
Combining Antidepressants vs Antidepressant Monotherapy
for Treatment of Patients With Acute Depression
A Systematic Review and Meta-analysis
Jonathan Henssler, MD; David Alexander; Guido Schwarzer, PhD; Tom Bschor, MD; Christopher Baethge, MD

IMPORTANCE Combining antidepressants is frequently done in the treatment of acute
depression, but studies have yielded conflicting results.

OBJECTIVE To conduct a systematic review and meta-analysis assessing efficacy and
tolerability of combination therapy. Combinations using presynaptic α2-autoreceptor
antagonists or bupropion were investigated separately.

DATA SOURCES MEDLINE, Embase, PsycINFO, and the Cochrane Central Register of
Controlled Trials were systematically searched from each database inception
through January 2020.

STUDY SELECTION Randomized clinical trials (RCTs) comparing combinations of
antidepressants with antidepressant monotherapy in adult patients with acute
depression were included.

DATA EXTRACTION AND SYNTHESIS Following guidelines from Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) and recommendations from the Cochrane
Handbook, 2 reviewers independently performed a literature search, study selection,
data extraction, and evaluation of risk of bias. Data were pooled in random-effects analyses.

MAIN OUTCOMES AND MEASURES Primary outcome was efficacy measured as standardized
mean difference (SMD); secondary outcomes were response, remission, change from
baseline in rating scale scores, number of dropouts, and number of dropouts due to
adverse events.

RESULTS Thirty-nine RCTs including 6751 patients were eligible. Combination treatment was
statistically significantly associated with superior treatment outcomes relative to
monotherapy (SMD = 0.31; 95% CI, 0.19-0.44). Combining a reuptake inhibitor with an
antagonist of presynaptic α2-autoreceptors was superior to other combinations (SMD = 0.37;
95% CI, 0.19-0.55). Bupropion combinations were not superior to monotherapy (SMD = 0.10;
95% CI, −0.07 to 0.27). Numbers of dropouts and dropouts due to adverse events did not
differ between treatments. Studies were heterogeneous, and there was indication of
publication bias (Egger test result was positive; P = .007, df = 36), but results remained
robust across prespecified secondary outcomes and sensitivity and subgroup analyses,
including analyses restricted to studies with low risk of bias.

CONCLUSIONS AND RELEVANCE In this meta-analysis of RCTs comparing combinations
of antidepressants with antidepressant monotherapy, combining antidepressants was
associated with superior treatment outcomes but not with more patients dropping out
of treatment. Combinations using an antagonist of presynaptic α2-autoreceptors may be
preferable and may be applied as a first-line treatment in severe cases of depression
and for patients considered nonresponders.
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G uidelines by the National Institute for Health and Care
Excellence,1 American Psychological Association,2 and
American Psychiatric Association,3 as well as the

German National Clinical Practice Guideline4 recommend use
of a single, non–monoamine oxidase inhibitor antidepres-
sant as initial treatment in severe depression. Despite a host
of antidepressant agents, response rates to initial antidepres-
sant monotherapy hover at 60%, and remissions occur in only
up to 40% of patients, even after 12 to 24 weeks of treatment.5

Guidelines advocate a number of second-step treatments
for patients considered nonresponders, most prominently
switching to a different monotherapy, dose escalation, aug-
mentation (eg, with lithium or second-generation antipsy-
chotics), or combining 2 antidepressants.1,2,6 Combining 2
antidepressants is a common next step, particularly in pri-
mary care settings,7,8 based on the assumption that combin-
ing 2 antidepressants with different modes of action in-
creases clinical efficacy.

In a previous meta-analysis,9 we showed that, compared
with monotherapy, combination therapy is more effective and
comparably tolerable as a treatment for acute depression, most
notably when applied as a first-line treatment. We also found
that this was particularly the case for combinations that in-
clude monoamine reuptake inhibitors (selective serotonin
reuptake inhibitor, serotonin-norepinephrine reuptake inhibi-
tor, or tricyclic antidepressant) and antagonists of presynap-
tic α2-autoreceptors (mianserin, mirtazapine, trazodone).
In the meantime, several important studies have been pub-
lished, presenting partly contradictory results.10-13 Based on
complementary mechanisms of action, combining mirtazapine
or bupropion with reuptake inhibitors has been viewed
as particularly promising, with regard to both efficacy and
tolerability.9,14 In light of these recent developments, an up-
dated synopsis of the evidence is warranted.

This systematic review and meta-analysis of randomized
clinical trials (RCTs) comparing combinations of 2 antidepres-
sants with antidepressant monotherapy in adults with acute
depression addresses a number of questions. What is the ef-
ficacy of combination therapy, relative to monotherapy, both
as first-line treatment and as treatment for nonresponders?
Are combination treatments that include mirtazapine or bu-
propion particularly effective? What is the comparative toler-
ability of combination therapies?

Methods
The protocol of this study has been published on PROSPERO
(CRD42020167739). We followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting
guidelines for systematic reviews15 and closely adhered to
recommendations from the Cochrane Collaboration.16 The
methods are described in detail in the eMethods and eAppendix
in the Supplement. In brief, we searched MEDLINE, PsycINFO,
Embase, and the Cochrane Central Register of Controlled
Trials and selected RCTs meeting the following criteria:
an intervention using a combination of 2 antidepressants,
irrespective of dosage; a control group of patients taking

antidepressant monotherapy; inclusion of participants 18 years
or older; and depressive disorder diagnosed according to
standard operationalized criteria. Comorbid medical conditions
and concomitant diagnoses of other psychiatric disorders were
not exclusion criteria. Studies solely focusing on bipolar
depression were excluded. We also excluded trials of
maintenance therapy. Trials of first-line treatment and
trials with patients who had resistance to previous anti-
depressive treatments were eligible, including both initial
combination therapy and adjunctive administration of a second
antidepressant. In first-line studies, after randomization,
monotherapy control groups received antidepressant
monotherapy. In studies including patients resistant to
previous antidepressive treatment, monotherapy control-
group patients received either ongoing monotherapy with the
same antidepressant (the same dose or an increased dose) or
monotherapy with a different (switched) antidepressant.

Literature search, study selection, data extraction, and
evaluation of risk of bias all were carried out independently
by 2 reviewers (J.H. and D.A.) and followed the Cochrane
Collaboration Handbook.16 The included studies were added
to the trials retrieved by our previous systematic search,9 and
all analyses were based on the combined set of studies, thus
covering all available evidence from the inception of each
database to January 1, 2020.

The primary outcome criterion was treatment efficacy
measured as the standardized mean difference (SMD) be-
tween combination and monotherapy, on an intention-to-
treat basis, if possible. Secondary outcome criteria were re-
mission (score below predetermined thresholds, eg, ≤7 on the
17-item Hamilton Depression Rating Scale [HDRS]) and re-
sponse (eg, ≥50% decrease on the 17-item HDRS or the
Montgomery-Asberg Depression Rating Scale [MADRS]) as
defined by the study authors, change from baseline on a
rating scale score, and numbers of dropouts and dropouts
due to adverse events.

Prespecified subgroup analyses included studies with
nonresponders to previous treatment trials and with patients

Key Points
Question What is the treatment efficacy and tolerability of
antidepressant combination therapy compared with monotherapy
in the treatment of acute depression, and are specific
combinations preferable to others?

Findings This meta-analysis of 39 trials comprising 6751 patients
found that combination treatment using a reuptake inhibitor with
an antagonist of presynaptic α2-autoreceptors (mianserin,
mirtazapine, trazodone) was associated with significantly
superior treatment outcomes compared with monotherapy,
both as first-line treatment and for nonresponder populations.
The dropout numbers did not differ between treatments.

Meaning Combination therapy using an antagonist of presynaptic
α2-autoreceptors may be an effective and safe antidepressant
treatment option for patients who are nonresponders to
monotherapy and as a potential first-line treatment in severe cases
of depression.
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new to treatment, combinations including antagonists of pre-
synaptic α2-autoreceptors and combinations including bupro-
pion, and RCTs with low risk of bias. Following the Cochrane
Handbook,16 RCTs were evaluated according to the Cochrane
risk-of-bias tool, taking into account random sequence gen-
eration; allocation concealment; blinding of participants,
personnel, and outcome assessors; incomplete outcome data;
selective reporting; sponsorship; and other potential sources
of bias. An overall assessment of risk of bias (low or unknown/
high) was added. Summary SMDs and odds ratios (with
95% CI) were calculated in random-effects meta-analyses
because included studies differed methodologically, eg, in re-
gard to blinding or diagnostic criteria and the assessment
scales used. Meta-regression analyses carried out post hoc
investigated a possible association of baseline depression
severity with effect size. Statistical significance was set at
α = .05 (2-sided) for the primary, hypothesis-testing out-
come. For all secondary outcomes and for all subgroup
analyses, P values are presented, but not as a marker of sta-
tistical significance. Data analyses were carried out with
Comprehensive Meta-analysis software (Version 3, Profes-
sional version; Biostat).

During screening of titles and abstracts, most articles
were excluded because they did not report on combination
treatment, RCTs, or clinical depression.

Results
Our database search retrieved 4244 different articles. During
screening of titles and abstracts, most articles were excluded
because they did not report on combination treatment, RCTs,

or clinical depression. The full texts of 146 articles were read
and 7 new studies included. In addition to the previously re-
trieved set of trials, this amounted to a final set of 39 studies
as a basis for the analyses (Figure 1).

In total, trials included 6751 patients. Publication dates
ranged from 1977 to 2020. Articles were published in English,
Chinese (1 article), and Korean (1 article). Twenty-three studies
(59%) were double-blind, 5 studies single-blind, and 11 studies
open-label. Twenty-one trials (54%) recruited nonre-
sponders to initial antidepressant treatment. (Table 1 lists study
groups, trial size, and initial antidepressant pharmaco-
therapy in nonresponder studies.) According to the published
reports, only 1 of the studies17 included patients previously ex-
posed to antidepressant combination treatment.

Primary Outcome
Of 39 studies included, 38 trial reports provided data on the
primary outcome. The SMD was 0.31 (95% CI, 0.19-0.44) in
favor of combination treatment (P < .001). Thirty-one of 38
studies (82%) suggested superior efficacy of combination
treatments. Between-study heterogeneity was I2 = 77.5%
and τ was 0.296 (Figure 2).

Combination therapy was associated with superior out-
comes when analyses were restricted to studies of low risk
of bias (SMD = 0.29; 95% CI, 0.15-0.42), among nonre-
sponder populations (SMD = 0.18; 95% CI, 0.04-0.33), and
when applied as a first-line treatment (SMD = 0.52; 95% CI,
0.24-0.79) (eFigure 1 and eFigure 2 in the Supplement).

Sensitivity and Subgroup Analyses
Results for sensitivity and subgroup analyses are presented
in Table 2.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Flowchart

5616 Records identified through
database searching

3 Additional records identified
through other sources

4098 Excluded

32 Studies included through previous
systematic review

139 Full-text articles excluded
(nonantidepressant agents, lack of control
group, maintenance treatment trials)

39 Studies included in quantitative
synthesis (meta-analysis)

4244 Records screened

146 Full-text articles assessed for eligibility

7 Studies included in qualitative synthesis

4244 Records after duplicates removed
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Combination of a monoamine reuptake inhibitor with
an antagonist of presynaptic α2-autoreceptors (RI+α2) was
associated with superior outcomes relative to monotherapy:
among all 18 RCTs (SMD = 0.37; 95% CI, 0.19-0.55) (Figure 3),
among nonresponder populations (SMD = 0.24; 95% CI, 0.03-
0.45), and in particular when applied as a first-line treatment
(SMD = 0.64; 95% CI, 0.12-1.15).

Combination therapy that included bupropion was not as-
sociated with superior outcomes compared with mono-
therapy. This applied to analyses among all 7 RCTs (SMD = 0.10;
95% CI, −0.07 to 0.27) (eFigure 3 in the Supplement), and to
its application as first-line treatment (SMD = 0.04; 95% CI,
−0.20 to 0.29). Among nonresponder populations, bupro-

pion combinations were superior to monotherapy, with an
SMD of 0.17 (95% CI, 0.02 to 0.31).

To avoid undue reliance on single studies, we removed
each of the 38 studies in our primary outcome analysis 1
at a time from the calculation of the summary effect.
None of the 38 rounds resulted in a substantial change of
point estimate or significance for the primary outcome
analysis of all RCTs. Effect sizes varied between 0.2 (after
elimination of Xu et al50) and 0.34 (when Navarro et al11

was removed).
For RI+α2 analyses of RCTs, effect sizes varied between

0.32 (after elimination of Blier et al18) and 0.43 (when Kato
et al10 was removed).

Figure 2. Primary Outcome: Efficacy Measured as Standardized Mean Difference (SMD)

Favors
monotherapy

Favors
combination

–3.00 1.50 3.000
SMD (95% CI)

–1.50

z Score P valueSource SMD (95% CI)
0.466 .64Bares et al,17 2013 0.120 (-0.386 to 0.627)

4.508 <.001Blier et al,18 2009 1.064 (0.601 to 1.527)

2.389 .02Blier et al,19 2010 0.649 (0.117 to 1.181)

1.889 .06Carpenter et al,20 2002 0.777 (–0.029 to 1.583)

1.435 .15Dam et al,22 1998 0.501 (–0.183 to 1.185)

–1.971 .049Fava et al,25 1994 –0.792 (–1.580 to –0.004)

–1.369 .17Fava et al,26 2002 –0.337 (–0.819 to 0.146)

3.096 .002Ferreri et al,27 2001 0.544 (0.200 to 0.889)

1.938 .05Gulrez et al,29 2012 0.508 (–0.006 to 1.022)

3.165 .002Lauritzen et al,32 1992 1.075 (0.409 to 1.741)

1.196 .23Cha et al,21 1997 0.558 (–0.357 to 1.472)

–2.028 .04Leuchter et al,33 2009, and Leuchter et al,34 2009 –0.240 (–0.472 to –0.008)

1.760 .08Licht and Qvitzau,35 2002 0.246 (–0.028 to 0.521)

3.174 .002Maes et al,36 1996 1.548 (0.592 to 2.504)

2.259 .02Maes et al,37 1999 1.053 (0.139 to 1.967)

2.510 .01Matreja et al,38 2012 0.666 (0.146 to 1.186)

2.263 .02Medhus et al,39 1994 0.772 (0.103 to 1.440)

–0.189 .85Murphy,41 1977 –0.035 (–0.403 to 0.332)

1.216 .22Nelson et al,42 2004 0.340 (–0.208 to 0.888)

0.857 .39O'Brien et al,43 1993 0.235 (-0.303 to 0.774)

3.150 .002Raisi et al,44 2007 0.996 (0.376 to 1.616)

0.131 .90Rush et al,45 2011 0.009 (–0.123 to 0.140)

1.511 .13Tanghe et al,47 1997 0.351 (–0.104 to 0.806)

1.890 .06Vezmar et al,48 2009 1.063 (–0.040 to 2.165)

–0.292 .77White et al,49 1980 –0.139 (–1.070 to 0.793)

–0.053 .96Yazicioglu et al,52 2006 –0.017 (–0.636 to 0.603)

4.959 <.001Xu et al,50 2002 1.180 (0.714 to 1.646)

0.777 .44Yang et al,51 2005 0.262 (–0.399 to 0.922)

1.911 .06Stewart et al,46 2014 0.214 (–0.006 to 0.434)

0.148 .88Fang et al,24 2010, and Fang et al,23 2011 0.028 (–0.338 to 0.393)

1.714 .09Kessler et al,12 2018 0.165 (–0.024 to 0.355)

2.372 .02Kato et al,10 2018 0.102 (0.018 to 0.186)

1.690 .09Mohamed et al,40 2017 0.136 (–0.022 to 0.294)

0.262 .79Fornaro et al,28 2014 0.101 (–0.651 to 0.853)

5.086 <.001Jie et al,30 2019 1.066 (0.655 to 1.477)

2.383 .02Kato et al,31 2017 0.622 (0.110 to 1.134)

0.479 .63Xiao et al,13 2020 0.058 (–0.179 to 0.295)

–4.439 <.001Navarro et al,11 2019 –0.878 (–1.266 to –0.491)

4.969 <.001Total 0.313 (0.190 to 0.437)

Weighted according to random-effects analysis.
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For bupropion combination analyses of RCTs, effect sizes
varied between 0.06 (after elimination of Gulrez et al29) and
0.15 (when Leuchter et al33,34 was removed).

Post Hoc Analyses
In meta-regression, baseline HDRS scores were not associ-
ated with the SMD between combination treatment and mono-
therapy (coefficient: 1.1; 95% CI, −1.3 to 3.5; P = .37; n = 26 stud-
ies). In a sensitivity analysis of 18 studies reporting outcome
data that were based on follow-up examinations, such as re-
mission rates, meta-regression returned similar results (coef-
ficient: −2.6; 95% CI, −8.3 to 3.1; P = .37). Meta-regression based
on MADRS baseline scores was not calculated as planned
because the number of studies providing data was too small.

Secondary Outcomes
Primary and secondary outcomes as well as subgroup analy-
ses are presented in Table 2.

Secondary outcome analyses of efficacy, based on
remission and response rates as well as continuous data
(change from baseline in rating scale scores), produced re-
sults that were generally in line with our primary outcome
results (Table 2).

Tolerability
With respect both to patients dropping out of treatment for
any reason and to dropouts due to adverse events, data for
combination and monotherapy were similar (odds
ratio = 0.99; 95% CI, 0.86-1.14; and odds ratio = 1.17; 95% CI,

Table 2. Results: Outcomes Across Subgroup Analyses

Resultsa

Primary outcomeb Secondary outcomes

SMD (95% CI) τ

OR (95% CI)c
Continuous change
from baseline,
SMD (95% CI)

OR (95% CI)d

Remission Response Dropouts
Dropouts
due to AE

Whole sample 0.31 (0.19 to 0.44)
[38 studies]

0.296 1.52 (1.20 to
1.92) [25
studies]

1.40 (1.15 to
1.69) [30
studies]

0.38 (0.22 to 0.54)
[28 studies]

0.99 (0.86 to 1.14)
[30 studies]

1.17 (0.79 to
1.75) [17 studies]

I2, % 77.52 63.38 44.11 84.21 3.66 20.87

Whole sample; low
risk of bias

0.29 (0.15 to 0.42)
[15 studies]

0.188 1.44 (1.12 to
1.85) [11
studies]

1.46 (1.14 to
1.87) [14
studies]

0.34 (0.17 to 0.50)
[11 studies]

1.09 (0.94 to 1.28)
[12 studies]

1.43 (0.87 to
2.34) [9 studies]

I2, % 69.18 51.61 48.07 77.95 0 15.34

α2 + RI 0.37 (0.19 to 0.55)
[18 studies]

0.305 1.42 (1.01 to
2.01) [12
studies]

1.49 (1.18 to
1.87) [15
studies]

0.44 (0.22 to 0.66)
[15 studies]

1.02 (0.86 to 1.21)
[14 studies]

1.06 (0.49 to
2.31) [10 studies]

I2, % 80.58 74.27 47.77 85.10 0 34.82

α2 + RI; low risk of
bias

0.36 (0.19 to 0.53)
[11 studies]

0.221 1.39 (1.11 to
1.75) [9 studies]

1.52 (1.15 to
2.00) [11
studies]

0.36 (0.16 to 0.56)
[9 studies]

1.04 (0.88 to 1.24)
[9 studies]

1.17 (0.43 to
3.19) [6 studies]

I2, % 75.28 37.42 53.44 78.26 0 49.63

α2 + RI;
nonresponder/TRD

0.24 (0.03 to 0.45)
[12 studies]

0.283 1.17 (0.82 to
1.67) [8 studies]

1.35 (1.08 to
1.69) [10
studies]

0.23 (−0.01 to 0.48)
[9 studies]

1.00 (0.83 to 1.20)
[8 studies]

0.75 (0.31 to
1.82) [6 studies]

I2, % 79.52 68.26 34.11 82.55 0 0

α2 + RI; first-line 0.64 (0.12 to 1.15)
[5 studies]

0.523 1.80 (0.74 to
4.37) [3 studies]

1.54 (0.77 to
3.09) [3 studies]

0.84 (0.30 to 1.38)
[2 studies]

0.81 (0.38 to 1.72)
[3 studies]

0.62 (0.15 to
2.62) [2 studies]

I2, % 84.21 72.19 58.54 44.05 0 0

Combination with
bupropion

0.10 (−0.07 to
0.27) [7 studies]

0.161 1.29 (0.95 to
1.74) [6 studies]

1.06 (0.88 to
1.29) [5 studies]

0.06 (−0.19 to 0.31)
[4 studies]

1.45 (0.95 to 2.23)
[2 studies]

1.79 (0.50 to
6.35) [2 studies]

I2, % 59.48 45.52 0 74.07 0 29.45

Combination with
bupropion; low risk of
bias

0.12 (−0.07 to
0.31) [4 studies]

0.106 1.13 (0.80 to
1.59) [3 studies]

1.05 (0.75 to
1.48) [3 studies]

0.09 (−0.14 to 0.32)
[2 studies]

1.45 (0.95 to 2.23)
[2 studies]

1.79 (0.50 to
6.35) [2 studies]

I2, % 30.22 13.78 0 60.35 0 29.45

Combination with
bupropion;
nonresponder/TRD

0.17 (0.02 to 0.31)
[3 studies]

0.000 2.24 (0.61 to
8.26) [2 studies]

1.15 (0.89 to
1.48) [2 studies]

0.51 (−0.01 to 1.02)
[1 study only]

No data No data

I2, % 0 80.93 0 NA

Combination with
bupropion; first-line

0.04 (−0.20 to
0.29) [4 studies]

0.200 1.09 (0.83 to
1.43) [4 studies]

0.95 (0.70 to
1.28) [3 studies]

−0.01 (−0.26 to
0.23) [3 studies]

1.45 (0.95 to 2.23)
[2 studies]

1.79 (0.50 to
6.35) [2 studies]

I2, % 71.05 0 0 74.60 0 29.45

Abbreviations: α2, antagonists of presynaptic α2-autoreceptors; AE, adverse
events; NA, not applicable; OR, odds ratio; RI, (monoamine) reuptake inhibitor;
SMD, standardized mean difference; TRD, treatment-resistant depression.
a Of note, depending on design specifics, not all studies may be included in all

outcome analyses (eg, only 17 randomized double-blind studies reported data
on the number of dropouts due to AE).

b For the primary outcome, SMD >0 in favor of combination.

c For the secondary outcomes remission, response, and continuous change
from baseline, OR >1 designates superiority of combination treatment;
SMD >0 designates superiority of combination treatment.

d For the secondary outcomes dropouts and dropouts due to AE, OR >1
designates superiority of monotherapy, ie, fewer dropouts in monotherapy
groups.
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0.79-1.75, respectively). Heterogeneity in these analyses was
low (I2 = 3.66% and I2 = 20.87%, respectively).

Risk of Bias
Fifteen of the 39 included studies (38%) were considered to
be of higher methodological rigor (“low” risk of bias). Sum-
mary ratings confirmed our primary outcome analysis and
are displayed in Table 1 (also Figure 2 and Figure 3).

Heterogeneity
I2 statistics indicated substantial between-study heteroge-
neity in most of the primary outcome analyses, but signifi-
cantly less so in most of the subgroup analyses, especially in
analyses of response and dropouts (Table 2). Heterogeneity as
measured by τ was substantially lower in sensitivity analyses
(restricted to studies with low risk of bias), and τ indicated that
the standard deviation of the weighted SMD estimate was
approximately equal to or lower than the effect size.

Publication Bias
The funnel plot of studies included in the primary outcome
analysis indicated small study effects (eFigure 4 in the Supple-
ment). An Egger test result was positive (P = .007, df = 36). A
trim-and-fill procedure (Duval and Tweedie) with 10 studies
trimmed to the left of the mean resulted in a reduced effect
size that was still statistically significant (0.13; 95% CI, 0.001-
0.26). Twenty-two studies with an effect size of 0 would be
necessary to reduce the overall effect to 0.1 (Orwin fail-safe N).

For RI+α2 analyses, an Egger test result was positive
(P = .02, df = 16). A trim-and-fill procedure (Duval and Tweedie)
with 6 studies trimmed to the left of the mean resulted in a

reduced effect size that was still statistically significant (0.19;
95% CI, 0.01-0.36).

Discussion
This study yielded 2 main results. First, combination treat-
ment as a general principle seems to be more effective than
monotherapy without being associated with higher numbers
of patients dropping out. Second, the combination of mono-
amine reuptake inhibitors (selective serotonin reuptake in-
hibitor, serotonin-norepinephrine reuptake inhibitor, or tri-
cyclic antidepressant) and α2-adrenergic receptor antagonists
(RI+α2) seems to be the most effective and preferable antide-
pressant combination.

Combination therapy may primarily be applied as a
second-step treatment after insufficient response to initial
monotherapy. Our findings suggest that using an RI+α2 com-
bination is more effective in these cases compared with
monotherapy. On the other hand, in a recent meta-analysis,
switching antidepressant monotherapy for patients consid-
ered nonresponders was not more effective than sticking to
the initial antidepressant.54 In the same vein, after nonre-
sponse to a standard dose of selective serotonin reuptake in-
hibitor, a dose increase did not result in superior efficacy
compared with continuation of the initial dose.55

Combination therapy was not associated with more drop-
outs or adverse events leading to discontinuation. It may thus
be a safe treatment alternative when compared with other
second-step strategies in treatment-resistant depression,
such as augmenting monotherapy with lithium or atypical

Figure 3. Primary Outcome: Subgroup Analysis of Treatment With a Monoamine Reuptake Inhibitor
Plus an Antagonist of Presynaptic α2-Autoreceptors

Favors
monotherapy

Favors
combination

–3.00 1.50 3.000
SMD (95% CI)

–1.50

z Score P valueSource SMD (95% CI)
4.508 <.001Blier et al,18 2009 1.064 (0.601 to 1.527)

2.389 .02Blier et al,19 2010 0.649 (0.117 to 1.181)

1.889 .06Carpenter et al,20 2002 0.777 (–0.029 to 1.583)

1.435 .15Dam et al,22 1998 0.501 (–0.183 to 1.185)

3.096 .002Ferreri et al,27 2001 0.544 (0.200 to 0.889)

3.165 .002Lauritzen et al,32 1992 1.075 (0.409 to 1.741)

1.760 .08Licht and Qvitzau,35 2002 0.246 (–0.028 to 0.521)

3.174 .002Maes et al,36 1996 1.548 (0.592 to 2.504)

2.259 .02Maes et al,37 1999 1.053 (0.139 to 1.967)

2.510 .01Matreja et al,38 2012 0.666 (0.146 to 1.186)

2.263 .02Medhus et al,39 1994 0.772 (0.103 to 1.440)

0.386 .70Rush et al,45 2011 0.037 (–0.149 to 0.223)

0.148 .88Fang et al,24 2010, and Fang et al,23 2011 0.028 (–0.338 to 0.393)

1.714 .09Kessler et al,12 2018 0.165 (–0.024 to 0.355)

2.372 .02Kato et al,10 2018 0.102 (0.018 to 0.186)

2.383 .02Kato et al,31 2017 0.622 (0.110 to 1.134)

0.479 .63Xiao et al,13 2020 0.058 (–0.179 to 0.295)

–4.439 <.001Navarro et al,11 2019 –0.878 (–1.266 to –0.491)

4.084 <.001Total 0.371 (0.193 to 0.549)

Efficacy was measured as standardized mean difference (SMD) and weighted according to random-effects analysis.
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antipsychotics.56,57 Our analysis of the RI+α2 combination in
nonresponders resulted in statistically significant but small ef-
fect sizes (SMD = 0.2). Still, patients who are resistant to treat-
ment present a particular challenge, and effect sizes resulted
from comparisons with active treatment (ongoing mono-
therapy, increasing the dose, or switching antidepressants).
Such comparisons are likely to result in lower estimates of
efficacy than contrasting combination and monotherapy in
first-line treatment trials. Here, the RI+α2 combination seems
to be particularly effective, with an effect size of SMD = 0.64.
Antidepressant monotherapy itself has effect sizes of no more
than about 0.3 compared with placebo.58,59 Of note, trials in
our analysis also included populations with difficult-to-treat
chronic depression.32,45

We have previously shown that the favorable treatment
outcomes of combination therapy in comparison with mono-
therapy are not a dosage effect only.9 Also, some of the in-
cluded trials found superior effects with subtherapeutic doses
of a second antidepressant in RI+α2 combinations.32,36-38

Therefore, pharmacodynamic and clinical synergisms seem
likely. For example, sedating α2-adrenergic receptor antago-
nists may counteract the restlessness, agitation, and sexual dys-
function associated with monoamine reuptake inhibitors.
Reuptake inhibitors in monotherapy are likely to stimulate
presynaptic α2-receptors by enhancing the intrasynaptic
concentrations of serotonin and norepinephrine. However,
combinations with blockers of presynaptic α2-receptors are
supposed to prevent the negative feedback effect on neu-
rotransmission induced by a stimulation of α2-receptors.

The relative tolerability of combination therapy and the
modest response rates with initial antidepressant monotherapy
also suggest considering RI+α2 combination therapy as a first-
line treatment, at least in severe cases of depression.

On the whole, in our analysis, treatment effects of anti-
depressant combinations were not associated with baseline se-
verity. According to these results, combination treatment is ef-
fective regardless of initial illness severity. Nevertheless, this
finding must be viewed as preliminary because it rests on a
subset of studies and only on outcomes ascertained by HDRS.

While the addition of bupropion has previously
been shown to alleviate antidepressant-induced sexual
dysfunction,14 and its addition to antidepressant mono-
therapy can be clinically sensible, our findings indicate that
bupropion combinations in general are not associated with
substantial enhancement of antidepressive efficacy com-
pared with monotherapy. This result is counterintuitive be-
cause bupropion, with its dopaminergic properties, has a
mechanism of action that may complement classical antide-
pressant pathways. Note that in nonresponder populations,
the summary results for bupropion combinations remain in-
conclusive rather than negative, mainly because of the small
number of methodologically sound studies existing to date:
the CI spans a negative as well as a sizable positive effect.

Limitations
First, I2 values indicated substantial heterogeneity of effects.
However, heterogeneity is known to increase with accumu-
lating numbers. Additional τ statistics were calculated, indi-

cating a spread of data not unfamiliar in medical studies: the
standard deviation was lower than or had the same order of
magnitude as the effect size. Nevertheless, as in most meta-
analyses, included studies were not homogenous in their de-
sign, eg, with differences in blinding status or in the defini-
tion of nonresponse to previous antidepressant treatment. As
a consequence, we applied random-effects models and showed
that results remained robust after each study was left out.
Further, dichotomizing criteria of treatment success in sub-
group analyses, as in remission and response, supported the
main results and explained large parts of the between-study
heterogeneity. In the same vein, sensitivity analyses among
studies of high methodological rigor (low risk of bias) and
among double-blind studies (data not shown) also backed our
main findings.

Second, funnel plot asymmetry indicated possible report-
ing bias. However, in combination treatment studies, report-
ing bias might not be as important as it is in placebo trials of
antidepressant monotherapies because there is no negative
result in the strict sense, and thus no disincentive to publish.
Nevertheless, even when fully adjusting for possible publica-
tion bias, a reduced but still positive and statistically signifi-
cant effect remained (for RI+α2 combination: SMD = 0.19;
95% CI, 0.01-0.36). Also, the observed funnel plot asymme-
try may be caused by plot distortion associated with trans-
forming a variety of outcomes into SMD, as has recently
been emphasized.60 Reassuringly, therefore, sensitivity analy-
ses using raw mean differences resulted in a substantially re-
duced funnel plot asymmetry (data not shown).

There also is considerable indication that the funnel plot
asymmetry may represent a true asymmetry of observable
effects. For example, many of the studies on bupropion com-
binations were recent and had large sample sizes but yielded
only small effects. Low effect size and small-variance studies
may distort funnel plots to the upper left quadrant. Besides,
we observed funnel plot asymmetry only among studies of
treatment-resistant depression and not among studies using
a combination as a first-line treatment.

Third, true between-study heterogeneity may result not
only from different study populations and combination treat-
ments but also from different control groups. This particu-
larly applies to studies of treatment-resistant depression, where
active comparators were continuation, increased dose, or
switching antidepressant. And yet, regardless of the kind of
comparator, combination treatment was associated with higher
efficacy (data not shown).

It is conceivable that antidepressant discontinuation
syndromes may have interacted with outcomes. However, it
has been shown that when the switch is between antidepres-
sants, discontinuation syndromes rarely pose clinical
problems.61

Conclusions
For clinical practice, physicians should be aware that combi-
nations of reuptake inhibitors (selective serotonin reuptake
inhibitor, serotonin-norepinephrine reuptake inhibitor, or
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tricyclic antidepressant) with α2-autoreceptor antagonists
are a potent treatment option, associated with superior out-
comes relative to monotherapy. Clinicians can inform
patients that on average this advantage does not come at the
cost of lower tolerability and that there is reason to believe
in a synergistic therapeutic effect. While we did not find an

association of outcome and severity of depression, we
believe combination treatment particularly suggests itself in
severe cases of depression and for patients resistant to stan-
dard treatment. Research should focus on the dearth of
methodologically rigorous data on bupropion combinations
for nonresponder populations.
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