) 13 53.7 (26.2) 5.29% 0.66[-0.14,1.45]

Rothbaum 2014 53 65.9 (20.7) 53 63.8 (25.8) 8.8% 0.09[-0.29,0.47]

Subtotal *** 112   112   27.2% -0.06[-0.52,0.39]

Heterogeneity: Tau2=0.13; Chi2=7.56, df=3(P=0.06); I2=60.32%  

Test for overall effect: Z=0.28(P=0.78)  

   

1.6.4 SAD (LSAS)  

Cameron 2005 12 74.4 (28.8) 13 56.2 (20.1) 5.15% 0.72[-0.1,1.53]

Guastella 2008 28 52.9 (20.2) 28 66.7 (21.8) 7.34% -0.65[-1.19,-0.11]

Hofmann 2006 12 30.7 (16.3) 15 36.7 (21.8) 5.49% -0.3[-1.06,0.46]

Hofmann 2013 87 39.2 (20.6) 82 42.4 (20.5) 9.5% -0.16[-0.46,0.14]

Sheerin 2014 7 45 (21.5) 9 87 (11.3) 2.58% -2.41[-3.79,-1.03]

Subtotal *** 146   147   30.07% -0.39[-0.99,0.21]

Heterogeneity: Tau2=0.33; Chi2=17.33, df=4(P=0); I2=76.91%  

Test for overall effect: Z=1.28(P=0.2)  

   

1.6.5 SP (AAQ and Snake Questionnaire)  

Nave 2012 10 9.7 (6.2) 10 9.6 (6) 4.74% 0.02[-0.86,0.89]

Ressler 2004 17 -38.4 (23.1) 10 -13.9 (15.5) 4.92% -1.14[-1.99,-0.3]

Tart 2013 15 25.5 (14.8) 14 33.1 (22.5) 5.7% -0.39[-1.13,0.35]

Subtotal *** 42   34   15.37% -0.51[-1.14,0.13]

Heterogeneity: Tau2=0.14; Chi2=3.63, df=2(P=0.16); I2=44.94%  

favours CBT + DCS 52.5-5 -2.5 0 favours CBT + placebo
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Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=1.56(P=0.12)  

   

Total *** 372   363   100% -0.32[-0.58,-0.07]

Heterogeneity: Tau2=0.15; Chi2=39.7, df=16(P=0); I2=59.7%  

Test for overall effect: Z=2.51(P=0.01)  

Test for subgroup differences: Chi2=6.2, df=1 (P=0.18), I2=35.48%  

favours CBT + DCS 52.5-5 -2.5 0 favours CBT + placebo

 
 

Analysis 1.7.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - adults, Outcome 7 Condition-specific anxiety symptoms - 1-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.7.1 OCD (Y-BOCS)  

Storch 2007 11 10.3 (6.6) 11 7.9 (6.8) 4.75% 0.34[-0.5,1.19]

Wilhelm 2008 10 10.9 (8.7) 13 15.9 (6.2) 4.68% -0.65[-1.5,0.2]

Subtotal *** 21   24   9.43% -0.15[-1.13,0.83]

Heterogeneity: Tau2=0.31; Chi2=2.67, df=1(P=0.1); I2=62.52%  

Test for overall effect: Z=0.31(P=0.76)  

   

1.7.2 PD (PDSS and PAS)  

Otto 2010 16 3.4 (3.2) 15 6.3 (3.7) 5.91% -0.81[-1.55,-0.07]

Siegmund 2011 20 9.6 (9) 19 10.8 (8.1) 7.52% -0.14[-0.77,0.49]

Subtotal *** 36   34   13.42% -0.45[-1.1,0.21]

Heterogeneity: Tau2=0.1; Chi2=1.83, df=1(P=0.18); I2=45.29%  

Test for overall effect: Z=1.34(P=0.18)  

   

1.7.3 PTSD (CAPS)  

de Kleine 2012 33 30.3 (36) 34 43.5 (36.3) 10.73% -0.36[-0.85,0.12]

Difede 2014 13 24.2 (26.5) 12 45.9 (25.7) 4.95% -0.81[-1.63,0.01]

Litz 2012 9 62.2 (32.2) 11 55.5 (27) 4.38% 0.22[-0.67,1.1]

Rothbaum 2014 53 48 (25.4) 53 48.4 (26.8) 14% -0.02[-0.4,0.37]

Subtotal *** 108   110   34.07% -0.21[-0.55,0.14]

Heterogeneity: Tau2=0.04; Chi2=4.28, df=3(P=0.23); I2=29.92%  

Test for overall effect: Z=1.19(P=0.23)  

   

1.7.4 SAD (LSAS)  

Guastella 2008 28 52.9 (19.7) 28 63.1 (22.9) 9.5% -0.47[-1,0.06]

Hofmann 2006 12 28.3 (18.3) 15 36.9 (25) 5.54% -0.37[-1.14,0.4]

Hofmann 2013 87 42.6 (23.5) 82 40.6 (23.8) 17.19% 0.09[-0.22,0.39]

Subtotal *** 127   125   32.23% -0.17[-0.57,0.22]

Heterogeneity: Tau2=0.06; Chi2=3.79, df=2(P=0.15); I2=47.17%  

Test for overall effect: Z=0.86(P=0.39)  

   

1.7.5 SP (AAQ)  

Ressler 2004 17 -42.5 (30.4) 10 -20.9 (19.4) 5.04% -0.78[-1.59,0.04]

Tart 2013 15 17.8 (12.7) 14 26.3 (16.8) 5.81% -0.56[-1.3,0.19]

Subtotal *** 32   24   10.85% -0.66[-1.21,-0.11]

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

favours CBT + DCS 105-10 -5 0 favours CBT + placebo
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Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Z=2.35(P=0.02)  

   

Total *** 324   317   100% -0.27[-0.47,-0.06]

Heterogeneity: Tau2=0.04; Chi2=17.1, df=12(P=0.15); I2=29.84%  

Test for overall effect: Z=2.59(P=0.01)  

Test for subgroup differences: Chi2=2.55, df=1 (P=0.63), I2=0%  

favours CBT + DCS 105-10 -5 0 favours CBT + placebo

 
 

Analysis 1.8.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, Outcome 8 Co-morbid symptoms of depression - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.8.1 OCD (BDI-II)  

Storch 2007 12 6 (6.7) 12 9.3 (9) 18.41% -0.4[-1.21,0.41]

Wilhelm 2008 10 1.9 (3.3) 13 8.7 (9.1) 17.3% -0.91[-1.78,-0.04]

Subtotal *** 22   25   35.7% -0.64[-1.23,-0.04]

Heterogeneity: Tau2=0; Chi2=0.7, df=1(P=0.4); I2=0%  

Test for overall effect: Z=2.1(P=0.04)  

   

1.8.2 PD (BDI)  

Siegmund 2011 19 5.7 (5.9) 19 12 (24.5) 21.57% -0.34[-0.98,0.3]

Subtotal *** 19   19   21.57% -0.34[-0.98,0.3]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.05(P=0.29)  

   

1.8.3 PTSD (BDI and BDI-II)  

de Kleine 2012 33 14.4 (13.3) 34 21.3 (13.7) 24.57% -0.51[-0.99,-0.02]

Litz 2012 13 28.6 (16.3) 13 14.2 (10.8) 18.15% 1.01[0.18,1.83]

Subtotal *** 46   47   42.72% 0.21[-1.27,1.7]

Heterogeneity: Tau2=1.03; Chi2=9.63, df=1(P=0); I2=89.62%  

Test for overall effect: Z=0.28(P=0.78)  

   

Total *** 87   91   100% -0.25[-0.8,0.31]

Heterogeneity: Tau2=0.26; Chi2=12.32, df=4(P=0.02); I2=67.55%  

Test for overall effect: Z=0.87(P=0.38)  

Test for subgroup differences: Chi2=1.25, df=1 (P=0.53), I2=0%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 1.9.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, Outcome 9 Co-morbid symptoms of depression - 1-6 month follow up.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.9.1 OCD (BDI-II)  

Storch 2007 11 5.9 (7.4) 11 2.9 (3.6) 14.61% 0.5[-0.36,1.35]

Wilhelm 2008 10 4.7 (9.5) 13 8.7 (9) 15.08% -0.42[-1.25,0.42]

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo
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Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Subtotal *** 21   24   29.69% 0.03[-0.86,0.93]

Heterogeneity: Tau2=0.23; Chi2=2.26, df=1(P=0.13); I2=55.72%  

Test for overall effect: Z=0.08(P=0.94)  

   

1.9.2 PD (BDI)  

Siegmund 2011 20 6.4 (6.4) 19 9.6 (12.6) 23.3% -0.32[-0.95,0.31]

Subtotal *** 20   19   23.3% -0.32[-0.95,0.31]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.99(P=0.32)  

   

1.9.3 PTSD (BDI and BDI-II)  

de Kleine 2012 33 13.7 (15.7) 34 19 (15.7) 33.57% -0.33[-0.82,0.15]

Litz 2012 9 22.3 (17.7) 11 15.4 (11.4) 13.44% 0.45[-0.44,1.35]

Subtotal *** 42   45   47.01% -0.04[-0.78,0.71]

Heterogeneity: Tau2=0.17; Chi2=2.29, df=1(P=0.13); I2=56.42%  

Test for overall effect: Z=0.09(P=0.93)  

   

Total *** 83   88   100% -0.12[-0.47,0.24]

Heterogeneity: Tau2=0.04; Chi2=5.18, df=4(P=0.27); I2=22.79%  

Test for overall effect: Z=0.64(P=0.52)  

Test for subgroup differences: Chi2=0.53, df=1 (P=0.77), I2=0%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 1.10.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, Outcome 10 Co-morbid anxiety symptoms - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.10.1 PD (BAI)  

Siegmund 2011 20 13.1 (9.9) 19 19.5 (14) 32.55% -0.52[-1.16,0.12]

Subtotal *** 20   19   32.55% -0.52[-1.16,0.12]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.6(P=0.11)  

   

1.10.2 PTSD (STAI)  

de Kleine 2012 33 42.7 (13.9) 34 52.2 (14.1) 54.82% -0.67[-1.16,-0.18]

Subtotal *** 33   34   54.82% -0.67[-1.16,-0.18]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.66(P=0.01)  

   

1.10.3 SAD (STAI)  

Sheerin 2014 7 30 (11.9) 9 44 (22.6) 12.63% -0.7[-1.73,0.32]

Subtotal *** 7   9   12.63% -0.7[-1.73,0.32]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.34(P=0.18)  

   

Total *** 60   62   100% -0.63[-0.99,-0.26]

Heterogeneity: Tau2=0; Chi2=0.15, df=2(P=0.93); I2=0%  

Test for overall effect: Z=3.36(P=0)  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo
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Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for subgroup differences: Chi2=0.15, df=1 (P=0.93), I2=0%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 1.11.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - adults, Outcome 11 Co-morbid anxiety symptoms - 3-5 month follow up.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

1.11.1 PD (BAI)  

Siegmund 2011 20 9.7 (11.7) 19 13.5 (13.2) 36.75% -0.3[-0.93,0.33]

Subtotal *** 20   19   36.75% -0.3[-0.93,0.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.93(P=0.35)  

   

1.11.2 PTSD (STAI)  

de Kleine 2012 33 43.8 (16.5) 34 48.6 (16.2) 63.25% -0.29[-0.77,0.19]

Subtotal *** 33   34   63.25% -0.29[-0.77,0.19]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.18(P=0.24)  

   

Total *** 53   53   100% -0.29[-0.68,0.09]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.98); I2=0%  

Test for overall effect: Z=1.5(P=0.13)  

Test for subgroup differences: Chi2=0, df=1 (P=0.98), I2=0%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 1.12.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and
cognitive and behavioural therapies - adults, Outcome 12 Quality of life - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.12.1 SAD (LIS)  

Guastella 2008 28 25.4 (9) 28 30.8 (8.4) -5.32[-9.87,-0.77]

favours CBT + DCS 10050-100 -50 0 favours CBT + placebo

 
 

Analysis 1.13.   Comparison 1 DCS and cognitive and behavioural therapies versus placebo and
cognitive and behavioural therapies - adults, Outcome 13 Quality of life - 1 month follow up.

Study or subgroup CBT + DCS CBT + placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

1.13.1 SAD (LIS)  

Guastella 2008 28 21 (9.9) 28 26.8 (10.7) -5.71[-11.12,-0.3]

favours CBT + DCS 10050-100 -50 0 favours CBT + placebo

 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

92



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Analysis 1.14.   Comparison 1 DCS and cognitive and behavioural therapies
versus placebo and cognitive and behavioural therapies - adults, Outcome 14

Adverse events leading to hospitalisation or discontinuation - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.14.1 PD  

Siegmund 2011 0/22 1/22 50.61% 0.33[0.01,7.76]

Subtotal (95% CI) 22 22 50.61% 0.33[0.01,7.76]

Total events: 0 (CBT + DCS), 1 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.49)  

   

1.14.2 SAD  

Hofmann 2013 1/87 0/82 49.39% 2.83[0.12,68.49]

Subtotal (95% CI) 87 82 49.39% 2.83[0.12,68.49]

Total events: 1 (CBT + DCS), 0 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.64(P=0.52)  

   

Total (95% CI) 109 104 100% 0.96[0.1,9]

Total events: 1 (CBT + DCS), 1 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.88, df=1(P=0.35); I2=0%  

Test for overall effect: Z=0.04(P=0.97)  

Test for subgroup differences: Chi2=0.88, df=1 (P=0.35), I2=0%  

favours CBT + DCS 10000.001 100.1 1 favours CBT + placebo

 
 

Comparison 2.   DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies - children and adolescents

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Treatment efficacy: treat-
ment responders - end of
treatment

4 121 Risk Ratio (M-H, Random, 95% CI) 1.01 [0.78, 1.31]

1.1 OCD 3 74 Risk Ratio (M-H, Random, 95% CI) 1.13 [0.94, 1.35]

1.2 PTSD 1 47 Risk Ratio (M-H, Random, 95% CI) 0.70 [0.44, 1.10]

2 Treatment efficacy: treat-
ment responders - 3-12
month follow up

3 91 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.67, 1.09]

2.1 OCD 2 44 Risk Ratio (M-H, Random, 95% CI) 0.93 [0.71, 1.21]

2.2 PTSD 1 47 Risk Ratio (M-H, Random, 95% CI) 0.70 [0.44, 1.10]

3 Treatment acceptability:
withdrawals from treatment -
end of treatment

4 131 Risk Ratio (M-H, Random, 95% CI) 0.90 [0.17, 4.69]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 OCD 3 74 Risk Ratio (M-H, Random, 95% CI) 0.21 [0.01, 4.08]

3.2 PTSD 1 57 Risk Ratio (M-H, Random, 95% CI) 1.45 [0.46, 4.59]

4 In remission - end of treat-
ment

2 44 Risk Ratio (M-H, Random, 95% CI) 1.19 [0.66, 2.16]

4.1 OCD 2 44 Risk Ratio (M-H, Random, 95% CI) 1.19 [0.66, 2.16]

5 In remission - 3-12 month
follow up

2 44 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.69, 1.61]

5.1 OCD 2 44 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.69, 1.61]

6 Condition-specific anxiety
symptoms - end of treatment

4 131 Std. Mean Difference (IV, Random,
95% CI)

0.07 [-0.55, 0.69]

6.1 OCD (Y-BOCS) 3 74 Std. Mean Difference (IV, Random,
95% CI)

-0.22 [-0.70, 0.25]

6.2 PTSD (Child PTSD Symp-
tom Scale)

1 57 Std. Mean Difference (IV, Random,
95% CI)

0.70 [0.17, 1.24]

7 Condition-specific anxiety
symptoms - 3-12 month fol-
low up

3 91 Std. Mean Difference (IV, Random,
95% CI)

0.23 [-0.32, 0.78]

7.1 OCD (Y-BOCS) 2 44 Std. Mean Difference (IV, Random,
95% CI)

-0.06 [-0.65, 0.54]

7.2 PTSD (Child PTSD Symp-
tom Scale)

1 47 Std. Mean Difference (IV, Random,
95% CI)

0.62 [0.03, 1.21]

8 Co-morbid symptoms of
depression - end of treat-
ment

3 114 Std. Mean Difference (IV, Random,
95% CI)

0.08 [-0.52, 0.69]

8.1 OCD (BDI-Y and CDI) 2 57 Std. Mean Difference (IV, Random,
95% CI)

-0.24 [-0.77, 0.28]

8.2 PTSD (CDI) 1 57 Std. Mean Difference (IV, Random,
95% CI)

0.60 [0.06, 1.13]

9 Co-morbid symptoms of
depression - 3-12 month fol-
low up

2 84 Std. Mean Difference (IV, Random,
95% CI)

0.09 [-0.56, 0.74]

9.1 OCD (BDI-Y) 1 27 Std. Mean Difference (IV, Random,
95% CI)

-0.30 [-1.06, 0.46]

9.2 PTSD (CDI) 1 57 Std. Mean Difference (IV, Random,
95% CI)

0.37 [-0.16, 0.89]

10 Co-morbid anxiety symp-
toms - end of treatment

3   Std. Mean Difference (IV, Random,
95% CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

10.1 OCD (MASC) 2 47 Std. Mean Difference (IV, Random,
95% CI)

-0.35 [-0.93, 0.23]

10.2 PTSD (SCARED) 1 57 Std. Mean Difference (IV, Random,
95% CI)

0.80 [0.26, 1.34]

11 Co-morbid anxiety symp-
toms - 3 month follow up

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

11.1 PTSD (SCARED) 1   Mean Difference (IV, Random, 95%
CI)

0.0 [0.0, 0.0]

 
 

Analysis 2.1.   Comparison 2 DCS and cognitive and behavioural therapies versus
placebo and cognitive and behavioural therapies - children and adolescents,
Outcome 1 Treatment e>icacy: treatment responders - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 OCD  

Farrell 2013 9/9 7/8 28.61% 1.14[0.82,1.58]

Mataix-Cols 2014 8/13 9/14 14.2% 0.96[0.54,1.71]

Storch 2010 15/15 13/15 37.35% 1.15[0.91,1.44]

Subtotal (95% CI) 37 37 80.16% 1.13[0.94,1.35]

Total events: 32 (CBT + DCS), 29 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.46, df=2(P=0.8); I2=0%  

Test for overall effect: Z=1.31(P=0.19)  

   

2.1.2 PTSD  

Scheeringa 2014 12/23 18/24 19.84% 0.7[0.44,1.1]

Subtotal (95% CI) 23 24 19.84% 0.7[0.44,1.1]

Total events: 12 (CBT + DCS), 18 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.57(P=0.12)  

   

Total (95% CI) 60 61 100% 1.01[0.78,1.31]

Total events: 44 (CBT + DCS), 47 (CBT + placebo)  

Heterogeneity: Tau2=0.03; Chi2=5.82, df=3(P=0.12); I2=48.47%  

Test for overall effect: Z=0.08(P=0.93)  

Test for subgroup differences: Chi2=3.75, df=1 (P=0.05), I2=73.3%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS
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Analysis 2.2.   Comparison 2 DCS and cognitive and behavioural therapies versus
placebo and cognitive and behavioural therapies - children and adolescents,
Outcome 2 Treatment e>icacy: treatment responders - 3-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.2.1 OCD  

Farrell 2013 8/9 7/8 42.72% 1.02[0.72,1.44]

Mataix-Cols 2014 9/13 12/14 30.65% 0.81[0.53,1.23]

Subtotal (95% CI) 22 22 73.37% 0.93[0.71,1.21]

Total events: 17 (CBT + DCS), 19 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.76, df=1(P=0.38); I2=0%  

Test for overall effect: Z=0.57(P=0.57)  

   

2.2.2 PTSD  

Scheeringa 2014 12/23 18/24 26.63% 0.7[0.44,1.1]

Subtotal (95% CI) 23 24 26.63% 0.7[0.44,1.1]

Total events: 12 (CBT + DCS), 18 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.57(P=0.12)  

   

Total (95% CI) 45 46 100% 0.86[0.67,1.09]

Total events: 29 (CBT + DCS), 37 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=2.22, df=2(P=0.33); I2=9.81%  

Test for overall effect: Z=1.25(P=0.21)  

Test for subgroup differences: Chi2=1.12, df=1 (P=0.29), I2=10.77%  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 2.3.   Comparison 2 DCS and cognitive and behavioural therapies versus
placebo and cognitive and behavioural therapies - children and adolescents,

Outcome 3 Treatment acceptability: withdrawals from treatment - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.3.1 OCD  

Farrell 2013 0/9 0/8   Not estimable

Mataix-Cols 2014 0/13 2/14 24.75% 0.21[0.01,4.08]

Storch 2010 0/15 0/15   Not estimable

Subtotal (95% CI) 37 37 24.75% 0.21[0.01,4.08]

Total events: 0 (CBT + DCS), 2 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.02(P=0.31)  

   

2.3.2 PTSD  

Scheeringa 2014 6/29 4/28 75.25% 1.45[0.46,4.59]

Subtotal (95% CI) 29 28 75.25% 1.45[0.46,4.59]

Total events: 6 (CBT + DCS), 4 (CBT + placebo)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.63(P=0.53)  

   

Total (95% CI) 66 65 100% 0.9[0.17,4.69]

Total events: 6 (CBT + DCS), 6 (CBT + placebo)  

favours CBT + DCS 1000.01 100.1 1 favours CBT + placebo
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Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.59; Chi2=1.45, df=1(P=0.23); I2=31.23%  

Test for overall effect: Z=0.12(P=0.9)  

Test for subgroup differences: Chi2=1.4, df=1 (P=0.24), I2=28.56%  

favours CBT + DCS 1000.01 100.1 1 favours CBT + placebo

 
 

Analysis 2.4.   Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - children and adolescents, Outcome 4 In remission - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.4.1 OCD  

Farrell 2013 5/9 4/8 42.97% 1.11[0.45,2.75]

Mataix-Cols 2014 7/13 6/14 57.03% 1.26[0.57,2.76]

Subtotal (95% CI) 22 22 100% 1.19[0.66,2.16]

Total events: 12 (CBT + DCS), 10 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.84); I2=0%  

Test for overall effect: Z=0.58(P=0.56)  

   

Total (95% CI) 22 22 100% 1.19[0.66,2.16]

Total events: 12 (CBT + DCS), 10 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.84); I2=0%  

Test for overall effect: Z=0.58(P=0.56)  

favours CBT + placebo 1000.01 100.1 1 favours CBT + DCS

 
 

Analysis 2.5.   Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive
and behavioural therapies - children and adolescents, Outcome 5 In remission - 3-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.5.1 OCD  

Farrell 2013 6/9 4/8 25.79% 1.33[0.58,3.07]

Mataix-Cols 2014 9/13 10/14 74.21% 0.97[0.59,1.58]

Subtotal (95% CI) 22 22 100% 1.05[0.69,1.61]

Total events: 15 (CBT + DCS), 14 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.43, df=1(P=0.51); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

   

Total (95% CI) 22 22 100% 1.05[0.69,1.61]

Total events: 15 (CBT + DCS), 14 (CBT + placebo)  

Heterogeneity: Tau2=0; Chi2=0.43, df=1(P=0.51); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

Favours CBT + placebo 1000.01 100.1 1 Favours CBT + DCS
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Analysis 2.6.   Comparison 2 DCS and cognitive and behavioural therapies
versus placebo and cognitive and behavioural therapies - children and

adolescents, Outcome 6 Condition-specific anxiety symptoms - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.6.1 OCD (Y-BOCS)  

Farrell 2013 9 13.8 (5.3) 8 13.8 (7.7) 20.25% 0[-0.95,0.96]

Mataix-Cols 2014 13 10.6 (7.4) 14 10.1 (6.1) 24.62% 0.07[-0.68,0.83]

Storch 2010 15 6.8 (6) 15 11 (6.6) 25.06% -0.65[-1.38,0.09]

Subtotal *** 37   37   69.93% -0.22[-0.7,0.25]

Heterogeneity: Tau2=0.01; Chi2=2.08, df=2(P=0.35); I2=3.89%  

Test for overall effect: Z=0.94(P=0.35)  

   

2.6.2 PTSD (Child PTSD Symptom Scale)  

Scheeringa 2014 29 16.8 (12.5) 28 9.3 (8) 30.07% 0.7[0.17,1.24]

Subtotal *** 29   28   30.07% 0.7[0.17,1.24]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.57(P=0.01)  

   

Total *** 66   65   100% 0.07[-0.55,0.69]

Heterogeneity: Tau2=0.26; Chi2=8.7, df=3(P=0.03); I2=65.51%  

Test for overall effect: Z=0.21(P=0.83)  

Test for subgroup differences: Chi2=6.48, df=1 (P=0.01), I2=84.57%  

favours CBT + DCS 52.5-5 -2.5 0 favours CBT + Placebo

 
 

Analysis 2.7.   Comparison 2 DCS and cognitive and behavioural therapies versus
placebo and cognitive and behavioural therapies - children and adolescents,
Outcome 7 Condition-specific anxiety symptoms - 3-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.7.1 OCD (Y-BOCS)  

Farrell 2013 9 10.1 (7.7) 8 13 (6.8) 23.57% -0.37[-1.34,0.59]

Mataix-Cols 2014 13 6.7 (10.1) 14 5.5 (6.1) 32.77% 0.14[-0.62,0.9]

Subtotal *** 22   22   56.34% -0.06[-0.65,0.54]

Heterogeneity: Tau2=0; Chi2=0.68, df=1(P=0.41); I2=0%  

Test for overall effect: Z=0.18(P=0.86)  

   

2.7.2 PTSD (Child PTSD Symptom Scale)  

Scheeringa 2014 23 16.3 (12.5) 24 10 (6.7) 43.66% 0.62[0.03,1.21]

Subtotal *** 23   24   43.66% 0.62[0.03,1.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.08(P=0.04)  

   

Total *** 45   46   100% 0.23[-0.32,0.78]

Heterogeneity: Tau2=0.09; Chi2=3.2, df=2(P=0.2); I2=37.47%  

Test for overall effect: Z=0.82(P=0.41)  

Test for subgroup differences: Chi2=2.52, df=1 (P=0.11), I2=60.33%  

favours CBT + DCS 105-10 -5 0 favours CBT + placebo

 
 

Augmentation of cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

98



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.8.   Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - children and adolescents, Outcome 8 Co-morbid symptoms of depression - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.8.1 OCD (BDI-Y and CDI)  

Mataix-Cols 2014 13 49.1 (11) 14 51 (14.4) 29.87% -0.14[-0.9,0.61]

Storch 2010 15 1.4 (2.5) 15 2.2 (2.1) 31.16% -0.34[-1.06,0.38]

Subtotal *** 28   29   61.03% -0.24[-0.77,0.28]

Heterogeneity: Tau2=0; Chi2=0.13, df=1(P=0.72); I2=0%  

Test for overall effect: Z=0.92(P=0.36)  

   

2.8.2 PTSD (CDI)  

Scheeringa 2014 29 21.7 (10.2) 28 16.2 (7.8) 38.97% 0.6[0.06,1.13]

Subtotal *** 29   28   38.97% 0.6[0.06,1.13]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.2(P=0.03)  

   

Total *** 57   57   100% 0.08[-0.52,0.69]

Heterogeneity: Tau2=0.17; Chi2=5.02, df=2(P=0.08); I2=60.19%  

Test for overall effect: Z=0.27(P=0.79)  

Test for subgroup differences: Chi2=4.89, df=1 (P=0.03), I2=79.56%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 2.9.   Comparison 2 DCS and cognitive and behavioural therapies versus
placebo and cognitive and behavioural therapies - children and adolescents,

Outcome 9 Co-morbid symptoms of depression - 3-12 month follow up.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.9.1 OCD (BDI-Y)  

Mataix-Cols 2014 13 44.4 (7.5) 14 47.7 (12.8) 41.23% -0.3[-1.06,0.46]

Subtotal *** 13   14   41.23% -0.3[-1.06,0.46]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.78(P=0.44)  

   

2.9.2 PTSD (CDI)  

Scheeringa 2014 29 19.5 (12.7) 28 15.8 (5.7) 58.77% 0.37[-0.16,0.89]

Subtotal *** 29   28   58.77% 0.37[-0.16,0.89]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.38(P=0.17)  

   

Total *** 42   42   100% 0.09[-0.56,0.74]

Heterogeneity: Tau2=0.11; Chi2=2.03, df=1(P=0.15); I2=50.68%  

Test for overall effect: Z=0.28(P=0.78)  

Test for subgroup differences: Chi2=2.03, df=1 (P=0.15), I2=50.68%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo
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Analysis 2.10.   Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - children and adolescents, Outcome 10 Co-morbid anxiety symptoms - end of treatment.

Study or subgroup CBT + DCS CBT + placebo Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.10.1 OCD (MASC)  

Farrell 2013 9 27 (25.9) 8 47.1 (31.6) 34.61% -0.67[-1.65,0.32]

Storch 2010 15 31.4 (19.7) 15 34.6 (14.7) 65.39% -0.18[-0.9,0.54]

Subtotal *** 24   23   100% -0.35[-0.93,0.23]

Heterogeneity: Tau2=0; Chi2=0.61, df=1(P=0.43); I2=0%  

Test for overall effect: Z=1.17(P=0.24)  

   

2.10.2 PTSD (SCARED)  

Scheeringa 2014 29 36.4 (18.3) 28 23.4 (13.4) 100% 0.8[0.26,1.34]

Subtotal *** 29   28   100% 0.8[0.26,1.34]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.89(P=0)  

Test for subgroup differences: Chi2=8, df=1 (P=0), I2=87.5%  

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo

 
 

Analysis 2.11.   Comparison 2 DCS and cognitive and behavioural therapies versus placebo and cognitive and
behavioural therapies - children and adolescents, Outcome 11 Co-morbid anxiety symptoms - 3 month follow up.

Study or subgroup CBT + DCS CBT + placebo Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

2.11.1 PTSD (SCARED)  

Scheeringa 2014 29 31.7 (19) 28 21.6 (12) 10.1[1.88,18.32]

favours CBT + DCS 2010-20 -10 0 favours CBT + placebo
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A D D I T I O N A L   T A B L E S

Study ID

Country

Who was
treated?

How long
was the
treat-
ment?

How long
was the fol-
low up?

What dis-
orders?

Anti-de-
pressant
co-med-
ication?

What was the
treatment?

Number
of ses-
sions

When DCS
was given?

Which
dose of
DCS?

Was the therapist
trained?

Cameron
2005

USA

Children
adoles-
cents and
adults

12 weeks 3 months af-
ter treatment
completed

SAnD No CBT + DCS
versus CBT +
placebo

12 (week-
ly)

1 to 2 hours
prior each
CBT session

50 mg NR

de Kleine
2012

Nether-
lands

Adults 10 weeks 3 months af-
ter treatment
completed

PTSD Yes, 17/67
on an-
ti-depres-
sants

PE + DCS
versus PE +
placebo

10 (week-
ly)

1 hour prior
each session

50 mg Psychologists trained
in PE

Difede
2014

USA

Adults 12 weeks 6 months af-
ter treatment
completed

PTSD Yes, num-
bers not
reported

VRE + DCS
versus VRE +
placebo

12 (week-
ly)

1.5 hours pri-
or sessions 2
to 11

100 mg NR

Farrell
2013

Australia

Children
and ado-
lescents

9 weeks 3 months af-
ter treatment
completed

OCD (dif-
ficult to
treat)

Yes, 13/17
on med-
ication

ERP + DCS
versus ERP +
placebo

9 (weekly) 1 hour prior
sessions 5 to 9

25 to 50
mg*

Postgraduate level
clinicians with pre-
vious experience in
CBT for OCD

Guastella
2008

Australia

Adults 5 weeks 1 month af-
ter treatment
completed

SAnD Yes, 5/56
on an-
ti-depres-
sants

ET + DCS
versus ET +
placebo

5 (weekly) 1 hour prior
session 2 to 5

50 mg Clinical psycholo-
gists

Hofmann
2006

USA

Adults 5 weeks 1 month af-
ter treatment
completed

SAnD
(public
speaking
anxiety)

Yes, 9/27
on an-
ti-depres-
sants

GET + DCS
versus GET +
placebo

5 (weekly) 1 hour prior
session 2 to 5

50 mg Therapists trained
and supervised

Hofmann
2013

USA

Adults 12 weeks 6 months af-
ter treatment
completed

General-
ized SAnD

No CBT + DCS
versus CBT +
placebo

12 (week-
ly)

1 hour prior
sessions 3 to 7

50 mg Therapists trained
and supervised

Kushner
2007

Adults 5 weeks 3 months af-
ter treatment
completed

OCD Yes, num-
bers not
reported

CBT + DCS
versus CBT +
placebo

10 (twice
week)

2 hours prior
each session

125 mg Trained and super-
vised psychologists

Table 1.   Studies overview 
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USA

Litz 2012

USA

Adults 6 weeks 6 months af-
ter treatment
completed

PTSD Yes, num-
bers not
reported

BET + DCS
versus BET +
placebo

6 (weekly) 0.5 hour prior
sessions 2 to 5

50 mg Doctoral-level clini-
cians with previous
experience and train-
ing in CBT

Mataix-
Cols 2014

UK

Adoles-
cents

17 weeks 12 months af-
ter treatment
completed

OCD Yes, 6/27
on an-
ti-depres-
sants

ERP + DCS
versus ERP +
placebo

14 (week-
ly?)

Immediately
after sessions
3 to 12

50 mg Experienced thera-
pists

Nave 2012

USA

Adults 1 week 1 week after
treatment
completed

Snake
phobia

Yes, 5/20
on med-
ication

GET + DCS
versus GET +
placebo

1 1 hour prior
single session

50 mg NR

Otto 2010

USA

Adults 5 weeks 1 month af-
ter treatment
completed

Panic dis-
order with
or without
agorapho-
bia

Yes, 19/31
on an-
ti-depres-
sants

CBT + DCS
versus CBT +
placebo

5 (weekly) 1 hour prior
sessions 3 to 5

50 mg Doctoral- and grad-
uate-level clinicians
trained and super-
vised

Ressler
2004

USA

Adults 2 weeks 3 months af-
ter treatment
completed

Acropho-
bia

Not re-
ported

VRE + DCS
versus VRE +
placebo

2 (weekly) Acutely prior
each session

50 or 500
mg

NR

Roth-
baum
2014

USA

Adults 6 weeks 12 months af-
ter treatment
completed

PTSD Yes, 56%
on psy-
chotrop-
ic medica-
tion

VRE + DCS
versus VRE +
alprazolam
versus VRE +
placebo

6 (weekly) 0.5 hour prior
sessions 2 to 5

50 mg
(DCS)

0.25 mg
(alprazo-
lam)

Masters-level clini-
cians

Scheeringa
2014

USA

Children
and ado-
lescents

12 weeks 3 months af-
ter treatment
completed

PTSD Yes, num-
bers not
reported

CBT + DCS
versus CBT +
placebo

12 (week-
ly?)

1 hour prior
sessions 5 to
11

50 mg Masters level thera-
pists trained in CBT
and supervised

Sheerin
2014

USA

Adults 10 weeks 6 months af-
ter treatment
completed

SAnD No CBT + DCS
versus CBT +
placebo

10 (week-
ly)

Immediately
after each ses-
sion

250 mg Doctoral graduate
student therapists
with a minimum of
one year of super-
vised clinical experi-
ence

Table 1.   Studies overview  (Continued)
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Siegmund
2011

Germany

Adults 1 month 5 months af-
ter treatment
completed

Panic dis-
order with
agorapho-
bia

Yes, 12/44
on an-
ti-depres-
sants

CBT + DCS
versus CBT +
placebo

11 (twice
week)

1 hour prior
each session

50 mg Certified psycholo-
gist

Storch
2007

USA

Adults 12 weeks 2 months af-
ter treatment
completed

OCD Yes, 50%
on an-
ti-depres-
sants

ERP + DCS
versus ERP +
placebo

12 (week-
ly)

4 hours prior
sessions 3 to
12

250 mg Doctoral fellows or
trainees under su-
pervision

Storch
2010

USA

Children
and ado-
lescents

8 weeks Post treat-
ment

OCD Yes, 36%
on an-
ti-depres-
sants

CBT + DCS
versus CBT +
placebo

4 (twice
week)

6 (weekly)

1 hour prior
sessions 4 to
10

25 to 50
mg*

Experienced thera-
pists

Tart 2013

USA

Adults 2 weeks 1 month af-
ter treatment
completed

Acropho-
bia

No VRE + DCS
versus VRE +
placebo

2 (weekly) Immediately
after each ses-
sion

50 mg Advanced doctor-
al-student level ther-
apists trained and
supervised

Wilhelm
2008

USA

Adults 5 weeks 1 month af-
ter treatment
completed

OCD Yes, 14/33
on an-
ti-depres-
sants

CBT + DCS
versus CBT +
placebo

10 (twice
week)

1 hour prior
each session

100 mg Advanced trainees,
under the supervi-
sion of licensed psy-
chologists

Table 1.   Studies overview  (Continued)

CBT= Cognitive behaviour therapy; DCS = d-cycloserine; ERP = Exposure and response prevention; BET = Behaviour exposure therapy; GET = Group exposure therapy; OCD =
Obsessive compulsive disorder; PE = Prolonged exposure therapy; PTSD = Post-traumatic stress disorder; SAnD = Social anxiety disorder; VRE = Virtual reality exposure
* 25 mg for children ≤ 45 kg, and 50 mg for children > 45 kg
 
 

DCS PlaceboSub-group Study Type of adverse event

Events Total Events Total

RR (95% CI)

Kushner 2007 “Any” or “all” adverse events 4 15 3 17 1.51 (0.40 to
5.69)

Storch 2007 “Any” or “all” adverse events 3 12 3 12 1.00 (0.25 to
4.00)

Adults OCD

Wilhelm 2008 “Any” or “all” adverse events No events were reported

Table 2.   Adverse events results 
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Otto 2010 “Any” or “all” adverse events No events were reportedAdults PD

Siegmund 2011 "Harms" or "unintended effects" No events were reported

Difede 2014 “Any” or “all” adverse events No events were reportedAdults PTSD

Litz 2012 Serious adverse events No events were reported

Cameron 2005 Any adverse events excluding serious ad-
verse events

10 20 12 19 0.79 (0.45 to
1.38)

Guastella 2008 “Any” or “all” adverse events No events were reported

Hofmann 2006 Vivid nightmares in 1 patient and euphoric
mood and increased energy in another

2 12 0 15 6.15 (0.32 to
117.21)

Adults SAnD

Sheerin 2014 “Any” or “all” adverse events, mild (dizzi-
ness, fatigue)

0 7 2 9 0.25 (0.01 to
4.50)

Ressler 2004 “Any” or “all” adverse events, not systemati-
cally obtained

No events were reportedAdults SPh

Tart 2013 “Any” or “all” adverse events No events were reported

Farrell 2013 Treatment related adverse events No events were reported

Mataix-Cols 2014 Drug related adverse events No events were reported

Children and
adolescents
OCD

Storch 2010 “Any” or “all” adverse events No events were reported

Children and
adolescents
PTSD

Scheeringa 2014 “Any” or “all” adverse events 7 29 7 28 0.97 (0.39 to
2.40)

Table 2.   Adverse events results  (Continued)
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The title of the review was changed from 'Augmentation of psychotherapy with d-cycloserine for anxiety disorders' to include 'anxiety and
related disorders'. This terminology is in keeping with the new DSM-5 chapter on anxiety and related disorders.

The title of the review was changed from 'Augmentation of psychotherapy with d-cycloserine for anxiety disorders' to 'Augmentation of
cognitive and behavioural therapies (CBT) with d-cycloserine for anxiety and related disorders', to better reflect that (as stipulated in the
protocol for this review) the interventions included in this review are limited to exposure-based treatments, which are behavioural and
cognitive-behavioural in approach.

For clarity, a list of exposure-based learning interventions used to treat anxiety disorders was added to the methods.

The reduction of symptom severity was stated in the protocol as a primary outcome measure. The Cochrane Handbook for Systematic
Reviews of Interventions recommends including one primary outcome for benefit and one for harm, so this outcome measure was changed
to a secondary outcome in the review but was still determined by the prespecified assessment of a variety of validated continuous outcome
measures. These outcomes were still assessed at trial endpoint and follow-up. Treatment acceptability as assessed by withdrawals from
treatment was described in the protocol as an intended secondary measure. The authors however felt that it should be regarded as a
primary outcome in the review (in keeping with the aforementioned recommendation in the Cochrane Handbook). Remission was added as
a secondary outcome by the authors. This measure was used to assess the number of participants that achieved a diminution of symptoms
at treatment endpoint and to assess whether this eCect was still seen at follow-up.

Planned treatment comparisons included DCS and cognitive and behavioural therapies versus placebo and cognitive and behavioural
therapies; DCS and cognitive and behavioural therapies versus wait-list and cognitive and behavioural therapies, and DCS and cognitive
and behavioural therapies versus cognitive and behavioural therapies only. Only the first comparison was used in the review as all the
included studies compared DCS and cognitive and behavioural therapies with placebo and cognitive and behavioural therapies.

Unit of analysis issues were not encountered in the review as none of the included studies contained summary statistics for multiple groups
against the same placebo control. Standard deviations and means therefore did not need to be pooled to avoid potential bias.

In the protocol we planned to exclude cross-over trials due to concerns regarding the likelihood that results reported by studies employing
this design will be biased (Higgins 2008b). However, for the full review we deemed cross-over trials eligible for inclusion in the calculation
of summary statistics when it was: (a) possible to extract treatment and placebo or comparator data from the first treatment period, or (b)
when the inclusion of these data from both treatment periods was justified through a wash-out period of suCicient duration as to minimise
the risk of carry-over eCects (Higgins 2011). No cross-over trials were found in the study search.
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Following recommendation by a peer reviewer, we decided to convert SMDs to MDs in the 'ECects of interventions; section for outcomes
that are statistically significant, in order to facilitate interpretation.

We made a post hoc decision to analyse the included studies for children and adults separately, given that the disorder profiles and
treatment responses are diCerent per group.

We added a line to clarify how we imputed SDs ('If such statistics were unavailable, we imputed SDs using the average SD of the other
included studies (section 16.1.3.1 in Higgins 2011)').

The possibility that a more rapid onset response to therapy following augmentation with DCS may increase the rates of treatment
compliance could not be assessed. There was incomplete data regarding the number of treatment sessions attended by responders and
non-responders.

Subgroup analyses were planned to assess the degree to which methodological diCerences between trials might have systematically
influenced diCerences observed in the primary treatment outcomes. Analyses of medication dosages, isolated versus chronic treatment
with DCS, timing of drug administration, and the eCect of the inclusion of patients on a stable dose of anti-depressants were intended.
However, there were insuCicient studies to conduct the subgroup analyses (fewer than 10) to assess for treatment eCect on the timing of
dosing as well as the assessment of clinical sources of heterogeneity.

A sensitivity analysis was planned in the protocol, however this was not undertaken as all RCTs included all participants randomised to the
treatment group in the responder analysis (less than 10 studies).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Anxiety Disorders  [*therapy];  Cognitive Behavioral Therapy  [*methods];  Combined Modality Therapy  [methods];  Cycloserine
 [*therapeutic use];  Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Adult; Aged; Child; Humans; Middle Aged
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