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Abstract

Purpose: To assess the relationship between nocturnal plasma melatonin and serum estradiol (E;) and pro-
gesterone (P,) levels in depressed pregnant women (DW) and matched healthy women (HW).

Methods: We used analysis of variance (ANOVA) and linear regression analyses on data obtained from pregnant
HW and DW.

Results: Log E, and log P, were positively correlated with measures of melatonin quantity in HW (p <0.05) but
not DW, controlling for age. Log E, and log P, were positively correlated with melatonin offset and duration in
DW (p<0.01) but not HW.

Conclusions: Pregnant DW may be less sensitive than HW to modulation of melatonin secretion by E, and P,.
That melatonin timing measures are more sensitive to E, and P4 variation in DW may reflect a circadian system
more attuned to the need for realignment in DW than in HW. These altered sensitivities to reproductive

hormones may reflect a biologic vulnerability that predisposes some pregnant women to depression.

Introduction

D EPRESSIVE DISORDERS, Which are approximately twice as
common in women as in men, often occur in conjunction
with changes during the reproductive cycle, for example,
premenstrual dysphoric disorder (PMDD) and major de-
pression during pregnancy, postpartum, and at the meno-
pausal transition." Why women’s depressive episodes often
occur in association with changes in reproductive status is not
understood. Some researchers propose that circadian rhythm
dysregulation plays a role in mood disorders®® and repro-
ductive hormones may modulate circadian rhythm amplitude
and phase.* The dramatic fluctuations in reproductive hor-
mones that occur during pregnancy and the transition from
pregnancy to postpartum occur together with alterations in
diurnal melatonin timing and quantity.” We hypothesize that
the changes in reproductive hormones occurring during
pregnancy may alter circadian rhythms and thereby precipi-
tate depressive symptoms in vulnerable women.

Melatonin is an endocrine circadian rhythm marker syn-
thesized primarily in the mammalian pineal gland, regulated
by neural inputs from the suprachiasmatic nucleus (SCN).
Plasma melatonin levels are very low in daylight but become
elevated in darkness. In humans, melatonin is the most reli-
able biologic marker of circadian rhythms.® Melatonin medi-
ates the changes in reproductive hormones and behavior in
seasonally breeding animals.”

Evidence for a role for reproductive hormones in circadian
rhythm dysregulation and mood comes from our recent
studies of depressed and nondepressed pregnant and post-
partum women. We found significantly phased-advanced
melatonin secretion and baseline offsets in pregnant women
with personal and family histories of depression, regardless of
their current diagnosis, relative to women without positive
histories.® We also found significantly lower nocturnal plas-
ma melatonin levels in pregnant depressed women (DW)
relative to matched healthy women (HW).® Notably, whereas
plasma melatonin quantity increased approximately linearly
with the number of weeks pregnant in HW, it did not in DW;
that is, melatonin levels became increasingly elevated as
pregnancy progressed in healthy but not in depressed wo-
men. Additionally, our previous findings that pregnant HW
and DW did not differ significantly in serum estradiol (E;) or
progesterone (P,)® suggested that the observed differences in
melatonin quantity were not simply due to differences in
quantity of reproductive hormones.

The primary aim of the present report is to characterize the
relationship of serum E; and P, levels to the abnormal mela-
tonin timing and quantitative measures we found previously
in pregnant DW. Based on the earlier studies, we hypothesized
that plasma melatonin levels would be positively correlated
with serum E, and P, levels in HW but not in DW. We also
expected to find positive correlations between measures of
melatonin timing and E, and Py levels.
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Materials and Methods
Subjects

Data for this report were collected between November 1989
and August 2008 and represent an extension of our earlier
work® by the addition of 7 HW and 1 DW. Participant re-
cruitment procedures and research procedures are described
in detail elsewhere.® Briefly, potential subjects residing in San
Diego, California, were screened via telephone. Women were
eligible to participate if they did not smoke or use medications
or herbal or over the-counter (OTC) preparations that would
interfere with neuroendocrine measures. Participants agreed
to attend multiple overnight hospital stays in the General
Clinical Research Center. Eligible women underwent the fol-
lowing laboratory tests: a chemistry panel, thyroid indices,
complete blood count, urinalysis, and urine toxicology
screening. Eligible women could not have significant medical
illness, and women who were receiving drug treatment were
required to discontinue any medication that would interfere
with melatonin measures. We required women with major
depression to discontinue antidepressant treatment >2 weeks
(=4 weeks for fluoxetine treatment) before the start of the
study. Both DW and HW could not have had alcohol abuse or
dependency within the past year. Women with bipolar or
primary anxiety disorders were excluded from the study.

To establish DSM-IV-TR entrance and baseline criteria,
trained clinicians administered the following assessments to
each participant: the Structured Clinical Interview for DSM-
IV (SCID)’ and at least two baseline evaluation ratings,
scheduled 1 week apart, using objective ratings with the 21-
item Hamilton Depression Rating Scale (HAM-D)'’ and an
atypical depressive symptom inventory''; subjective ratings
with the Beck Depression Inventory (BDI)'?; and the Edin-
burgh Postnatal Depression Scale (EPDS),"® which has been
validated for use during pregnancy.14 For study inclusion,
DW were required to have a mean HAM-D score >14 and
BDI and EPDS scores >10 for 2 weeks. Healthy comparison
subjects were required to have a mean HAM-D score <8and a
mean BDI score <5.

Procedure

The University of California San Diego (UCSD) Institu-
tional Review Board approved the study protocol. All subjects
gave written informed consent after study procedures were
explained fully.

Women who met entrance criteria were admitted to the
UCSD General Clinical Research Center at 16:00 hours. After a
night of adaptation to the sleep room, licensed nurses inserted
an intravenous catheter at 17:00 hours and drew blood (3 mL)
every 30 minutes from 18:00 to 11:00 hours for measurement
of overnight plasma melatonin. To minimize sleep distur-
bances, nurses drew blood samples through an intravenous
catheter threaded through a porthole in the wall into an ad-
joining room. Serum for E; and P, was obtained at 18:00 hours
and again at 06:00 hours. Participants remained at bed restin a
single room with double doors, with the windows covered
with heavy drapery to block extraneous light from entering
between 16:00 hours and 11:00 hours. Light panels in the room
allowed daytime light exposure to remain relatively dim (<30
lux). We considered this light intensity to be too dim to sub-
stantially suppress melatonin in undilated pupils, disrupt
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sleep, or shift circadian rhythms but not dim enough to serve
as a dark pulse.'® Subjects slept in the dark with an eye mask.
Nurses entered the room only when necessary (recorded by
infrared camera), using a pen-sized dim red flashlight.

Assays

Estradiol and progesterone. Serum E, was measured
using a solid-phase radioimmunoassay (RIA) (Diagnostic
Products Corporation, Los Angeles, CA) that has a sensitivity
of 8pg/mL and a working range of 10-3600 pg/mL. The
cross-reactivities of the E, antibody are as follows: es-
trone 10.0%, estriol 0.32%, dehydroepiandrosterone (DHEA)
0.001%, 5a-dihydrotestosterone 0.004%, testosterone 0.0001%,
and P4, 11-deoxycortisol, cortisol, androsterone, androsene-
dione, and aldosterone <0.001%. At the 50% intercept, the
intraassay and interassay coefficients of variation (CV) for this
assay are 4% and 7%, respectively. Serum concentrations of
P, were measured using a solid-phase RIA (Diagnostic Pro-
ducts). The sensitivity of this assay is 0.5ng/mL, and its
working range is 0.1-40ng/mL. The intraassay and inter-
assay CVs for this assay are 5% and 8%, respectively. Cross-
reactivity with E; was 0.0%, 11-deoxycortisol 2.4%, 20 alpha-
dihydroprogesterone 2.0%, 11-deoxycorticosterone 1.7%;
beta-pregnan-3, 20-dione 1.3%, other related steroid and
hormone species <0.3%.

Melatonin. Blood samples for melatonin were placed into
plastic tubes containing ethylenediaminetetraacetic acid,
centrifuged, frozen immediately, and stored at —70°C until
assayed. All blood samples for the same subject were run in
the same assay. Initial assays for melatonin and E, and P,
have been described elsewhere.'®'” We assayed plasma
melatonin for the first 24 subjects by RIA using a kit manu-
factured by Immuno-Biological Laboratories (Hamburg,
Germany). After the manufacturer discontinued this kit, we
assayed plasma for the remaining 9 subjects with a direct
melatonin RIA kit manufactured by Bithlmann Laboratories
(ALPCO Diagnostics, Windham, NH), using calibrators
ranging from 1 to 81 pg/mL and reporting intraassay and
interassay CVs of 6.7% and 10.4%, respectively. The standard
range has an analytical sensitivity of 0.8 pg/mL. For melato-
nin statistical analyses, assay method type (Immuno-Biolo-
gical vs. Bithlmann kit) was included as a covariate to correct
for differences between assays.

Estimation of melatonin parameters. Using a visual in-
spection method described previously,'® we defined (1) the
dim light melatonin onset (DLMO) as the time when the slope
(dy/dt) of the log-transformed melatonin concentration curve
first became steeply positive for at least three consecutive time
points relative to the slope of the points immediately pre-
ceding it, (2) melatonin offset (DLMO(f) as the time when the
slope of the descending melatonin curve first approached zero
for at least three consecutive time points, (3) synthesis offset
(SynOff) as the time after the melatonin peak when the slope
of the descending melatonin curve first became steeply neg-
ative for three consecutive time points, (4) melatonin standard
duration as the difference in hours between the DLMO and
DLMOYf, (5) synthesis duration as the difference in hours
between DLMO and SynOff, (6) the peak concentration as the
single highest concentration during the nocturnal secretory
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TABLE 1. SUBJECT CHARACTERISTICS OF 22 HEALTHY AND 11 DEPRESSED WOMEN STUDIED DURING PREGNANCY
Healthy women Depressed women
Mean sD Range Mean SD Range P
Age, years 25.7 5.2 19-38 26.4 5.4 20-37 0.140
Weeks pregnant 30.3 8.0 8-38 29.1 7.6 14-38 0.677
Body mass index 30.1 5.6 22-41 31.1 5.2 25-40 0.096
Estradiol 3.9 0.5 2.4-4.5 log pg/mL 3.8 0.2 3.4-4.1 log pg/mL 0.348
Progesterone 2.0 0.3 1.2-2.3 log ng/mL 1.9 0.2 1.6-2.4 log ng/mL 0.846
Melatonin AUC 3.2 0.3 2.6-3.6 log ng/mL/h 3.0 0.1 2.8-3.2 log ng/mL/h 0.019

AUC, area under the curve; SD, standard deviation.

episode, (7) the standard area under the curve (AUC) as the
integrated melatonin concentration (pg/mL/h) from DLMO
to DLMOY{, and (8) synthesis AUC as the integrated melato-
nin concentration (pg/mL/h) from DLMO to SynOff.

Statistical analyses

Because the variances in melatonin AUCs and in repro-
ductive hormone levels were nonhomogeneous across weeks
of pregnancy, we log-transformed raw melatonin and repro-
ductive hormone values (means of the 18:00 and 06:00 hour
draws) for E, (range 230-34,700 pg/mL) and P, (range 14-
231 ng/mL) before statistical analyses. We used separate, one-
factor, between-subjects analyses of variance (ANOVA) to test
the effects of diagnosis (healthy vs. depressed) on variables of
interest. To characterize the relationships of E; and P, to
melatonin measures, we used stepwise linear regression an-
alyses, with the backward entry method, setting p=0.100 for
elimination of variables from the model."

Results
Subject characteristics

Complete datasets were obtained from 22 pregnant HW
(self-reported ethnicity: Caucasian 13, 59%, Hispanic 6, 27%,
Asian 1, 5%, African American 2, 9%) and 11 DW (Caucasian
5, 45%, Hispanic 3, 27%, African American 1, 9%, multiethnic
1,9%). A chi-square analysis showed the HW and DW did not
differ significantly in their distributions within ethnic groups
(chi-square (df=4)=3.25, p=0.52). The distribution within
groups also was approximately equal across seasons of test-
ing, with the percentages of HW/DW subjects being: winter
(9%/9%), spring (32%/18%), summer (32%/27%), fall (27%/
45%); a chi-square analysis showed the HW and DW did not
differ significantly in their distributions across seasons (chi-
square (df=3)=1.23, p=0.74).

Table 1 shows other relevant characteristics of the HW and
DW groups at the time of data collection. The HW and DW
groups were approximately matched and did not differ sig-
nificantly in age, F(1,31)=0.14, p=0.711; weeks pregnant at
the time of testing, F(1,31)=0.177, p=0.677; or body mass in-
dex (BMI), F(1,31)=0.263, p=0.612. As we found previously,®
the HW and DW groups did not differ significantly in log E,
concentrations, F(1,31)=0.348, p=0.560, and log P, concen-
trations, F(1,31)=0.846, p =0.365, when the number of weeks
of pregnancy was included as a covariate in the analyses. As
reported previously,8 however, melatonin log AUC was sig-
nificantly lower in DW vs. HW, F(1,32)=5.730, p=0.023, as

was log peak melatonin concentration, F(1,31)=4.72, p=.038.
Melatonin onset time (DLMO) was marginally earlier in
DW (mean=19:54+1:01 hh:mm (hours:minutes) vs. HW
(mean=20:36£0:59 hh:mm), F(1,32)=3.66, p=0.065. The
SynOff, DLMOff, and melatonin standard and synthesis du-
rations did not differ significantly between groups (p>0.05).
However, when groups were compared based on personal or
family history of depression rather than current diagnosis,
women with positive personal or family histories had signif-
icantly earlier DLMOs (mean=19:54+0:58 vs. 20:44+0:58
hh:mm, F(1,31)=6.19, p=0.018) and DLMOffs (mean=11:06
£1:06 vs. 9:47+1:38 hh:mm, F(1,31)=7.48, p=0.010) than
women with negative personal or family histories. SynOff
was also marginally earlier in history-positive vs. history-
negative women (5:15+1:27 vs. 6:03+£0:54 hh:mm,
F(1,31)=3.85, p=0.059). The groups did not differ signifi-
cantly in synthesis duration, F(1,31)=0.01, p=0.92.

Correlations of melatonin quantity
and timing with serum E, and P,

Quantitative measures. Log E, and log P, values were
highly correlated with each other in both HW (r=0.911,
p<0.0001) and DW (r=0.778, p=0.005). Tables 2 and 3

TABLE 2. CORRELATIONS BETWEEN LoG ESTRADIOL
AND MELATONIN MEASURES IN HEALTHY
AND CLINICALLY DEPRESSED PREGNANT WOMEN

Healthy women Depressed women

(n=22) (n=11)
Correlation Correlation
with log E; with Log E,
r p r p
Peak 0.282 NS -0.147 NS
Log AUC 0.538*  0.012 0.142 NS
Log synthesis AUC 0.480*  0.028 0.227 NS
DLMO -0.011 NS 0.075 NS
DLMOff 0.068* NS 0.904 0.0001
Standard duration 0.192* NS 0.801 0.003
Synthesis offset 0.095* NS 0.564  0.071
Synthesis duration 0.071* NS 0.514 NS

Tabled values are Pearson correlations except for those with
asterisks (*), which are partial correlations controlling for age, in
those cases where age was correlated with the melatonin measure at
p<0.10, at least. Significant correlations (p<0.05, two-tailed) are
highlighted in bold.

DLMO, dim light melatonin onset; DLMOff, melatonin offset; E,
estradiol; NS, not significant.
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TABLE 3. CORRELATIONS BETWEEN LOG PROGESTERONE
AND MELATONIN MEASURES IN HEALTHY
AND CLINICALLY DEPRESSED PREGNANT WOMEN

Healthy women Depressed women

n=22) (n=11)
Correlation Correlation
with log Py with log Py
r p r p
Peak 0.317 NS -0.249 NS
Log AUC 0.574* 0.007 0.047 NS
Log synthesis AUC 0.513* 0.017 0.163 NS
DLMO 0.052 NS —0.084 NS
DLMOff 0.176* NS 0.884 0.0003
Standard duration 0.327* NS 0.857  0.001
Synthesis offset 0.128* NS 0.597  0.053
Synthesis duration 0.045* NS 0.642  0.033

Tabled values are Pearson correlations except for those with
asterisks (*), which are partial correlations controlling for age, in
those cases where age was correlated with the melatonin measure at
p<0.100, at least. Significant correlations (p<0.05, two-tailed) are
highlighted in bold.

P,, progesterone.

summarize results of regression analyses performed on mel-
atonin variables with log E, and log P4, with age included as
an independent variable. These analyses showed serum log E,
and log P, were significantly positively correlated with mel-
atonin AUC in HW when age was controlled for. In contrast,
the correlations between melatonin AUC and log E, and log
P4 were nonsignificant in DW (p>0.05) (Fig. 1). Thus, pro-
gressively elevated serum E, and P, were associated with
increased nocturnal plasma melatonin quantity in HW but not
in DW. All other melatonin quantity and timing measures
(peak, DLMO, DLMOf, synthesis offset, standard, and syn-
thesis durations) were not significantly correlated with log E,
or log P, in HW (p>0.05).

Timing measures. We observed a different pattern of
results regarding melatonin timing measures: DLMOff and
melatonin duration measures were positively correlated with
both log E; and log P, in DW but not in HW (Fig. 2). All other
melatonin quantity and timing measures were not signifi-
cantly correlated with log E; or log P, in DW, with the ex-
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ception of synthesis duration, which was significantly and
positively correlated with log P, in DW but not in HW (Fig. 3
and Tables 2 and 3).

Discussion

The most important findings of this study are that (1)
nocturnal plasma melatonin quantity in pregnant women was
significantly correlated with serum E, and P4 levels in HW but
not in DW and (2) melatonin offset time and synthesis dura-
tion were significantly correlated with E, and P, levels in DW
but not in HW. Notably, as we found previously,” HW and
DW did not differ significantly in serum E, and P, levels
(Table 1). Thus, the differences in the correlations of repro-
ductive hormones with melatonin quantity and timing were
not associated with differences between HW and DW in the
absolute levels of E; and Ps. We propose that these group
variations may reflect differences between DW and HW in E,
and P, receptor sensitivity and signal transduction during
pregnancy.

Melatonin quantity measures

The present results are consistent with earlier work showing
that melatonin and serum P, levels were positively correlated
in human follicular cells.?’ Adriaens et al.?! found that varia-
tions in melatonin levels could influence P, concentrations.
Testing the effects of a range of melatonin doses on in vitro
cultured mouse ovarian follicles, they found increased P,
levels after administration of a low melatonin dose (100 uM);
E, levels were unaffected. More recently, Taketani et al??
found that melatonin concentrations in the follicular fluid of
cycling women were positively correlated with Py levels;
melatonin treatment in women with low endogenous P, levels
increased P4 concentrations during the midluteal phase.

In contrast, a body of literature implicates P, in the mod-
ulation of melatonin in humans. In cycling women, Webley
and Leidenberger® found that increased P, during the luteal
vs. follicular menstrual phase was associated with signifi-
cantly increased melatonin levels; furthermore, in women
taking three-phase oral contraceptives, increased P, dosage
also was associated with elevated total 24-hour melato-
nin exposure. Increased melatonin secretion in association
with oral contraceptive use has been reported elsewhere.**
Notably, Parry et al.*>*® found reduced luteal phase melato-
nin amplitude, peak, and AUC values, relative to healthy
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controls, in women who experienced depressive symptoms
during the luteal menstrual phase.

Our current findings confirm and extend our earlier report®
showing that nocturnal melatonin AUC increased across
weeks of pregnancy in HW but not in DW. Nakamura et al.”
also found that serum melatonin level increased as gestation
progressed in normal pregnant women. Thus, E; and P, may
be part of an important mechanism associated with increased
melatonin quantity during pregnancy in HW. The magnitude
of change of reproductive hormones during pregnancy,
however, is quite large, 1,000-10,000-fold, whereas for mela-
tonin, it is relatively small, only 2-3-fold.

Concerning the direction of association, the fact that E, and
P, levels were not significantly different in HW and DW sug-
gests that the observed alterations in endogenous melatonin
quantity did not modulate E; and P, levels. Rather, these data
suggest that E; and P, modulate melatonin production. During
pregnancy, the organism preserves levels of E; and Py that
sustain pregnancy; these levels are not compromised by alter-
ations in melatonin levels in DW vs. HW, which would be
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maladaptive for the offspring. Along those lines, Zhao et al.*®
showed that melatonin binding sites in rats were reduced by
70% after ovariectomy. Injection of E; and P, into the rat uteri
partially restored melatonin receptor density, confirming a
modulating influence of these reproductive hormones on
melatonin receptor density. Additionally, Masana et al.?® ob-
served that treatment of cultured ovarian hamster cells with E,
activated melatonin type 1 (MT;) receptors and increased
melatonin type 2 (MT),) receptor density. Thus, a plausible in-
ference from the dissociation between melatonin and repro-
ductive hormones in DW in the present study is that pregnant
women with depression have reduced E, and P, receptor
sensitivity and signaling relative to pregnant HW.

It is likely that this reduced sensitivity in the depressed
women may be at the steroid receptor. As melatonin is syn-
thesized from serotonin in the pineal gland under the rate-
limiting influence of norepinephrine (NE),* the effect of E, and
P, levels on melatonin production could occur through cate-
cholamine pathways.>'~* Reduced sensitivity to the stimulat-
ing effects of reproductive hormones on melatonin may
represent a biologic vulnerability that predisposes some wo-
men to develop the circadian dysregulation and depression.

Melatonin timing measures

We found that elevated serum E, and P, levels were asso-
ciated with a phase-delayed DLMOff and longer synthesis
duration in DW but not in HW. These results are interpretable
in light of the fact that human circadian rhythms are the
product of the interaction of multiple oscillators.® As E,
generally advances circadian rhythms, whereas P, delays
them,**® our data suggest that sensitivity of morning and
evening oscillators to E; and P, may be differentially altered in
pregnant DW. That E, and P, were positively correlated with
delayed DLMOff in DW may reflect increased sensitivity to P4
but decreased sensitivity to E, of the morning oscillator,
which controls DLMOff. The increased synthesis duration
associated with greater P, in DW would follow from the
phase-delay in DLMOf, not a phase-advance of DLMO. This
finding parallels our previous study of women with PMDD,
in which increased melatonin duration was associated with
depressive symptoms in the luteal phase, when P, is elevated,
but not in the follicular phase, when P, is absent and women
with PMDD are asymptomatic.”® In a previous study of
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menopausal women, we also found that DLMOff was de-
layed in DW compared with HW.' Notably, delayed
DLMOff is associated with an evening chronotype commonly
found in depressive disorders.***! Photoperiodic information
as measured by melatonin and influenced by reproductive
hormones may be inadequately conveyed from the environ-
ment to the organism in persons with depressive disorders.
Increased sensitivity of pregnant DW to the effects of E; and
P4 on melatonin timing measures may reflect a corrective in-
fluence of the circadian system on misalignment.

Implications for treatment and research

If the circadian rhythm dysregulation observed in some DW
reflects reduced sensitivity to the stimulatory effects of repro-
ductive hormones on melatonin secretion, treatments that alter
melatonin quantity and timing may ameliorate depression. For
example, critically timed exposure to bright light (light treat-
ment) has been shown to relieve even nonseasonal depres-
sions, possibly by synchronizing circadian rhythms.**** In the
case of decreased melatonin quantity and delayed melatonin
offset, morning light would be the indicated treatment, as it
may increase melatonin quantity at night and phase-advance
the morning DLMO(f, whereas evening light could benefit
women with phase-advanced melatonin rhythms or increased
nighttime melatonin secretion. Luteinizing hormone, which
weakly stimulates E, production, increases during bright light
treatment in healthy young men.*>*® Light treatment provides
a potentially viable option for women who do not wish to use
pharmacologic means to alter mood. Critically timed thera-
peutic sleep restriction (wake therapy) also has been reported
to improve mood and alter melatonin timing. For example,
morning/late-night, but not evening/early-night, wake ther-
apy advances melatonin offset in PMDD.*

The strengths of this study include careful screening and
diagnostic assessments of depression using objective, inter-
view-based assessments by trained mental health profes-
sionals in women selected from a broad range of ages, parity,
ethnicities, and socioeconomic status, with sampling distrib-
uted across the seasons of the year and precise circadian
sampling of plasma melatonin. Study limitations include re-
liance on relatively small samples of women. Further research
is needed to identify the mechanism(s) by which reproductive
hormones regulate melatonin circadian rhythms. The abnor-
mal melatonin profiles that characterize DW during different
reproductive epochs®'#2*” implicate reproductive hormones
in circadian rhythm dysregulation and depression. In par-
ticular, the differing reproductive hormonal milieus that
characterize each reproductive epoch (menstrual cycle, preg-
nancy, postpartum, and menopause) have distinguishable
melatonin profiles associated with each depressive state.
For example, phase-advanced and low melatonin quantities
characterize PMDD and pregnant DW, whereas phase-
delayed and increased melatonin AUC characterize postpar-
tum and menopausal depression. ¥'%2°*” Understanding the
relationship of reproductive hormones to circadian rhythm
dysregulation may elucidate important mechanisms in
women'’s depressions.
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