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Abstract
Background Zuranolone, an oral version of allopregnanolone and neurosteroid, is a novel drug for the treatment of major 
depressive disorder (MDD) and postpartum depression (PPD).
Aim The purpose of this systematic review and meta-analysis was to assess the efficacy of zuranolone in the treatment of 
MDD and PPD.
Method A systematic search was conducted using EBSCOhost to simultaneously search Academic Search Premier, APA 
PsycArticles, APA PsycInfo, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, 
CINAHL Ultimate, and MEDLINE with Full Text. Two independent reviewers screened the articles and completed a full-
text review using Covidence. The quality of each study was assessed using the Cochrane Risk of Bias tool for randomized 
trials (RoB 2). A meta-analysis was then conducted using Review Manager (RevMan v5.4) software.
Results The initial search yielded 127 results, with 6 articles fitting our inclusion and exclusion criteria. All 6 studies, com-
prising 1707 participants, had an overall low risk of bias. There was a significant decrease in HAM-D scores for MDD at 
15 days versus placebo (MD − 2.40, 95% CI − 3.07 to − 1.63; p < .001). When pooling data for PDD, there was an overall 
significant decrease in HAM-D scores at 15 days versus placebo (MD − 4.06, 95% CI − 4.25 to − 3.87; p < .001).
Conclusion The results suggest that zuranolone can improve symptoms of PPD at 15 days; however, results were not clinically 
significant for MDD. Future research is needed to evaluate the long-term efficacy of zuranolone in PPD and the treatment 
efficacy in MDD.

Keywords Allopregnanolone · Brexanolone · Depression · Depressive disorder · Major · Neurosteroid · Postpartum · 
Pregnanolone · Zuranolone

Impact statements

• The available antidepressant treatments are not always 
effective for the treatment of major depressive disorder 
(MDD) and postpartum depression (PPD), demonstrating 
a need for a more effective, efficient, and practical solution.

• The novel drug zuranolone, an oral version of allopreg-
nanolone and neurosteroid, is currently being studied in 
the treatment of MDD and PPD.

• This systematic review and meta-analysis suggests that 
in patients with MDD or PPD, a 14-day course of once-
daily zuranolone causes a statistically significant reduc-
tion of HAM-D; however, these outcomes are only con-
sidered clinically significant for PPD.

• The future direction of neurosteroid research is open for 
exploration as to how this class of medications can fit 
into the treatment regimens of other mental and neuro-
logical disorders.
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Introduction

The treatment of both major depressive disorder (MDD) 
and postpartum depression (PPD) does not provide imme-
diate relief to one’s symptoms as soon as they are diag-
nosed, as many patients find themselves experiencing a 
long list of adverse effects, lack of remission, and the need 
to constantly change their treatment regimens to find relief 
[1, 2]. However, there is a new drug that may be effective 
in treating both, known as zuranolone [3].

Major depressive disorder

MDD is one of the most common mental health disorders 
in the United States, affecting 21.0 million, or 8.3% of peo-
ple in 2021, and about 6.5% of the European population [4, 
5]. Globally, the COVID-19 pandemic played a significant 
role in the increase of MDD. Populations with higher rates 
of COVID-19 infections and decreased mobility due to 
lockdowns showed increased rates of depression between 
2020 and 2021 [6]. In the wake of the post-COVID-19 
pandemic, MDD is more important than ever to address. 
People diagnosed with MDD are at an increased risk of 
mortality, partially due to the risk of suicide, but MDD 
also is a comorbidity of many mental and physical disor-
ders [2].

In addition to cognitive behavioral therapy, the current 
pharmacological standard of care for MDD is primarily tar-
geted at serotonin and norepinephrine neurotransmitters in 
the form of selective serotonin reuptake inhibitors (SSRI), 
serotonin and norepinephrine reuptake inhibitors (SNRI), 
and less commonly due to the risk of adverse effects, tricy-
clic antidepressants (TCA) and monoamine oxidase inhibi-
tors (MAOI) [7]. Adverse effects of many treatments include 
weight gain, loss of libido, and sleep disturbances, which 
may cause medication discontinuation [8]. Additionally, 
SSRIs may take up to 6 weeks to notice improvement in 
symptoms [8]. The current antidepressant treatments are 
thought to improve symptoms in approximately 20% of 
patients [9], demonstrating a need for a more effective, effi-
cient, and practical solution for the treatment of MDD.

Postpartum depression

One of the most common complications of childbirth is post-
partum depression (PPD), affecting 10–15% of people who 
recently gave birth. However, it is suspected the true number 
of those experiencing PPD is much higher, as it is highly 
underdiagnosed due to both stigma and lack of screening 
[10]. As of 2022, the prevalence of PPD had increased by 
24% as compared to pre-pandemic times [11].

The treatment of PPD is multifactorial and multidiscipli-
nary, as the condition is both medical and psychiatric. For 
those suffering from severe symptoms of PPD, SSRIs may 
not work; therefore, other classes of antidepressants, such 
as SNRI, TCA, and atypicals such as bupropion, may be 
trialed, which carry greater concern for safety during breast-
feeding [12]. Electroconvulsive therapy (ECT) may also be 
an option for severe treatment-resistant PPD [13].

Allopregnanolone

Allopregnanolone, a neurosteroid and progesterone metab-
olite, is a potent positive allosteric modulator that binds 
to synaptic and extrasynaptic  GABAA receptors [14]. 
In patients with depression, allopregnanolone levels are 
decreased in the cerebrospinal fluid [15]. In addition, the 
increase of progesterone is directly related to the increase 
in serum allopregnanolone throughout pregnancy, especially 
in the third trimester [16]. In the postpartum period, serum 
progesterone and, therefore, allopregnanolone levels drop 
rapidly [14].

The Food and Drug Administration (FDA) approved a 
parenteral version of the neurosteroid allopregnanolone, 
brexanolone (Zulresso), for the treatment of PPD in March 
2019 [17]. While effective, brexanolone requires a 60-h 
infusion time in the hospital, making it inconvenient and 
expensive for the medication and the required hospital stay 
[18]. Recently, in August 2023, zuranolone, an oral version 
of allopregnanolone, was FDA-approved for the treatment 
of PPD, with once-daily dosing for 14 days, demonstrat-
ing the ability to provide symptomatic relief in as soon as 
3 days [19].

Aim

This systematic review and meta-analysis aimed to compare 
the efficacy of zuranolone versus placebo in the treatment 
of adults with MDD and PPD, as evidenced by a reduc-
tion in depressive symptoms on the Hamilton Depression 
Rating Scale (HAM-D). An ethics statement is not appli-
cable because this study is based exclusively on published 
literature.

Method

Search strategy

A systematic literature review was performed using EBSCO-
host to search Academic Search Premier, APA PsycArticles, 
APA PsycInfo, Cochrane Central Register of Controlled Tri-
als, Cochrane Database of Systematic Reviews, CINAHL 
Ultimate, and MEDLINE with Full Text simultaneously 
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from inception until September 2, 2023. The University 
Health-Sciences librarian assisted in developing a compre-
hensive Boolean-based search strategy (See Supplement 1). 
Additional searches were completed on PubMed, Nursing 
and Allied Health Premium, and a grey literature search on 
BioRxiv and MedRxiv, using similar search terms.

Study selection

The inclusion criteria were defined as peer-reviewed, English 
language reports of adults ≥ 18 years old, randomized, pla-
cebo-controlled trials, and those diagnosed with either post-
partum depression or major depressive disorder as defined 
by the DSM-5. Two independent reviewers used covidence.
org (M.W. and E.W.) to screen the titles and abstracts for 
eligibility, followed by a full-text review with any conflicts 
resolved by discussion or a third-party reviewer (S.R.) [20]. 
Data were independently extracted from the retained articles 
for analysis. This study protocol had been registered to the 
International Platform of Registered Systematic Review and 
Meta-analysis Protocols (INPLASY) register, registration 
number INPLASY2023100007; available at doi.org/https:// 
doi. org/ 10. 37766/ inpla sy2023. 10. 0007.

Risk of bias assessment

The risk of bias of each included study was evaluated using 
the Cochrane Risk of Bias tool for randomized trials (RoB 
2) by the 2 independent reviewers assessing for bias through 
five domains and reported as low risk, some concerns, or 
high-risk [21].

Meta‑analysis

Review Manager (RevMan v5.4) software was used to con-
duct a DerSimonian and Laird random-effects meta-analysis 
to account for heterogeneity [22]. A p-value of < 0.05 indi-
cated statistical significance, and heterogeneity was consid-
ered when I2 > 50%.

Results

Search results

The database search yielded 127 results, with 49 duplicate 
records removed. After title and abstract screening, a full-
text review of the remaining 35 records was completed, and 
28 reports were excluded, 26 of which were excluded based 
on insufficient data, most of which were poster presentations 
without complete data sets. A total of 6 randomized controlled 
trials (RCT), comprised of 1707 participants, are included in 
the review (see Fig. 1 PRISMA Flow Diagram) [19, 23–28].

Study characteristics

The 6 studies included in this systematic review were dou-
ble-blinded, randomized controlled trials [19, 23–27]. Of the 
6 studies, 2 focused on the efficacy of zuranolone in treat-
ing PPD [26, 27], while the other 4 focused on zuranolone 
in treating MDD [19, 23, 24, 27]. The primary outcome of 
all six RCTs was a change in HAM-D scores from baseline 
to day 15 [19, 23–27]. To capture those with moderate to 
severe MDD or PPD, all studies required baseline HAMD-
17 scores of ≥ 22 [19, 23], ≥ 24 [24], or ≥ 26 [25, 26]. Kato 
et  al. [27] included participants with baseline HAM-D 
scores < 25 and ≥ 25. Patient demographics and baseline 
HAM-D scores were comparable among experimental and 
control groups. In addition to HAM-D scores, all six stud-
ies analyzed multiple rating scales as sources of secondary 
outcomes (Table 1).

The treatment period for all studies was 14 days, in which 
one dose of either zuranolone or the placebo was given each 
night with fat-soluble foods to maximize absorption [19, 
23–27]. Multiple dosing strategies included: 2 experimen-
tal groups, one taking a 20 mg dose and the other taking a 
30 mg dose [19, 27]; 50 mg doses of zuranolone [24, 26]; 
and 30 mg doses of zuranolone only [23, 25]. The treatment 
drug was self-administered in five studies [19, 24–27], and 
inpatient for the first week to monitor for adverse effects in 
one study [23]. Participants on antidepressants prior to the 
study were permitted if they were on a stable regimen for at 
least 60 days [19, 24], or 30 days [23, 25, 26] in which doses 
could not be titrated during the active trial. Kato et al. [27] 
excluded any individuals from their study who had used an 
antidepressant within 14 days of beginning the trial.

All studies measured HAM-D scores and secondary 
outcomes at different predetermined intervals (See Fig. 2). 
Zuranolone or the placebo was given once daily from day 1 
to day 14 of the trials, with the observational period begin-
ning on day 15 for all studies included (See Table 2). Obser-
vation was continued through the measurement of primary 
and secondary outcome scores until day 42 [23, 24], 45 [25, 
26], 57 [27], or 182 [19]. While Kato et al. [27] required par-
ticipants to complete observation and subsequent HAM-D 
reports, participants were given the choice to voluntarily 
continue observation through HAM-D scores on days 71 
and 99.

Risk of bias

Risk of bias was assessed through five domains using the 
Cochrane Risk of Bias tool (2.0) [21]. All 6 RCTs in this 
systematic review had overall low risks of bias.

https://doi.org/10.37766/inplasy2023.10.0007
https://doi.org/10.37766/inplasy2023.10.0007


593International Journal of Clinical Pharmacy (2024) 46:590–601 

MDD pooled analysis

When pooling data from the 4 studies (See Fig. 3) that eval-
uated efficacy in MDD (with Clayton et al. & Kato et al. 
investigating both 20 and 30 mg doses), there was an overall 
significant decrease in HAM-D scores at 15 days versus pla-
cebo (MD − 2.40, 95% CI − 3.07 to − 1.63; p < 0.001). When 
pooling data from the 2 studies (See Fig. 4) that evaluated 
efficacy in PDD, there was an overall significant decrease 
in HAMD-17 scores at 15 days versus placebo (MD − 4.06, 
95% CI − 4.25 to − 3.87; p < 0.001). There was a high degree 
of heterogeneity between MDD studies  (I2 of 99%), whereas 
there was a low heterogeneity  (I2 = 0%) in the PPD studies.

Reduction in montgomery‑Åsberg depression rating 
scale (MADRS) and Hamilton anxiety rating scale 
(HAM‑A) scores

Of the 5 studies that examined depressive symptoms using 
the MADRS scale, all found statistically significant reduc-
tions in MADRS scores from baseline, 2 for PPD and 3 
for MDD [19, 23–26]. Anxiety symptoms, assessed using 
the HAM-A, were significantly improved in three of the six 

RCTs, 2 for PPD and 1 for MDD [24–26]. However, for both, 
clinical significance was not consistently demonstrated.

Discussion

Statement of key findings

To the best of the authors’ knowledge, this is the first sys-
tematic review and meta-analysis that evaluated the efficacy 
of zuranolone for both PPD and MDD. Overall, data analy-
sis exhibits a statistically significant reduction of HAM-D 
scores; however, the clinical significance was mixed. Gen-
erally, a 50% reduction in HAM-D scores is considered a 
response to an intervention, and scores of < 7 are consid-
ered remission [29]. Unfortunately, only half of the studies 
on MDD yielded a response. According to Hengartner and 
Ploderl, the minimal clinical important difference (MCID) 
for the HAM-D is 3–5 points [30]. The HAM-D overall 
mean difference of − 2.40 suggests there likely is not a clini-
cally significant improvement in the treatment of MDD.

In contrast, both studies in the PPD analysis individually 
yielded a clinically significant response to zuranolone, and 
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the pooled mean difference of -4.06 indicates a clinically 
meaningful difference compared to placebo. While these 
pooled results have not yet been published, it is unsurprising 
to see why the United States Food and Drug Administration 
approved zuranolone for PPD but rejected its approval for 
MDD [31]. It is not clear why the repletion of allopregna-
nolone would be more effective in improving HAM-D scores 
in PDD versus MDD, though some have speculated there is 
a physiological difference in disease processes [16].

There are not yet any studies that directly compare 
zuranolone to brexanolone; however, the pooled reduction 
in HAM-D was similar to outcomes reported by Meltzer-
Brody et al. [17]. The benefit of zuranolone is the simplicity 
of oral administration compared to an inpatient stay in the 
postpartum period. The other significant benefit is the rapid 
onset of its antidepressant effect, compared to the traditional 
first-line use of SSRI, where outcomes are typically meas-
ured 8–12 weeks after initiation [32].

While the aim of this review was not to compare 
zuranolone to other existing treatments for PPD, it is 
important to be mindful of these treatments and their 

limitations. Although those with moderate symptoms 
respond well to psychological treatments, such as Cogni-
tive-behavioral therapy (CBT) and interpersonal therapy 
(IPT), drawbacks include the time commitment required 
for regular therapy sessions and the potential for finan-
cial strain if not covered by insurance [12]. In addition, as 
previously noted, SSRIs and SNRIs have well-described 
side effect profiles, but their full impact can be delayed 
for 4–6 weeks, and treatment may not always be effec-
tive with lactation safety considerations, as well [8–10]. 
Finally, in regard to ECT, while it may be considered a 
treatment option for severe and refractory cases of PPD, 
more research is needed to understand better its efficacy, 
safety, and appropriate role in the management of this con-
dition. It should be approached cautiously and only after 
careful consideration of all available treatment options and 
potential risks [13].

Fig. 2  Time intervals of primary and secondary outcome collection

Fig. 3  Forest plot of change in HAM-D score from baseline to day 15 for MDD

Fig. 4  Forest plot of change in HAM-D score from baseline to day 15 for PPD
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Strengths and weaknesses

A common limitation across all the studies included in the 
systematic review were small sample sizes, ranging from 
89 to 537 participants, and overall short durations of the 
studies, ranging from 45 to 182 days in length [19, 23–27]. 

Due to the novelty of zuranolone, the long-term efficacy 
and safety of the drug are currently unknown, warrant-
ing trials with longer durations. The RoB2 tool deemed 
all six RCTs to have a low risk of bias. However, it is 
also important to consider conflicts of interest, as five of 
the RCTs received funding from zuranolone manufacturer 

Table 2  Change from baseline to day 14 in HAMD-17

M = mean, SD = standard deviation, LSM = least squares mean, SE = standard error, P = placebo, Z = Zuranolone

Change from baseline to day 15 in HAMD-17 score

Author(s) and 
year

Depressive 
disorder

Baseline HAMD-17 
(M ± SD)

Day 15 HAMD-17 (LSM 
[SE])

LSM Differ-
ence

95% CI P-value Result

P Z P Z

Clayton et al. 
[24]

MDD 26.9 ± 2.7 26.8 ± 2.6 − 12.3 [0.5] − 14.1 [0.5] −  1.8 − 3.0 to–0.1 p = 0.01 Significantly 
lowered 
HAM-D 
score with 
Zuranolone 
compared to 
placebo

Clayton et al. 
[19]

MDD 25.8 ± 3.1 30 mg: 
25.9 ± 2.9

20 mg: 
25.8 ± 2.8

− 11.1 
[0.59]

30 mg: −  
12.5 [0.68]

20 mg: 
− 11.5 
[0.62]

30 mg: − 1.4
20 mg:− 0.4

30 mg:− 0.40 
to 0.06

20 mg: −  
0.26 to 0.20

30 mg: 
p = 0.116

20 mg: 
p = 0.664

HAM-D score 
was not 
significantly 
lowered 
in either 
Zuranolone 
20 mg or 
30 mg

Deligiannidis 
et al. [25]

PDD 28.8 ± 2 28.4 ± 2 − 13.6 
[1.07]

− 17.8 
[1.04]

−  4.2 − 6.9 to − 1.5 P = 0.003 Significantly 
lowered 
HAM-D 
score with 
Zuranolone 
compared to 
placebo

Kato et al. 
[27]

MDD 24.5 ± 2.1 30 mg: 
24.6 ± 2.2

20 mg: 
24.8 ± 2.4

− 6.22 
[0.62]

30 mg: 
− 8.31 
[0.63]

20 mg: 
− 8.14 
[0.62]

30 mg: 
− 2.09

20 mg: 
− 1.92

30 mg:− 3.83 
to − 0.35

20 mg: − 3.65 
to − 0.19

30 mg: 
p = 0.0190

20 mg: 
p = 0.0296

Significantly 
lowered 
HAM-D 
scores 
with both 
Zuranolone 
20 mg and 
30 mg 
compared to 
placebo

Deligiannidis 
et al. [26]

PPD 28.8 ± 2.3 28.6 ± 2.5 − 11.6 
[0.82]

− 15.6 
[0.82]

− 4.0 − 6.3 to − 1.7 p = 0.001 Significantly 
lowered 
HAM-D 
score with 
Zuranolone 
compared to 
placebo

Gunduz-
Bruce et al. 
[23]

MDD 25.7 ± 2.4 25.2 ± 2.6 − 10.3 [1.3] − 17.4 [1.3] − 7.0 − 10.2 to 
− 3.9

p < 0.001 Significantly 
lowered 
HAM-D 
score with 
Zuranolone 
compared to 
placebo
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Sage Therapeutics, each with multiple authors working for 
and holding stock within the company [19, 23–26].

Many studies required a minimum HAM-D score as 
an inclusion criterion, resulting in most participants hav-
ing severe MDD or PPD in this systematic review and 
meta-analysis; therefore, limiting the generalizability of 
the results to those with mild or moderate MDD or PPD 
[24]. Last, trials studying zuranolone primarily occurred 
during the COVID-19 pandemic, a time of isolation and 
increased depression. Due to this, the decrease in HAM-D 
scores could have been magnified due to participants feel-
ing less isolated during the multiple in-person study visits.

Systematic review limitations

The limitations of this systematic review and meta-analysis 
are mainly surrounding the paucity of data. Substantially 
high heterogeneity was found within the MDD pooled 
analysis. A stepwise removal of studies was performed to 
identify causes of heterogeneity. Based on a visual inspec-
tion of the forest plot, we speculated that Gunduz-Bruce 
et al. was the likely cause; however, when removed, the 
 I2 remained at 99%. Additionally, authors pooled data at 
varying doses (ranging from 20 to 50 mg); however, even 
when analyzing only the same doses (e.g., 30 mg), the  I2 
remained at 99%. Given the overall low risk of bias, we 
are unsure of the specific cause of heterogeneity. As only 
2 relatively small RCTs examined the effect of zuranolone 
on PPD, it may be difficult to extrapolate data and general-
ize it to the greater public [25, 26]. An additional limita-
tion was the lack of studies only examining the efficacy of 
zuranolone without additional antidepressants. Only one 
study excluded all patients who used psychotropic medi-
cations during the study period [27]. The rest included 
approximately 30% of participants with concomitant use 
of antidepressants during the study period (See Table 1). 
The rate of antidepressant use was similar between treat-
ment and placebo; however, results were not stratified to 
compare potential differences.

Interpretation

While depressive symptoms of PPD are accurately measured 
by scales such as the HAM-D or MADRS, symptoms that 
are more specific for PPD can also be assessed by BIMF 
and EPDS scores. These scores were significantly improved 
with the treatment of zuranolone through day 45, which sug-
gests a sustained impact on maternal functioning several 
weeks after the 14-day treatment. Indeed, across all scales 
measuring symptoms of depression (HAM-D, MADRS), 
anxiety (HAM-A), and PPD-specific symptoms (BIMF, 
EPDS), symptoms remained significantly reduced at day 

45, indicating that the effect of zuranolone for PPD per-
sists longer than the effect of zuranolone for MDD [25, 26]. 
Considering that zuranolone is not approved for breastfeed-
ing as it has not been studied for safety; however, it would 
still preclude breastfeeding for that relatively short 14-day 
course. As for MDD, the effects of zuranolone were not sig-
nificantly sustained past the 15-day period [19, 23, 24, 27], 
which may indicate the need for longer treatment periods or 
re-dosing strategies.

Adverse effects are frequently an issue in the treatment 
of depression. Sexual side effects, specifically sexual dys-
function (e.g., anorgasmia or decrease in libido), may cause 
many to be non-compliant with their recommended anti-
depressant regimen [33]. One in six women have reported 
some degree of sexual dysfunction while taking antidepres-
sants, such as SSRIs, SNRIs, TCAs, and atypical antidepres-
sants like bupropion [34]. Clayton et al. [19] analyzed the 
effect of zuranolone 30 mg on sexual dysfunction among 
men and women, in which neither sex reported an increase 
in sexual dysfunction from baseline while taking zuranolone 
or upon completing the trial. This is an important considera-
tion when a clinician is weighing zuranolone as a treatment 
option.

Further research

While the 14-day course of zuranolone appears successful 
in reducing the depressive symptoms of PPD, it remains 
unknown as to whether the effects will be sustained 
beyond day 45, guiding future research to help leave those 
suffering from PPD with lasting remission. While there 
was marginal improvement for MDD during the treatment 
period, symptoms returned during the observation period. 
Due to the brevity of the effect and the lack of clinical 
significance, further studies examining longer durations 
or re-dosing strategies are needed to investigate if this is a 
viable option for MDD. One final limitation is that almost 
all the studies took place in the United States. Cultural 
factors play a significant role in the severity of PPD; thus, 
these results are likely not representative of all cultures 
[35]. As of February 2024, zuranolone is only commer-
cially available in the United States. Given the global prev-
alence of postpartum depression and the apparent safety 
and efficacy of zuranolone, authors speculate that it will be 
of interest to the international community [36].

Conclusion

This systematic review and meta-analysis concludes that 
a once-daily, 14-day course of oral zuranolone causes a 
clinically significant decrease in HAM-D for PPD. Given 
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the novelty of zuranolone and short follow-up period, fur-
ther research is needed to confirm these findings.
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