
Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2021 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

  e1Prim Care Companion CNS Disord 2021;23(4):20r02799

Meta-Analysis

Long-term Efficacy and Tolerability 
of Adjunctive Aripiprazole for Major Depressive Disorder:
Systematic Review and Meta-analysis
Ashok Seshadri, MDa,b,*; Michaela E. Wermers, PharmDc,d;  
Timothy J. Habermann, PharmD, RPhe; and Balwinder Singh, MDb

ABSTRACT
Objective: To assess the long-term efficacy and safety of 
aripiprazole as an augmentation strategy for major depressive 
disorder (MDD).

Data Sources: Ovid MEDLINE, PsycInfo, and Embase databases 
were systematically searched for clinical studies of adult patients 
with MDD on long-term aripiprazole augmentation. The search 
was restricted to randomized clinical trials, open-label trials, and 
observational studies published in English from inception of the 
databases to May 23, 2019.

Study Selection and Data Extraction: Long-term follow-up 
was defined as ≥ 6 months. Primary outcome was remission 
from depression. Secondary outcome was incidence of adverse 
effects.

Results: Four open-label studies were included in this review. 
Random effects meta-analysis of 3 studies (n = 2,117) revealed 
a weighted average remission proportion of 0.33 (0.16–0.51), 
showing trend of improved response with duration of treatment. 
Three studies (n = 2,231) provided adverse effects data. Medically 
significant weight gain (25%–28% participants) was higher in 
studies with patients receiving doses ≥ 5 mg and lower (3.5%) 
in a study using doses < 5 mg. Akathisia (15%–16%), insomnia 
(12%–17%), somnolence (14%), and fatigue (18%) were common 
adverse effects. Tardive dyskinesia risk was low (< 1%) at 1-year 
follow-up. All included studies were open-label, noncontrolled 
studies, with longest follow-up of 52 weeks, limiting efficacy and 
safety conclusions.

Conclusions: Aripiprazole augmentation may be an effective 
long-term strategy for treatment of refractory MDD. Lower 
maintenance doses (2–5 mg) of aripiprazole may be effective 
and have fewer side effects compared to larger doses (> 5 mg–10 
mg).
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Major depressive disorder (MDD) is a leading cause of
disability worldwide.1 More than 4% of the world’s 

population suffers from depression. Only 50% of patients 
with MDD respond to the first trial of an antidepressant, 
and 36.8% of patients achieve remission after a first course of 
antidepressant treatment.1,2 Patients with MDD who respond 
partially to an adequate trial of antidepressant often need an 
augmentation agent to further optimize the response.3,4 The 
Sequenced Treatment Alternatives to Relieve Depression 
(STAR*D) study5 was a pragmatic effectiveness trial wherein 
subjects with depression not achieving remission from 
citalopram were sequentially switched or augmented with 
alternative medication strategies. This study demonstrated 
the effectiveness of a flexible treatment approach that included 
augmentation strategies with medications such as mirtazapine, 
buspirone, bupropion, lithium, triiodothyronine, and 
nortriptyline if patients did not achieve adequate response to 
treatment.5 Atypical antipsychotic medication augmentation 
strategies using olanzapine, quetiapine, and aripiprazole have 
also been shown to result in improved depressive outcomes in 
randomized controlled studies of 6- to 12-week duration.6–11 
However, olanzapine and quetiapine are associated with 
significant risk of weight gain and sedation, making them less 
desirable for long-term maintenance therapy.6,8

Aripiprazole is an atypical antipsychotic medication that 
was approved by the US Food and Drug Administration as 
an adjunct for MDD in 2007.12 Aripiprazole is unique in its 
mechanism of action as a partial agonist at dopamine D2, 
D3, and serotonin 5-HT1A receptors and an antagonist at 
5-HT2A receptors.13 Randomized controlled trials (RCTs) of
aripiprazole investigating its efficacy as an augmentation agent 
for depression for short-term (6 to 8 weeks) duration showed
higher response rates compared to control.9–11,14,15 Common
side effects reported from these studies9–11,14,15 included
akathisia, fatigue, and weight gain.

There is a scarcity of data regarding the safety and efficacy of 
aripiprazole as a maintenance augmentation strategy for MDD. 
The objective of this review is to systematically synthesize 
the literature to determine long-term efficacy and safety of 
aripiprazole as a maintenance augmenting agent for MDD.

METHODS

A systematic search of Ovid MEDLINE, Embase, and 
PsycInfo databases from inception of the databases to May 
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23, 2019 was conducted by a professional librarian. We 
searched for studies with participants with MDD treated 
with intervention and aripiprazole augmentation of an 
antidepressant compared to control or placebo. Our 
outcomes of interest were long-term remission/response 
and long-term adverse effects. We restricted our search to 
RCTs, open-label trials, and observational studies published 
in the English language. Long-term follow-up was defined 
as study duration ≥ 6 months. Our inclusion criteria for 
participants were adults (≥ 18 years of age) with MDD, with 
inadequate response to an antidepressant after at least 6 
weeks of treatment, and treated with aripiprazole compared 
against any control condition.

Study Selection and Data Extraction
The online systematic review tool Endnote was used for 

title and abstract screening and full-text review.16 Title and 
abstract screening were done in duplicate by 2 independent 
reviewers (M.L.W. and A.S.). Conflicts were resolved by 
discussion. Full-text review was completed in duplicate 
from studies meeting inclusion criteria by 2 authors (M.L.W. 
and A.S.). Any disagreements were resolved by consensus. 
Treatment response data were extracted using remission 
rates from selected studies. We extracted side effects data 
reported from selected studies.

Quality Assessment/Risk of Bias
Quality assessment was carried out in duplicate by 2 

study authors (A.S. and B.S.) using a modified version of 
the Newcastle-Ottawa Scale (NOS) adapted for cross-
sectional studies.17 Conflicts were resolved by discussion 
and consensus. The modified NOS scale uses a points 
system (1 point or 0 points) to evaluate included studies 
assessing sample representativeness and size, comparability 
between responders and nonresponders, ascertainment 
of depression outcome, and thoroughness of outcome 
reporting (Supplementary Table 1). Quantitative tests to 
assess publication bias were not performed due to the limited 
number of studies.18

Meta-analytic Techniques Consideration
Treatment response data were extracted using reported 

rates of remission from selected studies. Meta-analysis of 
proportions was performed using a random effects model 
to synthesize the weighted average proportions of remission 
from the selected studies, weighted by using the inverse 
variance method.19 RStudio version 3.5.1 software was used 
to conduct the meta-analysis.20 Heterogeneity was assessed 
using Cochran’s Q statistic with P value < .10 on the Cochran’s 

Q Test as a cutoff to attribute heterogeneity to between-study 
factors rather than by chance.21 The I2 statistic was used to 
assess the contribution of between-study heterogeneity to 
the overall estimate of heterogeneity. We assigned cutoffs of 
25%, 50%, and 75% for small, moderate, and large levels of 
heterogeneity, respectively, between studies.21

RESULTS

Our search strategy yielded 810 articles. After 
deduplication, 609 records were screened by title and 
abstract, from which 18 studies were found to be eligible 
for full-text review (Supplementary Figure 1). Of the 
full-text articles assessed for eligibility, only 4 studies22–25 
provided long-term data (≥ 6 months) of efficacy or 
incidence of adverse effects. Two studies24,25 were open-
label aripiprazole augmentation trials. One study22 was a 
prospective observational study of 52-week duration, and 
1 study23 used a RCT design for the acute phase followed by 
a 24-week open-phase follow-up period. The studies were 
conducted in the United States,23,25 Italy,24 and Japan.22 
Across the 4 studies, a total of 2,632 participants received 
aripiprazole augmentation therapy.

Characteristics of Included Studies
Berman et al25 conducted an open-label augmentation 

study of aripiprazole to assess long-term safety with a 
52-week follow-up that included 1,002 adult patients 
who received adjunctive aripiprazole to antidepressant 
medications (escitalopram, fluoxetine, paroxetine, 
sertraline, venlafaxine, bupropion, duloxetine, mirtazapine) 
with the target aripiprazole dose of 10 mg/d. Fabrazzo et al24 
completed an open-label augmentation study of aripiprazole 
with clomipramine (100 mg–300 mg) to assess efficacy in 
participants with MDD not responsive to clomipramine 
alone after an ineffective previous trial of selective serotonin 
reuptake inhibitor (SSRI) medication. They used a fixed 
dose of aripiprazole 5 mg/d with a 24-week follow-up 
period.24 The VA Augmentation and Switching Treatments 
for Improving Depression Outcomes23 was a multisite 
RCT with participants having suboptimal response to 
a course of SSRI, serotonin-norepinephrine reuptake 
inhibitor (SNRI), or mirtazapine. The study23 compared 
participants randomized to aripiprazole augmentation 
of antidepressant medication (citalopram, escitalopram, 
fluoxetine, paroxetine, sertraline, venlafaxine, duloxetine, or 
mirtazapine) to participants with bupropion augmentation 
of antidepressant and participants switched to bupropion 
monotherapy during the acute treatment phase of 12 
weeks with subsequent 24-week open-label follow-up if 
they showed adequate benefit and tolerated medication 
therapy. Kamijima et al22 conducted a prospective 
multicenter, observational study of 1,103 participants with 
MDD, followed for 52 weeks of aripiprazole augmentation 
of antidepressant therapy (escitalopram, fluvoxamine, 
paroxetine, sertraline, duloxetine, mirtazapine, or 
milnacipran) to assess effectiveness and safety of aripiprazole 

Clinical Points
 ■ Aripiprazole augmentation may be an effective long-term 

strategy for treatment of refractory depression. 
 ■ Lower maintenance doses (< 5 mg) of aripiprazole may be 

effective and have fewer side effects compared to larger 
doses.
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Table 1. Characteristics of Included Studies in the Systematic Review

Author

Aripiprazole 
Augmentation of 
Antidepressant Mean Dose

Length of Trial/
Duration of 
Follow-Up

Primary 
Outcome

Outcome 
Measure

Secondary 
Outcome

Sex  
(female), %

Age, 
mean ± SD, y

Baseline 
Score, 

mean ± SD
Fabrazzo et al, 
201224

Clomipramine 5 mg 24 weeks Response/
remission

HDRS No data 
on adverse 
effects

60.0 38.8 ± 11.5 HDRS:
29.0 ± 4.5

Berman et al, 
201125

Escitalopram, fluoxetine, 
paroxetine, sertraline, 
venlafaxine, bupropion, 
duloxetine, mirtazapine

10.1 mg 52 weeks Adverse 
effects

CGI-S
MADRS

Efficacy 66.0 45.8 ± 11.3 MADRS:
20.2 ± 9.0

Mohamed et 
al, 201723

Escitalopram, fluoxetine, 
paroxetine, sertraline, 
venlafaxine, duloxetine, 
mirtazapine

5–10 mg At least 12 weeks 
and follow-up to 
36 weeks

Remission QIDS-C16 Adverse
effects 

15.2 54.2 ± 12.3 QIDS-C16:
16.9 ± 3.3

Kamijima et al, 
201822

Escitalopram, 
fluvoxamine, paroxetine, 
sertraline, duloxetine, 
milnacipran, mirtazapine

3.5 ± 1.8 mg 52 weeks 
(mean ± SD  
duration: 
253.7 ± 169.8 days)

Remission MADRS Adverse
effects 

52.0 45.5 ± 15.2 MADRS:
29.6 ± 9.2

Abbreviations: CGI-S = Clinical Global Impressions–Severity of Illness, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Asberg Depression 
Rating Scale, QIDS-C16 = Quick Inventory of Depressive Symptomatology.

Author Events Total Weight Proportion [95% CI]
Berman et al, 201125 221 1,002 36.0% 0.22 [0.20–0.25]

Fabrazzo et al, 201224 12 35 28.1% 0.34 [0.19–0.52]

Kamijima et al, 201822 472 1,080 35.9% 0.44 [0.41–0.47]

Total (95% CI) 2,117 100.0% 0.33 [0.16–0.51]
Heterogeneity: τ2 = 0.0220; χ2 = 117.47, df = 2, P < .01; I 2 = 98%
  0 1 2 3 4

 Depression Remission

Figure 1. Random Effects Meta-Analysis of Weighted Remission of Long-Term Aripiprazole Augmentation for Major 
Depressive Disorder

 

augmentation in real-world clinical practice settings. Table 1 
provides a summary of study characteristics of the 4 studies 
included in this systematic review.

Efficacy of Long-term Aripiprazole Augmentation
Efficacy. Random effects meta-analysis of 3 long-term 

aripiprazole augmentation studies showed a weighted 
remission proportion of 0.33 (0.16–0.51), suggesting a 
weighted average of one-third of participants achieving 
depression remission with long-term treatment (Figure 1). 
Heterogeneity was high between included studies (Q = 117, 
df = 2, P < .01) with high between-study heterogeneity 
(I2 = 98%). Rates of remission showed a trend toward 
improved remission rates with lower average doses among 
the 3 studies.

Berman et al,25 with a mean dose of 10.1 mg/d, provided 
efficacy data using the Clinical Global Impressions–Severity 
of Illness rating scale and reporting 22% of participants 
meeting criteria for “normal” or “borderline ill.” Fabrazzo 
et al24 reported remission rates of 34% after 24 weeks of 
combined treatment with clomipramine (mean dose = 181 
mg/d, SD = 56.9) and a fixed augmentation dose of 
aripiprazole (5 mg/d). They observed a trend of increasing 

response (57% at week 8 to 91% at week 24) and remission 
(0 at week 8 to 34% at week 24) with duration of treatment.24 
Kamijima et al,22 with a mean ± SD dose of 3.5 ± 1.8 
mg/d, reported a similar trend of statistically significant 
improvement in mean depression scores measured using 
the Montgomery-Asberg Depression Rating Scale (MADRS) 
from baseline to each follow-up time point of the study 
(months 1, 3, 6, and 12). Remission was achieved by 34.5% 
of participants at 6 months and 43.3% of participants at 12 
months. In this study, there were no statistically significant 
differences based on antidepressants that were being 
augmented. Logistic regression analysis revealed mild to 
moderate disease severity, MADRS scores < 33 (P = .013), 
and shorter duration of depression (< 176 days, P < .001) were 
associated with significantly greater response to aripiprazole 
augmentation.22

Safety/Tolerability of Long-term  
Aripiprazole Augmentation

Three studies provided data of adverse effects noted 
in their studies22,23,25 (Table 2), while 1 study reported no 
significant adverse effects including weight changes with 
aripiprazole augmentation.24 The incidence of at least 1 
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treatment-emergent side effect appeared to show a dose-
dependent relationship based on reported side effects from 
these studies. The study22 with the lowest mean dose of 3.5 
mg daily had the lowest rate of at least 1 side effect with 24.8%, 
while the study25 with the highest mean average dose of 10.1 
mg had the highest rate at 93.7%. The study with a mean dose 
between 5 mg and 10 mg reported 74% of participants had at 
least 2 side effects.23 The most common adverse effects were 
akathisia, weight gain, insomnia, somnolence, and fatigue, 
with incidence of akathisia and weight gain greatest in the 
study using doses > 10 mg. Berman et al25 reported medically 
significant weight gain, defined as ≥ 7% body weight, in 28% 
of subjects, with most weight gain occurring within the 
first 26 to 32 weeks of treatment, while Mohamed et al23 
reported a 25.2% incidence of medically significant weight 
gain. By contrast, the study22 using low doses < 3.5 mg/d 
reported only 4.4% incidence of weight gain. Insomnia and 
somnolence occurred in 12%–17% of participants receiving 
doses above 5 mg. Tardive dyskinesia risk was low at 1-year 
follow-up, occurring in < 1% in the 2 studies23,25 using doses 
> 5 mg, and 0% in the study22 using a mean dose of 3.5 mg.
There was no significant change in mean fasting cholesterol
or glucose levels compared to baseline in 1 study.25 Prolactin
elevations occurred occasionally during serial monitoring,
but did not occur in a predictable fashion. Overall, mean
serum prolactin levels were lower at week 52 compared to
baseline.25

Quality of Included Studies
All the included long-term studies used an open-label 

design. Two22,25 of the 4 included studies contained large 
samples followed for 52 weeks, drawn from multiple clinical 
sites. Two studies22,23 provided comparative data between 
treatment responders and nonresponders. All studies used 
validated outcome measures. Three22,23,25 of 4 studies 
provided descriptive statistics of event rates for primary 
outcome measures. Based on our modified criteria, 1 study22 
scored 5 points, 1 study25 scored 4 points, 1 study23 scored 3 
points, and 1 study24 scored 1 point.

DISCUSSION

Implications for Practice
In this systematic review, we identified 4 studies that 

evaluated the long-term use of aripiprazole augmentation 
with commonly used antidepressants including SSRIs, 

SNRIs, tricyclic antidepressant (clomipramine), bupropion, 
and mirtazapine for efficacy and safety. Findings from 3 
long-term studies showed that aripiprazole augmentation of 
antidepressant medications was associated with significant 
improvement in depression outcome measures irrespective 
of concomitant antidepressant medication starting early in 
treatment with continued improvement through month 12. 
A trend of a gradually increasing proportion of participants 
achieving remission from depression was observed with 
continued treatment to month 12.22,24 Two22,24 of these 
studies used aripiprazole doses ≤ 5 mg for augmentation. 
Adverse effects data suggest that doses of aripiprazole > 5 
mg are associated with greater side effect burden including 
occurrence of medically significant weight gain in 25% to 
28% of patients, as well as akathisia (15%–16%), insomnia 
(12%–17%), somnolence (14%), and fatigue (18%). Risk of 
tardive dyskinesia was low (< 1%) based on these studies.

Recurrent MDD is treated with long-term maintenance of 
medication treatment to reduce the risk of relapse.26 These 
long-term studies do not provide data to recommend optimal 
duration of maintenance therapy. However, relative safety of 
low-dose augmentation and suggestion of increasing benefit 
from longer treatment duration suggest aripiprazole could 
be a safe long-term maintenance strategy for up to 52 weeks. 
However, it must be noted that the studies reporting treatment 
response data included in this review were open-label studies 
with no control groups, making firm conclusions on efficacy 
difficult. Additionally, side effects such as tardive dyskinesia 
could emerge many years after treatment. Although there was 
no suggestion of significant changes in fasting blood sugar or 
cholesterol levels, medically significant weight gain occurred 
in 25% of participants in 2 studies.23,25 The metabolic impact 
of weight gain may manifest over a longer timeframe than 
was possible to evaluate with a 1-year follow-up period.

Implications for Future Research
Future studies using a RCT design with a control group 

will provide a greater ability to assess treatment efficacy 
and adverse effects more accurately. Naturalistic follow-up 
studies of > 1-year duration are needed to determine long-
term effectiveness and safety of maintenance aripiprazole 
augmentation for MDD. While the studies reviewed 
here suggest increasing rates of remission with duration 
of treatment, it is unclear how long the benefits may be 
sustained. It is unclear if future relapses or recurrence may 
be responsive to dose escalation strategies and what the side 

Table 2. Adverse Effects of Long-Term Use of Aripiprazole

Adverse Effect

Berman et al25 Mohamed et al23 Kamijima et al22

Mean Dose: 10.1 mg
(N = 994)

Mean Dose: 5–10 mg
(N = 505)

Mean Dose: 3.5 mg
(N = 1,103)

Akathisia, % 26.2 15.0 4.7
Weight gain, % 28.0 25.0 4.0
Insomnia, % 12.3 17.0 3.4
Somnolence, % 13.7 14.5 1.9
Fatigue, % 18.0 17.6 1.4
At least 1 side effect, % 93.7 74.0 24.8
Tardive dyskinesia, n, % 4 (0.4) 2 (0.4) 0 (0)
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effect burden of that strategy may be. Some adverse effects 
such as tardive dyskinesia may develop many years after 
treatment. Additionally, studies comparing the efficacy of 
aripiprazole augmentation at different doses as well as with 
other augmentation strategies like lithium, lamotrigine, and 
other antipsychotic medication augmentation strategies 
could help inform treatment strategies that balance the 
benefits versus relative risks of each treatment approach.

Limitations
One of the limitations of our review was the small 

number of studies identified with long-term follow-up that 
ranged from 24 to 52 weeks. The observational, open-label 
nature of included studies without a control group precludes 
making conclusions on the efficacy and tolerability of 
aripiprazole as an augmentation strategy. Although longer 
durations of follow-up in the included studies are greater 

than most clinical trials, the recurring and relapsing nature of 
MDD demands treatment duration with medications much 
greater than 1 year. Some of the statistical significance seen 
in the included studies could be due to the large sample sizes 
employed in the study designs.

CONCLUSIONS

This systematic review of 4 open-label long-term follow-up 
studies of 24 to 52 weeks of aripiprazole augmentation of 
antidepressants for MDD suggest that aripiprazole may be a 
helpful maintenance strategy with lower doses (< 5 mg) being 
more efficacious while causing fewer side effects compared to 
larger doses (5 mg–10 mg). There is suggestion of increasing 
treatment benefits with increased duration of treatment. The 
most common adverse effects were akathisia, weight gain, 
insomnia, somnolence, and fatigue.

Submitted: August 19, 2020; accepted November 
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Published online: June 24, 2021.
Potential conflicts of interest: None.
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Supplementary Figure 1. Preferred Reporting Items for Systematic Reviews 
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Supplementary Table 1. Modified Newcastle-Ottawa Scale (NOS) Risk-of-Bias 

Scoring Guide  

(1) Representativeness of the sample

 1 point:  Sample drawn from a population from multiple sites at multiple 

institutions.  

 0 points: Population contained either a single institution or site    

(2) Sample size

1 point: Sample size was ≥300 participants.  

0 points: Sample size was <300 participants.    

(3) Comparability

 1 point: Comparability between respondent and non-respondent characteristics 

was established. 

 0 points: The comparability between respondents and non-respondents was 

unsatisfactory, the response “rate” was unsatisfactory, or there was no description 

of the response “rate” or the characteristics of the responders or non-responders.    

(4) Ascertainment of depression outcome

 1 point: Well described and/or validated measurement tool, e.g., HAM-D  

 0 points: Poorly described measurement tool of uncertain validity or non-validated 

single-question screening tool.  

(5) Quality of descriptive statistics reporting

 1 point: Reported statistics to describe outcome data with precise event rates  

 0 points: Descriptive statistics were not reported, were incomplete  
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