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Background. Treatment-resistant depression (TRD) is a therapeutic challenge for clinicians. Augmentation pharmacotherapy is effective
for TRD, but it is still unclear which augmentation agent is most efficacious.
Objective. To assess the effects of seven augmentation agents on TRD.
Methods. We did a multiple-treatments meta-analysis, accounting for both direct and indirect comparisons. PubMed, the Center for
Clinical and Translational Research, Web of Science, Embase, CBM-disc, the Chinese National Knowledge Infrastructure and relevant
websites (up to August 2013) were searched for randomised controlled trials (RCTs) about augmentation agents. The following terms were
used: ‘potentiation’, ‘augmentation’, and ‘adjunct’ paired with ‘depression’ and ‘resistant depression’. No language limitation was imposed.
Results. We systematically reviewed 12 RCTs (1 936 participants), which included seven augmentation agents: lithium, tricyclic
antidepressants (TCAs), atypical antipsychotics (AAPs), antiepileptic drugs (AEDs), buspirone, cognitive behaviour therapy (CBT) and
tri-iodothyronine (T3). The results revealed that T3 was more efficacious than lithium, TCAs, AAPs, AEDs, buspirone and CBT with
odds ratios (ORs) of 1.58, 1.56, 1.51, 1.47, 1.77 and 1.25, respectively. ORs favoured CBT compared with lithium, TCAs, AAPs, AEDs and
buspirone. Buspirone was the least efficacious of all the other augmentation agents tested. AAPs were significantly more acceptable than
lithium, and CBT more than buspirone. T3 was slightly more acceptable than lithium, and CBT more than AAPs.
Conclusion. T3 as an augmentation agent should be a clinician’s first consideration instead of lithium in acute treatment for TRD. CBT
might be a good augmentation agent in some communities. Buspirone should be a final option as an augmentation agent. Further research
is needed, such as a well-designed, large-scale controlled trial, to support and draw definite conclusions.
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It is forecast that depression will be second only
to heart disease as a cause of global disability by
2020.[1] In the past 20 years, available drugs for the
treatment of depression have proliferated, many
of which are structurally related and share similar
putative mechanisms of action.[2] New-generation antidepressant
drugs, including serotonin selective reuptake inhibitors and serotonin
norepinephrine reuptake inhibitors, have gained wide acceptance,
primarily because of their relative safety.[3] However, even with
effective pharmacotherapeutic strategies, ~40% of depressed patients
show only partial or non-response to the usual recommended dose
of antidepressants, and may be described as treatment-resistant
depression (TRD) patients.[4]
Sustained remission is the ultimate goal of any antidepressant
treatment. For those patients who do not reach remission after the
first adequate antidepressant trial, several so-called second-step
strategies have been proposed, such as: (i) augmentation therapy, (ii)
increasing antidepressant dose, (iii) switching to a different class of
antidepressant, (iv) combining two antidepressants.[5] Augmentation
pharmacotherapy refers to the addition of drugs that are not
standard antidepressants in order to enhance the antidepressive
effect of a classic antidepressant drug.[6] These strategies are
commonly used by clinicians caring for depressed patients.[7] Two
augmentation methods have been studied, namely augmentation
treatment at the onset of treatment, or following the failed use of
antidepressant monotherapy. The latter approach is used by most of
the augmentation studies.[8]
Hitherto, many potential agents have been tested for their
augmentation effects in clinical trials on TRD.[9] The objective of this
review is to integrate the efficacy data of seven kinds of augmentation
therapies by multiple-treatments meta-analysis, and provide a clinically
useful summary that can be used to guide treatment decisions.

Method

Study selection

A comprehensive literature search on randomised controlled trials
(RCTs) involving antidepressant augmentation for TRD was first
conducted through the major scientific and medical databases,
including international databases (PubMed, the Center for Clinical
and Translational Research, Web of Science, Embase, EAGLE, National
Technical Information Service), two Chinese databases (CBM-disc,
Chinese National Knowledge Infrastructure), and relevant websites
(Current Controlled Trials, Clinical Trials, International Clinical
Trials Registry) up until August 2013. The following terms were used:
‘potentiation’, ‘augmentation’, and ‘adjunct’ paired with ‘depression’ and
‘resistant depression’. There was no language and year of publication
limitation. To avoid omitting relevant trials, conference summaries
and articles identified from reference lists of previous reviews were
checked.
We included RCTs involving antidepressant augmentation for
TRD in acute-phase treatment. TRD was defined as the failure of at
least one adequate trial of one major class of antidepressant.[10] We
excluded the following studies: those that included patients who had
not previously completed an adequate trial of an antidepressant (e.g.
because of side-effects); those that compared an antidepressant with
placebo; those that included women with post-partum depression;[11]
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and single case reports, dissertations and meeting abstracts. Bipolar
depression was not focused on in this review.

Data extraction

Two reviewers within the reviewing team independently screened
all candidate studies and extracted data. Any disagreements were
resolved by discussion within the research team. For data that could
not be directly abstracted, the corresponding author was e-mailed or
other studies citing the candidate study were obtained. Data retrieved
from the candidate studies included the first author, publication year,
country, study design, participant characteristics and outcomes (odds
of response and drop-out). Response was defined as an absolute
Hamilton Depression Rating Scale (HDRS) score or MontgomeryAsberg Depression Scale score reduced by at least 50% from baseline
score, or improvement on the Clinical Global Impression scale by the
end of treatment. If all three rating scales were used to evaluate the
outcome, we selected the HDRS results. At the end of augmentation
treatment, odds of response was the primary outcome, and drop-out
was a secondary outcome.

Statistical analysis

The dichotomous primary outcome was chosen mainly for clinical
reasons. In order to make the interpretation of results easier for
clinicians,[12] response rates instead of a continuous symptom
score were used for efficacy analysis. If baseline scores, standard
deviations (SDs) and endpoint means were provided instead of
dichotomous efficacy outcomes, we estimated the number of
patients responding with a validated imputation method.[13] To
carry out a clinically sound analysis, we used a worst-case scenario
analysis of drop-out patients, assuming that all those patients did
not respond to treatment.[2]
First, we did a meta-analysis of augmentation agents that had direct
comparison with a random-effect model, using RevMan 5.0 (The
Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen)
software. For each analysis, we assessed heterogeneity using the
χ2-based Q-test and I2 index.[14] Second, we performed a multipletreatment meta-analysis using an arm-based, random-effects model
within an empirical Bayes framework.[15] The model allowed for
estimating effect sizes for all possible pair-wise comparisons of
augmentation agents. We also computed the probability that each
antidepressant drug was the most efficacious regimen, the second
best, the third best, and so on.[16] The ranking of the competing drugs
was assessed with the median of the posterior distribution for the
rank of each drug. We did the analysis using WinBUGS (Imperial
College and MRC, UK) and R version 2.15.0 (R Development Core
Team, Austria).
Finally, we looked at comparative efficacy among the augmentation
agents. We expressed this using lithium as reference one, because it
has been consistently treated as the reference augmentation agent
among the different pair-wise comparisons.

Results

Initial electronic searches (including checking of references of
studies) obtained 1 905 potentially relevant studies, of which 12 were
pooled analyses (Fig. 1).[17-28] All 12 of these studies had obtained
ethical approval. Altogether, the 12 studies included 1 936 patients
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Search item: depression, augmentation, potentiation,
adjunct (up to August 2013)

1 905 studies

1 892 studies included:
1. reviews or pooled anlyses
2. other neuropsychiatric diseases
3. case reports and meeting abstracts
4. non-randomised design
5. not including active comparator arm

Inclusion criteria:
1. randomised, controlled trial involving augmentation agents
2. patients over 18 years with TRD
3. informed consent provided
4. qualifying score adequate or unclear
5. mood effect assessed by HDRS, MADRS or CGI

12 studies included
Fig. 1. Literature research. (TRD = treatment-resistant depression; HDRS = Hamilton Depression Rating
Scale; MADRS = Montgomery-Asberg Depression Scale; CGI = Clinical Global Impression.)
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for multiple testing (i.e. approximately two
confidence intervals (CIs) would be expected
to exclude one by chance alone). For drop-outs,
AAPs, AEDs and T3 were better tolerated than
lithium, and CBT was better tolerated than
AAPs and buspirone. The heterogeneity was
moderate for response and drop-out.
Table 2 summarises the results of the
multiple-treatments meta-analysis on
response (21 simultaneous comparisons).
Lithium was non-significantly less effective
than all other augmentation agents except
buspirone. Buspirone was non-significantly
inferior to all other six augmentation
agents. CBT was non-significantly superior
to all other augmentations except T3. T3
was non-significantly more effective than
all other augmentation agents. In terms of
acceptability, lithium was less well tolerated
than AAPs, AEDs and T3 (Table 3). Analysis
indicated no statistical incoherence in any
comparisons of direct to indirect evidence for
response rate and drop-out rate.
Fig. 3 shows the distribution of probabilities
of each augmentation agent being ranked at
each of the possible seven positions (ranked
number data shown in Table 4). T3 was
the most effective augmentation agent,
and buspirone was the worst among the
seven augmentation agents. The cumulative
probabilities of being the most efficacious
augmentation agent were: T3 (42.0%), TCAs
(28.7%), CBT (11.9%), AEDs (9.6%), AAPs
(4.1%), buspirone (2.9%), lithium (1.0%).
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that were not indexed by international
databases were likely to be of low quality, and
consequently would not significantly affect
the results of this review.[29]

T3 has been the second-most investigated
augmentation strategy after lith
ium. One
study has suggested that T3 and lithium
might be equipotent as augmenters. [30]

Table 1. Response in meta-analyses of direct comparisons between each pair of
augmentations
Pair

Direct comparison

RR (responders/total)

OR

95% CI

1

Li

TCAs

12/48 v. 13/46

0.85

0.34 - 2.11

2

Li

AAPs

107/231 v. 124/239

0.80

0.56 - 1.15

3

Li

AEDs

40/90 v. 36/91

1.17

0.63 - 2.19

4

Li

T3

30/149 v. 44/160

0.63

0.36 - 1.10

5

Li

CBT

10/27 v. 7/27

0.84

0.24 - 2.91

6

TCAs

Li

13/46 v. 12/48

1.18

0.47 - 2.95

7

AAPs

BUS

21/45 v. 103/332

1.95

1.04 - 3.65

8

AAPs

AEDs

21/45 v. 24/39

0.55

0.23 - 1.31

9

AAPs

T3

21/45 v. 28/48

0.63

0.28 - 1.42

10

BUS

AEDs

26/46 v. 24/39

0.81

0.34 - 1.94

11

BUS

T3

26/46 v. 28/48

0.93

0.41 - 2.10

12

BUS

CBT

77/286 v. 29/85

0.74

0.44 - 1.24

13

AEDs

Li

36/91 v. 40/90

0.82

0.45 - 1.48

14

AEDs

AAPs

24/39 v. 21/45

1.83

0.77 - 4.37

15

AEDs

BUS

24/39 v. 26/46

1.23

0.52 - 2.94

16

T3

Li

44/160 v. 30/149

1.50

0.89 - 2.56

17

T3

AAPs

28/48 v. 21/45

1.60

0.70 - 3.63

18

T3

BUS

28/48 v. 26/46

1.08

0.48 - 2.44

19

CBT

BUS

29/85 v. 77/286

1.36

0.81 - 2.28

20

CBT

Li

7/27 v. 10/27

0.59

0.19 - 1.90

RR = response rate; OR = odds ratio; CI = confidence interval; Li = lithium; TCAs = tricyclic antidepressants; AAPs = atypical antipsychotics; AEDs = antiepileptic drugs; T3 = tri-iodothyronine; CBT = cognitive behaviour therapy; BUS = buspirone.

Another demon
strated T3 to be an effi
cient augmenter, effective in nearly 60%
of TRD patients, making it a valuable
choice in acute-phase treatment of TRD.[28]
Owing to its efficacy and acceptability, T3
has been recommended as an alternative
augmentation agent. [31] Results of these
three studies were consis
tent with our
results, which were that T3 might be a more
effective and acceptable augmentation agent
than lithium, TCAs, AAPs, AEDs, buspirone
and CBT.
CBT is a type of psychotherapy for the
treatment of adults and adolescents with
depression.[32] CBT augmentation therapy
has been found to be effective for TRD
treatment,[33] and our results indicated that
CBT could be a good option. However,
it might not be possible to implement
CBT augmentation practically owing to
lack of CBT-trained clinicians in many
communities. It should be considered that
the approach might need two separate
clinicians: one to provide the psychotherapy
and the other to prescribe and monitor
the medication treatment. Here, good
cooperation between clinicians would be a
prerequisite for optimal success.
Lithium is one of the best-studied aug
mentation therapies in the acute-phase
treatment of depressed patients who do not
respond to antidepressants.[34] However, owing
to a lack of RCTs that directly compared
lithium to other augmentation agents

Table 2. Efficacy of seven augmentations*
Defining augmentation
Li
TCAs

v.

Other augmentations, OR (95% CI)
TCAs

AAPs

BUS

AEDs

T3

CBT

0.75 (0.36 - 2.08)

0.94 (0.64 - 1.43)

1.02 (0.65 - 1.85)

0.88 (0.57 - 1.51)

0.63 (0.35 - 1.96)

0.87 (0.53 - 1.75)

Li

AAPs

BUS

AEDs

T3

CBT

1.33 (0.70 - 1.55)

0.91 (0.43 - 2.85)

1.02 (0.44 - 3.57)

0.86 (0.40 - 2.94)

0.64 (0.28 - 2.12)

0.87 (0.37 - 3.22)

AAPs

Li

TCAs

BUS

AEDs

T3

CBT

1.06 (0.70 - 1.55)

1.09 (0.35 - 2.33)

1.12 (0.74 - 1.75)

0.91 (0.57 - 1.72)

0.66 (0.43 - 1.19)

0.97 (0.60 - 1.75)

BUS

Li

TCAs

AAPs

AEDs

T3

CBT

0.98 (0.54 - 1.55)

0.98 (0.28 - 2.24)

0.89 (0.57 - 1.35)

0.79 (0.46 - 1.58)

0.57 (0.33 - 1.16)

0.81 (0.50 - 1.56)

AEDs

Li

TCAs

AAPs

BUS

T3

CBT

1.13 (0.66 - 1.76)

1.16 (0.34 - 2.50)

1.09 (0.58 - 1.75)

1.26 (0.63 - 2.17)

0.68 (0.39 - 1.35)

0.92 (0.51 - 2.12)

T3

Li

TCAs

AAPs

BUS

AEDs

CBT

1.58 (0.51 - 2.78)

1.56 (0.47 - 3.52)

1.51 (0.84 - 2.35)

1.77 (0.86 - 3.02)

1.47 (0.74 - 2.57)

1.25 (0.69 - 2.94)

CBT

Li

TCAs

AAPs

BUS

AEDs

T3

1.14 (0.57 - 1.89)

1.14 (0.31 - 2.65)

1.03 (0.59 - 1.67)

1.23 (0.64 - 2.00)

1.08 (0.47 - 1.97)

0.79 (0.34 - 1.43)

Li = lithium; TCAs = tricyclic antidepressants; AAPs = atypical antipsychotics; BUS = buspirone; AEDs = antiepileptic drugs; T3 = tri-iodothyronine; CBT = cognitive behaviour therapy.
*Odd ratios >1 favour the row-defining augmentation.
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under similar conditions, whether lithium
is better than other augmentation agents or
not is largely unknown. Research indicated

that there had been no dramatic difference
between lithium augmentation and any other
augmentation strategies.[35] In this study, we

Table 3. Efficacy and acceptability, using lithium as reference compound
Efficacy* (response rate), OR (95% CI)

Acceptability† (drop-out rate), OR (95% CI)

TCAs

1.33 (0.48 - 2.78)

1.93 (0.35 - 5.16)

AAPs

1.05 (0.73 - 1.54)

0.23 (0.04 - 0.71)‡

BUS

0.98 (0.54 - 1.55)

-

AEDs

1.13 (0.66 - 1.76)

0.66 (0.08 - 1.87)

T3

1.33 (0.48 - 2.78)

0.68 (0.17 - 1.67)

CBT

1.14 (0.57 - 1.89)

-

OR = odds ratio; CI = confidence interval; TCAs = tricyclic antidepressants; AAPs = atypical antipsychotics; BUS = buspirone;
AEDs = antiepileptic drugs; T3 = tri-iodothyronine; CBT = cognitive behaviour therapy.
*ORs <1 favour lithium.
†
ORs >1 favour lithium.
‡
p<0.05.

Table 4. Ranked number of augmentations
Augmentation

5% CI

Median

95% CI

T3

3

6

7

AEDs

1

4

6

CBT

1

4

7

BUS

1

2

6

Li

1

3

6

AAPs

2

4

6

TCAs

1

5

7

Probability

CI = confidence interval; T3 = tri-iodothyronine; AEDs = antiepileptic drugs; CBT = cognitive behaviour therapy;
BUS = buspirone; Li = lithium; AAPs = atypical antipsychotics; TCAs = tricyclic antidepressants.)
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found that lithium was non-significantly
inferior to other augmentation agents.
Buspirone is an anxiolytic psychoactive drug
of the azapirone chemical class and is primarily
used to treat generalised anxiety disorder.
Although some studies have shown buspirone
to be an effective augmentation agent for
clinical depression, our results showed that
buspirone might not be as effective when
compared with other augmentation agents.
Moreover, buspirone has many side-effects,
which include nervousness, occasional
dizziness, restlessness and headache.[36]
Several factors might contribute to treat
ment failure, including misdiagnosed or
undiagnosed medical conditions. Therefore,
clinicians should first review whether the
original diagnosis of depression is correct
when patients do not respond or only partially
respond to an antidepressant. Also, comorbid
disorders, such as substance dependence
or substance abuse, might affect treatment
response. In addition, poor compliance and
adverse effects might be additional obstacles
to successful treatment. Therefore, clinicians
should take these into consideration before
prescribing augmentation therapy.
Most trials included in our meta-analysis
did not report adequate information about
blinded outcome assessment. This might result
in subject bias and undermine the validity of
our findings. Nonetheless, in terms of design
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Fig. 3. Ranking for efficacy of seven augmentations. Ranking indicates the probability to be the best treatment, the second best, the third best, and so on.
(T3 = tri-iodothyronine; AEDs = antiepileptic drugs; CBT = cognitive behaviour therapy; BUS = buspirone; Li = lithium; AAPs = atypical antipsychotics;
TCAs = tricyclic antidepressants.)
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and conduct, all the studies included in this analysis were very similar.
Moreover, inadequate information about quality assessment could be
a factor of reporting in the text rather than real shortcomings in study
design, as has been commonly found in other systematic reviews. [37]

Conclusion

T3, as an augmentation agent, might be clinicians’ first consideration
instead of lithium in the acute treatment of TRD. CBT might be a
good augmentation agent in some communities. Buspirone might be
the last option to be considered as an augmentation agent. Because
of the limitations of the studies included in this meta-analysis, our
conclusions require further research, such as well-designed, large
controlled trials.
Acknowledgments. We thank Dr NR Pelliri for his assistance in
editing and proofreading the manuscript.
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