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Abstract 

Background  To compare the augmentative efficacy of second-generation anti-psychotics (SGA) to anti-
depressants in adult patients with treatment-resistant depression (TRD) adjusting follow-up period and explore 
the underlying"time window"effects of the regimens.

Methods  Databases included Embase, PubMed, Scopus, Cochrane Library and Google Scholars as well as Clinicaltri-
als.gov from inception to May 15, 2024, for relevant randomized controlled studies (RCTs) were retrieved. The primary 
endpoint was Montgomery Asberg Depression Rating Scale (MADRS). The secondary endpoint was MADRS response 
rate. The tertiary endpoints were Clinical Global Impression-severity (CGI-S) and MADRS remission rate. Standard mean 
difference (SMD) and hazard ratio (HR) were generated by Bayesian network meta-regression (NMR) for pairwise com-
parisons on dichotomous and consecutive variants, respectively.

Results  A total of 23 studies (N = 10679) with 24 augmentation agents were included in the NMR. For the primary 
endpoint, compared with ADT, aripiprazole 3 - 12 mg/d, brexpiprazole 1 - 3 mg/d, cariprazine 1.5 - 3 mg/d, olanzapine 
6 - 12 mg/d and fluoxetine 25 - 50 mg/d combination, and quetiapine XR were significantly effective (SMD ranged 
from - 0.28 to - 0.114) and their effect sizes were comparable, after adjusting follow-up period, the results resembled 
the former except for quetiapine XR (SMD = - 0.10, 95%CI: - 0.212 to 0.014). Brexpiprazole 3 mg/d (7.22 weeks), caripra-
zine 1 - 2 mg/d (2.97 weeks), cariprazine 2–4.5 mg/d (2.81 weeks), cariprazine 3 mg/d (7.16 weeks), olanzapine 6 - 12 
mg/d (4.11 weeks) and quetiapine 150 - 300 mg/d (3.89 weeks) showed"time window". For the secondary endpoint, 
brexpiprazole 3 mg/d and rispridone 0.5 - 3 mg/d was evidently superior to all others (HR ranged from 1.748 to 2.301). 
For the tertiary endpoints, as for CGI-S, aripiprazole 2 - 20 mg/d, brexpiprazole 2 - 3 mg/d, cariprazine 3 mg/d, olanzap-
ine 6 - 12 mg/d and fluoxetine 25 - 50 mg/d combination, and rispridone 0.5 - 3 mg/d were conspicuously effective 
compared with ADT (SMD ranged from - 0.438 to - 0.126) and for MADRS remission rate, aripiprazole 2 - 20 mg/d, 
brexpiprazole 3 mg/d, cariprazine 3 mg/d, rispridone 0.5 - 3 mg/d were conspicuously effective compared with ADT 
(HR ranged from 0.477 to 3.326).
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Conclusion  Holistically considering each endpoint and corresponding "time window", certain SGAs appeared to be 
efficient augmentation to anti-depressants for TRD, but aripiprazole was relatively more effective and better tolerated.

Keywords  Efficacy, Second-generation antipsychotics, Network Meta-regression, Treatment resistant depression, 
Time window

Introduction
Depression did not come well into the views of the public 
peculiarly Chinese until the suicide (jumped to his death) 
conducted by Leslie Cheung, the prestigious singer and 
actor who had been suffering major depression, on April 
1 st, 2003 [1].

In 2019, 7.8% of adults in the US experienced at least 1 
major depressive episode; 5.3% (13.1 million) experienced a 
major depressive disorder (MDD) with severe social func-
tion impairment [2]. Coincidentally,"Report on national 
mental health development in China (2019–2020)"showed 
that the detection rate of MDD was 7.4% among popula-
tion with age ranged from 18 to 34 years [3].

Moreover, the COVID- 19 pandemic has led to a sharp 
increase in the number of people suffering from MDD 
[4]. The crush of the Covid- 19 in China especially in 
Shanghai undoubtedly incited numerous underlying 
depressions [5].

Among individuals meeting criteria for MDD, ≥ 30% 
of which even with access to high quality professional 
health care will eventually progress treatment-resistant 
depression (TRD) [6].

In terms of treating TRD, the efficacy of secondary-
generation antipsychotics (SGA) has been well validated, 
making them become exclusively pervasive as singular or 
adjuvant medication for patients with TRD who failed to 
response to anti-depressive therapy (ADT) regimens [7].

As a milestone in 2010, the first study to investigate 
SGAs in the treatment of MDD showed aripiprazole, que-
tiapine, partly also olanzapine and risperidone augmen-
tation therapies beneficial effects compared with ADT 
[8]. Imperatively, guideline formulated by Canadian Net-
work for Mood and Anxiety Treatments (CANMAT) had 
incorporated SGAs as TRD remedy in 2016 thereafter [9].

Up to date, the second-generation of antipsychotic 
agents, namely atypical antipsychotics, comprised ami-
sulpride, aripiprazole, asenapine, brexpiprazole, caripra-
zine, clozapine, iloperidone, lurasidone, olanzapine, 
paliperidone, quetiapine, risperidone, sertindole, ziprasi-
done, etc. [7, 10–12].

Despite that recent meta-analyses have investigated 
SGAs in treating TRD, insidious confounding factors 
including treatment period, which was vital in evaluat-
ing the effects of SGAs in treating TRD, was not adjusted 
and the agents included was not comprehensive enough 

as aforementioned [13, 14]. By adjusting follow-up time, 
augmentative efficacy can be evaluated more compre-
hensively to guide treatment regimens such as sequential 
therapy in the clinic. In addition, the efficacy of aug-
mentative SGA therapy in treatment-resistant depres-
sion has been summarized in previous meta-analyses of 
randomized controlled trials (RCTs), no comprehensive 
evaluation of different doses of each SGA has been con-
ducted [12, 14–17].

Hence, from the point of prudence, meticulous, com-
prehensiveness, and precision, we conducted this Bayes-
ian network meta-regression (NMR) analyses to compare 
the efficacy of SGAs as many as possible in treating TRD 
and adjust follow-up period.

Materials and methods
Searching strategy
This study was conducted in accordance with the 2020 
preferred reporting items for systematic review and 
meta-analysis (PRISMA) statement [18].

Databases including Embase, PubMed, Scopus, 
Cochrane Library and Google Scholars as well as Clini-
caltrials.gov were retrieved for pertinent articles from 
inception to May 15, 2024. The MeSH terms were shown 
in supplementary materials Table 1.

Inclusion criteria
Given the paucity of criteria on TRD in Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition 
(DSM- 5) or The International Statistical Classification 
of Diseases and Related Health Problems 10 th Revision 
(ICD- 10), we referred to authoritative articles for princi-
ples of TRD widely acknowledged.

(1)	 MDD patients required a minimum of two prior 
treatment failures and confirmation of prior ade-
quate dose and duration [19].

(2)	 Randomized controlled studies on SGAs in treating 
TRD.

(3)	 The endpoints including at least one of the follow-
ing: MADRS score; MADRS response rate; CGI-S 
score and MADRS remission rate.

(4)	 The dosages of regimens and follow-up period were 
clearly stated.
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Exclusion criteria

(1)	 Studies that evaluated only bipolar patients or TRD 
with psychotic features; patients with post-partum 
depression or prenatal depression or co-morbided 
with serious medical illnesses.

(2)	 Reviews, letters, case series, or conference proceed-
ings.

(3)	 Non-interventional or non-randomized or single 
arm studies.

(4)	 Duplicate cohort.
(5)	 Non-English articles.

Study screening and quality assessment and data 
extraction
Two investigators (Binru Bai, Yuwei Li) independently 
searched and screened eligible studies by reading title, 
abstract, or the full text if needed, and assessed the quali-
ties of enrolled studies by Review Manager 5.3 deploying 
the Cochrane Collaboration’s Risk Interventions Risk of 
Bias Tool (2nd edition, ROB2) [20]. The following data 
were collected: Author name, nation, year, average age 
of patients, diagnosis, number of patients in each group, 
gender, MADRS, CGI-S, MARDS response rate, MARDS 
remission rate, etc. Any discrepancy was arbitrated by a 
senior investigator (Xi Chen).

Statistical analysis
STATA 18.0 MP was used to generate Napierian loga-
rithm hazard ratio (lnHR) and standard error of lnHR 
(selnHR) for dichotomous variants and standard mean 
difference (SMD) and standard error (SE) for constant 
variables. Subsequently these two data were input into 
R 4.3.2 by ʺgemtcʺ package to conduct Bayesian net-
work meta-analysis as well as Bayesian network meta-
regression adjusting follow-up period to generate surface 
under the cumulative ranking curve (SUCRA) and matrix 
as well as trace plots, density plots, and Brooks-Rubin-
Gelman diagnostic plots. A higher SUCRA indicates a 
higher probability of becoming a better regimen, how-
ever, whether the effect size of any pairwise comparison 
with corresponding SUCRAs of all the regimens reached 
significance was judged from matrix. Markov chain 
Monte Carlo (MCMC) was employed to obtain posterior 
distributions. We set the iteration times to 300,000 of 4 
each chain, with 20,000 burn-in iterations and a thinning 
interval of 10 for each outcome. Statistical heterogene-
ity was tested using I2 and p value. A fixed effect model 
was applied if there was no heterogeneity (I2 < 50% and 
P > 0.01), otherwise the random effect model would be 
applied. If I2 > 75%, then Galbraith plots would be drawn 
to exclude studies outside the outlines to annihilate het-
erogeneity. To reinforce the results, overall and loops 

inconsistency test and consistency tests were carried out 
in each outcome. Statistical significance (α) was set at 
0.05.

After adjusting follow-up period by Bayesian network 
regression analysis, the time-effect relationship curves 
were generated. GetData 2.26 was implemented to cap-
ture the"time window"(namely the period from being 
active to inactive, statistically the period from being sta-
tistically significant to non-significant of regimens com-
pared with ADT) from the curves.

Endpoints
primary endpoint: MADRS score.
secondary endpoint: MADRS response rate.
tertiary endpoints: CGI-S score and MADRS remis-

sion rate.

Results
Characteristics of the included studies and risk of bias
Eventually, a total of 23 studies comprising 10679 patients 
with 24 regimens were enrolled (Fig. 1). The 24 regimens 
were listed in supplementary materials Table 2.

The mean ages across the study ranged from 38.1 to 
46.6, the proportions of female ranged from 35.5% to 
78.0%. The follow up duration ranged from 6 weeks to 
16 weeks. The diagnosis of TRD was based on Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV), Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition, Text Revision (DSM-
IV-TR) or DSM- 5 (see supplement materials Table  2). 
Regarding the quality of enrolled studies, most stud-
ies were with moderate-to-high quality (see supplement 
materials Fig. 1).

Primary endpoint
There were 16 regimens available for assessing this end-
point, the most administrated agent was ADT (n = 2511), 
followed by brexpiprazole 2  mg/d (n = 611) and brex-
piprazole 1 mg/d (n = 473). (Fig. 2).

In the raw data-analysis, aripiprazole 3–12  mg/d 
(SMD = − 0.28, 95%CI: − 0.487 to − 0.078, brexpipra-
zole 1 mg/d (SMD = − 0.208, 95%CI: − 0.267 to − 0.148), 
brexpiprazole 2–3 mg/d (SMD = − 0.272, 95%CI: − 0.374 
to − 0.172), brexpiprazole 2  mg/d (SMD = − 0.175, 
95%CI: − 0.278 to − 0.075), brexpiprazole 3 mg/d (SMD 
= − 0.158, 95%CI: − 0.222 to − 0.095), cariprazine 1.5 
mg/d (SMD = − 0.135, 95%CI: − 0.24 to − 0.028), caripra-
zine 3 mg/d (SMD = − 0.135, 95%CI: − 0.242 to − 0.029), 
olanzapine 6–12 mg/d and fluoxetine 25–50 mg/d com-
bination (SMD = − 0.248, 95%CI: − 0.295 to − 0.2) and 
quetiapine XR 150–300  mg/d (SMD = − 0.114, 95%CI: 
− 0.229 to − 0.01) were conspicuously effective com-
pared with ADT. However, brexpiprazole 3  mg/d (SMD 
= − 0.158, 95%CI: − 0.222 to − 0.095) and quetiapine 
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XR 150–300 mg/d (SMD = − 0.114, 95%CI: − 0.229 to − 
0.01) were evidently inferior to the rests (Table 1).

After adjusting follow-up period, the results basically 
resembled the former (Table  2). However, quetiapine 
150–300 mg/d (SMD = − 0.10 95%CI: − 0.212 to 0.014) 
failed to show priority over ADT (Table 2).

With regard to the"time window", the significance 
of brexpiprazole 3  mg/d lasted merely till 7.22 weeks. 
Although comparable with ADT, cariprazine 1–2  mg/d 
(2.97 weeks) (Fig.  3-(1)), bexpiprazole 3  mg/d (7.22 
weeks) (Fig.  3-(2)), cariprazine 3  mg/d (7.16 weeks) 
(Fig.  3-(3)), quetiapine 150–300  mg/d (3.89 weeks) 
(Fig.  3-(4)), olanzapine 6–12  mg/d (4.11 weeks) (Fig.  3-
(5)), and cariprazine 2–4.5 mg/d (2.81 weeks) (Fig. 3-(6)) 
were significantly effective within certain period, namely 
those showed"time window". Exclusively, aripiprazole 
3–12  mg/d showed no"time window"effect, namely its 
significance compared with ADT lasted from beginning 
to the longest period (8 weeks) in our study. The X-axis 
represents follow-up period, the Y-axis represents stand-
ard mean difference (effect size, ES) of ADT versus SGAs, 
in each figure, the black solid line represents mean ESs, 
the upper dash line represents the 95% upper limit, the 
lower dash line represents the 95% lower limit. The red 

solid lines are auxiliary lines determining the precise 
timing of significance of regimens compared with ADT 
(namely"time window") (Fig. 3).

Secondary efficacy endpoint
There were 16 regimens available for assessing this end-
point, the most administrated agent was ADT (n = 2553), 
followed by cariprazine 1.5–4.5 mg/d (n = 540) and brex-
piprazole 1 mg/d (n = 459). (Fig. 4).

In the raw data-analysis, aripiprazole 2–20  mg/d (HR 
= 2.735, 95%CI: 2.064 to 3.64), brexpiprazole 1 mg/d (HR 
= 1.635, 95%CI:1.244 to 2.148), brexpiprazole 2  mg/d 
(HR = 1.434, 95%CI: 1.117 to 1.842), brexpiprazole 
3  mg/d (HR = 1.752, 95%CI:1.176 to 2.617), cariprazine 
1–2  mg/d (HR = 1.522, 95%CI: 1.173 to 1.993), caripra-
zine 1.5–4.5 mg/d (HR = 1.548, 95%CI: 1.233 to 1.939), 
rispridone 0.5–3 mg/d (HR = 2.814, 95%CI: 1.119 to 7.09) 
and rispridone 1–2  mg/d (HR = 2.207, 95%CI: 1.43 to 
3.373) were conspicuously effective compared with ADT 
(Table  3). However, brexpiprazole 3  mg/d (HR = 1.752, 
95%CI:1.176 to 2.617), rispridone 0.5–3  mg/d (HR 
= 2.814, 95%CI: 1.119 to 7.09) and rispridone 1–2 mg/d 
(HR = 2.207, 95%CI: 1.43 to 3.373) were evidently 

Fig. 1  Flow chart of the screening procedure
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superior to all others. The rest 5 regimens were compara-
ble in terms of treating TRD. (Table 3).

After adjusting follow-up time, except for rispridone 
0.5–3  mg/d, these effective regimens were equivalent 
in terms of effect size resembled the former (Table  4). 
Although comparable with ADT, brexpiprazole 2  mg/d 
(2.45–7.84 weeks) (Fig. 5-(1)), cariprazine1 - 2 mg/d (2.87 
weeks) (Fig. 5-(2)), cariprazine 1.5–4.5 mg/d (2.48 weeks) 
(Fig.  5-(3)), rispridone 0.5–3  mg/d (5.24 weeks) (Fig.  5-
(4)) were significantly effective within certain period. The 
X-axis represents follow-up period, the Y-axis represents 
standard mean difference (effect size, ES) of ADT versus 
SGAs, in each figure, the black solid line represents mean 
ESs, the upper dash line represents the 95% upper limit, 
the lower dash line represents the 95% lower limit. The 
red solid lines are auxiliary lines determining the precise 
timing of significance of regimens compared with ADT 
(namely"time window") (Fig. 5).

Tertiary endpoint
CGI‑S
There were 23 regimens available for assessing this end-
point, the most administrated agent was ADT (n = 3407), 
followed by brexpiprazole 1  mg/d (n = 684) and brex-
piprazole 2 mg/d (n = 611) (See supplementary materials 
Fig. 7).

In the raw data-analysis, aripiprazole 2–20 mg/d (SMD 
= − 0.335, 95%CI: − 0.462 to − 0.21), aripiprazole 3 mg/d 
(SMD = − 0.216, 95%CI: − 0.384 to − 0.045), brexpipra-
zole 1 mg/d (SMD = − 0.182, 95%CI:− 0.238 to − 0.127), 
brexpiprazole 2 mg/d (SMD = − 0.238, 95%CI:− 0.342 to 
− 0.138), brexpiprazole 3 mg/d (SMD = − 0.153, 95%CI: 
− 0.213 to − 0.094), cariprazine 3 mg/d (SMD = − 0.126, 
95%CI: − 0.233 to − 0.019), rispridone 0.5–3  mg/d 
(SMD = − 0.438, 95%CI: − 0.862 to − 0.015) and olan-
zapine 6–12 mg/d and fluoxetine 25–50 mg/d combina-
tion (SMD = − 0.317, 95%CI: − 0.487 to − 0.148) were 
conspicuously effective compared with ADT. However, 
cariprazine 3  mg/d (SMD = − 0.126, 95%CI: − 0.233 to 
− 0.019) was evidently inferior to all others (See supple-
mentary materials Table 3).

After adjusting follow-up time, the results basically 
resembled the former. But rispridone 0.5–3  mg/d was 
no longer significantly different compared with ADT. 
Cariprazine 3 mg/d was inferior to all others which were 
conspicuously effective compared with ADT. The respec-
tively treatment"time window"of were cariprazine 3 mg/d 
and rispridone 0.5–3  mg/d not significantly after about 
7.42 weeks and 5.45 weeks(See supplementary materials 
Table 4 and Fig. 8).

MADRS remission rate
There were 17 regimens available for assessing this end-
point, the most administrated agent was ADT (n = 2553), 
followed by brexpiprazole 2 mg/d (n = 611) and caripra-
zine 1.5–4.5 mg/d (n = 480) (See supplementary materi-
als Fig. 11).

In the raw data-analysis, aripiprazole 2–20  mg/d 
(HR = 2.556, 95%CI: 2.016 to 3.242), brexpiprazole 
3  mg/d (HR = 1.563, 95%CI:1.04 to 2.378), cariprazine 
3  mg/d (HR = 1.477, 95%CI: 1.042 to 2.097), rispridone 
0.5–2  mg/d (HR = 2.611, 95%CI:1.438 to 4.728), rispri-
done 0.5–3  mg/d (HR = 3.326, 95%CI:1.618 to 6.749) 
were conspicuously effective compared with ADT (See 
supplementary materials Table 5).

After adjusting follow-up time, the results basically 
resembled the former. There was no treatment"time 
window"for regiments in this group. (See supplementary 
materials Table 6).

Heterogeneity and inconsistency and convergency
There was no prominent heterogeneity (I2 < 50%) in the 
direct comparisons on each endpoint.

The I2 of overall and loops inconsistency was less than 
50% and p > 0.01, indicating no overall inconsistency 
nor loops inconsistency between direct and indirect 
comparisons.

The trace plots and density plots and Brooks-Gelman-
Rubin diagnostic plots showed good convergency of 
the model in both Bayesian network meta-analysis and 
Bayesian network meta-regression, collectively (See sup-
plementary materials).

Discussion
To the best of our knowledge, this is the first Bayesian 
network meta-regression analysis investigating SGAs 
augmentation to anti-depressants in the treatment of 
TRD adjusting follow-up period.

Interpretation of our results
This NMR of 14 agents showed that SGAs, including 
aripiprazole, brexpiprazole, cariprazine, olanzapine, 
olanzapine-fluoxetine combination (based on ADT), que-
tiapine, and risperidone with corresponding dosages, etc., 
could be employed as adjunctive treatments for TRD.

Our findings not only justified dispute and incongru-
ity regarding the efficacy of SGA augmentative treatment 
confronting TRD from previous literature, but also pro-
vide advanced and unprecedented data in terms of"time 
window", deepening clinical understanding of medica-
tion algorithm (including sequential therapy) in treating 
TRD, paving the way for further formulation or update of 
related guidelines [13, 14, 21–24].
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Our result that aripiprazole was effective in the aug-
mentative treatment of TRD was consistent with previ-
ous studies [25]. Most imperatively, our results supported 
pharmacologically augmented recommendations for 
aripiprazole and brexpiprazole from"2023 Update on 
Clinical Guidelines for Management of Major Depres-
sive Disorder in Adults"drafted by CANMAT, which were 
listed as first-line agents to enhance oral antidepressant 
therapy [26].

According to our study, across all the endpoints, ari-
piprazole with fixed dose or flexible dose was long-term 
(namely no"time window"effect) effective in patients with 
TRD. In consistent to our results, a 6-week RCT showed 
a significant improvement in mean MADRS score with 
fixed-dose and flexible-dose aripiprazole compared with 
ADT in Japanese TRD patients [27].

A meta-analysis investigating anti-depression remedies 
in treating TRD showed that the response rate of ari-
piprazole was significantly higher than placebo [16]. Sim-
ilarly, aripiprazole was regarded to be effective with doses 
ranged from 2 to 20 mg per day, rapid onset of effect and 
lasts long duration of maintenance (from initiation of 

medication to the longest follow-up period, namely 0–8 
weeks) from our study.

Establishing clinical‑pathological correlation
Both aripiprazole and brexpiprazole are dopamine recep-
tor partial agonists, and brexpiprazole has less intrinsic 
agonist activity at D2 receptor than aripiprazole [28]. 
Compared with aripiprazole, brexpiprazole has lower 
D2 intrinsic activity, although the latter features a more 
potent serotonergic 5-HT2 A antagonism [29], which 
means that more favorable tolerability and safety should 
be expected. However, in terms of improving MADRS 
score, our study showed no significant difference between 
brexpiprazole 3 mg/d and ADT after 7.22 weeks. In addi-
tion, a meta-analysis showed that brexpiprazole was most 
effective at doses up to about 2 mg/d, and then showed 
a downward trend at higher allowable doses up to 3 mg 
[30].This is similar to the results of Dean F Wong’s study, 
which found that multiple doses of 2 mg/d are expected 
to result in D2/D3 receptor occupancies of around 80%, 
which is regarded as a clinically effective threshold [31]. 
D2 partial agonism, which may theoretically account for 
different clinical activities depending on the dose [32, 33].

Fig. 2  Network graph of MADRS pairwise comparisons of regimens for second-generation antipsychotics (SGA) augmentation 
on treatment-resistant depression
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Fig. 3  Time-effect size curves of MADRS score
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Cariprazine is a D3-preferring dopamine D2/D3 recep-
tor partial agonist, with a higher affinity for D3 receptors 
[34]. Dopamine D3 receptor blocking may have pro-cog-
nitive and antidepressant effects [35, 36]. Cariprazine has 
been approved by the FDA for the treatment of schizo-
phrenia and bipolar I disorder, and in recent years, more 
and more studies have focused on cariprazine adjuvant 
treatment of TRD. Studies have shown that cariprazine 
can significantly reduce MADRS scores compared to 
ADT [37–39].

However, the optimal effective dose of cariprazine is 
still under debating. For instance, a 6-week RCT showed 
that the mean reduction of MADRS total score from 
baseline was significantly greater with cariprazine 1.5 
mg/d compared with ADT, but paradoxically, cariprazine 
3.0 mg/d failed to show superiority [39].

On the contrary, another study showed that caripra-
zine 2–4.5 mg/d, compared with cariprazine 1–2 mg/d, 
showed superior efficacy on MADRS score, which was 
philosophical [37].

Our study showed that the average"time window"of 
cariprazine 3  mg/d in both MADRS score and CGI-S 

score endpoints was about 7.26 weeks, while the 
average"time window"of cariprazine 1–2  mg/d and 
cariprazine 2–4.5 mg/d in the aforementioned endpoints 
was about 2.88 weeks, which was paradoxical, either.

Consider the possible reasons, cariprazine has a fairly 
long half-life (2 to 4 days) [40], Whether it is more likely 
to fatigue the receptor and trigger drug resistance. The 
optimal effective threshold is not the highest dose, 
which may be due to personalized medication or genetic 
variation of CYP2D6. Patients with genetic variants 
of CYP2D6 may be slow or fast metabolizers of certain 
drugs [41]. More related studies are entailed to investi-
gate this phenomenon in the future.

A meta-analysis investigating anti-depressants regi-
mens in treating TRD showed that the efficacy of ris-
peridone at 2nd, 4 th, and 6 th week was second merely 
to that of quetiapine augmentation (800 mg/day) [17]. 
Previous study has shown that, in terms of quality of life 
or functioning, risperidone was superior to ADT [42]. 
Those were consistent with our findings. In terms of 
response rates, regiments such as risperidone were supe-
rior to ADT after adjustment [43–45].

Fig. 4  Network graph of MADRS response rate pairwise comparisons of regimens for second-generation antipsychotics (SGA) augmentation 
on treatment-resistant depression
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It is widely acknowledged that the combination of 
fluoxetine and olanzapine resulted in a greater improve-
ment in MDD [46, 47]. However, our results showed that 
the efficacy of olanzapine diminished after 4.11 weeks. 
The possible reasons may be as follows: olanzapine has 
a synergistic effect with fluoxetine, while olanzapine has 
a weaker synergistic effect with other anti-depressants, 

leading to the differential outcome [48]. In addition, 
the main side effects of olanzapine are weight gain and 
hyperlipidemia, which may compromise the compliance 
of patients and increase the withdrawal rate, leading to 
unsatisfying efficacy [49]. Therefore, since the specifica-
tion of combination of olanzapine and fluoxetine is dif-
ferent from olanzapine (the dosage of olanzapine is less 

Fig. 5  Time-effect size curves of MADRS response rate
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in the former), this may account for the issue raised in 
this beginning of this paragraph.

Clinical feasibility analysis
As scrupulously analyzed above, aripiprazole is regarded 
to be ideal in small doses without"time window". How-
ever, in clinical settings, more concern should be 
addressed. For instance, a percentage patients may 
undergo extrapyramidal side effects including cathiso-
phobia administrating aripiprazole, a meta-analysis from 
sages revealed amelioration by using benzhexol [50]. As 
for the affordability, since aripiprazole has been enrolled 
in the China National Drug List of Basic Medical Insur-
ance, Work Injury Insurance and Maternity Insurance 
(2023), therefore it can be reimbursed, paving the way for 
accessibility [51].

Limitation
Firstly, the sample sizes of certain studies were small, 
which may result in larger random error, numerically 
wider 95% confidence intervals, potentially compromis-
ing our results.

Secondly, the follow-up periods across enrolled studies 
were not broad and disperse, hence the underlying"time 
window"of certain regimens may not emerge in our study 
and the"time window"calculated may not be quite precise.

Thirdly, we did not include non-pharmacological treat-
ments owing to the limitation of text, which may overes-
timate the effect of singular SGA use.

Finally, at statistical level, there were several confound-
ers at baseline could have been adjusted, but based on 
the existing methodology, we could only adjust one con-
founder in each network meta-regression analysis.

Conclusion
Based on comprehensive consideration, aripiprazole 
may be the best recommendation among second-gen-
eration antipsychotics for augmentation therapy with 
anti-depressants in treatment-resistant depression, which 
could be considered in the formulation of clinical guide-
lines. More head-to-head and long-term studies were 
necessitated.
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