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Abstract
Objective—To test the hypothesis that disturbances in plasma melatonin distinguish pregnant
and postpartum patients with major depression (DP) from matched healthy comparison (HC)
women.

Method—In 25 pregnant (15 HC, 10 DP) and 24 postpartum (11 HC, 13 DP) women, we
measured plasma melatonin every 30 minutes from 18:00 -11:00 hours (h) in dim (< 30 lux) light.
The values were log-transformed and calculations made for baseline and synthesis onset and offset
times, duration, peak concentration and area under the curve (AUC). Groups were compared by
analyses of covariance using age, weeks pregnant or postpartum, breastfeeding status and body
mass index (BMI) as covariates.

Results—Morning melatonin levels were significantly lower in pregnant DP from 02:00 – 11:00
h, but were significantly higher in postpartum DP across time intervals, relative to matched HC
women. Pregnant (but not postpartum) women with a personal or family history of depression,
regardless of current diagnosis, had significantly earlier melatonin synthesis and baseline offsets
than those without such a history. In pregnant HC, but not in DP, melatonin levels increased
during the course of pregnancy. No such relationship existed for postpartum HC or DP.

Conclusions—Plasma nocturnal melatonin concentrations, especially in the morning hours,
were lower in depressed pregnant, but elevated in depressed postpartum women, compared with
HC women. Melatonin timing measures were advanced in pregnant women with a personal or
family history of depression. These findings implicate disturbances in the regulation of the
melatonin generating system in pregnancy and postpartum depression.

INTRODUCTION
Major depression during pregnancy or postpartum can be a devastating illness to the mother,
impair the neurocognitive and socio-emotional development of the child and increase the
risks for mental and medical disorders in offspring later in life (1-5). The causes are
unknown. Circadian rhythm dysregulation characterizes patients with mood disorders (6).
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Whether chronobiological disturbances also characterize patients with pregnancy and
postpartum depressive disorders has not been investigated systematically. As estrogen and
progesterone are among the few known endogenous modulators of circadian rhythm
amplitude and phase (7), it is conceivable that the marked changes in gonadal steroids
during pregnancy and postpartum may alter these biological rhythms, predisposing
vulnerable women to develop mood disorders.

The best measure of circadian rhythmicity in humans is plasma melatonin (8). The
hypothalamic circadian pacemaker regulates the secretion of melatonin, which is
synthesized from serotonin in the pineal gland under the rate-limiting influence of
norepinephrine. Melatonin generally is not secreted during the day, increases about two
hours before sleep onset, and declines in the early morning hours. As even relatively dim
light (200 lux) can suppress melatonin, it must be measured under controlled light
conditions. Melatonin serves as an important regulator of other circadian rhythms, and in
seasonally breeding animals, regulates cycles of reproduction and hibernation.

Melatonin circadian rhythms are of lower amplitude in some, but not all, depressed patients
(9,10). We observed blunted and phase-advanced (shifted earlier) melatonin rhythms in
women with premenstrual dysphoric disorder (PMDD)(11,12), but higher melatonin levels
in women with menopausal depression (13). Melatonin studies of pregnant or postpartum
women are few and do not include DP (cf. Parry et al. (14)).

The aim of the present study was to test the hypothesis that disturbances in melatonin
circadian rhythms distinguish women with major depression from healthy women during
pregnancy and postpartum. Based on our earlier work (13), we expected to find associations
between altered melatonin rhythms and measures of depressed mood.

Subjects and Methods
Subjects—Details of subject recruitment procedures are described elsewhere (15). In brief,
we telephone screened 20-45 year-old San Diego residents who were pregnant (up to 34
weeks, estimated) or postpartum (up to one year). To be eligible, women had to not smoke,
not use hormonal contraceptives if postpartum and not use medications, herbs or over-the-
counter preparations that would interfere with neuroendocrine measures. Participants agreed
to multiple overnight hospital stays in the General Clinical Research Center (GCRC), where
they were allowed to bring their child in with them if needed. Subjects had laboratory tests
for a chemistry panel, thyroid indices, complete blood count, urinalysis and urine toxicology
screens. They were without significant medical illness, and off medication that would
interfere with the melatonin measures. DP were off antidepressant medication ≥ two weeks
(four weeks for fluoxetine) before study. Patients with bipolar or primary anxiety disorders
were excluded. DP and HC subjects were without alcohol abuse within the last year.

To establish DSM-IV (16) entrance and baseline criteria, trained clinicians gave each
participant a structured psychiatric interview, a Structured Clinical Interview for DSM-IV
(SCID) (17) and at least two baseline evaluation ratings scheduled one week apart using the
21-item Hamilton Depression Rating Scale (HDRS) (18) that included an atypical
depressive symptom inventory (19), the Beck Depression Inventory (BDI) (20), and the
Edinburgh Postnatal Depression Scale (EPDS) (21), also validated for use during pregnancy
(22).

For study inclusion, DP had mean scores on the HDRS ≥ 14; BDI and EPDS ≥ 10, for two
weeks. Postpartum DP had onset of a major depressive episode (MDE) within 3 months
postpartum. HC subjects had mean HDRS ratings ≤ 8, and BDI ratings ≤ 5.
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Methods—Subjects meeting entrance criteria were admitted to the UCSD GCRC at 16:00
h. After a night of adaptation to the sleep room, licensed nurses inserted an intravenous
catheter at 17:00 h and drew blood (3cc) every 30 minutes from 18:00-11:00 h for
measurement of plasma melatonin. Serum for estradiol and progesterone was obtained at
18:00 and 06:00 h. Subjects remained at bed rest in a single room with double doors and
heavy drapery over the windows to block extraneous light from 16:00-11:00 h. Light panels
kept daytime light exposure relatively dim (< 30 lux). We considered this light intensity too
dim to substantially suppress melatonin in undilated pupils, disrupt sleep or shift circadian
rhythms, yet not so dim that it might serve as a dark pulse (23). Subjects slept in the dark
with an eye mask. Nurses or sleep technicians entered the room only when necessary
(recorded by infrared camera), using a pen-size dim red flashlight. During sleep times,
GCRC nurses threaded the intravenous catheter through a porthole in the wall and drew
samples from an adjoining room to minimize sleep disturbances.

The University of California, San Diego Institutional Review Board, approved the protocol.
All subjects gave written informed consent after the procedures had been explained fully.

Assays—Blood samples for melatonin were placed in ethylenediaminetetracetic acid-
containing plastic tubes, centrifuged, frozen immediately, and stored at −70° C until
assayed. All samples for the same subject were run in the same assay. Initial assays for
melatonin, estradiol and progesterone were described in previously published manuscripts
(24,25). We assayed plasma melatonin concentrations of the first 44 subjects by
radioimmunoassay (RIA) with kits manufactured by IBL Immuno-Biological Laboratories,
Hamburg, Germany. As the manufacturer changed this kit, plasma for the last five subjects
(3 pregnant, 2 postpartum) was assayed with Direct Melatonin RIA kits manufactured by
Bühlmann Laboratories (ALPCO Diagnostics, Windham NH). This widely used RIA kit
uses calibrators ranging from 1 - 81 pg/ml and reports intra- and inter-assay CVs of 6.7 %
and 10.4 %, respectively. The standard range is from 1.0 - 81 pg/ml, with an analytical
sensitivity of 0.8 pg/ml. For melatonin statistical analyses, assay type (IBL vs. Bühlmann)
was included as a covariate to correct for differences between assays.

Analyses—From the melatonin secretory profile, we estimated measures of timing (onset
time, synthesis and baseline offset time, duration) and quantity (peak concentration and area
under the curve, AUC) by previously described methods (13).

Along with attempting to match DP with HC subjects on weeks pregnant and weeks
postpartum, we included Weeks Pregnant/Postpartum as a covariate in analyses, to control
statistically for differences in that parameter.

For the initial repeated measures (e.g., Time x Diagnosis x Pregnant/Postpartum) analyses, a
three-factor “mixed” analysis of variance (ANOVA) was used with the Geisser-Greenhouse
correction for sphericity of repeated measures. Follow-up analyses were done on pregnant
and postpartum women, separately, with two-factor (Time x Diagnosis) analyses. Plasma
melatonin timing and quantitative measures were analyzed with multivariate analyses of
covariance (MANCOVA), followed by univariate ANCOVA on individual variables of
interest. For pregnant subjects, weeks pregnant and assay method (IBL vs. Bühlmann) were
applied as covariates; for postpartum subjects, weeks postpartum, Log BMI and
breastfeeding status were applied as covariates.
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RESULTS
Subject Characteristics

Of women meeting screening criteria, one pregnant subject was dropped as an outlier
because her delayed melatonin onset (24:30 h) and advanced baseline offset (05:30 h)
differed from the group mean by more than three standard deviations. We studied the
remaining 25 pregnant women (15 HC and 10 DP): 17 Caucasian, 3 Hispanic, 3 African
American, 1 Asian and 1 Multiethnic. Two pregnant HC reported a family history of
depression; two others had no family history, but reported one previous MDE, each; five of
the 10 DP reported a previous history of MDE, from 1- 6 previous episodes (mean = 1.1 ±
1.9). Based on retrospective reports, depression onset occurred during pregnancy (1-36
weeks) for all 10 subjects (mean = 12.1 ± 3.8 weeks). The current episode ranged in duration
from 3 to 28 weeks (mean = 13.6 ± 3.4). We dropped two postpartum women from study --
one whose sleep onset time was later (01:58 h vs. 11:34 h), and a second whose melatonin
offset time was earlier than the group mean (06:00 h vs. 09:56 h) by more than three
standard deviations. We analyzed the data of the remaining 24 postpartum women (11 HC
and 13 DP) who met screening criteria: 11 Caucasian, 8 Hispanic, 3 Asian and 2
Multiethnic. Two HC women reported one prior MDE, each, as well as family histories of
depression; a third subject reported only a family history of depression. Ten of 13 DP
reported a prior history of MDE, from 1 - 8 previous episodes (mean = 2.0 ± 2.2). Based on
retrospective reports, MDE onset occurred during pregnancy (4 - 32 weeks) for six women
(mean = 18.2 ± 4.7 weeks); and postpartum (1 – 22, mean = 5.7± 3.0 weeks) for seven DP.
The current episode ranged in duration from 3 to 40 weeks (mean = 17.0 ± 3.9 weeks). See
Table 1 for data on age, parity, breast feeding status, personal and family history of
depression(s), and mood ratings.

Plasma Melatonin
A repeated measures ANOVA on log-transformed melatonin concentrations across 35
successive half-hour intervals yielded a highly significant Time x Diagnosis X Pregnant/
Postpartum Status interaction (F=11.8, df=1, 44, p = .001). Subsequent ANCOVA
performed in pregnant subjects, with weeks pregnant and assay type (IBL vs. Bühlmann) as
covariates, showed a significant Diagnosis effect (F=8.02, df=1, 21, p = .010) as well as a
Time x Diagnosis interaction (F=3.19, df=34, 714, p = .028). Analysis of the interaction
showed DP melatonin concentrations were lower than HC from 02:00 – 11:00 h (all p < .05,
see Fig. 1 A). In contrast, in postpartum women, melatonin levels were significantly higher
in DP than HC women, across time points (F=6.13, df=1, 20, p = .022; see Fig. 1 B), when
weeks postpartum and breastfeeding status were applied as covariates. Although the Time x
Diagnosis interaction was not significant (p = .727), because pregnant DP vs. HC showed
morning melatonin differences, we calculated individual paired comparisons in postpartum
women, which showed the most reliable differences in melatonin secretion between DP and
HC women occurred from 06:30-09:30 h (all p < .05).

Baseline and Synthesis Melatonin Measures
In pregnant women, the omnibus MANCOVA was significant for Diagnosis (p = .037), with
weeks pregnant and melatonin assay type as covariates. Univariate ANCOVA showed AUC
(F=7.66, df=1, 21, p = .012) and Synthesis AUC (F=6.27, df=1, 21, p = .021) were lower in
DP vs. HC (see Table 2). Melatonin onset, synthesis offset and baseline offset did not differ
between groups (all p > .05). In postpartum women, the omnibus MANCOVA was
marginally significant for diagnosis (p = .055) for the quantitative melatonin measures,
when breastfeeding status and log BMI were included as covariates. In contrast to pregnant
subjects, univariate ANCOVA showed AUC (F=9.02, df=1, 20, p = .007), Synthesis AUC
(F=8.17, df=1, 20, p = .010) and log Peak melatonin concentration (F=7.89, df=1, 20, p = .
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011) were greater in postpartum DP vs. HC (see Table 2). Melatonin onset, synthesis offset
and baseline offset did not differ between groups (all p > .05).

We compared melatonin concentrations in pregnant HC and DP with their postpartum
counterparts. ANCOVA showed pregnant HC were higher than postpartum HC in melatonin
concentrations across time intervals (F=7.84, df=1,20, p = .011). In contrast, pregnant DP
did not differ significantly from postpartum DP (F=.050, df=1,17, p = .826).

As Weeks Pregnant was a significant covariate (p < .05, at least) in some melatonin
analyses, we determined the partial correlation between Weeks Pregnant and log-
transformed melatonin concentrations from 02:00-11:00 h, controlling for age. For pregnant
HC, the correlation was highly significant (r = .688, p = .007), but for pregnant DP, it was
not (r = .011, p = .879; see Fig. 2A). Thus, melatonin increased significantly across weeks of
pregnancy in HC, but not in DP. Similar postpartum analyses showed melatonin
concentrations were unrelated to weeks postpartum in both HC (r = .044, p = .898) and DP
groups (r = .202, p = .485; see Fig. 2B).

Correlations of Melatonin Measures with Mood and Depressive History
Overall, partial correlations between mood measures and melatonin measures (controlling
for age and weeks pregnant or postpartum) were small and not significant in both pregnant
(N = 25) and postpartum (N = 24) subjects. In contrast, a personal or family history of
depression was positively correlated with HDRS score in both pregnant (r = .466, p = .025)
and postpartum (r = .500, p = .018) subjects, as was number of prior episodes of depression
in pregnant women (r = .543, p = .007). In pregnant, but not postpartum women, partial
correlation (controlling for age and weeks pregnant) showed that number of prior episodes
of depression was negatively correlated with melatonin synthesis offset time (r = −.677, p
= .0004) and baseline offset time (r = −.629, p = .001) in DP + HC combined (N = 25).
Thus, earlier synthesis and baseline offsets were associated with greater number of previous
depressive episodes in pregnant subjects, in whom melatonin quantity measures were
reduced in DP vs. HC.

On melatonin timing measures, omnibus MANCOVA revealed a significant main effect of
Personal or Family History of Depression (p = .023), but no significant main effects or
interactions for Diagnosis, in pregnant subjects (HC + DP combined, n = 25), when weeks
pregnant and melatonin assay type were included as covariates in the analysis. The
univariate ANCOVA suggested that melatonin timing parameters were temporally advanced
in history-positive, relative to history-negative subjects (See Figure 3). Pregnant women
with a positive personal or family history of depression had, on average, marginally earlier
melatonin onset times (19.8 vs. 20.7 h, F = 3.62, df=1, 19, p = .073), significantly earlier
synthesis offset (4.8 vs. 6.4 h, F = 12.33, df=1, 19, p = .002) and baseline offset times (9.6
vs. 11.4 h, F = 9.17, df=1, 19, p = .007). In contrast, melatonin timing measures in
postpartum women were not significantly affected (all p > .05) by personal or family history
of depression. Thus, depression history affected melatonin timing measures in pregnant, but
not in postpartum women.

Menstruation, breastfeeding status and presence of child in room on testing nights
None of the pregnant women brought children to the GCRC on test nights. Two of 11
postpartum HC and 2 of 13 postpartum DP reported resumption of menstruation prior to
testing. One HC was studied in the follicular, and one in the luteal phase; likewise, one DP
was studied in the follicular, and one in the luteal phase. Seven of 11 postpartum HC women
brought and nursed children in the GCRC; two others pumped their breasts but did not nurse
children on study nights. Five of 13 DP women brought and breast-fed children. Total sleep
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time, sleep latency, sleep efficiency, and wake after sleep onset, ascertained by
polysomnography (PSG) recording, were available for all 25 of the pregnant and 23 of 24
postpartum women. Analyses of the PSG data showed no significant differences in sleep
quality variables as a function of Breastfeeding Status, Child Presence in Room, or their
interaction (all p > .05). Furthermore, Breastfeeding Status, Child Presence in Room, and
their interaction, were without significant effect on morning melatonin secretion (all p > .
05).

Reproductive Hormones
MANCOVA with weeks pregnant or postpartum (and breastfeeding status, postpartum)
showed no significant main effect of Diagnosis, Personal or Family History of Depression,
or their interaction, on log-transformed estradiol or progesterone in pregnant and postpartum
subjects (all p > .05). Partial correlation, controlling for age, weeks pregnant or postpartum,
and breastfeeding status, where appropriate, revealed no significant correlations between
mood measures (HDRS, atypical ratings, BDI, EPDS) and reproductive hormones (estradiol,
progesterone) in pregnant (N = 25) or postpartum (N = 24) women, when DP and HC were
combined (all p > .05). Similar tests revealed no significant partial correlations between
melatonin measures and reproductive hormones (all p > .05) in pregnant and postpartum
women.

DISCUSSION
The main findings of this study were that, compared with matched HC women, pregnant DP
had decreased, whereas postpartum DP had increased levels of nocturnal plasma melatonin,
particularly in the early morning hours. We also found that pregnant women who had a
depressive history had earlier melatonin offset times, and that melatonin secretion increased
during pregnancy in HC, but not in DP.

The findings of decreased levels of plasma melatonin in pregnant DP parallel findings in
women with Premenstrual Dysphoric Disorder (PMDD) (11,12). In contrast, the increased
levels of plasma melatonin in postpartum DP parallel the findings in menopausal DP (13).
Taken together, the findings from these studies suggest that depressive disorders related to
the reproductive cycle in women (premenstrual, pregnancy, postpartum and menopause)
may each be a specific disorder with its own characteristic pathophysiological
mechanism(s), rather than sharing a common pathophysiology. As O’Hara observed (26),
social support and life events may contribute differently to prepartum and postpartum
depression.

One explanation for decreased melatonin secretion in pregnant DP and increased secretion
in postpartum DP compared with HC is that DP may be less sensitive to the effects of
estradiol or progesterone on melatonin receptors. As a result, the increase in gonadal
hormones during pregnancy would increase melatonin secretion in pregnant HC, but not in
DP, as observed. In postpartum women, the declining levels of estradiol and progesterone
would decrease melatonin levels in HC women, but not in DP, resulting in higher melatonin
levels in postpartum DP vs. HC, also as observed. The effect of estradiol and progesterone
on melatonin production may occur through the rate-limiting catecholamine pathways
(27-30).

An altered sensitivity to gonadal steroids in DP may explain other depressive disorders
related to the reproductive cycle. Schmidt et al. (31) found differential behavioral effects of
gonadal steroids in women with and without depressive symptoms related to the menstrual
cycle, and Bloch et al. (32) found that simulated hormonal excursions of pregnancy and
postpartum induced depressive relapses in women with a history of perinatal mood disorder,
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but not in women without such a history. Although we did not find significantly different
levels of estradiol or progesterone in the present study, individual variability in sensitivity to
these hormones may have affected results. For example, as a function of individual
variability, estradiol treatment in postmenopausal women produced either an increase or a
decrease in melatonin in different patients (33).

The finding that depressive history and number of prior episodes were associated with
earlier melatonin offset times in pregnant women suggests that abnormalities in melatonin
timing parameters may be markers of vulnerability to depressive illness during pregnancy.
The mechanism for this vulnerability may be that women with depressive histories have a
lower strength or output of the hypothalamic circadian pacemaker that regulates melatonin
secretion. Alternatively, as early morning light suppresses melatonin secretion, causing an
earlier offset, these women may have an increased sensitivity to early morning light as do
some other patients at risk for depression (34), or they may experience more light in the
morning due to early morning awakening that occurs in DP.

Prepartum psychiatric illness is a risk factor for development of postpartum mood disorders.
Andersson et al. (35) reported depression and/or anxiety were prevalent in 29.2% of
pregnant, versus 16.5% of postpartum, women. The variables most predictive of postpartum
depression include antenatal depression and a previous history of postpartum depression
(36). Mothers with a previous psychiatric history are four times more likely to develop
depression postpartum, six times more likely to have recurrent depressive symptoms and
more likely to experience physical and mental illness compared to women without
depressive symptoms (37). Mood symptoms may manifest particularly in pregnancy in
women with a previous psychiatric disorder. Effects on newborn physiology depend more
on prepartum than on postpartum maternal depression and on duration of depressive
symptoms (38). Thus, melatonin timing parameters, as manifested especially in measures of
melatonin offset, appear to be sensitive physiological markers for vulnerable women whose
history of depressive illness may predispose them to future episodes.

These findings have important treatment implications. The low melatonin levels in
depressed pregnant women may compromise their ability to use melatonin as a regulator of
other circadian rhythms. As a result, desynchronization of circadian rhythms may predispose
them to further depressive mood changes (6). As melatonin treatment can alter reproductive
function (39), light therapy would be a better strategy to synchronize circadian rhythms and
thereby mitigate depression. Bright light at critical times of the day is one of the most potent
synchronizers of circadian rhythms and has been used in the treatment of mood disorders,
including those related to the reproductive cycle (see review, Parry and Maurer (40)). As
light has the ability not only to entrain circadian rhythms, but also to suppress melatonin, the
elevated melatonin levels in postpartum depressed women also might be amenable to
critically-timed light administration. Further work is needed to define more precisely the
abnormalities of melatonin secretion in pregnant and postpartum DP as a basis for designing
light, sleep or pharmacological therapies that affect melatonin regulation.
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Figure 1.
Mean plasma melatonin concentrations at successive time points in Healthy Comparison
(HC; closed circles) women and Depressed Patients (DP; open circles) in (A) Pregnant and
(B) Postpartum women.
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Figure 2.
Relationship of morning plasma melatonin concentrations (2:00 – 11:00 h) to (A) Weeks
Pregnant and (B) Weeks Postpartum in Healthy Comparison (HC; closed circles) women
and Depressed Patients (DP; open circles).
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Figure 3.
Mean plasma melatonin concentrations at successive time points in Pregnant women, with
(closed squares) and without (open squares) a Personal or Family History of Depression.
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