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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 a2-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% Cl, 0.19-0.44). Combining a reuptake inhibitor with an
antagonist of presynaptic a2-autoreceptors was superior to other combinations (SMD = 0.37;
95% Cl, 0.19-0.55). Bupropion combinations were not superior to monotherapy (SMD = 0.10;
95% Cl, -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 a2-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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Combining Antidepressants in Acute Depression

uidelines by the National Institute for Health and Care
Excellence,! American Psychological Association,? and
American Psychiatric Association,® as well as the
German National Clinical Practice Guideline® 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.>

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.'»2® Combining 2
antidepressants is a common next step, particularly in pri-
mary care settings,”® based on the assumption that combin-
ing 2 antidepressants with different modes of action in-
creases clinical efficacy.

In a previous meta-analysis,® 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 a2-autoreceptors (mianserin, mirtazapine, trazodone).
In the meantime, several important studies have been pub-
lished, presenting partly contradictory results.'°!* 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.>!* 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 reviews' and closely adhered to
recommendations from the Cochrane Collaboration.'® 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
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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 a2-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
a2-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.

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.'® The included studies were added
to the trials retrieved by our previous systematic search,® 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, 250% 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
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Flowchart

5616 Records identified through 3 Additional records identified
database searching through other sources

| |
]

‘ 4244 Records after duplicates removed ‘

|

‘ 4244 Records screened ‘

‘

4098 Excluded

‘ 146 Full-text articles assessed for eligibility ‘

group, mai

139 Full-text articles excluded
> (nonantidepressant agents, lack of control

ntenance treatment trials)

7 Studies included in qualitative synthesis

32 Studies included through previous

. .  —
systematic review

39 Studies included in quantitative
synthesis (meta-analysis)

new to treatment, combinations including antagonists of pre-
synaptic a2-autoreceptors and combinations including bupro-
pion, and RCTs with low risk of bias. Following the Cochrane
Handbook,'® 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
a = .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, RCTSs, 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,

JAMA Psychiatry April 2022 Volume 79, Number 4

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 1lists study
groups, trial size, and initial antidepressant pharmaco-
therapy in nonresponder studies.) According to the published
reports, only 1 of the studies!” 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 I? = 77.5%
and T 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.

jamapsychiatry.com

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Henry Stanley on 02/26/2026


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2021.4313?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313

Original Investigation Research

Combining Antidepressants in Acute Depression

(panunuod)

€7 = U '(p/bw
TT'ST 1950p ueaw ‘p/bwi 00€-0ST)

1B} [¥SS ,21enbape,,
snolAa.d T2 buiuieduod A101s1y ay L
pajuawWnNdop ‘1< 910ds auldseq

(TL£L)0€ LT N (ST'9) €7 = u'(p/bw 0g 16 as0p uoidoudng + (p/6w 6098 as0p TZ-ANVH e pue ‘d/]-aIds ‘Al-wsa ¥10¢C
7897 ‘TT-AINVH moq A a|qnoqg ueauw ‘p/bw 0ZT-09) dulexoing ueauw ‘p/bw 0ZT-09) dulexoing 9 8y  ‘saumea)edidAie yumaposida N g, 1€ 19 OJeuod
(6'T) 697 (2SO T'LTIN 8¢€ = U ‘(p/bw o) aunaxon)y g€ = u'(p/bw 09) p/Bw Oz aunaxonyy Jo 3m 100¢
(6'T) £'£T ) "LT-ANVH moq A a1qnoqg ‘€€ = u‘(p/bw 09) uridsuely upidsuelw + (p/6uw Qg) suiiaxon)4 9 €0T 9 03 sIapuodsaiuou ‘y-/j| WSA ‘adN 121819 L2194
M g 10} p/Bul 0T
(re) LLT N 7€ = u‘(p/bw 05-57) aullaxonN)4 el3iul 03 ssaulioloe.yal ¢00¢
(T°€) 9°6T D LT-AWVH  ubiy/umouun (lened +) A algno@ €€ = u ‘(p/bw 09-0p) dunexom4  dulweidisap + (p/bw O7) durrexon)4 14 L9 ‘uonip3 Juarred-y-111-Nsa ‘aain 971819 BARY4
M g 10} p/Bul 0T
(6°€) T9T :IN 1 = u'(p/bw 05-52) duljaxonyy jeljiul 03 ssauli0}delya. 7661
(L¥)SLTDLT-ANYH  ybiu/umowun A aiqgno@ ST = u‘(p/bw 09-0t) dunexon)4  dulweldisap + (p/bw Og) dunexon) 4 14 LT ‘uonip3 Juanred-y-1/1-Nsa ‘aain 571832 eARY
9posida anIssaidap
Gy =U JU.IND Ul spuessaidapiyue
‘(p/bw Q7) auiexoled ‘g6 = u 0 S8SSP]D JUBIRJIP WO} Sjuawiealy
(eyep aydwes-ajoym Ajuo) ‘(p/bw Gt7) auidezepw ‘oG = u /¥ = u‘(p/bw 00T) 91enbape alow 1o g 03 asuodsal 1102/010C
(8'9) 9'%T LT-SYAH  ubIu/umowyun A a1qnoqg ‘(p/Bw G77) YX duiXejeluap auopozel} + (p/bw Q) sunexoled 8 L6T palle ‘YL 7 9be1s ‘AI-WSA QAN 4z+¢- 18 32 Bueyq
(0g-£T) (am Jo sisoubeip y-1/1-NSa@
STCN ‘(7€-02) 0°GC 91 = u ‘(p/bw 07) e 03 fuIpu0dsa1102) 93163p 319AS 8661
1) ‘(ebuel) ueipaw ‘qyH  ubiy/umowjun (aun-1s41)) N s|qnoq 8T = u ‘(p/bw Q) aurexoni4 aunaxonyy + (p/bw Q¢) uLasuely 9 143 0} 33eJ3pOW ‘0T-@)| ‘uoissaldaq 2z 181 Weq
0C = u‘(a1e38
9T =u 1e21u1]2 03 NP 3sealdul 3sop ‘p/bw
q(87) 0'TT N ‘(91e35 1221U11D 03 NP BSEAIDUI  G/) BUINEILIIS + (311 eI1UI]D 03 NP L66T
'(0'9) 6'Z D “LT-AWVH  Ubiy/umouun (aun-3sa) N uado asop ‘p/bw 0§ 1) uidaiyioq asea.nul asop ‘p/bwi /) uidaiyoq 9 9¢€ AlI-INSa 1z 181 ey)y
ST =u
‘(Bw 00E-00T dulxejejuan ‘b
00T-00T duleJsas ‘bul 0t-0€
auiaxoJed ‘b QQE dUIWEXOANS S950p Palesa)o}
‘bw OG-0t dunexonyy ‘bw 09-0€ 10 papuUaWILIOI3. WnLwxew
weudojeind ‘bw oG4 uoidoidnq) 1e Adessyjouow juessaidapiiue
1e13 uonejuswbne ynoybnoayy pJepuess Jo M 42 a3dsap 2007
(8°9) 6'¢e s9s50p A)lep Apnisaid 3e panuijuod 1T = u ‘quessaidapiyue swo3dwAs anIssa.dap juaisisiad 0z 18312
N(8°€)6°TT D LT-SHAH Mo A a)qnoq sjuabe juessaidapnue Alewld  Asewnd + (p/bw Qg-GT) auidezeppy ¥ 9C juedlubIs ‘Al-NSa ‘aposida an J1uadie)
97 = U ‘(p/bw
(0°€) 9Tz (90 06T) uotdoudng + auidezeiw
LT (TE) 9T i(sE) ‘9 = u ‘(p/bw Gz 03 pasea.nul
' ‘LT-AQNVH (8't) bwi G/) auixejeiuan + (p/bw
8TEN(T'Y) 0TE (T'D) 0¢) duidezeqliul g = u ‘(p/bw 07) 010C
LT€4(S) ¥'TE D "SHAYIN mo (dun-1s1) N a1qnoqg 8¢ = U ‘(p/bw og) aunaxon)y  sunaxomy + (p/6w 0g) auidezepiy 9 SOT AI-NS@ ‘aa cr'1e30 1218
>(779) 0°2E (6°'9) TTE T = u‘(bw Sp-5T) auldezeiw T¢ = u‘(p/bw p€-0T) dunxo.ed 600¢C
N (T L) ¥E D 'SYavin Mo (eun-1siy) N dgnog 10 ‘6T = u ‘(Bw OE-QT) BulRXoled + (p/bw G#-GT) duidezeypy 9 19 AI-NSQ ‘AN P R CRETI |
1UBLUIE3I]} UOIIRUIGLIOD
Jorad buipnydul ‘(aposide Jua.und ul
JuaWIeaI} Juessaldapiiue aienbape
q(T€) ¥'8¢ 1<) uoissaldap Jue3sisal 104 BLISIID €107
IN(T°€) 987D ‘'SYAVIN UbIy/umouun A uado 6C = U '?1qeLiep T€ = U ‘a]qelep 9 19 T 9be3s 3sea) 38 ‘Al-WSA ‘AdIN (11819 saleg
.ourseq 1e seiq Jo sty fuo  Buipung Adesayjouopy uoneuiquo) IMm "ON sisoubeiq 924n0S
JSTIENE JapuodsaluoN = ‘dn-mojjo4
uossaidag oN ‘uonejndod 11|

s|el1] Jo sansiaeIRY) L 3|qeL

303

JAMA Psychiatry April2022 Volume 79, Number 4

jamapsychiatry.com

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Henry Stanley on 02/26/2026


http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313

Combining Antidepressants in Acute Depression

Research Original Investigation

(panunuod)

(pazedipul J0u

111*dd) €£ = u“(p/bw 00€) X (pa1e3d1pul 600C
a(0v) £TT(7'7) 9°0T I uoidoidng ‘(pa3edipuijou 1 1] ‘dd) 30U L1] ‘dd) £ = u ‘(p/bw 00€) X veree 1019
(%) ¥'0T D ‘LT-AWVH  ybiy/umowyun (eun-1s1y) N uado €/ = u‘(p/bw 1) weidojeyds3 uoidodng + (p/bw QT) weidojerds3 9 0ce AI-INS@ ‘aai 191yan37
K /9< pabe
sjuaied passaidap pue ‘(uoissaldap
pabuojo.d) Jeak T ueyy alow
10 3posida aAIssa.dap e pey oym 1o
‘shep £ Jo porsad noysem e ybnoayy
06 01111 00} J3Y3}Ia aJam oym
(0°62-0'6T) ¥'CC 8T = U ‘(1/10wu 00T 7T = u'‘(p/bw O¢g) uLidsuelw K £9-8T pabe sjuaiied passaidap
W(0°£2-0T2) TST D 19A3) ewse)d 396.e3 03 buiplodde  + (7/10wu QO 193] ewseid 39613 0} 1U0ISN]IU| "G T< 94025 3]eIS 7661
‘(¥OI) uelpaw ‘£T-ANWYH moq (aun-1sa) N a|qnoqg p/bw 00T-05) dulteldiwy  buipiodde p/buw OT-0S) dulweldiw 9 [0)4 BIOUDUB]I|\ B 10 PUB 9T< SYAH ¢ 18 10 UBZ3LINE]
M 9% 10}
Ipz=u 9sop a1enbape ue e [YNS 40 [YSS ue M
(9'6) 9°0¢ :IN ‘(z'0T) ‘(€ @M wouy p/bul Og 03 paseasoul UM JUBWIRIY JUBLIND ‘HT< 9103S TT (¥IN) 8T0C
G'T€ D al0ds ||-|ag mo A a|qnoqa 6€¢ = U ‘0gade)d + [UNS/I¥SS b GT) auldezepiw + [YNS/I14SS 4 087 11-1a9 ‘a4 "01-@2I ‘uoissaidaq 2118 19 191558)|
3UINBJIIAS JO M € UUM
(6'0T) ¥'7¢ *(£°0T) §'¥C (< 21035 6-DHd ‘3!) Uolssiwaluou
‘N(£°0T) T'vT D 'II-1ad 056 = u ‘(p/bw ‘AN-INIYd ‘Al-INS@ ‘Ypuow M9
(T9) 8T (Te) 8Tl N (s191e1) Gb-G'/) duidezepiw {/€G = U /g = U ‘(p/bw G-G'/) auldezeiw 3sed ay3 ulypm aposida g Jejodiun (A@NNS) 8T0C
(1°9)9°¢T ) 'OHd Mo A 916uIs ‘(p/Bw 00T-57) dunelIas + (p/bw 0OT-5¢) dulelas 9 /%91 dnoydAsduou e jo sisoubelp Asewild o7 1839 038
p/BW T°0T ¥ '8¢ :52S0P
ueaw ‘p/bw G-0€ auidezeyiw
+(P/BW 67T ¥ £'T6 :5350P
ueaw ‘p/bw 0OT-0S duUeIIIIS
10 ‘p/BW 8'G ¥ 6'8€ :5950P
ueaw ‘p/bw Q-0 auilaxo.ed) [Y¥SS
€T =u'p/BW T'0T ¥ ¥'8¢ :5950p :T dais wody paquiasaid Ajsnonuijuod
ueaw ‘p/bw G-0¢ auidezeyiw juessaidapiiue jo abesoq auidezeyiw 1o
@OLEL R TILN ys/umounun A uadg ET SN (R/BRGTCE LT6 R P/BWI§ 0T ¥ §°L 5950P ¥ b I¥SS 40 M 03 suodsas ayenbapeu .
oVIEOLD LaIH 10 B/ B'S 7 6-8¢ 4350p U ueatt Am“wu_c sret wj_%%w“_orm ‘LT/v1 < LT-QNVH ‘AFWSGaaN TE] g
‘ + ¥ B
p/Bbw 0f-0¢ duiaxosed) [YSS ueaw ‘p/Bui 00T-SZ Aureias
10 ‘p/buwi 8 ¥ G'EE :5dS0P
ueaw ‘p/bw Q-0 T auilaxo.ed) [Y¥SS
:pappe juessaidapiiue jo abesoq
1¢ = u ‘duidezepiw
+ (duIl1ea149s 10 aupexoled) 14SS
¢g=u 8T< 9402S
(S€7€) €0°ST I ¢S =u'(p/bw ‘(p/bw 0§T<) aunkidiiwe + (p/bw LT-QINYH ‘3! ‘uoissaidap 10} eLid}LId 610¢
(G2°€) £6'ST D ‘LT-AINVH  ybiy/umowiun (eun-1s1y) N uadg (9 03 pasea.dul bw Qg) auirexon4 09 03 pasealdul b Oz) auiraxon)4 [4 0]} nsoubelp £-gwd) ‘uoissaidag o 1R IR 3Ir
og=u
‘(p/bw 00€) ¥S uoidoidng + (p/bw
007-0§ duljesas ‘p/bwl /-5 4SS J0OM {7 19}e 9T< 3103S SYAH
p(8%°0) £5°LT 0€ =u  aunaxoled ‘p/bw 09-0z weidojeld ‘a1 ‘JuaLL]eAL] [YSS 03 SIapuodsal [41114
‘W ‘(09°0) 08°£T D ‘SYAH  ybIuy/umowyun A 916uIs ‘ogadeld + (391 @95 bulsop) 4SS ‘p/bw 0€-0T Weldojedss) [YSS 14 09 1enJed ‘Y1-Al-NSA ‘aaiN 6 1839 2349
~ournaseq je seiq Jo sty fuo  Buipung Kdesayjouopy uoneuiqwo) yMm "ON sisoubelq 921n0g
JSTIENEY JapuodsaluoN o— ‘dn-mojjo4
uojssaidagq oN ‘uonejndod 1 ]|

(PaNuRUOd) S[ell] Jo sonsLdIeIeY) | d|qeL

jamapsychiatry.com

JAMA Psychiatry April 2022 Volume 79, Number 4

304

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Henry Stanley on 02/26/2026


http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313

Original Investigation Research

Combining Antidepressants in Acute Depression

(panunuod)

0Zc=u
‘(p/bw SH-ST) auidezepiw + (p/bw
00£-0ST) Y3 BUIXBJEIUDA ‘TZZ = U

6%) ¥'€C:N(0°S) £vC vez=u ‘(p/bw 0Z-0T) Wweidoieydss (A z= bunse) aposids jua.1ind) an 1102
(9%) 8'€7:D 'LT-ANYH Mo (aun-31s1y) N 9)6uis ‘(p/bw 0Z-0T) Weidojeyds3 +(p/bw 00¥-0ST) YS uoidoudng TT S99 2IuoJyd Jo @A JuBLINdBI Y1-Al-NSA sy 1B 1 Usny
(L0'S) TTE N €7 = U '(p/bw 0f) weidojed £00¢
(9T'%) 08°0€ D "LT-QWVH  Yby/umowyun  (AuUN-Isi) N - 31qnogd T = u’(p/bw op) weidorexd + (p/bw 05) aunfadinioN 8 St AI-NS@ ‘adiN vy 18 R 1SIRY
9z =u
(6'%)8'0*(09) T'¥T ‘N ‘(p/bw o€) auiwoldAnAuen gz = u'(p/bw og) aulwoldAnAues €661
‘(6'%) 0°ZT D *LT-SYAH  ubly/umowjun (dun-1s1) N a|iqnog ‘8¢ = u‘(p/bw 0ST) sunfidiiwy +(p/bw 0ST) aunfadiniwy 9 6/  QIN 10} BLIDILID D11SOUBRIP UDJIBASDY ¢, ‘1@ 1D UBLIG,0
¢T = u'(qw/bu 091 €T =u
(sp)e8e (T TLe 19A9] ewsed 196.e1) suiweldissp  “(p/bw 0z) duizexon)y + (Tw/bu 09T ai 210ydAsduou ¥00¢C
N C(£79) T€ 1D ‘sHavin MO (dun-1s119) N 91qnoqg v1 = u‘(p/bw Qg) auiexoni4 193] ewseyd 196.e3) suiweldisaq 9 6€ Jejodiun ‘Aiojusau| uoissaidaq ajea zv 18 32 UOS]AN
T¢< 24035 /T-SYQH 1uswieasiauld
96 = U '(p/bw QST 03 pasealoul 96 = U ‘(p/bw Q€ 01 pasea.dul b ‘(p/Bw 00€-577) Y3 duixeje|uan Jo
(0%') 68'LT :IN '(S6°S) buwi 0g) auiweidiws :(auixejeludn - ST) duidezeduiw + (p/bw 00€-57T) IM QT 03 dsuiodsaiuiou Ja3e ‘AJ-INSa 610C
GG'87 ) /TI-SYAH ybiy/umouun A uado wouy) dnoub buiydims auixejejuan :dnotb uo-ppy 01 1 ‘9posida QI 249A3S 03 1eI3POJ\ 18 33 0leAeN
TL'€T'90'1C VoL
YN ‘86°CT D ‘S940ds ueaw 86 = u ‘(p/bw g7) auiweidissp 86 = u ‘(p/bw g7) aulweidissp UM Juawiealy A31asnl 03 A1149Aas LL6T
‘WYl £T-9183S YD moq (dun-1s1) N algno@ /g = u‘(p/buwi Q1) sulweldiwo)) + (p/Bw OT) sulweidiwo)) ¥ €LT JUBIDIYYNS JO Ssau)l dAIssaIdag ¢, 1e 39 Aydunpy
906 = U ‘Juabe anissaidapijue
TTG = u‘(m T ybnoayi1ans) ua.INd + (M T ybnoauyp USR] JO )M 83 Ja1je
ey 1e 1d9y| puem 9 Aq p/buw 19A3] 3eY3 e 3day pue ym g Aq TT< 24025 B 10 )M 92 18}je 9T =
00% 03 pasea.oul bui 0GT) YS  p/Bw QOY 03 paseanul bu O§T) ¥S 91035 91)-SQI0 ‘3! ‘Uidezeyw lo  (Q-1SVA) 10T
(€°€) 99T N (ss23e4)  uoidoidng 03 Jusbe aAissaldapiyue  uoidosdng yim Juabe anissaldapiue ‘IYNS ‘14SS 03 asuodsal jewndogns op 1832
('€) 99T 3 '9T1-SAID  ybIu/umowyun A 916uIs JURIND WOJ4 YdUMS 1ua1INnd Jo uoiejudWbNY ¢l 10T '6-OHd ‘¥1-Al-INS@ aain paweyoy
T =U
6T = U ‘ogadeld + (p/bw ‘(p/bw 09) urdsueIW + (p/bw M 2 104 YD e JO Sasop aienbape
(9°6) L'1€ GT-S/ sabuei/asop 9)qe.s101 002-00T :9bue./asop 9)1qe.alol Y3IM JuaLW3eaI} 1938 dsuodsaluou 66T
IN(E°P) 9°ZE D 'SHAVIN UBIy/umouun A a|qnoqg winwixeuw 1o p/bw 0ST=) vIL winwixeuw 1o p/bw 0ST<) vIL € L€ 'llI-NSQ ‘aposidd anIssaidap JofejN 1@ 3D SNYPaN
oe=u 0€ = u'(p/bw g'7) suidezepiiw
‘(6w 0G-0T aunaxoted ‘bw Oy-0¢ 9s0p-mo] + (bw 0G-QT auilaxo.ed sjuessaidapijue paqridsaid
auiaxonyy ‘bw QG T-0S dueIIIIS ‘6w Q-0 dunaxonyy ‘bw 0GT-0S Ja114e3 3y} 03 siapuodsal jeryied 1o
o(TE€°0) 9£°0T :IN “(L¥°0) ‘bw 09-0z weidojed ‘bw 0E-0T auljed1ss ‘bw 09-oz weldojeid ‘s1apuodsaluou ‘syusiied pasoubelp 7102
€5°0C D ‘LT-SYQH  ybiy/umowyun 109 uado weido)eyidsa Jo asop Ajiep) [¥SS  ‘Bui 0g-0T weldoiendss Ajiep) YSss 9 09 AIMau ‘AJ-WS@ Pue 0T-@D1 ‘AN g¢ 1B 39 ela3epy
sjuessaidaprue
U3Im el a3enbape 316uls e yym
(9%)0'TT:IN 1T = u‘(p/bw 0g) Juaw3eay Jord 03 asuodsaiuou 6661
(Ty) L'€T:D"LT-AINYH Mo’ ylog  @iqnog 1 = u'(p/bw 0g) sunexon4 upiasuelw + (p/bw ) sufzexon4 S €2 Se paulyap QYL ‘Y-11I-WSa ‘aain ,¢'18 19 S9e
juswiealy
uoleulquod juessaidapiaue Jorid
0U ‘S3SS8]) 1UBJIALHIP WoJ) Syuabe
paudads Z1 = u‘(p/bw 00T) 9AIssa.ldapiiue yim sjeri} azenbape 9661
ejep auneseqou ‘ZT-aNyH  ybry/umoudupn ylog s|qnoq 0T = u ‘(p/bw QQT) suopoze.| auopozeJ} + (p/bw Q) aulzaxoniy 4 44 < 01 9suodsatuou ‘Y-/[-NSA ‘AN oc 1819 SRR
(9z-t0) €t
Y(92-12) €N '(92-10) aurelas p/bw 00T
€71 '(sa14enb) £6 = U '(p/6w 007) auijesnss 86 = U ‘(p/bw 0€) J0)>|M  Jeuonippe pue p/6w 0g jo ¢00¢
uelpaw /T-SYAH mo A a|qnoqg ‘86 = U ‘(p/bw OOT) aunesIas uLiasuelw + (p/bw QOT) aunesIas S €6C M 0} dsuodsaiuou ‘Aj-WSd ‘aaN se' 1831 1217
[ourseq 1e seiq Jo sty fuo  Buipung Adesayjouopy uoleuiquo) M "'ON sisoubeiq 924n0S
JSTIETEN J3puodsaluon o— ‘dn-mon o4
uojssaidagq oN ‘uonejndod 1 ]|

(PaNuRUOd) S[ell] Jo sonsLdIeIeY) | d|qeL

305

JAMA Psychiatry April2022 Volume 79, Number 4

jamapsychiatry.com

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Henry Stanley on 02/26/2026


http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313

Combining Antidepressants in Acute Depression

Research Original Investigation

“LOISSILLIBI 10} )M 9 PUEB )M 1 1B pUB 35u0dsal 104 M z 38 dn-mojjo4 ,

"9SIMJBL10 Palou SSajun (QS) UeaLl aJe San|eA

'Sk ‘A ‘(X BY|R) 9SE32] PapUIXd X {LOISSDIdP JUB)SISDI-JUBLLIIeRI} ‘QY L
‘juessaidapriue d19Ad1 'y | H10qIyUI 8)e3dnal UIU0I0IaS DAIIIR[BS [YSS ‘BSea|a. pauleIsns YS Hoqiyul jeidnal
aunydauidaiou-uju03o.as ‘|YNS ‘3[eds uoissaidaqg Suney-49S ‘Sas ‘Y-/i-NSd 103 MIIAISIU [ed1Ul]D PRINIdNIS ‘dIDS

‘greamU| 5 :A80)01eWw01dWAS aAISSa1dR( JO A103UBAUIPIND '91D-SAID ‘SI19PJ0SIQ [BIUSIA JO uonen|eAd ale) Alewid ‘'diN-JINIYd
“(35) UBB ‘|0d030.1d Jad ‘dd ‘B.1eULONSAND Y3ESH JUBIIEd ‘DHd ‘ou ‘N ‘1ap.osip aAlssaidap Jofew ‘qqyy ‘uolssaidap Jofew ‘qin
(3S) Uea '91eas Suney uolssaidaq S1aqsy-A1aWwoSIUo| 'SYAVIN Adesayiouou ‘| 18} 03 Ul ‘| | | UOISINSY YIUS]
'SLWB|GO.Id YD PaIDIRY puD Saspasi Jo UoIDILISSD|D [DIIISIIDIS [DUORDUIRILI 'Ol-dD] {(AINVH BY[e) 9]eds Suney

"Palads 10N uoissaldaq UoliLLeH ‘SYAH ‘Ade1ayl SAIS|NAL0I0.103J8 ‘| )3 ‘SI9PI0SIQ [BILSIA JO UOIBILISSE|D) 3S3UIL) ‘TADD

'9)e2s Suney uoissaudaq [ed1ul) "¥ad ‘Adelayy uoneuiquuiod ) ‘A1ojuaAu| uoissaidad yoag ‘|agd :SUoneInIqqy

78 =U
‘ogadeyd + (p/bw z¢ :ueaw)
apizexoqJedos| ‘ogadeld + (p/bw

IS5=u
‘(p/bw Q€ :ueaw) apizexoq.ed0s|

+ (p/bw 96 :ueaw) aulweldiwry uolssiwpe

8V ‘8 YT ST N ‘99T S :ueaw) auizjauayd ‘ogadeld {(p/bw ¢ :ueaw) suizjpuayd juan3edul 4o 153 buriinbau 6/6T
!6°7T ) ‘910ds ueaw ‘sYaH  ybiy/umowun (dun-1s1) N d|gqnog  + (p/bw 9QT :ueaw) aulweidiwiiy + (p/Bbw QT :ueaw) sulwesdiwi] 9 GeT 10U UOISSa.Idap d1eJapou o Py 512 32 Bunoj
Tc=u 900¢C
(9°T) €8T N 2T = u'(p/bw QG 01 pasea.dul ‘(p/bw g) suljetas + (p/bw S CRE]
‘(£'T)T'8T:D ‘LT-S¥YAH  ubiy/umowun (eun-1s11) N uado p/bw G/) YX duixejeluap 8 0} pasea.nul p/bul ) auriaxoqay 0T 134 AI-INS@ ‘aai nbodizeA
oz=u
(8'9) 5°8¢ 9T = U ‘(p/bw 0¥ ‘(p/6w 0§) unfyduziwe + (p/bw 500C
IN(€79) 6°8T D ‘AINYH  ubiy/umouwun A 91buls 03 paseasdul p/bw 0g) wesdojey)  Of 03 paseasdul bw o) weidojer) 9 9¢ uoissaldap A103oe149y 1512 32 buey
0¢ = u ‘(p/bw S) sunfydiniwe Tz = u‘(p/bw G /¢€) Y-2-andd c00¢
9]qejieae Jou eyep ‘sqs  ybiy/umowjun (aun-1siiy) N uado ‘Tg = u'(p/bw Q7) aunexon)4 aunkiduiwe + (p/bw Q7) suexoniy 8 69 03 buipl0dde S1s0.1n3u dAIssaldaq 05 1833 X
(Tam
1€ 91025 18303 / T-QNVH 40 95e3103p
%0¢<) aulexo.ed 03 asuodsa.l
(Lyv'€) Aj1ea-uou ‘(poow passaidap)
¥6'€C(TE€%) ¥E'STIN 89 = U ‘(p/bw ) duiyaxoed 89 = U ‘(p/bw 07) T WaI U0 = pue ‘0g< 210ds 0c0tT
‘(b2°€) 09°€T D ‘LT-ANYH Mo’ A @1gnoq ‘89 = U ‘(p/bw og) duidezepyy  dunexoled + (p/bw Og) auidezeiy 9  %0T LT-AWVH ‘AI-NSa ‘dposida ain 118 33 oBIX
1T = u'(p/6u 01 =u
paiydads 0¢-0T) aulwoudAdjAueny ‘6 = u ‘(p/Bbw GT-0T) auiwoidAAuely 0861
elep auljaseq ou ‘dWyH  Ubiu/umowiun (3un-3s13) N uado ‘(p/Bw 00€-52) dunfadiniwy +(p/bw 0ST-09) dunfadiniwy 12 0€  J9pJosip aAIssaidap Joulw 4o Jofey 6 18 39 9UUM
(T'8) 76T '(8°9) €°6€ 9 = U ‘(p/bw 0QT) duIeXOAN £ = u'(p/bw OQOT) duitiexoAn} 600¢
N (S76) 08T D ‘A-WVH  ybiy/umowyun (dun-3s1y) N uado ‘6 = U ‘(p/bw G/) sunfadiyiwy + (p/bw §7) sunfadiiwy 19-C 44 AIFNSQ ‘AN g,'18 32 Jewzap
6T = U ‘(p/bw 087 0T = u‘(p/bw sjuessaldapijue
(1°9) 9T'6€ '(2T'8) 9T TF 03 pasealdul) aunfidiywe ‘6T = u 08¢ 03 pasea.out) aunfydiiiwe 9jeledds 72 Y)m juaLleay 1661
N “(80°9) 8'T# D ‘SYAYIN  ybiy/umouxun A a|qnoqa ‘(p/Bw 009-007) dPIWLAGOI0N + (p/bw 009-007) 3p!LWaGO]I0N 14 6€  033uelSIsal ‘aposida A ‘Y-III-NSa v 1B 32 dybue]
(9) 12 (9) 1
N (S) 2T D '9T-¥S-Salo €8 = U ‘(p/bw
"(9) 62 4(S) 6T :IN (S) 0S¥ 03 pasea.oul p/buwi 0ST) 8/ = U '(p/Bw QS 03 pasealdul
0€ D ‘SYavin (S) 0T “(S) uoidoidng ‘yg = u‘(p/bw oy 03 p/Bw 0GT) uoidoidng + (p/bui Ot ¥10¢
0C:IN“(S) TZ D LT-AINVH Mo (eun-3siy) N d1gno@  paseatdul p/buwi OT) weldoje3dsy 03 paseatdul p/bui OT) weldoleydsy 4 (344 TTZ SYAYIN “YL-AI-NSA ‘QAIN o5, 1€ 32 1IeM3)S
~ournaseq je seiq Jo sty fuo  Buipung Kdesayjouopy uoneuiqwo) yMm "ON sisoubelq 921n0g
JSTIETEN J3puodsaluon o— ‘dn-mon o4
uojssaidagq oN ‘uonejndod 1 ]|

(PaNuRUOd) S[ell] Jo sonsLdIeIeY) | d|qeL

jamapsychiatry.com

JAMA Psychiatry April 2022 Volume 79, Number 4

306

© 2022 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Henry Stanley on 02/26/2026


http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2021.4313

Combining Antidepressants in Acute Depression

Original Investigation Research

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

Source

SMD (95% ClI)

Bares et al,17 2013
Blier et al,8 2009

Blier et al,192010
Carpenter et al,20 2002
Dam et al,22 1998

Fava et al,2> 1994

Fava et al,26 2002
Ferreri et al,27 2001
Gulrez et al,29 2012
Lauritzen et al,32 1992
Chaetal,21 1997
Leuchter et al,33 2009, and Leuchter et al,34 2009
Licht and Qvitzau,3> 2002
Maes et al,36 1996
Maes et al,37 1999
Matreja et al,38 2012
Medhus et al,39 1994
Murphy,*1 1977

Nelson et al,#2 2004
0'Brien et al,*3 1993
Raisi et al,44 2007

Rush et al,4> 2011
Tanghe et al,47 1997
Vezmar et al,8 2009
White et al,49 1980
Yazicioglu et al,>2 2006
Xu et al,>0 2002

Yang et al,>1 2005
Stewart et al,46 2014
Fang et al,24 2010, and Fang et al,23 2011
Kessler et al,12 2018
Kato et al,102018
Mohamed et al,40 2017
Fornaro et al,28 2014
Jieetal, 302019

Kato etal,312017

Xiao et al,13 2020
Navarro et al,11 2019
Total

0.120 (-0.386 t0 0.627)
1.064 (0.601 to 1.527)
0.649 (0.117 to 1.181)
0.777 (-0.029 to 1.583)
0.501 (-0.183 to 1.185)
-0.792 (-1.580 to -0.004)
-0.337 (-0.819 t0 0.146)
0.544 (0.200 to 0.889)
0.508 (-0.006 to 1.022)
1.075 (0.409 to 1.741)
0.558 (-0.357 to 1.472)
-0.240 (-0.472 t0 -0.008)
0.246 (-0.028 t0 0.521)
1.548 (0.592 to 2.504)
1.053 (0.139 to 1.967)
0.666 (0.146 to 1.186)
0.772 (0.103 to 1.440)
-0.035 (-0.403 t0 0.332)
0.340 (-0.208 t0 0.888)
0.235(-0.303 t0 0.774)
0.996 (0.376 to 1.616)
0.009 (-0.123 t0 0.140)
0.351 (-0.104 to 0.806)
1.063 (-0.040 to 2.165)
-0.139 (-1.070 t0 0.793)
-0.017 (-0.636 t0 0.603)
1.180 (0.714 to 1.646)
0.262 (-0.399 t0 0.922)
0.214 (-0.006 to 0.434)
0.028 (-0.338 10 0.393)
0.165 (-0.024 t0 0.355)
0.102 (0.018 t0 0.186)
0.136 (-0.022 to 0.294)
0.101 (-0.651 t0 0.853)
1.066 (0.655 to 1.477)
0.622 (0.110to 1.134)
0.058 (-0.179 t0 0.295)
-0.878 (-1.266 to -0.491)
0.313 (0.190 t0 0.437)

Favors | Favors
monotherapy | combination z Score P value
——— 0.466 .64
—m— 4.508 <.001
—— 2.389 .02
- 1.889 .06
- 1.435 .15
—— -1.971 .049
= -1.369 17
— 3.096 .002
- 1.938 .05
—— 3.165 .002
o B 1.196 .23
- -2.028 .04
ril- 1.760 .08
—_— 3.174 .002
— 2.259 .02
—— 2.510 .01
—a— 2.263 .02
—— -0.189 .85
- 1.216 22
—— 0.857 .39
—— 3.150 .002
| | 0.131 .90
e 1.511 13
1.890 .06
—a -0.292 77
—— -0.053 .96
—— 4.959 <.001
—r 0.777 44
- 1.911 .06
0.148 .88
1.714 .09
2.372 .02
1.690 .09
—— 0.262 .79
—— 5.086 <.001
— 2.383 .02
- 0.479 .63
—— -4.439 <.001
[ 4.969 <.001
—3.‘00 —1.‘50 0 1.‘50 3.60
SMD (95% Cl)

Weighted according to random-effects analysis.

Combination of a monoamine reuptake inhibitor with
an antagonist of presynaptic a2-autoreceptors (RI+a2) 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-

jamapsychiatry.com

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 al*°) and 0.34 (when Navarro et al'!
was removed).

For RI+a2 analyses of RCTs, effect sizes varied between
0.32 (after elimination of Blier et al'®) and 0.43 (when Kato
et al'® was removed).
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Table 2. Results: Outcomes Across Subgroup Analyses

Primary outcome® Secondary outcomes
OR (95% CI)* Continuous change OR (95% CI)*
from baseline, Dropouts
Results® SMD (95% CI) T Remission Response SMD (95% CI) Dropouts due to AE
Whole sample 0.31(0.19t00.44) 0.296  1.52(1.20to 1.40 (1.15 to 0.38(0.22t00.54) 0.99(0.86t01.14) 1.17(0.79to
[38 studies] 1.92) [25 1.69) [30 [28 studies] [30 studies] 1.75) [17 studies]
studies] studies]
2, % 77.52 63.38 44.11 84.21 3.66 20.87
Whole sample; low 0.29(0.15t00.42) 0.188 1.44 (1.12 to 1.46 (1.14 to 0.34(0.17t00.50) 1.09(0.94t01.28) 1.43(0.87 to
risk of bias [15 studies] 1.85)[11 1.87)[14 [11 studies] [12 studies] 2.34) [9 studies]
studies] studies]
I, % 69.18 51.61 48.07 77.95 0 15.34
a2 +RI 0.37(0.19t00.55) 0.305 1.42 (1.01to 1.49(1.18to 0.44(0.22t00.66) 1.02(0.86t01.21) 1.06(0.49to
[18 studies] 2.01)[12 1.87) [15 [15 studies] [14 studies] 2.31) [10 studies]
studies] studies]
2, % 80.58 74.27 47.77 85.10 0 34.82
a2 + RI; low risk of 0.36(0.19t0 0.53) 0.221 1.39(1.11 to 1.52 (1.15to 0.36(0.16t00.56) 1.04(0.88t01.24) 1.17(0.43to
bias [11 studies] 1.75) [9 studies]  2.00) [11 [9 studies] [9 studies] 3.19) [6 studies]
studies]
12, % 75.28 37.42 53.44 78.26 0 49.63
a2 +Rl; 0.24 (0.03t00.45) 0.283 1.17 (0.82 to 1.35(1.08 to 0.23(-0.01t00.48) 1.00(0.83t01.20) 0.75(0.31to
nonresponder/TRD [12 studies] 1.67) [8 studies]  1.69)[10 [9 studies] [8 studies] 1.82) [6 studies]
studies]
2, % 79.52 68.26 34.11 82.55 0 0
a2 +Rl; first-line 0.64(0.12t0 1.15) 0.523 1.80(0.74 to 1.54(0.77 to 0.84(0.30t01.38) 0.81(0.38t01.72) 0.62(0.15to
[5 studies] 4.37) [3 studies]  3.09) [3 studies] [2 studies] [3 studies] 2.62) [2 studies]
2, % 84.21 72.19 58.54 44.05 0 0
Combination with 0.10 (-0.07 to 0.161 1.29(0.95 to 1.06 (0.88 to 0.06 (-0.19t00.31) 1.45(0.95t02.23) 1.79(0.50to
bupropion 0.27) [7 studies] 1.74) [6 studies]  1.29) [5 studies] [4 studies] [2 studies] 6.35) [2 studies]
2, % 59.48 45.52 0 74.07 0 29.45
Combination with 0.12 (-0.07 to 0.106 1.13 (0.80 to 1.05 (0.75 to 0.09(-0.14t00.32) 1.45(0.95t02.23) 1.79(0.50to
bupropion; low risk of 0.31) [4 studies] 1.59) [3 studies]  1.48) [3 studies] [2 studies] [2 studies] 6.35) [2 studies]
bias
2, % 30.22 13.78 0 60.35 0 29.45
Combination with 0.17 (0.02t0 0.31) 0.000 2.24(0.61to 1.15 (0.89 to 0.51(-0.01t01.02) Nodata No data
bupropion; [3 studies] 8.26) [2 studies]  1.48) [2 studies] [1 study only]
nonresponder/TRD
12, % 0 80.93 0 NA
Combination with 0.04 (-0.20 to 0.200 1.09(0.83 to 0.95 (0.70 to -0.01(-0.26 to 1.45(0.95t02.23) 1.79(0.50to
bupropion; first-line  0.29) [4 studies] 1.43) [4 studies] 1.28) [3 studies] 0.23) [3 studies] [2 studies] 6.35) [2 studies]
2, % 71.05 0 0 74.60 0 29.45

Abbreviations: a2, antagonists of presynaptic a2-autoreceptors; AE, adverse
events; NA, not applicable; OR, odds ratio; RIl, (monoamine) reuptake inhibitor;
SMD, standardized mean difference; TRD, treatment-resistant depression.

2 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.

¢ 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.

9 For the secondary outcomes dropouts and dropouts due to AE, OR >1
designates superiority of monotherapy, ie, fewer dropouts in monotherapy
groups.

For bupropion combination analyses of RCTs, effect sizes
varied between 0.06 (after elimination of Gulrez et al*®) and
0.15 (when Leuchter et al>*-3** 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, -1.3t0 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, -8.3t0 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.

JAMA Psychiatry April 2022 Volume 79, Number 4

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,
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Figure 3. Primary Outcome: Subgroup Analysis of Treatment With a Monoamine Reuptake Inhibitor
Plus an Antagonist of Presynaptic a2-Autoreceptors

Favors | Favors

Source SMD (95% CI) monotherapy | combination zScore P value
Blier et al,18 2009 1.064 (0.601 to 1.527) —— 4.508 <.001
Blier et al,19 2010 0.649(0.117 t0 1.181) —— 2.389 .02
Carpenter et al,20 2002 0.777 (-0.029 to 1.583) eoom 1.889 .06
Dam et al,22 1998 0.501 (-0.183 t0 1.185) — - 1.435 .15
Ferreri et al,27 2001 0.544 (0.200 to 0.889) —— 3.096 .002
Lauritzen et al,32 1992 1.075(0.409 to 1.741) —— 3.165 .002
Licht and Qvitzau,3> 2002 0.246 (-0.028 t0 0.521) - 1.760 .08
Maes et al,36 1996 1.548 (0.592 t0 2.504) —_— 3.174 .002
Maes et al,37 1999 1.053(0.139t0 1.967) e 2.259 .02
Matreja et al,38 2012 0.666 (0.146 t0 1.186) —a— 2.510 .01
Medhus et al, 39 1994 0.772 (0.103 to 1.440) —a 2.263 .02
Rush et al,4> 2011 0.037 (-0.149t0 0.223) 0.386 .70
Fang et al,24 2010, and Fang et al,23 2011 0.028 (-0.338 t0 0.393) 0.148 .88
Kessler et al,12 2018 0.165 (-0.024 t0 0.355) 1.714 .09
Kato et al,10 2018 0.102 (0.018 t0 0.186) 2.372 .02
Kato et al,31 2017 0.622 (0.110t0 1.134) —a— 2.383 .02
Xiao et al,13 2020 0.058 (-0.179 t0 0.295) 0.479 .63
Navarro et al,11 2019 -0.878 (-1.266 to -0.491) —— -4.439 <001
Total 0.371(0.193 t0 0.549) <@ 4.084 <.001

»3.‘00 —1.‘50 6 1.‘50 3.60

SMD (95% CI)

Efficacy was measured as standardized mean difference (SMD) and weighted according to random-effects analysis.

0.79-1.75, respectively). Heterogeneity in these analyses was
low (I? = 3.66% and I? = 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 T was substantially lower in sensitivity analyses
(restricted to studies with low risk of bias), and tindicated 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 O would be
necessary to reduce the overall effect to 0.1 (Orwin fail-safe N).
For RI+a2 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

jamapsychiatry.com

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 a2-adrenergic receptor antagonists
(RI+a2) 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+a2 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.>* 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.>®

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
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antipsychotics.>®>” Our analysis of the RI+a2 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+a2 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.>®>° Of note, trials in
our analysis also included populations with difficult-to-treat
chronic depression.?24>

We have previously shown that the favorable treatment
outcomes of combination therapy in comparison with mono-
therapy are not a dosage effect only.° Also, some of the in-
cluded trials found superior effects with subtherapeutic doses
of a second antidepressant in RI+a2 combinations.3?:36-38
Therefore, pharmacodynamic and clinical synergisms seem
likely. For example, sedating a2-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 a2-receptors by enhancing the intrasynaptic
concentrations of serotonin and norepinephrine. However,
combinations with blockers of presynaptic a2-receptors are
supposed to prevent the negative feedback effect on neu-
rotransmission induced by a stimulation of a2-receptors.

The relative tolerability of combination therapy and the
modest response rates with initial antidepressant monotherapy
also suggest considering RI+a2 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,'* 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, I? values indicated substantial heterogeneity of effects.
However, heterogeneity is known to increase with accumu-
lating numbers. Additional t statistics were calculated, indi-
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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
aconsequence, 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+a2 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.®® 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.®!

. |
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 a2-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
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