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1  | INTRODUC TION

Postpartum depression (PPD) is a major depressive episode (MDE) 
associated with pregnancy and childbirth. In the 5th version of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM- 5), one 
of the specifiers of an MDE includes “peripartum onset” in recogni-
tion of the onset of symptoms that can occur during pregnancy or 

in the first 4 weeks following delivery.1 Expert opinions vary greatly 
regarding the timing of symptom onset that defines PPD, ranging 
from the early postpartum period to 12 months after delivery.2- 5 
In accordance with DSM- 5 criteria, the diagnosis of depression re-
quires the presence of 5 or more of the following symptoms: de-
pressed mood, diminished interest or pleasure in all (or almost all) 
activities, significant weight loss or gain, insomnia, psychomotor 
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Abstract
Postpartum depression (PPD) is a common major depressive episode surrounding 
childbirth, with estimated rates ranging from 5.5% to 23.5% of all live births across 
Europe	and	the	USA	based	on	the	presence	of	key	symptoms.	PPD	has	been	asso-
ciated with significant impairments in both maternal functioning and mother- infant 
attachment, and these impairments can have lasting effects on the emotional and 
cognitive	 development	 of	 children.	 Although	 the	 precise	 pathophysiology	 of	 PPD	
is unknown, preclinical findings suggest that large fluctuations in neurosteroid hor-
mone	levels	can	induce	physiological	plasticity	in	the	expression	of	functional	GABAA 
receptors during pregnancy and the postpartum period, and that deficits in this plas-
ticity may underpin a biological mechanism that contributes to the manifestation of 
depressive symptoms. Here, we review the controlled clinical trials to date that have 
assessed the efficacy of pharmacological treatments for PPD, including oestradiol, 
selective serotonin reuptake inhibitors, brexanolone (an iv formulation of allopreg-
nanolone)	and	an	investigational	neuroactive	steroid	and	GABAA positive allosteric 
modulator,	 zuranolone.	 Coupled	 with	 the	 GABAergic	 deficits	 implicated	 in	 major	
depressive	disorder,	 these	 findings	highlight	not	only	 the	potential	 role	of	GABAA 
receptor plasticity in the pathophysiology of PPD, but also the novel therapeutic ap-
proach	of	using	positive	allosteric	modulators	targeting	GABAergic	transmission	to	
treat women affected by PPD.
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agitation or slowing, fatigue or loss of energy, feelings of worthless-
ness or excessive inappropriate guilt, diminished ability to think or 
concentrate, or recurrent thoughts of death or suicidal ideation.1 
Additionally,	common	PPD	symptoms	present	as	persistent	sadness,	
anxiety, irritability, feelings of guilt, loss of interest, fatigue, trouble 
bonding with the baby, persistent doubts about the ability to care 
for the baby, or suicidal thoughts.6 The impact of PPD can also ex-
tend to the entire family, including children, because several stud-
ies have implicated PPD as negative factor affecting the cognitive 
and emotional outcomes of infants.7,8 Impairments in the quality of 
caregiving, mother- infant interaction and attachment have also been 
identified as contributing factors to the burden of disease.9,10

PPD may be underdiagnosed because of a lack of disease aware-
ness, barriers for access to care and stigma11,12; therefore, many 
studies report rates of PPD based on the presence of key symptoms. 
In	 the	USA,	9.7%-	23.5%	of	women	with	a	 recent	 live	birth	experi-
ence symptoms of PPD.13	Across	 eight	European	 countries,	 5.5%-	
13.5% of mothers are reported to experience PPD symptoms each 
year.14- 21	Analyses	that	require	a	formal	diagnosis	of	depression	have	
reported PPD rates up to approximately 13%.12,14,22- 27 The predicted 
costs of untreated perinatal mood and anxiety disorders, including 
PPD,	were	estimated	to	be	$14	billion	in	the	USA	in	2017	for	affected	
mothers and their children.28	A	similar	UK	study	showed	that	peri-
natal mental illness could cost society over £8 billion per each 1- year 
birth cohort.29	Up	until	recently,	there	have	been	limited	pharmaco-
logical treatment options for PPD; the first PPD- specific treatment, 
brexanolone	(ZULRESSO®;	Sage	Therapeutics,	Inc,	Cambridge,	MA,	
USA)	was	approved	by	the	US	Food	and	Drug	Administration	(FDA)	
in 2019.30	Brexanolone	is	an	iv	formulation	of	allopregnanolone	that	
is administered as a continuous infusion for 60 hours.31 Traditional 
oral antidepressant treatments have been frequently used to treat 
these patients despite no specific indication for PPD; however, the 

literature has shown varied efficacy of such treatments, indicating 
that there remains a high unmet need among this population.32- 35

2  | NEUROSTEROIDS AND 
PATHOPHYSIOLOGY OF PPD

Neurosteroids	are	produced	from	cholesterol	in	the	brain	and	alter	
neuronal excitability through membrane receptors without di-
rect effects on gene expression.36 Early observations of the rapid 
central nervous system action of neurosteroids in the animal lit-
erature date back to 1941.37	Based	on	 their	 structural	 properties,	
neurosteroids produce a range of effects on excitatory or inhibi-
tory neurotransmission.38 In one of the earlier reports, Majewska 
et al39 demonstrated that 3α- hydroxy- 5α- dihydroprogesterone and 
3α,5α- tetrahydrodeoxycorticosterone are potent modulators of 
the	GABAA	 receptor.	 Animal	 studies	 have	 identified	 key	 enzymes	
for neurosteroid biosynthesis localised in several regions of the 
brain, including the cerebral cortex, hippocampus, dentate gyrus, 
thalamus, cerebellum, olfactory bulb, striatum and amygdala.40,41 
Neurosteroids	are	 therefore	assumed	to	act	 locally	within	specific	
corticolimbic circuitries,41 and recent investigations have identified 
a	site	of	action	on	synaptic	and	extrasynaptic	GABAA receptors.42 
GABAA receptors are ligand- gated anion channels typically com-
prised of α and β subunits (2 of each), along with a single γ subunit 
in synaptic receptors or a single δ subunit in extrasynaptic recep-
tors	 (Figure	 1).42	 Allopregnanolone,	 also	 known	 as	 3α- hydroxy- 5α 
-	pregnan-	20-	one	(ALLO),	is	a	major	pregnancy	hormone	and	is	also	
a highly potent positive allosteric modulator of both synaptic and 
extrasynaptic	GABAA	receptors	(Figure	1).

43- 45

Dysregulation of neurosteroidogenesis has been implicated in 
several neuropsychiatric disorders, including both PPD and unipolar 

F I G U R E  1  Mechanism	of	action	of	the	positive	allosteric	modulator	allopregnanolone	on	synaptic	and	extrasynaptic	GABAA receptors. 
Allopregnanolone	binds	both	synaptic	and	extrasynaptic	GABAA receptors, acting as a positive allosteric modulator to increase the 
frequency	and	duration	of	channel	opening,	thus	increasing	hyperpolarizing	GABAergic	current.46,93	BZD,	benzodiazepine;	GABA,	γ- 
aminobutyric	acid;	GABAA, γ-	aminobutyric	acid	type	A;	NAS,	neuroactive	steroid
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depression, as reviewed in detail by Porcu and et al.46 Consistent 
with initial preclinical findings,47	cerebrospinal	fluid	levels	of	ALLO	in	
depressed patients were found to be lower than in healthy controls 
at baseline and subsequently increased and normalised following 
treatment with the selective serotonin reuptake inhibitors (SSRIs) 
fluoxetine or fluvoxamine,48 suggesting that SSRIs may mediate an-
tidepressant/anxiolytic actions in part via promoting neurosteroid 
synthesis.	 Alterations	 in	 genetics/epigenetics,	 inflammation,	 neu-
roplasticity and the hypothalamic- pituitary- adrenal axis have been 
observed in both forms of depression.49- 51	Because	these	systems	
interact with each other and do not operate in isolation, it is import-
ant to recognise the potential role of biological triggers that con-
tribute	to	the	PPD	mechanism	of	disease.	Although	the	diagnostic	
criteria of PPD are the same as those for an MDE in the setting of 
major depressive disorder (MDD), the timing of symptom onset is 
often in the 4- 6 weeks following childbirth.2,3,52 This may indicate a 
biological trigger for PPD, leading to downstream pathophysiological 
elements	common	to	both	MDD	and	PPD.	For	example,	women	with	
PPD have been shown to be more sensitive to hormonal fluctua-
tions compared to women without PPD.53	Furthermore,	a	 seminal	
epidemiology study that assessed almost all women who gave birth 
in Sweden over an 11- year period (n = 707 701) showed that a his-
tory of depression increases the risk for PPD by more than 20- fold.54

There is a considerable increase in hormone levels that peaks 
towards	the	end	of	pregnancy;	this	includes	ALLO,	which	begins	at	
< 20 nanomolar concentrations in early pregnancy and subsequently 
reaches 75- 110 nanomolar concentrations for most women.43 The 
precipitous drop of these hormone levels around parturition (in-
cluding to <	 2	 nanomolar	 concentrations	 for	 ALLO	 at	 4-	6	 weeks	
postpartum) has therefore been a focus of research as a potential 
biological trigger for PPD.55- 58	Although	this	drop	in	hormone	levels	
may represent a trigger, it fails to explain why the majority of women 
do not experience PPD even though all experience this hormonal 
fluctuation	 and	 decline	 in	 ALLO.	 Further	 preclinical	 research	 has	
elucidated	 that	 there	 is	 down-	regulation	 of	GABAA δ and γ2 sub-
units	 that	parallel	 increasing	ALLO	 levels	during	pregnancy,	which	
is followed by functional up- regulation back to baseline levels in the 
postpartum period.59 These findings suggest that this physiological 
compensation may be impaired in PPD, and that the emergence of 
severe depressive symptoms in the postpartum period may be a re-
sult	of	insufficient	up-	regulation	of	GABAA receptors. Maguire and 
Mody59	also	investigated	the	GABAA receptor plasticity with a focus 
on δ subunit knockout mice and found that both homozygotes and 
heterozygotes (Gabrd- /-  and Gabrd+/- ) displayed abnormal maternal 
behaviours leading to reduced survival of the offspring, which were 
ameliorated by the administration of δ subunit selective agonist 
THIP (4,5,6,7- tetrahydroisoxazolo(5,4- c)pyridin- 3- ol) in Gabrd+/-  
mice.	The	GABAergic	deficit	hypothesis	of	depression	 stems	 from	
widely	 replicated	observations	of	 reduced	GABA	 levels	 in	plasma,	
cerebrospinal fluid and cortical brain tissue, as well as postmortem 
findings	showing	reduced	expression	of	GABAergic	markers	 in	de-
pressed patients,60	 thus	 placing	 GABAergic	 neural	 circuit	 deficits	
at	 the	 centre	 of	 the	 aetiology	 of	 depressive	 disorders.	 Notably,	

monoaminergic antidepressant use is linked with increased cortical 
GABA	concentrations	in	both	patients	with	depression	and	healthy	
volunteers, further supporting this view.61,62 Collectively, the avail-
able evidence suggests that PPD may be associated with a trigger of 
rapidly declining neurosteroid levels at parturition on a background 
of	 impaired	 up-	regulation	 of	 the	 GABAA receptors in susceptible 
women, and the manifestation of depressive symptoms is based on 
the	GABAergic	deficits	 that	are	common	 to	depressed	patients.	 It	
follows	that,	because	certain	neurosteroids	such	as	ALLO	are	highly	
potent	modulators	of	GABAA receptors, their pharmacologic effects 
can be expected to improve symptoms of depression in patients with 
PPD	based	on	these	GABAergic	deficits.44,60,63

In	 addition,	 preclinical	 evidence	 suggests	 that	 ALLO	 has	 been	
shown to exert anti- inflammatory actions through a number of pos-
sible mechanisms, including its effects on macrophages and microg-
lia.64,65	Other	research	has	shown	that	GABAergic	signalling	reduces	
the production of proinflammatory cytokines through actions on 
antigen- presenting cells.66	Further	research	is	needed	to	character-
ise	the	association	between	the	anti-	inflammatory	effects	of	ALLO	
and its mechanism of action in PPD.

3  | R ANDOMISED CONTROLLED TRIAL S 
IN PATIENTS WITH PPD

Despite the availability of numerous antidepressant agents for 
MDD, none were approved specifically for PPD until the approval of 
brexanolone in 2019 (as summarised below and in Table 1).31 Overall, 
there have been few rigorous clinical trials published that assess the 
efficacy and safety of pharmacologic agents for depression in pa-
tients with PPD. The findings from a systematic literature review 
conducted in 2017 and presented at a scientific congress,35 which 
was subsequently updated in 2021 with newly included studies pre-
sented in this review, identified only 7 randomised, double- blind, 
placebo-  or active- controlled trials that assessed pharmacologic 
therapies for the treatment of PPD aside from brexanolone or 
zuranolone (Table 1).67- 76 These trials primarily assessed the impact 
of oestradiol and SSRIs on patients with PPD.

In general, most studies were conducted across a small number 
of	 centres	 (eg,	≤	3)	 and	had	 fewer	 than	100	participants.	 In	 some	
cases, investigators suggested that they had difficulties meeting 
their planned numbers for enrollment, which occurred primarily 
because of strict inclusion criteria, inefficient recruitment methods 
and time constraints.67,68 One study used multiple protocol amend-
ments over a 2.5- year period to expand its inclusion criteria, even-
tually allowing breastfeeding women to participate and relaxing the 
depressive symptom scale threshold for study entry (from 17- item 
Hamilton	Depression	Rating	Scale	[HAMD-	17]	≥	15	to	≥	12).69 Some 
studies also reported imbalances in baseline characteristics between 
active treatment and placebo groups; in 2 studies, these differences 
occurred in depressive symptom scales that were assessed as study 
outcomes.68,70 Primary endpoints were not clearly stated in all stud-
ies but, in general, time points for the primary analyses ranged from 
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TA B L E  1   Summary of double- blind placebo-  or active- controlled RCTs of pharmacologic therapies for the treatment of PPD

Author (year);
Country (N)

Intervention(s) and 
comparator(s)

Primary endpoint; 
time period

Definition/criteria for PPD 
(timing of symptom onset) Key efficacy outcomes

SSRIs and estradiol

Hantsoo 
(2014)70;	US	
(N	= 36)

Sertraline (n = 17) vs. placebo 
(n = 19)

HAMD-	19/CGI	
responsea 	and	
remissionb 	rates;	
6 weeks

SCID- confirmed MDD; 
HAMD-	19	≥	18	and	< 32, CGI 
moderate severity (within 
3 months of delivery)

Week	6
Response: 59% vs. 26%; 

P = .05
Remission: 53% vs. 21%; 

P = .05
Mean	HAMD-	19	score:	8.8	

vs. 13.0

O’Hara 
(2019)69;	US	
(N	= 162)

Sertraline (n = 56) vs. placebo 
(n = 53) vs. IPT (n = 53)

Change	in	HAMD-	17	
score over time; 12 
weeksc 

HAMD-	17	≥	12,	SCID-	
confirmed DSM- IV diagnosis 
of MDD (within 6 months of 
delivery)

No	significant	group	by	
time
interaction	for	HAMD-	17	

scores (P = .454)	or	BDI	
scores (P = .063)
A	significant	group	by	time	

interaction was noted 
for	IDAS-	GD	scores	
(P = .030)

Yonkers 
(2008)68;	US	
(N	= 70)

Paroxetine (n = 35) vs. 
placebo (n = 35)

NRd ;	8	weeks HAMD-	17	≥	16	at	initial	visit,	
met DSM- IV diagnostic 
criteria for MDD (within 
3 months of delivery)

HAMD-	17,	week	8
Main effect vs. placebo: 
−1.62;	P = .22

Remissione :	37%	vs.	14%	
(OR = 3.5; 95% CI = 1.1- 
11.5; P = .04)

CGI- S, week 8
Main effect vs. placebo: 
−0.48;	P = .047

Gregoire (1996)67; 
UK	(N	= 61)

Estradiol (n = 34) vs. placebo 
(n = 27)

NRf  EPDS	≥	14;	MDE	according	
to	RDC	and	SADS	interview	
(within 12 weeks of delivery)

EPDS, month 1
Mean (SD): 13.3 (5.7) vs. 

16.5 (5.3)
Treatment effect vs. 

placebo: 4.38 (95% 
CI = 1.89- 6.87); P < .001
SADS-	C
Treatment effect vs. 

placebo: 6.30 (95% 
CI = 1.70- 10.69); P < .02

Wisner	
(2015)71;	US	
(N	= 85)

Estradiol (n = 26) vs. sertraline 
(n = 30) vs. placebo (n = 29)

SIGH-	ADS29 responseg 	
and remissionh ;	
8 weeks

2 weeks of symptoms post- 
birth (within 4 weeks of 
delivery)

Rates of response (42.3% 
vs. 63.3% vs. 58.6%; 
P = .26) and remission 
(26.9% vs. 30% vs. 31%; 
P = .94) did not differ 
across the 3 groups at 
week 8

Wisner	
(2006)72- 75;	US	
(N	= 109)

Sertraline (n = 55) vs. 
nortriptyline (n = 54)

HAMD-	17	responsei 	
and remissionj 	rates;	
8 weeks

HAMD-	17	≥	18,	SCID-	
confirmed MDD (within 
4 weeks of delivery)

Week	8
Responded: 56% vs. 69%; 

P = .19
Remitted: 46% vs. 48%; 

P = .79
Nonresponse:	24%	vs.	26%

Kashani	
(2017)76; Iran 
(N	= 68)

Fluoxetine	(n	= 32) vs. saffron 
(n = 32)

HAMD-	17	responsei 	
and remissionk 	rates;	
6 weeks

HAMD-	17	≥	10	and	≤	18;	
DSM- IV MDD (4- 12 weeks 
after delivery)

No	significant	time	by	
treatment interaction for 
HAMD-	17	score

Remission: 21.9% vs. 
18.8% (P = 1.00)

Response: 50% vs. 40.6% 
(P = .61)

(Continues)
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6 to 12 weeks, suggesting that the study investigators expected the 
onset of maximum treatment effect to occur over this period.

The findings from placebo- controlled randomised controlled 
trials	 (RCTs)	 for	 the	treatment	of	PPD	were	mixed.	For	example,	a	

study that assessed high- dose (200 μg) oestradiol in patients with 
severe	 PPD	 (mean	 Edinburgh	 Postnatal	 Depression	 Scale	 [EPDS]	
score > 21; PPD defined as MDE according to the Schedule for 
Affective	Disorders	and	Schizophrenia-	Current	[SADS-	C]	interview	

Author (year);
Country (N)

Intervention(s) and 
comparator(s)

Primary endpoint; 
time period

Definition/criteria for PPD 
(timing of symptom onset) Key efficacy outcomes

GABAA positive allosteric modulators

Kanes	(2017)77; 
US	(N	= 21)

BRX90	(n	= 10) vs. placebo 
(n = 11)

HAMD-	17	change	
from baseline; 
60 hours

SCID-	I	MDE	and	HAMD-	17	
≥	26	(no	earlier	than	third	
trimester and within 4 weeks 
of birth)

Change from baseline in 
HAMD-	17	scores
60	hours:	−20.97	vs.	−8.75	
(mean	difference	−12.2;	
95% CI =	−20.77	to	−3.67;	
P = .0075)

Meltzer-	Brody	
(2018)78,81; 
US	(N	= 138 
[Study	1];	108	
[Study	2])

Study 1
BRX90	(n	=	45)	vs.	BRX60	

(n = 47) vs. placebo (n = 46)
Study 2
BRX90	(n	= 54) vs. placebo 

(n = 54)

HAMD-	17	change	
from baseline; 
60 hours

SCID-	I	MDE	and	HAMD-	17	
≥	26	(Study	1)	or	HAMD-	17	
20- 25 (Study 2) (no earlier 
than third trimester and 
within 4 weeks of birth)

LS	mean	change	from	
baseline	in	HAMD-	17	
scores, Study 1
60	hours:	−17.7	vs.	−19.5	
vs.	−14.0
Mean	difference	BRX90	
vs.	placebo:	−3.7	(95%	
CI =	−6.9	to	−0.5;	
P = .0252)
Mean	difference	BRX60	
vs.	placebo:	−5.5	(95%	
CI =	−8.8	to	−2.2;	
P = .0013
LS	mean	change	from	
baseline	in	HAMD-	17	
scores, Study 2
60	hours:	−14.6	vs.	12.1
Mean	difference	BRX90	
vs.	placebo:	−2.5	(95%	
CI =	−4.5	to	−0.5);	
P = .0160

Deligiannidis 
(2021)85;	US	
(N	= 153)

Zuranolone (n = 77) vs. 
placebo (n = 76)

HAMD-	17	change	
from baseline; 
15 days

SCID-	I	MDE	and	HAMD-	17	
≥	26	(no	earlier	than	third	
trimester and within 4 weeks 
of birth)

LS	mean	change	from	
baseline	in	HAMD-	17	
scores
Day	15:	−17.8	vs.	−13.6;	

P = .003

Note: BRX60,	brexanolone	60	μg/kg/h;	BRX90,	brexanolone	90	μg/kg/h; CGI(- S), Clinical Global Impressions Scale (- Severity); CI, confidence interval; 
DSM,	Diagnostic	and	Statistical	Manual	of	Mental	Disorders;	EPDS,	Edinburgh	Postnatal	Depression	Scale;	HAMD-	17,	17-	item	Hamilton	Depression	
Rating	Scale;	HAMD-	19,	19-	item	Hamilton	Depression	Rating	Scale;	IDAS-	GD,	Inventory	of	Depression	and	Anxiety	Symptoms,	General	Depression	
scale;	IPT,	interpersonal	therapy;	LS,	least	squares;	MDD,	major	depressive	disorder;	MDE,	major	depressive	episode;	NR,	not	reported;	OR,	odds	
ratio;	PPD,	postpartum	depression;	RCT,	randomized	controlled	trial;	RDC,	research	diagnostic	criteria;	SADS(-	C),	Schedule	for	Affective	Disorders	
and	Schizophrenia(-	Current);	SCID(-	I),	Structured	Clinical	Interview	for	DSM-	IV	(Axis	I	Disorders);	SD,	standard	deviation;	SIGH-	ADS29, Structured 
Interview	Guide	for	the	Hamilton	Depression	Rating	Scale—	Atypical	Depression	Symptoms;	SSRI,	selective	serotonin	reuptake	inhibitor.
aResponse	defined	as	HAMD-	19	≤	10,	≥	50%	decrease	in	HAMD-	19	score	from	baseline,	and	score	of	“much	improved”	or	“very	much	improved”	on	
the improvement scale of the CGI.
bRemission	defined	as	HAMD-	19	≤	7.
cPrimary analysis followed assessed time interactions based on follow- up at 4, 8, and 12 weeks.
dHAMD-	17,	IDS-	SR,	and	CGI-	S	scores	assessed	but	primary	endpoint	unclear.
eRemission	defined	as	HAMD-	17	≤	8.
fEPDS,	SADS-	C	scores	assessed	but	primary	endpoint	and	time	point	unclear	(full	study	duration	6	months).
gResponse	defined	as	≥	50%	decrease	in	SIGH-	ADS29 score from baseline.
hRemission	defined	as	SIGH-	ADS29	≤	8.
iResponse	defined	as	≥	50%	decrease	in	HAMD-	17	score	from	baseline.
jRemission	defined	as	HAMD-	17	< 7.
kRemission	defined	as	HAMD-	17	≤	7.

TA B L E  1   (Continued)
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and symptoms occurring within 12 weeks of delivery) demonstrated 
that those who received oestrogen improved rapidly within the 
first month, with a significantly greater improvement in mean EPDS 
score compared to placebo (overall treatment effect: 4.38 points; 
95%	 confidence	 interval	 [Cl]	= 1.89- 6.87).67 Similar findings were 
observed	with	the	SADS-	C	scale67; however, no other common de-
pression	 symptom	 scales	were	measured	 in	 this	 trial.	By	 contrast,	
another study that randomised patients with PPD (who showed 
2 weeks of symptoms starting within 4 weeks of delivery; no symp-
tom scale specified) to oestradiol, the SSRI sertraline or placebo, 
was stopped early because serum concentrations of oestradiol were 
not significantly different between any treatment groups at weeks 
4 or 8.71 The analysis reported no significant differences between 
treatment groups in either of the primary outcomes of rates of re-
sponse (reduction of baseline Structured Interview Guide for the 
Hamilton	Depression	Rating	Scale	-		Atypical	Depression	Symptoms	
[SIGH-	ADS29]	score	by	≥	50%)	or	remission	(SIGH-	ADS29	score	≤	8),	
although the study investigators noted that this was expected be-
cause the study was underpowered as a result of its early stoppage.71

Additional	studies	that	assessed	SSRIs,	including	both	sertraline	
and paroxetine, reported varying results in patients with PPD, often 
with between- group differences only being reported for depres-
sive	symptoms	scales	 that	were	not	 the	primary	outcome.	For	ex-
ample, an 8- week study of patients with PPD (defined as patients 
with symptom onset within 3 months of delivery who met DSM- IV 
criteria	 for	MDD,	with	HAMD-	17	≥	16)	 treated	with	paroxetine	or	
placebo showed that there was only a significant between- group im-
provement from baseline for the Clinical Global Impression -  Severity 
(CGI-	S)	score,	but	not	HAMD-	17	score.68 This study also reported no 
significant difference between groups in the proportion of patients 
who	achieved	response	criteria	(CGI	-		Improvement	[CGI-	I]	score	of	
1	or	2),	although	more	patients	achieved	remission	(HAMD-	17	≤	8)	in	
the paroxetine group compared to placebo (37% vs 14%; P = .04).68 
It should be noted, however, that there was considerable dropout in 
this study, with 35 patients randomised to each treatment group and 
only 17 (paroxetine) and 14 (placebo) remaining in the study at end of 
the 8- week treatment period.68	Withdrawals	because	of	lack	of	ef-
ficacy were reported for 6 and 7 patients, respectively.68 In another 
study of 36 women with PPD (with Structured Clinical Interview for 
DSM-	IV	[SCID]-	confirmed	MDD,	19-	item	HAMD	[HAMD-	19]	score	
≥18	 and	<32, a CGI score of moderate severity, and onset within 
3 months of delivery) randomised to either sertraline or placebo, pa-
tients	in	the	sertraline-	treated	group	had	significantly	lower	HAMD-	
19 scores at baseline compared to the placebo group (20.6 vs 23.2; 
P =  .03).70 Despite this imbalance, the study measured response 
criteria	according	to	the	achievement	of	a	HAMD-	19	score	of	≤	10	
after 6 weeks of treatment, and it was concluded that there was a 
significantly greater proportion of women achieving response who 
were randomised to sertraline compared to placebo (59% vs 26%; 
P =  .05).70	 Notably,	 the	 study	 reported	 no	 statistically	 significant	
differences	 in	mean	HAMD-	19	 scores	between	groups	 at	 the	end	
of week 6.70	Another	study	that	compared	patients	with	PPD	(with	
SCID-	confirmed	MDD	and	HAMD-	17	score	≥12,	and	with	symptoms	

within 6 months of delivery) who were treated with sertraline or pla-
cebo in a double- blind manner (along with a third group that received 
interpersonal therapy unblinded) over 12 weeks showed that there 
were no significant differences in PPD symptoms between groups 
over	time	according	to	the	HAMD-	17	(primary	outcome)	and	Beck	
Depression Inventory scales.69 The study did report statistically sig-
nificant time to improvement for the Inventory of Depression and 
Anxiety	 Symptoms	 -		 General	 Depression	 scale	 for	 the	 sertraline	
group compared to both interpersonal therapy and placebo, al-
though there were no significant differences between any groups 
for	response	(≥	50%	reduction	in	HAMD-	17)	or	recovery	(HAMD-	17	
≤	7,	typically	defined	as	remission)	criteria.69

Three RCTs compared antidepressant agents head- to- head in 
patients with PPD; in addition to the study described above that 
compared oestradiol and sertraline along with a placebo arm (with 
no between- group differences reported although the study was 
stopped early),71 a separate study compared sertraline with nortrip-
tyline	in	patients	with	SCID-	confirmed	MDD	and	a	HAMD-	17	score	
≥	18	within	4	weeks	of	delivery,72- 75 and another compared fluoxe-
tine	with	saffron	in	patients	with	DSM-	IV	MDD	who	had	HAMD-	17	
scores	≥10	and	≤18	and	symptom	onset	between	4	and	12	weeks	
after delivery.76 In both studies, there were no between- group dif-
ferences in the proportion of patients who achieved response or re-
mission criteria at treatment end (weeks 8 and 6, respectively).72,76

4  | STUDIES OF NEUROAC TIVE STERIODS 
THAT ARE GABA A POSITIVE ALLOSTERIC 
MODUL ATORS

The first RCT of brexanolone, an iv formulation of allopregnanolone, 
in PPD was conducted in 21 women with severe symptoms (total 
HAMD-	17	 score	 ≥	 26)	 in	 4	 centres	 in	 the	USA.77 Major eligibility 
criteria included women who were up to 6 months postpartum and 
between the ages of 18 and 45 years with no significant medical 
findings, and an onset of depressive symptoms either during the 
last trimester of pregnancy or within 4 weeks after delivery.77 
Brexanolone	or	placebo	was	administered	as	a	continuous	infusion	
for 60 hours, and the primary endpoint was change from baseline 
in	 the	 HAMD-	17	 total	 score	 at	 this	 time	 point.77 Patients were 
followed- up in a blinded manner for 30 days.77	After	60	hours,	the	
mean difference between the groups in change scores from base-
line	was	−12.2	(95%	CI	=	−20.77	to	−3.67)	(P = .0075) favouring the 
brexanolone group.77	In	addition,	HAMD-	17	score	improvements	fa-
voured the brexanolone group at 36, 48, 60 and 72 hours, and days 
7 and 30.77	Remission	(HAMD-	17	total	score	≤	7)	was	observed	in	7	
of 10 patients in the brexanolone group compared to 1 of 11 patients 
in the placebo group at 60 hours (P = .0364), whereas response rates 
(50%	or	greater	reduction	from	baseline	in	total	HAMD-	17	score)	did	
not reach statistical significance between groups (7 in 10 patients in 
the brexanolone group compared to 4 of 11 patients in the placebo 
group; P = .1450).77	There	were	no	serious	adverse	events	(AEs)	or	
discontinuations	in	either	group,	and	the	most	frequent	AEs	in	the	
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brexanolone group were dizziness (2 patients in the brexanolone and 
3 patients in the placebo group) and somnolence (2 patients in the 
brexanolone and none in the placebo group).77 The results of this 
first RCT of a neuroactive steroid with a novel mechanism of action 
as	a	GABAA positive allosteric modulator, which demonstrated fast 
onset of improvement and relatively high remission rates, supported 
further development of brexanolone for the treatment of PPD.

Subsequent brexanolone studies in patients with PPD were con-
ducted under an umbrella protocol that included two multicentre, 
randomised, double- blind, placebo- controlled phase 3 trials.78 
These clinical trials included common key eligibility criteria, includ-
ing age range (18- 45 years), being up to 6 months postpartum and 
a requirement for being in good physical health.78 Study 1 included 
women	with	a	HAMD-	17	severity	score	≥	26,	and	randomised	pa-
tients 1:1:1 to a single 60- hour continuous infusion of either brex-
anolone 90 μg kg- 1 h- 1	(BRX90),	brexanolone	60	μg kg- 1 h- 1	(BRX60)	
or placebo.78 The primary endpoint was the change from baseline 
in	the	total	HAMD-	17	score	at	60	hours,	and	the	follow-	up	period	
lasted 30 days during which time participants remained blind to 
treatment.78 In total, 138 women were randomised in study 1 to 
BRX90	(n	=	45),	BRX60	(n	= 47) or placebo (n =	46).	After	60	hours,	
the	mean	difference	 in	 change	 from	baseline	 in	HAMD-	17	 scored	
between the placebo group and both brexanolone infusion groups 
was	statistically	significant	(−5.5	[95%	CI	=	−8.8	to	−2.2],	P = .0013 
for	BRX60;	−3.7	 [95%	CI	=	−6.9	to	−0.5],	P =  .0252	for	BRX90).78 
In	 the	 BRX60	 group,	 compared	 to	 the	 placebo	 group,	 HAMD-	17	
total scores were significantly lower starting at 24 hours and all later 
timepoints, including 36, 48, 60 and 72 hours and 7 and 30 days (all 
P <  .05).78	 In	 the	BRX90	group,	 statistically	 significant	 changes	 in	
total	HAMD-	17	scores	were	observed	at	60	hours	and	30	days	(both	
P < .05).78	Remission	rates	(HAMD-	17	≤	7)	at	60	hours	were	51.4%	in	
the	BRX60	group	compared	to	16.3%	in	the	placebo	group	(P = .001) 
and	30.8%	in	the	BRX90	group	(P = .083 compared to placebo).78,79 
The	response	rate	at	60	hours	was	86.5%	in	the	BRX60	group	com-
pared to 55.8% in the placebo group (P =  .005) and 74.4% in the 
BRX90	group	(P = .049 compared to placebo).78,79	Brexanolone	in-
fusion was generally well tolerated; the most common treatment- 
emergent	AEs	in	the	brexanolone	groups	were	headache,	dizziness	
and somnolence.78	 One	 patient	 in	 the	 BRX60	 group	 experienced	
2	 serious	AEs	 of	 suicidal	 ideation	 and	 an	 intentional	 overdose	 at-
tempt during the follow- up period, which was not considered to be 
treatment- related.78

For	 study	2,	 the	HAMD-	17	severity	 score	of	 included	patients	
were within a range from 20 to 25, and patients were randomised 
1:1	either	to	BRX90	(n	= 54) or placebo (n = 54).78 Similar to study 
1, a 60- hour infusion of brexanolone or placebo was administered, 
and patients remained blinded for 30 days with the primary endpoint 
of	change	from	baseline	in	the	total	HAMD-	17	score	at	60	hours.78 
The	mean	difference	in	HAMD-	17	change	from	baseline	scores	fa-
voured	the	BRX90	group	(−2.5	[95%	CI	=	−4.5	to	−0.5],	P = .0160) 
and	 total	HAMD-	17	 scores	were	 significantly	 lower	 in	 the	BRX90	
group compared to the placebo group at 48, 60 and 72 hours and 
7 days (all P <  .05).78	 After	 60	 hours,	 remission	 was	 achieved	 in	

61.2%	in	the	BRX90	group	compared	to	38.5%	in	the	placebo	group		
(P =  .003)	and	response	criteria	were	met	for	75.5%	in	the	BRX90	
group compared to 59.6% in the placebo group (P =.017).78,80 The 
most	 common	 treatment-	emergent	AEs	 in	 the	BRX90	group	were	
headache,	 dizziness	 and	 somnolence.	 One	 patient	 in	 the	 BRX90	
group	experienced	2	serious	AEs	of	altered	state	of	consciousness	
and	syncope	that	were	considered	to	be	treatment-	related.	Based	on	
these 3 RCTs, brexanolone infusion received the first approval from 
the	FDA	in	March	2019	for	the	treatment	of	adults	with	PPD	with	a	
Risk Evaluation and Mitigation Strategy (REMS).30	Under	the	REMS,	
healthcare facilities and pharmacies are required to be certified and 
patients are required to enroll before administration of brexanolone 
infusion with the goal of mitigating the potential risk of serious harm 
resulting from excessive sedation and sudden loss of consciousness 
during the infusion.31

A	 post-	hoc	 analysis	 of	 an	 integrated	 trial	 dataset	 from	 the	
above 3 brexanolone RCTs indicated that brexanolone provided 
clinical meaningful patient- level improvement and between- 
group differences relative to placebo in the PPD population.81 
Furthermore,	an	 indirect	 treatment	comparison	showed	that	brex-
anolone demonstrated a more rapid improvement and larger dif-
ferences in change from baseline for the treatment of PPD relative 
to SSRIs using matching- adjusted indirect comparisons that ac-
counted for the differences in trial designs between inpatient and 
outpatient settings.82

Zuranolone,	also	known	as	SAGE-	217/BIIB125,	is	a	synthetic	in-
vestigational	neuroactive	steroid	GABAA receptor positive allosteric 
modulator. Similar to brexanolone, zuranolone has affinity for both 
synaptic	and	extrasynaptic	GABAA receptors, although it has been 
designed with a pharmacokinetic provision of oral bioavailability 
and once- daily dosing.83 The efficacy of zuranolone treatment with 
respect to improving depressive symptoms was demonstrated in 
patients with MDD.84 The first randomised, double- blind, placebo- 
controlled clinical trial of zuranolone in PPD included 153 women 
age 18- 44 years who were up to 6 months postpartum and who had 
an onset of symptoms no earlier than the last trimester and up to 
4 weeks after delivery.85	Key	entry	criteria	included	a	total	HAMD-	
17	score	≥	26	and	medical	stability.85 Patients were randomised 1:1 
to receive either 30 mg of zuranolone or matching placebo capsules 
for 14 days and were followed for another 4 weeks remaining blind 
to treatment.85 Patients treated with zuranolone demonstrated a 
significantly greater decrease from baseline in the primary endpoint 
of	day	15	HAMD-	17	total	score	(least	squares	mean	−17.8	vs	−13.6	
points; P =  .003).85	At	 the	 last	assessment	point	 (day	45),	a	statis-
tically significant separation between zuranolone and placebo was 
still observed (P =  .003).85 In addition, day 15 response and remis-
sion rates were significantly greater in the zuranolone group (72% 
and 45%, respectively) compared to the placebo group (48% and 
23%, respectively; both P < .05).85 These positive findings have en-
couraged further development of zuranolone for the treatment of 
PPD.	At	present,	 another	phase	3	RCT	 is	ongoing	 in	 the	USA	and	
Europe that is testing the efficacy and safety of 50 mg of zuranolone 
compared to placebo for the treatment of women with PPD.86
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Other	analogues	of	ALLO	have	been	tested	for	a	range	of	neu-
ropsychiatric disorders, although, to date, none have been assessed 
in patients with PPD. One example is ganaxolone, a 3β- methylated 
synthetic	analog	of	ALLO,	which	was	shown	to	significantly	decrease	
mean total Montgomery- Åsberg Depression Rating Scale score over 
8 weeks in a pilot study of 10 postmenopausal women with persistent 
depression.87 Ganaxolone has also demonstrated mixed efficacy in 
different populations of patients with epilepsy.88	 Furthermore,	 in	
children	with	Fragile	X	syndrome,	ganaxolone	treatment	did	not	re-
sult in a statistically significant improvement in CGI- I score and most 
scales of anxiety and aberrant behaviour compared to placebo (al-
though it did lead to a significant improvement in the depression sub-
scale	of	the	Anxiety,	Depression	and	Mood	Scale).89	ALLO	has	also	
been tested in a phase 1b/2a clinical trial in 24 patients with early 
Alzheimer's	disease;	 an	exploratory	efficacy	analysis	demonstrated	
that	 there	 were	 no	 differences	 between	 the	 ALLO	 and	 placebo	
groups at 12 weeks with respect to cognition scores and hippocam-
pal volume.90	Additional	clinical	trials	of	ALLO	in	patients	with	early	
or	mild	Alzheimer's	disease	are	currently	planned	or	underway.91,92

5  | CONCLUSIONS

PPD is a common mood disorder that is associated with substan-
tial implications for mothers and their families, including children. 
Although	there	is	more	work	to	be	done	to	characterise	the	patho-
physiology of PPD and how it is delineated from MDD, the available 
preclinical data suggest that, in the context of large neurosteroid 
level	fluctuations,	deficits	in	GABAA receptor plasticity during preg-
nancy and the postpartum period may confer biological vulnerability 
to depression. Controlled clinical trials with monoaminergic anti-
depressants have shown delayed improvements and variable out-
comes.	Brexanolone	 infusion,	 an	 iv	 formulation	of	ALLO,	 received	
the first regulatory approval for the treatment of PPD after dem-
onstrating significant improvements in depressive symptoms within 
60 hours. Collectively, these findings support further evaluation of 
the possible impact that neurosteroids may have as positive allos-
teric	modulators	of	GABAA receptors for the treatment of PPD.
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