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Abstract

Perinatal psychiatric disturbances are significant
medical conditions that can have tragic sequelae, yet
their genesis remains undetermined. While a
causative role for estradiol and progesterone has been
hypothesized, empirical support is inconclusive. This
study was designed to measure steroid hormone
concentrations during and after pregnancy and to
determine which, if any, were associated with
development of significant perinatal mental illness.

Methods: Twenty-eight, healthy primigravid women
aged 21-40 yrs consented to participate in this study.
Salivary samples for progesterone (P), estrone (E1),
estradiol (E2), estriol (E3), testosterone (T) and
dehydroxyepiandrosterone sulfate (DHEAS) were
collected at 37 weeks of pregnancy and within the first
10 days postpartum and quantified by enzyme-linked
immunosorbent assay. Concurrently, nine psychiatric
dimensions were assessed using the Symptom
Checklist 90R.

Results: No negative mood symptoms were
associated with P, E1 or E3 either pre- or postpartum.
Negative mood symptoms were associated with T and
DHEAS in the full perinatal period, but with E2 post-
delivery only.

Conclusion: These findings suggest that adrenal
androgen synthesis marked by diminished late
pregnancy testosterone and elevated puerperal
DHEAS may underlie perinatal mental illness. While
further investigation is merited, measurement of
testosterone and DHEAS in late stage pregnancy may
prove useful as predictors of postpartum psychiatric
complications.

Introduction

The psychiatric sequelae from many endocrine
disorders have been clearly elucidated. By
comparison, the endocrine changes associated with
pregnancy and postpartum are some of the most
profound in nature, and yet, puerperal psychiatric
disturbances are more often attributed to psychosocial
stressors or the exacerbation of pre-existing
conditions than to specific endocrine factors. While
the stress of childbirth and childrearing cannot be
discounted and changes in reproductive hormones
may well trigger the relapse of pre-existing conditions,
it is biologically plausible that such large disruptions
in internal chemistry, as occur during pregnancy and
following parturition, would also elicit psychiatric
disturbances. This becomes especially evident when
one considers the dramatic and well-documented
influence that steroid hormones have on central
nervous system (CNS) activity (1).

Progesterone and its metabolites are potent positive
allosteric modulators of the y-aminobutyric acid (A)
type (GABAa) chloride channels producing dose-
dependent effects ranging from sedation to anesthesia
(2). Similar to the benzodiazepines, progesterone is a
powerful sedative, hypnotic, anxiolytic and
anticonvulsant when administered acutely (2).
However, as with benzodiazepines, chronic
administration of progesterone produces both
psychological and physiological tolerance and
withdrawal symptoms marked by an increase in
anxiety type symptoms (3,4) similar to those
commonly articulated by postpartum women.

Estradiol’s  excitatory role in  hippocampal
synaptogenesis and rodent learning is well
documented (5). In addition, estradiol modulates the
release of dopamine (DA) in the nigrostriatal and
mesolimbic pathways via multiple mechanisms and
increases serotonin (5-HT) and cholinergic activity
throughout the CNS (5). Consistent with the positive
effects on monoamine levels and cholinergic activity,
estradiol replacement has been shown to alleviate
psychiatric distress in some, though not all,
postpartum women (6,7) and to improve cognitive
performance and psychological well-being in
postmenopausal women (8). Unfortunately, only
tenuous  connections  between  changes in
progesterone, progesterone metabolites, estradiol
and/or estriol and varying degrees of postpartum
depression have been established
(9,10,11,12,13,14,15,16,17), suggesting the possibility
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that either other hormones and/or other symptoms
are involved in postpartum psychiatric illness.

That other hormones might be involved in puerperal
psychiatric distress is not difficult to hypothesize. The
changes to maternal chemistry during pregnancy and
again following parturition are vast and systemic and
the inter-individual variation in hormone metabolism
is tremendous. From approximately eight weeks of
pregnancy onward, steroidogenesis becomes a
complex, multi-compartment process with input from
maternal, fetal and placental endocrine glands. The
traditionally investigated reproductive hormones,
previously synthesized primarily in maternal ovarian
tissue, now derive largely from fetal and placental
sources (18). The fetal adrenals produce large
quantities of dehydroepiandrosterone sulfate (DHEAS)
from which estriol, but also testosterone and estradiol
are metabolized (19). DHEAS like progesterone and
estradiol, is neuroactive with diverse interactions
throughout the CNS (20). It is a particularly potent
GABAA antagonist (21). Against the backdrop of
plummeting postpartum progesterone and estradiol,
changes in maternal DHEAS concentrations likely
influence both the concentrations of its downstream
derivatives such as testosterone and the estrogens, but
also may impact psychological well-being. Preliminary
reports in non-pregnant populations support this
hypothesis, with both abnormally low and high DHEAS
altering testosterone and estradiol concentrations and
negatively impacting mental health
(22,23,24,25,26,27).

Thus, in recognition of the enormous changes in
puerperal hormones and their potential contribution
to a variety of psychiatric symptoms (28), the present
study prospectively assessed the relationships
between six steroid hormones (progesterone, DHEAS
testosterone, estrone, estradiol and estriol) and nine
psychiatric symptom clusters using the Symptom
Checklist 90-Revised (SCL-90-R) (29) in a cohort of
healthy primigravid women. To identify premorbid
hormonal and symptom patterns and to minimize
physiological and psychological adaptation following
parturition, hormone values and psychiatric
symptoms were measured in late pregnancy and again
in the early postpartum period. The goals of this pilot
study were to prospectively investigate the incidence
and breadth of symptoms relative to puerperal
hormones and to determine if the puerperal hormone
concentrations of women who  developed
psychological disturbances were significantly different
from those who remained asymptomatic. It was
hypothesized that the potential diminishment of
GABAergic activity in late pregnancy and especially
following parturition, would elicit a broader array of
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anxiety type symptoms than is typically measured
under the current baby blues and postpartum
depression syndromes. A secondary goal of this study
was to examine the potential associations among
hormones and psychiatric symptoms in order to
inform future research investigations in this area.

Methods

Volunteer Recruitment: Healthy, primigravid
women, aged 21-40 years, were recruited from area
childbirth education classes over the course of 10
months in 2004-2005. Participants were excluded
from the study if there was a history or current
evidence of: illicit drug or alcohol use/abuse, use of
psychotropic or other medications that might
confound hormone or psychiatric variables and/or
prior or concurrent psychiatric, neurological or
endocrine system illness. A total of 75 women
expressed interest in the study. Thirty-five were
disqualified for health or medication issues. Thirty-
eight women enrolled in the study. Six gave birth
before 37 weeks of pregnancy, 32 entered the study
and 28 completed the study. Of the four participants
who failed to complete the study, three were lost to
attrition and one participant expressed significant
postpartum distress and felt unable to continue. This
study was approved by the University of Nevada, Las
Vegas Institutional Review Board. All women
voluntarily provided written, informed consent prior
to enrollment.

Study Procedures: All assessments were conducted
in the participants’ home or place of employment
(pregnancy only). Testing was conducted at 37 weeks
of pregnancy +/-2 days (T1) and again within 10 days
after delivery (T2). At each session, the SCL-90-R (29)
was administered to determine the presence and
severity of psychological distress and salivary
specimen were collected for measurement of steroid
hormones. The SCL-90-R is a 90-item self-report
inventory designed to measure the severity and
intensity of psychiatric symptoms in both inpatient
and outpatient populations (29). Participants rated the
severity of distress experienced during the prior
seven-day period using a 0-4 Likert-type scale (0=no
distress-“‘not at all” to 4=extreme). Symptoms
measured included: anxiety, hostility (aggression,
irritability, etc.) phobic anxiety, paranoid ideation,
psychoticism, somatization (perceptions of pain or
other physical disturbances), obsessive-compulsive
behavior, interpersonal sensitivity (feelings of
personal inadequacy), depression and the global
severity index (GSI), which reflects the overall
symptom severity. Psychometric data suggests high
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construct validity between the SCL-90-R subscales and
other measures of psychiatric assessment (29).

Steroid Hormone Analysis: Non-stimulated saliva
specimens were collected for the quantification of
progesterone, DHEAS, testosterone, estrone, estradiol
and estriol. The morning of each test session, before
eating drinking or brushing their teeth, participants’
saliva was collected by expectoration over a 30-
minute period between 8:30 and 9:00 AM. For the
postpartum testing session, participants were further
instructed to avoid breastfeeding within two hours of
the collection interval to prevent feeding-stimulated
hormone release that might confound results.
Specimen were shipped by two-day courier to the
analytical facility (AllVia Diagnostic Laboratory,
Phoenix, AZ) where they were stored at -20 C° for <24
hours, then thawed and analyzed for progesterone,
DHEAS, estrone, estradiol and estriol concentrations
by enzyme-linked immunosorbent assays (ELISA).
Testosterone was measured using luminescence
immunoassay (LIA). The lower and upper bounds of
quantification were as follows: Progesterone 10-3000
pg/mL; DHEAS 100-12,000 pg/mL; testosterone .3-
760pg/mL; estrone .3 pg/mL-60 pg/mL; estradiol .1-
100 pg/mL; estriol 1-4000 pg/mL. Intra- and inter-
day coefficients of variation for each analyte did not
exceed 10%, except for inter-day estrone which was
16.25%.

Statistical Analysis: Raw SCL-90-R scores for each
symptom cluster were calculated and converted to
standardized T-scores using data and methods
established by the test authors (29). The T-scores
were then compared to previously established,
normative standards for non-patient women (34).

Bivariate Pearson product-moment correlations were
calculated to assess the relatedness of steroid
hormone concentrations and SCL-90-R scores.
Normality was tested using the Shapiro-Wilks’ W
statistic. SCL-90-R symptom scales and progesterone,
estrone, estradiol and estriol concentrations were
normally distributed. DHEAS and testosterone data
were not distributed normally and were, therefore,
transformed using a square-root transformation as
indicated by the Box-Cox transformation procedure.
Correlations between the transformed values of
DHEAS and testosterone and SCL-90-R scales did not
differ in magnitude or in significance from those using
non-transformed values and, therefore, non-
transformed values are presented here.

We present correlative data for psychiatric symptoms
and a broad array of hormones both during pregnancy
and postpartum. It should be noted that the
correlations presented in this pilot study are meant to
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provide a basis for future investigation, and therefore
should not be construed as definitive associations. The
large number of correlations calculated and the
relatively small sample size in this pilot study
precluded the use of Bonferonni adjustments to the p-
values reported for the tests.

Based upon the observed patterns of correlations,
additional analyses were conducted. Participant data
were collapsed into two groups, symptomatic and
asymptomatic, based upon the
presence/absence/severity of  pregnancy or
postpartum symptoms. Symptomatic was defined as
having an SCL-90-R T-score >60 (equivalent to 1 SD
above the mean and an 84t percentile ranking) in four
or more symptom clusters. Group hormone
concentrations were then analyzed using Fisher’s
exact test to examine proportional equivalence among
those women with psychiatric symptoms and their
hormone concentrations. The statistical software
package SPSS 13.0 (SPSS Inc., Chicago, IL) was used for
all data analyses.

Results

Demographics and Pregnancy Outcome: Thirty-two
participants were tested at T1 (37 weeks +/- 2 days)
and 28 were re-tested at T2 (<10 days postpartum).
The T1 hormone sample for one participant was lost
by the courier. Demographic and pregnancy outcome
data for all 32 participants are shown in Table 1.

Table 1. Demographics and Pregnancy Outcome,
Varisble Category Suatigtie feount
Total sample size Pregnancy 3z
b e £l Postpartum 28
Cacasian 29
Sample size by ethnicity African American 1
Hizpanic 2
Vaginal: Natural 15
Sample size by delivery type Vaginal: Indwetlon 9
Unplanned Cezarean B
Famal 1
Sample sizo by offspring gender ;:; * “:
) e . Age 29.9(4.1)
:4:'1:"[5::" for demographlc Education [total years) 158([22)
T Gestation period 275 [8.2)

SCL-90-R: Mean T-scores and other descriptive data
for SCL-90-R are shown in Table 2. Mean SCL-90-R T
scores across symptom clusters were not vastly
different from normative mean for female non-
psychiatric patient scores (29) and did not appear to
show a significant trend from pregnancy to
postpartum. However, the range of scores was
substantial and thus, concealed the severity of distress
experienced by some participants. In order to
investigate this observation more thoroughly, the data
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were re-analyzed post hoc to determine the number
and percentage of women per symptom category with
T-scores >60.

Table 2. Mean SCL-90-R scores by symptom cluster. Thirty-two subjects completed the

instrument during pregnancy and 28 completed the instrument postpartum.

Percent

Category Time Mean SD Minimum  Maximum Symptomatic
Anxiety Pregnancy 535 10.40 37 79 19
2 Postpartum 538 11.63 37 80 32
e Pregnancy 563 6.89 42 74 25
Hostility Postpartum 529 7.52 45 64 2
. Pregnancy 535 8.12 48 76 22
Phobia Postpartum  56.5 877 8 76 39
P . Pregnancy 489 6.67 43 62 13
aranoa Postparum 478 6.08 43 66 4
Psychoticism Pregnancy 521 6.98 47 71 19
Y Postpartum 546 8.19 47 71 29
Somatization Pregnancy 60.1 8.55 41 80 56
Postpartum 554 10.44 35 80 36
Obsessions & Pregnancy 61.2 8.99 44 80 47
Compulsions Postpartum 58.0 9.95 37 80 43
Interpersonal Pregnancy 551 7.18 39 69 31
Sensitivity Postpartum 525 8.77 39 67 25
Depression Pregnancy 60.4 5.86 51 71 50
P Postpartum 594 8.91 38 74 57
o Pregnancy 588 723 46 76 44
Global Severity Postpartum 563 9.64 33 76 46

As can be seen in Table 2, we found measurable
symptoms of depression in 50% and 57% of the
participants pre- and postpartum. Obsessive-
compulsive scores were also elevated at both test
times but the percentage of women considered
symptomatic declined from pregnancy to postpartum.
As was expected, somatization scores were higher
during pregnancy than following parturition.

Interestingly, mild to moderate psychotic symptoms
were present in some women postpartum, absent
concurrent elevations in paranoia. The most
frequently ascribed to symptoms within the
psychoticism cluster included fears of serious illness
(n=8), loss of mind (n=7) and isolation (n=12). Three
women exhibited distress regarding thought insertion
and thought broadcasting, two were concerned about
thought control and one woman indicated distress
about auditory hallucinations.

Steroid Hormones: Descriptive data for pre- and
postpartum hormone concentrations and changes
from T1 to T2 are shown in Table 3. Consistent with
the published research mean progesterone and estriol
concentrations were elevated in late pregnancy and
decreased markedly following parturition by 93% and
98%, respectively (30,31). Mean values for estrone
and estradiol also followed expected trends (30,31)
and decreased postpartum by 92% and 65%
respectively, although within participant patterns
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were not uniform. Postpartum estradiol values
increased rather than decreased in three participants
and estrone concentrations increased in one
participant.

Table 3. Salivary hormone descriptive statistics during pregnancy, postpartum, and
change (pregnancy to postpartum). All hormone measurements are in pg/mL.

Hormone Category 1 Mean Median SD Minimum __ Maximum
Pregnancy 31 111243 1184.80 555.61 221.60
Postpartum 28 80.89 79.50 36.65 20.30
Progesterone
Change” -:27
+:0
Pregnancy 31 1089.16 884.10 1081.75 135.50 5774.00
Postpartum 28 1462.4 1104.35 1062.17 449.10 4609.90
DHEAS
Change H
+:21
Pregnancy 30’ 37.48 27.95 29.86 2.60 94.30
Postpartum 28 19.17 15.55 18.04 0.20 78.10
Testosterone
Change -:21
+15
Pregnancy 31 3757 34.80 13.60 1.70 7250
Postpartum 28 3.07 265 219 1.20 12.70
Estrone
Change 26
+:1
Pregnancy 31 17.50 15.90 211 6.50 39.60
Postpartum 28 6.08 3.20 6.52 0.60 2830
Estradiol
Change —-:24
+:3
Pregnancy 31 301.96 408.50 2412 199.60 1003.90
Postpartum 28 11.84 11.20 1.96 4.50 22.40
Estriol
Change -:27

+:0
“Changes are given as the number whose hormone concentrations increased (+) or decreased (-) from
pregnancy fo postpartum.
One participant had a testosterone concentration below the detection limit.

Mean values for testosterone decreased an average of
49% following parturition, but individual patterns
were atypical. We observed unexpectedly low late
pregnancy testosterone concentrations, with eight
participants showing testosterone concentrations
below 10pg/mL. Following parturition, testosterone
values increased in five participants and decreased in
the remaining 21 participants.

Conversely, mean DHEAS concentrations were
elevated at 37 weeks of pregnancy with a further
increase of 35% following parturition. This trend was
not consistent across all participants. When individual
concentrations were examined, DHEAS increased for
21 (78%) of the 27 women following parturition.
Whether or not the observed patterns of perinatal
testosterone and DHEAS concentrations are consistent
with published reports is difficult to ascertain because
so few investigators have measured these hormones
across pregnancy/postpartum and of those who have,
test times and study populations differ significantly
(32,33,34).

Hormone to Mood Associations: Pearson
correlations were calculated for each hormone and
SCL-90-R subscale and are listed in Table 4. No
symptom clusters were correlated with progesterone,
estrone or estriol either pre- or postpartum. While
expected to be a close correlate of postpartum
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psychiatric symptoms (6), estradiol was associated
with very few symptom clusters in the present study.
Postpartum estradiol was positively associated with
increased postpartum phobia and interpersonal
sensitivity whereas low prenatal estradiol was
associated with an increase in the GSI, but not with
any specific psychiatric symptom.

Table 4. Correlations between hormone levels (Pre-H = during pregnancy; Post-H =

Maternal Psychiatric Disturbances Linked to Adrenal Androgens

postpartum ) and SCL mood states (Pre-M = during pregnancy; Post-M = postpartum).

Significance is indicated as: *p < .05, **p <.01 and ***p=<.001.

Category Correlation Progesterone DHEAS Testosterone Estrone Estradiol

Estriol

Pre-H & Pre-M -0.062 0228 -0.310 -0.033 -0.216

Anxiety PreH &PostM 0206 0.042 _469* 0057 0373
PostH & PostM 0262 461% 0052 0242 0238

PreH & Pre M 0.154 0.283 0081 0167 0021

Hostility PreH&PostM 0175 0173 -609**= 0120 0316
PostH & PostM  0.199 0358 0208 0243 0318

PreH & Pre M 0.108 0284 38a% 0189 0.035

Phobia PreH &Post M -0.009 0.168 0358 0009 0164

PostH & PostM 0227 4727 0012 0343 4s2e

Pre-H & Pre-M -0.003 0366 0326 0227  -0.028

Parancia PreH &PostM  -0.060 0.330 0251 0003 0103
PostH & PostM  -0.080 441% 0108 0263 0.360

PreH & Pre M 0.094 376* _Al0r 0154 0.033

Psychoticism PreH &PostM 0110 0.208 S411* 0082 -0.055
PostH & PostM  0.150 S41%% 0042 0254 320

PreH & Pre M 0.169 0102 -0445% 0034 0029

Somatization PreH &PostM  0.290 0089  -497** 0067 0334
PostH & PostM 0216 508%%  0.092 0.259 0.058

) Pre-H & Pre-M -0.020 0.134 0235 0097 0.094
8‘““5‘1?‘5 & PreH &Post M 0.109 0.055 589 0063 0301
cmpuisians PostH & PostM  0.167 0330 0.081 0.137 0234
. B PreH & Pre M 0138 0.190 0264 0137 0212
s t"?h?f?if‘ Pre-H & Post-M 0082 0130 -642%** 0094 0330
sl PostH & PostM 0132 0.005 0306 0.032 437
Pre-H & Pre-M -0.039 0.083 0335 0139 0004

Depression PreH &PostM 0301 0018 -471% 0162 0353
PostH & PostM 335 0.290 0084 0149 0.175

PreH & Pre M 0.015 0.194 371 0081 0081

Global Severity  PreH &PostM 0226 0079 -G28*** 0003 -422%
PostH & Post-M 387* 0082 0182 0268

-0.236
-0.026
0239

0129
0,074
0283

-0.131
-0.189
0281

-0.069
-0.032
0.231

-0.220
-0.135
0.267

0072
0.191
0.363

-0.103
0.106
0.109

0154
-0.075
0.116

-0.158
0.008
0.232

-0.102
0.053
0.281

Lower prenatal testosterone concentrations were
significantly associated with a variety of prenatal
psychiatric symptoms including phobia, psychoticism,
somatization, and an increase in the GSI (p<.05 for
each). Interestingly, low prenatal testosterone
concentration was also a strong predictor and
significantly associated with the development and/or
exacerbation of a broad range of postpartum
symptoms including anxiety, hostility, psychoticism,
somatization, obsessive = compulsive  behavior,
increased interpersonal sensitivity, and depression
along with an increase in the GSI (p<.05 for each).
Postpartum testosterone concentrations were not
correlated with postpartum psychiatric symptoms.

Elevated prenatal DHEAS concentrations were
associated with increased prenatal paranoia and
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psychoticism scores (p<.05 for both). As DHEAS
concentrations increased postpartum, the number and
strength of associations with psychiatric symptoms
also increased. Postpartum DHEAS concentrations
were significantly correlated with postpartum anxiety,
phobia, paranoia, psychoticism, somatization and the
GSI (p<.05 for all).

The comparisons between hormone concentrations of
symptomatic and asymptomatic participants
demonstrated  no significant  patterns for
progesterone, estrone, estradiol or estriol. They did,
however, reveal that each of the 14 women with late
pregnancy testosterone concentrations <60 pg/mL
experienced postpartum psychiatric disturbances
(p=-002). Conversely, participants with pregnancy
testosterone concentrations >60pg/mL demonstrated
only minimal or no postpartum distress and those
with testosterone concentrations >75pg/mL had
positive psychiatric outcomes following parturition.
The cutoff value for prenatal testosterone of <60
pg/mL represented an observed and natural pattern in
the data.

Each of the women (n=4) with postpartal DHEAS
concentrations >2500 pg/mL had late pregnancy
testosterone concentrations < 60pg/mL and had
significant postpartal psychiatric disturbances (p=.
028, P= .012, respectively) across multiple symptom
domains. Figures 1 and 2 illustrate the relationships
between late pregnancy testosterone, postpartal
DHEAS and the number of SCL-90-R postpartum
symptom scales >60. Salivary DHEAS values >2500
pg/mL are suspected of representing adrenal
dysfunction for non-pregnant, non-postpartum
women per laboratory reference ranges. This value
has not been confirmed for pregnant/postpartum
women.
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Figure 1. Relationship between prepartum testosterone concentrations and total number
of SCL-90-R symptom clusters with scores >60.
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Figure 2. Relationship between postpartum DHEAS concentrations and total number of
postpartum SCL-90-R symptom clusters with scores >60.
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Discussion

While a preliminary investigation with a limited
number of participants, results from this study
nevertheless provide three important insights
regarding perinatal mood disturbances. First, a
significant number of women  experience
psychological distress beyond that commonly
associated with the term “baby blues” and across a
broader range of symptoms than generally expected
from postpartum depression.

Fully 50% of the women experienced postpartum
distress in four or more symptom areas, with both
somatic and anxiety clusters core components of this
distress. These results are consistent with
investigations that have looked beyond postpartum
depression and have found anxiety to be as or more
prevalent than depression (35,36,37). In addition to
increased anxiety-type symptoms, some women
exhibited increased distress regarding psychotic
symptoms. These symptoms were not accompanied by
concomitant increases in paranoid ideation, but were
concurrent with elevations across the spectrum of
anxiety type disorders, suggesting perhaps a more
agitated form of puerperal psychological distress than
has been typically investigated.

Marrs etal. Maternal Psychiatric Disturbances Linked to Adrenal Androgens

Secondly, these data provide reasonably convincing
evidence that the observed disturbances were
hormonally mediated, albeit not as has been
customarily hypothesized. The prevailing research
posits that postpartum depression is triggered by a
hyper-sensitivity to the expected changes in gonadal
hormones (38). As such, most researchers have
investigated the relationships between progesterone,
progesterone metabolites and estradiol or estriol and
varying degrees of postpartum depression (9,10, 11,
12, 13,14,15,16). We found no such correlations
between progesterone or estriol and any symptom
measured by the SCL-90-R and estradiol was not a
prominent factor in peripartal distress. These findings
are consistent with a recent study showing no
associations between these hormones and postpartum
depression (17).

Thirdly, postpartum mood disturbances were
indicated hormonally during pregnancy. In this
investigation, the strongest predictor of postpartum
distress was diminished antenatal testosterone. Each
of the 14 women with antenatal testosterone
concentrations <60pg/mL experienced postpartum
psychiatric  symptoms. Conversely, only two
participants with antenatal testosterone
concentrations above 60 pg/mL exhibited postpartal
psychiatric symptoms. The remaining 10 women were
completely asymptomatic. In addition to the
diminished testosterone, four women, including two
women with the most severe postpartum symptoms,
exhibited both diminished antenatal testosterone
followed by a substantial increase in postpartum
DHEAS concentrations.

It is acknowledged that there are limited data
regarding pregnancy/postpartum testosterone and
DHEAS concentrations in serum and no data for
salivary values. However, observed progesterone,
estrone, estradiol and estriol concentrations measured
in this cohort of healthy primigravids followed the
expected trends and are consistent with the range of
salivary values published in multiple studies
(14,15,30,31). That progesterone, estrone, estradiol or
estriol concentrations were not associated with
symptoms as has been suggested historically, is also in
line with the published literature, where these
hormones have not been strongly associated with
symptoms (17). To the extent that progesterone and
estrogen values were consistent with published data,
it is expected that androgen values observed in this
cohort are also valid and represent a unique feature in
the development of postpartum psychiatric distress.

The relationship between DHEAS and mental health is
slowly being established in non-pregnant populations.
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Clinical psychiatric reports suggest that abnormally
elevated DHEA and/or DHEAS concentrations elicit
symptoms of anxiety, mania and psychosis that are in
some cases resistant to traditional therapeutic
approaches and abate only when hormone
concentrations are brought in check (22,23,24,25).
Similarly, lower concentrations of DHEA have been
linked to depression and malaise in the elderly (26)
and also with increased negative mood symptoms in
perinatal women (35). Though not always measured,
elevated DHEAS is frequently associated with elevated
DHEA and testosterone (39). In the present study,
DHEA concentrations were not measured, but lower
testosterone concentrations were observed, both
during pregnancy and following parturition.

The putative mechanisms by which these hormones
affect CNS activity are complex. DHEAS is an
anxiogenic and pro-convulsant compound through its
inhibition of GABAa chloride channels (21) and is also
associated with increased DA and NE via tyrosine
hydroxylase induction (40). Simultaneously,
diminished testosterone likely compounds the
excitatory actions of DHEAS, as testosterone has been
shown to be a fairly potent peripheral calcium L-
channel antagonist (41) and inhibits cortical
glucocorticoid response via the inhibition of arginine
vasopressin  (42). Inasmuch as DHEAS and
testosterone are capable of eliciting significant
psychiatric disturbances by themselves, when
superimposed upon the chronically elevated and
precipitous decline of progesterone and estradiol
associated with pregnancy and postpartum, symptom
frequency and severity are likely to increase. This is
particularly true for the anxiety related symptoms
insofar as chronic progesterone exposure followed by
rapid withdrawal diminishes GABAergic activity (43).
A concurrent increase in DHEAS may further diminish
GABAergic activity and heighten CNS excitability.

The postpartum reduction in estradiol, long suspected
of moderating psychiatric symptoms through its broad
excitatory influence across multiple neurotransmitter
systems might also moderate symptoms indirectly
through its influence on DHEAS concentrations.
Researchers posit an association between estradiol
and diminished sulfatase activity (44,45,46), a
potential factor in the pattern of puerperal hormones
observed in the present study. Reduced steroid
sulfatase, because of its role in converting DHEAS to
DHEA, the biologically active precursor to
downstream androgens (androstenedione and
testosterone) and estrogens, could be associated with
elevated DHEAS and diminished testosterone
concentrations. In hormone dependent cancer cells,
researchers have shown that high concentrations of
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estradiol limit sulfatase activity and estrone
concentrations, as part of a negative feedback loop
that ultimately limits estradiol’'s own synthesis
(44,45). Preliminary work with rodents demonstrates
a clear relationship between the postpartum reduction
in estradiol concentrations and an increase in both
cortical DHEAS and a diminishment of sulfatase (46).
Similarly, following the pharmacological reduction of
sulfatase, researchers have noted increases in both
DHEAS and psychological distress or
agitation/aggression in cancer patients (47) and male
rodents (48) respectively. In the present study, neither
enzyme activity nor the concentrations of the other
hormones along the androgen pathway were
measured and thus hypotheses regarding mechanisms
remain speculative. However, the unique pattern of
hormone values and associations with psychiatric
symptoms points to a possible biological component in
the etiology of postpartum psychiatric disturbances.

Strengths and Limitations: Unlike most investigations
of perinatal mood, the present study examined a broad
range of psychiatric symptoms and wide selection of
perinatal hormones. Where others have focused
almost exclusively on postpartum depression and its
connection to “feminine” hormones this study
expanded the observation field to include nine
common psychiatric disturbances and six hormones
both of gonadal and adrenal origin. In order to capture
the most significant changes in perinatal hormone
concentrations and to detect distress early, we chose
to test in late pregnancy and early postpartum and to
control both the day and time of assessment as tightly
as was reasonably practicable. These considerations
allowed us to more fully characterize perinatal
psychological and hormonal changes and to identify
early markers of distress that had been previously un-
documented.

There were, however, several limitations to the study.
This was an initial investigation and as such our
sample size was not only limited and but was
demographically homogenous despite recruiting from
both urban and suburban facilities. Our sample was
older, predominantly Caucasian, and perhaps better
educated than volunteers from other studies. Since age
can be a factor in the measurement of hormone
concentrations, and ethnicity may or may not be a
factor, the observations from this cohort will require
comparison with younger and older mothers from
more diverse backgrounds. With respect to education
level, though not likely to alter hormone values, it may
impact the ability to articulate symptoms, particularly
in an instrument such as the SCL-90-R that relies on
self-report methodology. Moreover, the use of SCL-90-
R, although well-validated when tracking change in

© 2014 Lucine Health Sciences, Inc. All rights reserved.
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psychiatric symptomatology across time, does not
provide diagnostic designations. Future investigations
will need to employ standardized diagnostic
instruments to determine which symptom clusters
reach criteria. However, we were able to demonstrate
significant associations with specific hormones and
symptoms. This was unexpected given the small
sample size in the present study, suggesting that the
correlations found were not spurious and therefore
warrant future investigation.

The use of salivary hormone assays versus serum
assays was both a strength and weakness. Where
hormone values measured from serum/ plasma
represent the total concentration of circulating
hormones, a significant portion of the hormone is
bound to plasma proteins (49) and thus not in the
biologically active form. Those measured from saliva
represent only the unbound fraction of the hormone.
Thus, hormones measured from saliva have been
suggested to be a more accurate marker of the
biologically active fraction of the hormone (50). While
that point is still debated, the bound: unbound ratios
in serum are believed to be in dynamic equilibrium.
Thus, it is expected that any measurement of free
hormone would have a consistent relationship to the
total hormone concentrations, a finding that has been
documented in a number of studies (51,52,53).
However, methodological inconsistencies in salivary
hormone research are common and procedural
standardization between laboratories is limited (54).
Moreover, there are no published reference ranges for
salivary hormone concentrations across pregnancy or
postpartum. Nevertheless, having employed rigorous
controls in sample collection and measurement
methods, we expect the results presented here to be
validated by future research.

Conclusion: Results from this study strongly suggest
that puerperal psychological disturbances may be
more prevalent than previously estimated and appear
to be driven more by anxiety and related symptoms
such as obsessive compulsive, somatic complaints and
sub-threshold psychotic symptoms than currently
acknowledged. More importantly, however, these
disturbances were not aberrant or excessive
responses to expected postpartum transitions in
progesterone, estradiol, estriol or estrone. Rather, the
psychiatric disturbances observed in this cohort of
healthy, primigravid women appeared to be mediated
by perturbations in the adrenal androgen pathway.
Diminished late pregnancy testosterone and elevated
puerperal DHEAS were strongly correlated with both
the number and severity of symptoms and could, with
further testing, provide diagnostic utility for
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predicting, confirming and/or treating puerperal
mental illness.

References

1 Dubrovsky BO. Steroids, neuroactive steroids and
neurosteroids in psychopathology. Prog Neuro-
psychopharma Biol Psy 29, 169-192.

2 Lambert J], Belelli D, Peden DR, Vardy AW, Peters JA.
Neurosteroid modulation of GABAA receptors. Prog
Neurobio. 2003; 71: 67-80.

3 Gulinello M, Gong QH, Li X, Smith SS. Short-term exposure
to a neuroactive steroid increases alpha4 GABA(a)
receptor subunit levels in association with
increased anxiety in the female rat. Brain Res.
2001;910(1-2):55-66.

4 Sundstrom Poromaa I, Smith S, Gulinello M. GABA
receptors, progesterone and premenstrual
dysphoric disorder. Arch Womens Ment Health.
2003; 6(1):23-41.

5 McEwen B, Alves SE. Estrogen actions on the central
nervous system. Endocrine Rev. 1999; 20(3):279-
307.

6 Ahokas A, Aito M, Rimon R. Positive treatment effect of
estradiol in postpartum psychosis: a pilot study. J
Clin Psychiatry. 2000; 61(3):166-169.

7 Kumar C, Mclvor R], Davies T, Brown N, Papadopolous A,
Wieck A, Chekley SA, Campbell IC, Marks MN.
Estrogen administration does not reduce the rate
of affective psychosis after childbirth. ] Clin
Psychiatry. 2003; 64(2):112-118.

8 Hogervorst E, Boshuisen M, Reidel W, Willeken C, Jolles J.
The effect of hormone replacement therapy on
cognitive function in elderly women.
Psychneuroendocrinology. 1999; 24(1):43-68.

9 Nott PN, Franklin M, Armitage C, Gelder MG. Hormonal
changes and mood in the puerperium. BrJ
Psychiatry. 1976; 128:379-383.

10 Kuevi V, Causon R, Dixson AF, Everard DM, Hall JM, Hole
D, Whitehead SA, Wilson CA, Wise JC. Plasma amine
and hormone changes in ‘post-partum blues’. Clin
Endocrinol. 1983; 19(1):39-46.

11Feski A, Harris B, Walker RF, Riad-Fahmy D, Newcombe
RG. ‘Maternity Blues’ and hormone levels in saliva. J
Affect Disord. 1984; 6(3-4):351-55.

12 Harris B, John S, Fung H, Thomas R, Walker R, Read G,
Riad-Fahmy D. The hormonal environment of post-
natal depression. Br J Psychiatry. 1989; 154:660-
667.

13 Harris B, Lovett L, Roberts S, Read GF, Riad-Fahmy D.
Cardiff puerperal mood and hormone study. Horm
Res. 1993; 39(3-4):138-145.

© 2014 Lucine Health Sciences, Inc. All rights reserved.



Marrs etal. Maternal Psychiatric Disturbances Linked to Adrenal Androgens

14 Harris B, Lovett L, Newcombe RG, Read GF, Walker R,
Riad-Fahmy D. Maternity blues and major
endocrine changes: Cardiff puerperal mood and
hormone study II. Br Med J. 1994; 308(6934):949-
953.

15 Harris B, Lovett L, Smith ], Read G, Walker R, Newcombe
R. Cardiff puerperal mood and hormone study III.
Postnatal depression at 5 to 6 weeks postpartum,
and its hormonal correlates across the peripartum
period. BrJ Psychiatry. 1996; 168(6):739-744.

16 O'Hara M, Schelecte JA, Lewis DA, Wright E]. Prospective
study of postpartum blues. Biologic and
psychosocial factors. Arch Gen Psychiatry. 1991;
48(9):801-6.

17 Klier CM, Muzik M, Dervic K, Mossaheb N, Benesch T, Ulm
B, Zeller M. The role of estrogen and progesterone
in depression after birth. ] Psychiatr Res. 2007;
41(3-4):273-279.

18 Carr BR. 2001. The maternal-fetal placental unit. In:
Becker, K. L., et al. (Eds.). Principles and Practice of
Endocrinology and Metabolism. Lippincott
Williams and Wilkins, PA, pp. 1059-1072.

19 Rainey WE, Rehman KS, Carr BR. The human fetal

adrenal: making androgens for placental estrogens.

Semin Reprod Med. 2004; 22(4):327-336.

20 Baulieu EE. Neurosteroids: A novel function in the brain.
Psychoneuroendocrinology. 1998; 23(8):963-987.

21 Sousa A, Ticku M]. Interactions with the neurosteroid
dehydroepiandrosterone sulfate with the GABAA
receptor complex reveals that it may act via the
picrotoxin site. | Pharmacol Exp Ther. 1997;
282(2):827-833.

22 Howard JS. Severe psychosis and the adrenal androgens.
Integr Physiol Behav Sci.1992; 27(3):209-15.

23 Jacobs AR, Edelheit PB, Coleman AE, Herzog AG. Late
onset congenital adrenal hyperplasia: a treatable
cause of anxiety. Biol Psychiatry. 1999; 46(6):856-
859.

24 Markowitz JS, Carson WH, Jackson CW. Possible
dehydroepiandrosterone-induced mania. Biol
Psychiatry. 1999; 45(2):241-42.

25 Dean CE. Prasterone (DHEA) and mania. Ann
Pharmacother. 2000; 34(12):1419-22.

26 Michael A, Jenaway A, Paykel ES, Herbert ]. Altered
salivary dehydroepiandrosterone levels in major
depression in older adults. Biol Psychiatry. 2000;
48(10):989-995.

27Michele FD, Caltagirone C, Bonaviri G, Romeo E, Spalletta
G. Plasma dehydroepiandrosterone levels are

strongly increased in schizophrenia. J Psychiatr Res.

2005; 39(3):267-73.

Hormones Matter™, March 2013. 9

28 Hochberg Z, Pacak K, Chrousos GP. Endocrine withdrawal
syndromes. Endocr Rev. 2003; 24(4):523-538.

29Derogatis LR. 1994. SCL-90-R, Administration, Scoring,
and Procedures Manual. Minneapolis, MN: National
Computer Systems, Inc.

30 Darne ], McGarrigle HHG, Lachelin GCL. Saliva oestriol,
oestradiol, oestrone and progesterone levels in
pregnancy: spontaneous labour at term is preceded
by a rise in the saliva oestriol:progesterone ratio.
Br ] Obstet Gyneacol. 1987; 94(3):227-235.

31 Lewis PR, Galvin PM, Short RV. Salivary oestriol and
progesterone concentrations in women during late
pregnancy, parturition and puerperium. /
Endocrinol. 1987; 115(1):177-181.

32 Doria, A. Cutolo, M., Ghriadello, A., Zampieri, S., Vescovi,
F., Sulli, A.,Giusti, M., Piccoli, A,, Grella, P., Gambari,
P.F., 2002. Steroid hormones and disease activity
during pregnancy in Systemic Lupus
Erythematosus. Arthritis Rheum., 47, 202-209.

33 Tagawa N, Hidaka Y, Takano T, Shimaoka Y, Kobasyashi Y,
Amino N. Serum concentrations of
dehydroepiandrosterone and
dehydroepiandrosterone sulfate and their relation
to cytokine production during and after normal
pregnancy. Clin Chim Acta. 2004; 340(1-2):187-
193.

34 Soldin OP, Guo T, Weiderpass E, Tractenberg R, Hilakiv-
Clarke L, Soldin SJ. Steroid hormone levels in
pregnancy and 1 year postpartum using iotope
dilution mass spectrometry. Fertil Steril. 2005;
84(3):701-709.

35 Ross LE, Gilbert Evans SE, Sellers EM, Romach MK.
Measurement issues in postpartum depression part
1: anxiety as a feature of postpartum depression.
Arch Womens Ment Health. 2002; 6(1):51-57.

36 Heron ], O'Connor TG, Evans ], Golding ], Glover V. The
course of anxiety and depression through
pregnancy and the postpartum in a community
sample. ] Affect Disord. 2004; 80(1):65-73.

37 Beck C, Indman P. The many faces of postpartum
depression. ] Obest Gynecol Neonatal Nurs. 2005;
34(5):569-576.

38 Bloch M, Schmidt PJ], Danaceau M, Murphy ], Nieman L,
Rubinow DR. Effects of gonadal steroids in women
with a history of postpartum depression. Am J
Psychiatry. 2004; 157(6):924-30.

39 Azziz R, Sanchez LA, Knochenhauer ES, Moran C, Lazenby
], Stephens KC, Taylor K, Boots LR. Androgen excess
in women: experience with over 1000 consecutive
patients. J Clin Endocrinol Metab. 2004; 89(2):453-
462.

© 2014 Lucine Health Sciences, Inc. All rights reserved.



10 Hormones Matter™, March 2013.

Marrs etal. Maternal Psychiatric Disturbances Linked to Adrenal Androgens

40 Charalampopoulos I, Dermitzaki E, Vardouli L, Tsatsanis
C, Stournaras C, Margioris N, Gravanis A.
Dehydroepiandrosterone sulfate and
allopregnanolone directly stimulate catecholamine
production via induction of tyrosine hydroxylase
and secretion by actin polymerization. Endocrinol.
2005; 146(8):3309-3318.

41 Perusquia M, Navarrate E, Jasso-Kamel ], Montano LM.
Androgens induce relaxation of contractile activity
in pregnant human myometrium at term: a non-
genomic action of L-type calcium channels. Biol
Reprod. 2005; 73(2):241-221.

42 Williamson M, Bingham B., Viau V. Central organization
of androgen-sensitive pathways to the
hypothalamic-pituitary-adrenal axis: Implications
for individual differences in response to homestatic
threat and predisposition to disease. Prog
Neuropsychopharmaco Biol Psychiatry. 2005;
29(8):1239-1248.

43 Smith SS, Gong QH, Hsu FC, Markowitz RS, French-Mullen
JMH, et al. GABAA receptor a4 subunit suppression
prevents withdrawal properties of an endogenous
steroid. Nature. 1998; 39(2):926-930.

44 Gell JS, Oh ], Rainey WE, Carr BR. Effect of estradiol on
DHEAS production in the human adrenocortical
cell line H295R. ] Soc Gynecol Invest. 1998;
5(3):144-148.

45 Pasqualini JR, Chetrite G. Paradoxical effect of estradiol: it
can block its own biotransformation in human
breast cancer cells. ] Steroid Biochem Mol Biol.
2001; 78(1): 21-24.

46 Maayan R, Strous RD, Abou-Kaoud M, Weizman A. The
effect of 173-estradiol withdrawal on the level of
brain and peripheral neurosteroids in
ovarectomized rats. Neurosci Lett. 2005; 384(1-
2):156-161.

47 Stanway SJ, Purohit A, Woo L, Lawrence S, Sufi S, Vigushin
D, Ward R, Wilson RH, Stanczyk FZ, Dobbs N,
Kulinskaya E, Elliott M, Potter BVL, Reed M],
Coombes RC. Phase 1 study of STX 64 (667
Coumate) in breast cancer patients: the first study
of a steroid sulfatase inhibitor. Clin Cancer Res.
2006; 12(5):1585-1592.

48 Nicolas LB, Pinoteau W, Papot S, Routier S, Guillamet G,
Mortaud S. Aggressive behavior induced by the
steroid sulfatase inhibitor Coumate and by DHEAS
in CBA/H mice. Brain Res. 2001; 922(2):216-222.

49 Nicolas LB, Pinoteau W, Papot S, Routier S, Guillamet G,
Mortaud S. Aggressive behavior induced by the
steroid sulfatase inhibitor Coumate and by DHEAS
in CBA/H mice. Brain Res. 2001; 922(2):216-222.

50 Vinning RF, McGinley R, Rice BV. Hormones in saliva:
mode of entry and consequent implications for

clinical interpretation. Clin Chem. 1983;
29(2):1752-1756.

51 Lachelin GC, McGarrigle HHG. A comparison of saliva,
plasma unconjugated and plasma total oestriol
levels throughout normal pregnancy. Br ] Obstet
Gynaecol. 1984; 91(12):1203-1209.

52 Meulenberg PM, Hoffman JA. Salivary progesterone
excellently reflects free and total progesterone in
plasma during pregnancy. Clin Chem. 1989;
35(1):168-172.

53 Gann PH, Giovanazzi S, Van Horton L, Branning A,
Chatterton RT. Saliva as a medium for investigating
intra-interindividual differences in sex hormone
levels in premenopausal women. Cancer Epidemiol
Biomarkers Prev. 2001; 10(1):59-64.

54 Hagen ], Gott N, Miller DR. Reliability of saliva hormone
tests. JAphA. 2003; 43(6):724-726.

© 2014 Lucine Health Sciences, Inc. All rights reserved.



