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Peripartum allopregnanolone blood concentrations and
depressive symptoms: a systematic review and individual
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Neuroactive steroids including allopregnanolone are implicated in the pathophysiology of peripartum depressive symptoms (PDS).
We performed a systematic review searching PubMed/Embase/PsychInfo/Cinhail through 08/2023 (updated in 07/2024), and
conducted a random-effects meta-analysis of studies comparing allopregnanolone blood concentrations in women with versus
without PDS at various timepoints during the 2nd and 3rd trimester and the postpartum period, calculating standardized mean
differences (SMDs) and 95% confidence intervals (CIs). Meta-regression and subgroup analyses included age, diagnoses of affective
disorders before pregnancy, antidepressant treatment, analytical methods, and sample type. Study quality was assessed using the
Newcastle-Ottawa-scale. The study protocol was registered on PROSPERO (registration number CRD42022354495). We retrieved 13
studies with 2509 women (n= 849 with PDS). Allopregnanolone concentrations did not differ between women with versus without
PDS at any timepoint (p > 0.05). Allopregnanolone concentrations assessed during pregnancy did not differ for women with versus
without PDS at postpartum follow-up (p > 0.05). Subgroup analyses indicated higher allopregnanolone concentrations in women
with versus without PDS at gestational weeks 21–24 and 25–28 (SMD= 1.07, 95% CI= 0.04, 2.11 and SMD= 0.92, 95% CI= 0.26,
1.59 respectively). Moreover, we reported differences between studies using mass-spectrometry combined with chromatography
versus immunoassays at gestational weeks 25–28 (p= 0.01) and plasma versus serum samples at gestational weeks 21–24
(p= 0.005). Study quality was rated as poor, good, and fair for two, one and ten studies respectively. PDS were not associated with
differences for allopregnanolone concentrations. The use of heterogenous peripartum time points, study cohorts, depression
symptom measures and analytical methods has hampered progress in elucidating neuroactive steroid signaling linked to PDS.
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INTRODUCTION
Depression arising in pregnancy or the postpartum period
(together referred to as peripartum depression) is the most
common complication of childbirth and a major preventable
cause of maternal mortality [1, 2]. The prevalence varies according
to population, risk factors, and time of onset, but in most
populations reaches at least 15–20% [3, 4]. Untreated peripartum
depression can have short- and long-term harmful consequences
for mother and offspring, including decreased maternal function-
ing [5], maternal-infant bonding difficulties [6], lactation failure [7]
and impaired cognitive, behavioral and emotional development of
the child [8–10].
Peripartum depression is a reproductive mood disorder, one of

several depressive disorders which are hypothesized to be in part
triggered by sensitivity to reproductive and stress-related steroids

during reproductive transitions. The evidence supports a multi-
factorial mechanism of disease hypothesis involving the integra-
tion of psychosocial and biological risk factors including genetic,
epigenetic, synaptic transmission, immune and endocrine factors
[11]. One aspect of this hypothesis is that patients susceptible to
peripartum depression have a higher sensitivity to stress during
phases of neuroactive steroid fluctuation in pregnancy and/or the
postpartum period [11]. This sensitivity may correspond to altered
allopregnanolone-modulating functioning at the gamma-
aminobutyric acid (GABA-A-R) within the stress circuitry [12].
Neuroactive steroids, including allopregnanolone (3α, 5α-tetra-

hydroprogesterone), are endogenously synthesized from choles-
terol or exogenous synthetic steroids that exert actions upon the
brain. Several neuroactive steroids are positive allosteric mod-
ulators (PAMs) of the inhibitory GABA-A-R, the ligand-gated and
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membrane-bound pentameric ion channels that mediate passage
of negatively charged chloride ions into the post-synaptic
membrane [13–15]. Synaptically located GABA-A-Rs contribute to
low-affinity phasic inhibition while extrasynaptically located
GABA-A-Rs contribute to high affinity tonic inhibition, ultimately
leading to changes in the excitatory–inhibitory balance of the
brain networks in which they are located and functionally
connected [16, 17]. Neurocircuit modulators, neuroactive steroids
are critical in the regulation of the hypothalamic–pituitary–adrenal
(HPA) axis during acute and chronic stress as well as nonstress
conditions [18, 19] and new evidence suggests that they may set a
baseline affective tone, one that is impacted by risk factors for
psychiatric illnesses [20]. Preclinical models suggest that allopreg-
nanolone specifically acts as a local inhibitor and provides a long-
loop negative feedback to the HPA axis [21]. Preclinical evidence
also suggest that allopregnanolone may be synthesized in the
brain independently of the adrenal glands [22].
Allopregnanolone and its analogs have been shown to be

effective in the treatment of severe postpartum depression
[23–28], yet allopregnanolone’s role in its pathophysiology has
been challenging to elucidate. Despite decades of neuroactive
steroid research, a consistent association between neuroactive
steroid blood or CNS levels and PDS has been elusive [29–33],
despite robust data on their pathophysiological role in preclinical
models [12, 34, 35]. For example, the first human study including
cross-sectional allopregnanolone concentrations measurements in
women with postpartum depressive symptoms reported lower
allopregnanolone compared to euthymic women early after
delivery [30]. The finding of lower allopregnanolone blood
concentrations in women with postpartum depressive symptoms
was not replicated in later studies [32, 33, 36, 37]. In contrast,
another study suggested a positive association between allopreg-
nanolone concentrations and depression severity at various
peripartum timepoints [38].
Overall, study designs differ in their selection of peripartum

timepoints and symptom measures for analysis and neuroactive
steroid analytic methods (e.g. immunoassays, mass spectrometry,
etc.). Additionally, previous studies examined a variety of clinical
phenotypes, ranging from women at risk for peripartum depres-
sion to those with active antepartum or postpartum depression or
those with subclinical postpartum blues. Timing of neuroactive
steroid measurements in relationship to symptom onset has
differed as well. Given that some psychotropics may affect
peripheral neuroactive steroids levels [39, 40], in addition to brain
concentrations [20], some studies have excluded the use of
psychotropic agents, however others have not. Thus, knowledge
regarding allopregnanolone concentration patterns and PDS
remains fragmented, despite advances in the field with recent
transformative US Food & Drug Administration (FDA)-approvals of
brexanolone and zuranolone, two neuroactive steroid-based
pharmacotherapies for postpartum depression.
Our aim therefore was to systematically review and subse-

quently meta-analyze observational data on blood measures of
allopregnanolone in peripartum women with depressive symp-
toms compared to women without depressive symptoms and
assess potential moderators of allopregnanolone patterns.

METHODS AND MATERIALS
The study was conducted with use of MOOSE guidelines for meta-
analyses of observational studies [41] and was registered with
PROSPERO (registration number CRD42022354495). We identified
observational studies measuring peripheral (serum or plasma)
allopregnanolone concentrations in peripartum women and also
including assessments of mood symptoms by searching Medline
and Embase, using the following search terms: (allopregnanolone
OR 3α, 5α-tetrahydroprogesterone) AND (postpartum OR postnat*
OR antenat* OR peripartum OR pregnan* OR perinatal) AND

(depress* OR affective) AND (blood OR serum OR plasma). An
additional search in PsychInfo and Cinhail was performed.
Databases were searched last on August 1st, 2023, since data
inception without language restrictions. We updated the search in
July 2024 without identifying new studies of interest. Subse-
quently, references from identified studies were hand-searched
for additional works of potential interest.

Inclusion & exclusion criteria
Type of studies. We included studies reporting on allopregnano-
lone blood concentrations in women with versus without
depressive symptoms during the peripartum period, regardless
of the treatment setting. We selected depressive symptoms
(instead of clinical diagnoses) aiming for more precision given the
dynamic nature of symptoms during the peripartum period.

Types of participants. Women with versus without depressive
symptoms during the peripartum period were included. There
were no restrictions with regards to treatment setting or symptom
duration. Participants included antidepressant-naïve and
antidepressant-free women as well as those receiving psycho-
tropic treatments. For the sake of fluency, throughout this paper
we will refer to the birthing individuals who participated in these
studies as “female,” “women,” and “mothers,” while acknowl-
edging that not all individuals identify with these labels.

Types of exposure. Depressive symptoms at any time during
pregnancy and during postpartum up to one year after delivery.

OUTCOMES
The primary outcome was defined as differences in mean blood
concentrations of allopregnanolone between women with versus
without depressive symptoms across different peripartum time-
points. For studies using multiple depressive symptom measures,
we completed our analysis using the Edinburgh Postnatal Depres-
sion Scale (EPDS) [42], to reduce heterogeneity between studies. As
the blood concentrations vary greatly over the peripartum period
[43, 44], we considered eight different timepoints. Specifically, we
considered 4-week intervals during pregnancy: a) 1st trimester,
<12 week, b) 2nd trimester, 12–16 weeks, c) 2nd trimester,
17–20 weeks, d) 2nd trimester, 21–24 weeks, e) 3rd trimester,
25–28 weeks, f) 3rd trimester, 29–33 weeks, g) 3rd trimester,
≥34 week and two timepoints at postpartum h) ≤1 week after
delivery and i) at postpartum ≥2 weeks.

Screening and data extraction
Two authors (CG and GS) independently selected studies of
interest. No additional co-author was involved as consensus was
reached for all cases.
Two authors (CG and GS) independently extracted data

regarding sample sizes, demographic characteristics, ratings of
depressive symptoms, analytical method and timepoint of
allopregnanolone assessment, types of allopregnanolone blood
samples, and blood allopregnanolone concentrations (mean and
standard deviation [SD]). Before data entry, allopregnanolone
concentrations were converted to the same unit (nmol/L to ng/
mL) and weighted means for covariates were computed based on
means of subgroups. When required, authors were contacted to
provide details or raw data from their studies.

Quality of studies
The modified version of the Newcastle-Ottawa scale for cohort
and cross-sectional studies was used for quality assessment [45];
we removed the item “representativeness of the exposed cohort”
which we judged to be related to applicability, and added
ascertainment of ratings of postpartum depressive symptoms as
described elsewhere [46].
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Statistical analysis
We used a random-effects model for our primary outcome,
considering the large heterogeneity related to study cohorts,
analytical methods, and the inherently essential related variability.
Results for each timepoint of allopregnanolone assessments were
summarized using the standardized mean difference (SMD) and
95% confidence intervals (CI) presented in forest plots; further, we
assessed the predictive role of gestational allopregnanolone
concentrations’ differences between women with versus without
depressive symptoms at postpartum follow-ups. The heterogeneity
variance parameter (τ2) was calculated using the DerSimonian-Laird
estimator [47]. For longitudinal studies with allopregnanolone
assessments at multiple timepoints, cohorts from the same study
were considered separately for different meta-analyses in a cross-
sectional manner, based on the eight predefined timepoints.
We also calculated the I-square (I2) statistic as a measure of the
proportion of variability that can be attributed to heterogeneity [48].
Thereafter, the effect of maternal age was assessed in a meta-
regression analysis [49]. Subgroup analyses included cohorts with
patients with affective disorders prior to pregnancy, with patients
treated with antidepressants during study period, different
analytical methods and sample types (comparing patterns in
cohorts using plasma versus serum samples); the latter was
performed as measurement of progesterone (and progesterone
derivates) may be very sensitive to pre-analytic variables [50]. We
also performed a sensitivity analysis excluding poor-quality studies.
Meta-regression and subgroup analyses were performed when data
for a minimum of three studies were available. Last, we assessed the
publication bias inspecting funnel plots and performing Egger’s test
when at least 10 studies were available [51]. Analyses were
performed using the meta package in R [52].

RESULTS
The electronic database search yielded 203 articles from Pubmed/
Medline and 94 from Embase, whereas the additional search in
PsychInfo and Cinhail did not report any additional relevant studies.
After removing 24 duplicates, 273 unique articles remained. After
exclusion of 241 articles based on title and abstract review, 32 full-
text articles were screened, leading to exclusion of 21 papers due to
works/posters with overlapping data (n= 10), reviews (n= 5), effects
of interventions on allopregnanolone concentrations (n= 3), no
peripartum assessments (n= 2), and lack of stratified allopregnano-
lone concentrations for women with versus without peripartum
depressive symptoms (n= 1). A search update in July 2024 yielded
three more works, one of which was a systematic review (and was
excluded) and two works that were included. Ultimately, thirteen
studies fulfilled all inclusion criteria and were included in our
systematic review and meta-analysis (Supplementary Fig. 1).

Quality assessment
Out of the thirteen studies included for the primary outcome, ten
were rated as fair, two as poor, and one as poor quality
(Supplementary Table 1). Quality issues mainly included lack of
power analysis and/or lack of specification for assessment of
allopregnanolone concentrations blinded to mood symptom
ratings.

Study and patient characteristics
We meta-analyzed eleven studies with 2509 women (mean
age= 27.9 ± 5.8 years) including 849 with peripartum depressive
symptoms, who were compared with 1660 women without
peripartum depressive symptoms. One study additionally included
ten non-peripartum healthy controls (Table 1).

Primary outcome
Comparisons at <12 gestational weeks were not performed due to
lack of studies. We did not detect differences for allopregnanolone

concentrations between women with versus without peripartum
depressive symptoms at gestational weeks 12–16 (SMD= 0.37,
95% CI=−0.65, 1.39, k= 4, n= 65, Fig. 1, Supplementary Fig. 2),
17–20 (SMD= 0.20, 95% CI=−0.11, 0.52, k= 2, n= 291, Fig. 1,
Supplementary Fig. 3), 21–24 (SMD= 0.07, 95% CI=−0.90, 1.05,
k= 4, n= 87, Fig. 1, Supplementary Fig. 4), 25–28 (SMD= 0.49,
95% CI=−0.10, 1.08, k= 5, n= 128, Fig. 1, Supplementary Fig. 5),
29–33 (SMD= 0.14, 95% CI=−0.41, 0.70, k= 6, n= 175, Fig. 1,
Supplementary Fig. 6), ≥34 weeks (SMD=−0.13, 95% CI=−0.54,
0.28, k= 7, n= 297, Fig. 1, Supplementary Fig. 7), at postpartum
≤1 week (SMD=−0.71, 95% CI=−1.55, 0.13, k= 3, n= 117,
Fig. 1, Supplementary Fig. 8) and ≥2 weeks postpartum (SMD=
0.46, 95% CI=−0.16, 1.07, k= 7, n= 747, Fig. 1, Supplementary
Fig. 9). Heterogeneity was low to moderate in all cases with I2

ranging between 0 and 71%.

Allopregnanolone concentrations during pregnancy and depressive
symptoms at postpartum follow-up. We did not detect differences
for allopregnanolone concentrations measured at gestational
weeks 12–16, 21–24, 25–28, 29–33 or ≥34 for women with versus
without depressive symptoms at postpartum ≥2 weeks post-
partum with SMDs ranging between –0.40 and 0.48 (Fig. 2a–e)
with low heterogeneity (I2 ranging between 0 and 13%).
Comparisons were not possible for allopregnanolone assessments
at gestational weeks 17–20 as there were not enough cohorts.

Meta-regression analyses
We observed effects for maternal age, i.e. larger allopregnanolone
concentration differences in samples of younger ages, at
gestational weeks 29–33 (estimated co-efficient −0.42, 95%
CI=−0.72, −0.11, p= 0.008), but not at gestational weeks
12–16 (estimated co-efficient −0.08, 95% CI=−0.64, 0.47,
p= 0.77), at gestational weeks 21–24 (estimated co-efficient
−0.14, 95% CI=−0.72, 0.43, p= 0.62), at gestational weeks
25–28 (estimated co-efficient −0.22, 95% CI=−0.54, 0.10,
p= 0.18), at ≥34 gestational weeks (estimated co-efficient −0.09,
95% CI=−0.39, 0.20, p= 0.53), at postpartum ≤1 week (estimated
co-efficient 0.07, 95% CI=−0.67, 0.78, p= 0.88) or ≥2 weeks
(estimated co-efficient 0.19, 95% CI=−0.08, 0.47, p= 0.16),
whereas data were not sufficiently available at gestational
weeks 17–20.

Subgroup analyses
Allopregnanolone concentrations in studies including women with
versus without clinical diagnoses of affective disorders before
pregnancy. We did not include studies with mixed cohorts, i.e.
including patients with and without clinical diagnoses of affective
disorders before pregnancy. Only at ≥34 gestational weeks there
were more than two studies with the comparison revealing not
significant differences between one study including patients with
versus two studies including patients without clinical diagnoses of
affective disorders before pregnancy (Table 2).

Allopregnanolone concentrations in studies including women with
versus without antidepressant treatment. As there were no studies
exclusively assessing antidepressant-treated patients, we were not
able to perform subgroup analyses (comparing to studies
including patients without antidepressant treatment). Instead,
we performed a sensitivity analysis including only studies of
cohorts including women without antidepressant treatment.
Allopregnanolone concentrations were higher in women with
versus without depressive symptoms at gestational weeks 21–24
(SMD= 1.07, 95% CI= 0.04, 2.11, k= 2, n= 20, p= 0.04) and
25–28 (SMD= 0.92, 95% CI= 0.26, 1.59, k= 2, n= 53, p= 0.007).
We did not detect differences for allopregnanolone concentra-
tions between women with versus without peripartum depressive
symptoms at gestational weeks 12–16 (SMD= 0.76, 95% CI=
−1.31, 2.84, k= 2, n= 33), 29–33 (SMD= 0.40, 95% CI=−0.59,
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1.38, k= 2, n= 25), ≥34 weeks (SMD=−0.40, 95% CI=−0.99,
0.19, k= 3, n= 125), at postpartum ≤1 week (SMD=−0.96, 95%
CI=−2.11, 0.19, k= 2, n= 56) and ≥2 weeks postpartum
(SMD=−0.00, 95% CI=−0.96, 0.96, k= 2, n= 28). Comparisons
at 17–20 gestational weeks were not performed due to lack of
studies. Heterogeneity was low to moderate in all cases with I2

ranging between 0 and 70%, except for comparisons at 12–16
gestational weeks where I2 was 81%.

Allopregnanolone concentrations in studies using immunoassays
versus chromatography/mass spectrometry methods. At gesta-
tional weeks 25–28 three studies using chromatography/mass
spectrometry reported higher allopregnanolone concentrations in
women with versus without depressive symptoms (SMD= 0.93,
95% CI= 0.32, 1.55, n= 74), whereas two studies using immu-
noassays reported no differences (SMD=−0.13, 95% CI=−0.73,
0.47, n= 54, between groups p= 0.01, Table 2). No differences
were reported between studies using chromatography/mass
spectrometry versus immunoassays at any other assessment
timepoints (Table 2).

Allopregnanolone blood concentrations in studies using serum versus
plasma samples. At gestational weeks 21–24 two studies using
plasma samples reported lower allopregnanolone concentrations
in women with versus without depressive symptoms (SMD=
−0.62, 95% CI=−1.18, −0.06, n= 67), whereas two studies using
serum samples reported higher allopregnanolone concentrations
in women with versus without depressive symptoms (SMD= 1.07,
95% CI= 0.04, 2.11, n= 20, between groups p= 0.005, Table 2).
No differences were reported between studies using chromato-
graphy/mass spectrometry versus immunoassays at any other
assessment timepoints (Table 2).

Sensitivity analyses
One study assessing women during the first week at postpartum
was assessed as of poor quality [30]. As there were only two studies
investigating the association between allopregnanolone concentra-
tions and depressive symptoms at postpartum ≤1 week we did not
repeat the analysis excluding this study. One additional study
assessing women at gestational weeks 14, 22, 30 and 40 [53]. After
excluding this study, results did not change except for the analysis at
gestational weeks 21–24, where allopregnanolone concentrations
were lower in women with versus without depressive symptoms
(SMD=−0.55, 95% CI=−1.09, −0.00, k= 3, n= 73, p= 0.049).

Publication bias
We did not assess the publication bias with funnel plots and Egger’s
test, as we retrieved fewer than ten studies for each analysis.

DISCUSSION
As interest in the therapeutic potential of neuroactive steroids in
treatment of postpartum depression and other neuropsychiatric
disorders intensifies, the search for specific imbalances in steroid

metabolism in women across the peripartum period is ongoing
[35]. To our knowledge, this is the first meta-analysis to assess
allopregnanolone blood concentrations in women with versus
without PDS. Analyzing allopregnanolone concentration data in a
cross-sectional fashion did not suggest significantly lower
allopregnanolone concentrations in women with versus without
peripartum depressive symptoms at any timepoint before and
after delivery in alignment with some of the previous findings
[32, 33, 37, 54].
Data from previous studies provided conflicting results regard-

ing depressive symptoms and allopregnanolone concentrations
late in the 2nd trimester; while two studies reported lower
concentrations in women with depressive symptoms late in the
2nd trimester [55, 56], a third study suggested higher concentra-
tions linked with depressive symptoms [57]. A factor accounting
for this inconsistency may be the heterogeneity of the study
groups; for example, one of the study samples exclusively
included women with a history of affective disorders [55], whereas
the other two studies included healthy controls as well [29, 56, 57].
Besides, there are essential differences with regard to the
sociodemographic characteristics of the study groups, who may
have different stressors influencing neuroactive steroids.
Further, we did not detect any differences for allopregnanolone

concentrations during pregnancy for women with versus without
longitudinally assessed depressive symptoms at postpartum. Thus,
the potential of allopregnanolone concentrations (and progester-
one metabolites in general) as a biomarker candidate for
depressive symptoms requires further exploration. Differences
for allopregnanolone concentrations between pregnant women
with versus without depressive symptoms early in the 3rd

trimester were smaller in older women, although modifying
effects for age were not reported in the rest of timepoints.
Despite the lack of differences in our main analysis, there were

several striking findings in our subgroup and sensitivity analyses.
For instance, we reported higher allopregnanolone concentrations
in women with vs. without depressive symptoms at gestational
weeks 21–24 and 25–28 when only including studies with patients
not receiving antidepressant treatment. This distinct pattern may
highlight the potentially modifying impact of pharmacotherapy
on allopregnanolone-modulating functioning, which been under-
studied so far. Moreover, at gestational weeks 25–28 studies using
chromatography/mass spectrometry reported higher allopregna-
nolone concentrations in women with versus without depressive
symptoms, whereas immunoassays did not. Thus, the choice of
the analytical method should not be underestimated. We
specifically call for the standardization of neuroactive steroid
analytic methods for two main reasons. First, there is consensus
that ligand-binding assays are not available for all steroids and
when available, the antigen-antibody reaction presents a possible
crossover between similar molecules, which can lead to reduced
specificity and interassay reproducibility [58]. For example,
endogenous allopregnanolone isomers may differ in their effects
on the GABA-A-R and other functions [59]. Second, ligand-binding
assays measure one steroid and thus cannot provide information
on related steroid metabolites. Previously, the Endocrine Society
commissioned two Position Papers to highlight limitations of
immunoassays and support efforts for improvement [60, 61]. We
believe neuroactive steroid research should, in most cases, move
away from single steroid analysis to the analysis of numerous
steroids and metabolites (steroidome) using mass spectrometry-
based techniques. The main advantages of mass spectrometry
techniques include measurement of a large panel of steroids and
pathway mapping, separation of isomers, and the use of internal
standards, which ensure accuracy, precision and reproducibility.
Apart from the analytical method, it is also the choice of the

types of samples, which may impact results; at gestational weeks
20–24 studies using plasma versus serum samples reported
opposite patterns for allopregnanolone concentrations in women

Fig. 1 Standardized mean differences for allopregnanolone blood
concentrations between women with versus without depressive
symptoms at six timepoints during pregnancy and two time-
points at postpartum in random effects models. Legends: k
number of cohorts; n number of women, PP postpartum.
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Fig. 2 Women with vs. without depressive symptoms (PDS) at postpartum with assessed allopregnanolone blood concentrations
(ng/mL). a At gestational weeks 12–16, b at gestational weeks 21–24, c at gestational weeks 25–28, d at gestational weeks 29–33, e at
gestational weeks ≥34. CI confidence interval, SD standard deviation, SMD standardized mean difference.
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with versus without depressive symptoms. Specifically, studies
using plasma samples reported lower in women with depressive
symptoms, whereas higher allopregnanolone concentrations in
women with versus without depressive symptoms were reported
in studies using serum samples. We are not aware of any studies
that previously measured allopregnanolone or other neuroactive
steroid peripheral concentrations in both plasma and serum to
examine the effects of sample material on measurement [62].
Progesterone (and potentially progesterone metabolites) may
be sensitive to pre-analytic variables as a previous study
suggested higher serum progesterone concentrations compared
to plasma [50]. Additional methodological quality aspects may
have confounded with the results; e.g. when repeating the
analysis after excluding studies of poor quality, at gestational
weeks 21–24, allopregnanolone concentrations were lower in
women with versus without depressive symptoms.
There are several limitations to our findings. As already

highlighted, heterogeneity of participants (including variation in
mood disorder history and medication use) may have affected
results. Studies addressing new onset peripartum depressive
symptoms may provide differentiated knowledge after eliminating
the confounder of history of affective symptoms. Another
potential confounder that should be investigated in the future
refers to the role of common obstetric complications. As some
obstetric complications are risk factors for peripartum depressive
symptoms [63], it is substantially important to disentangle their
impact on the interplay between peripartum depressive symp-
toms and allopregnanolone concentrations [64]. While some of
the studies included here did consider this factor, effects were not
discernible given the small numbers of women having such
complications. Moreover, information on pregnancy outcomes
was lacking in the majority of the studies and thus we were unable
to consider their role. Given the small number of studies we could
not assess (and thus rule out) the risk of publication bias; however,
as our search of published and unpublished studies was
systematic and it is less common to find publication bias in case
of systematic reviews of biological blood measurement studies,
there is no suspicion of publication bias.
As alluded to earlier, study cohorts were heterogeneous, and

some were less than optimally characterized. Regarding hetero-
geneity of the recruited cohorts, research to date has included
women with a history of affective/anxiety symptoms who were at-
risk for PDS, women with current or past unipolar depression and
bipolar disorder, women with current PDS who were or were not
receiving psychopharmacological treatments (including some
known to affect neurosteroidogenesis). Longitudinal studies
across gestation, with some continued sampling into the
postpartum period, tended to be of a small sample size, with
the largest PDS sample size of 84 [54]. The largest PDS sample was
from a cross-sectional postpartum study with a PDS sample size of
549 [37]. However, often power analyses were not included in the
publications, resulting is poorer quality rating. Only with larger,
higher-quality, well-phenotyped studies will we unravel the
potential differences in peripartum allopregnanolone concentra-
tions, with an ultimate aim to fully characterize steroid metabolism
profiles, amongst women with phenomenologically distinct
subtypes of peripartum depression [65]. We recommend that
future research should assess for potential modifiers of neuro-
steroidogenesis including a history of trauma, alcohol use
disorder, or major depression, each of which are risk factors for
peripartum depression [38, 66, 67]. Additionally, the cohorts
included in this analysis varied considerably in terms of timing of
PDS onset. PDS or peripartum depression with antepartum vs.
postpartum onset could be biologically quite different pheno-
types, and may warrant separate analysis, given data that suggests
the existence of different types and severity of peripartum
depression with varying time of onset throughout pregnancy
and the postpartum [65, 68]. Sample timing is also importantTa
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given the diurnal variation of allopregnanolone [69]. Finally, some
studies distinguished between concurrent and future symptoms,
whereas other studies included in their groups with depressive
symptoms those who developed symptoms at any timepoint.
To improve study rigor and quality, we recommend that future

studies should exclude from analysis, or analyze separately
(depending upon the research question), participants taking
pharmacotherapies or with medical conditions known to affect
either brain neurosteroidogenesis and/or impact peripheral blood
concentrations. This should include not only psychotropics but
other commonly prescribed medications in the peripartum period
including progesterone supplementation to reduce the risk of
spontaneous preterm labor and birth and antenatal corticosteroid
therapy administered to patients at risk for preterm labor and
birth to reduce the incidence and severity of respiratory distress
syndrome and offspring mortality. Similarly, neurological, endo-
crine and other medical conditions (such as polycystic ovary
syndrome and inflammatory conditions), which may impact
neurosteroidogenesis and/or impact peripheral blood concentra-
tions [70, 71] should be measured and/or controlled for.
Additionally, to improve sample phenotyping, we recommend

studies to include further measures, e.g., observer-rating scales
derived from validated semi-structured interviews, complemented
by psychiatric diagnostic interviews or behavioral measures. Most
studies in our analysis utilized the EPDS which is commonly used
in clinical settings to screen for peripartum depression. The use of
the EPDS in the second trimester of pregnancy identifies a
significant number of women with psychiatric disorders other
than depression, such as bipolar disorder, obsessive-compulsive
disorder and eating disorders, making it important to additionally
have diagnostic data that complements self-report and screening
measures [72]. Given the heterogeneity, and comorbidity, of most
psychiatric disorders, including peripartum depression, it will be
important to measure and integrate multiple dimensions (e.g.,
cognition, mood, mother-infant bonding) and units of analysis
across a range of severity to explore dimensions of functioning
that occur within or across current diagnostic boundaries.
Diagnostic data can aid in our interpretation of the neuroactive
steroid data, as the presence of comorbid psychiatric diagnoses
might reflect different patterns of symptoms that result from
shared risk factors and perhaps shared steroid metabolic profiles.
The strength of our meta-analysis is the inclusion of multiple

timepoints accounting for the dynamic nature of neuroactive
steroids and the GABAergic system. In summary, our meta-
analytical evidence suggested lower allopregnanolone concentra-
tions in women with depressive symptoms compared to women
without at gestational weeks 21–24. At all other timepoints we did
not identify any distinct patterns for allopregnanolone blood
concentrations in women with peripartum depressive symptoms
compared to women without. Advancing knowledge of factors
that underpin potential peripheral and central deficits of
progesterone derivates, such as allopregnanolone, is important
to determine the neurobiological mechanisms of peripartum
depressive symptoms and ultimately to contribute to improve-
ment of early identification, management, and treatment for
women suffering the most common psychiatric complication of
childbirth.
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