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Objective: Endocrine factors are pur-
ported to play a role in the etiology of post-
partum depression, but direct evidence for
this role is lacking. The authors investigated
the possible role of changes in gonadal ste-
roid levels in postpartum depression by
simulating two hormonal conditions re-
lated to pregnancy and parturition in eu-
thymic women with and without a history
of postpartum depression.

Method: The supraphysiologic gonadal
steroid levels of pregnancy and with-
drawal from these high levels to a hypo-
gonadal state were simulated by inducing
hypogonadism in euthymic women—
eight with and eight without a history of
postpartum depression—with the go-
nadotropin-releasing hormone agonist
leuprolide acetate, adding back supra-
physiologic doses of estradiol and proges-
terone for 8 weeks, and then withdrawing
both steroids under double-blind condi-
tions. Qutcome measures were daily
symptom self-ratings and standardized
subjective and objective cross-sectional
mood rating scales.

Results: Five of the eight women with a
history of postpartum depression (62.5%)
and none of the eight women in the com-
parison group developed significant
mood symptoms during the withdrawal
period. Analysis of variance with repeated
measures of daily and cross-sectional rat-
ings of mood showed significant phase-
by-group effects. These effects reflected
significant increases in depressive symp-
toms in women with a history of post-
partum depression but not in the com-
parison group after hormone withdrawal
(and during the end of the hormone
replacement phase), compared with
baseline.

Conclusions: The data provide direct
evidence in support of the involvement
of the reproductive hormones estrogen
and progesterone in the development of
postpartum depression in a subgroup of
women. Further, they suggest that women
with a history of postpartum depression
are differentially sensitive to mood-desta-
bilizing effects of gonadal steroids.

(Am J Psychiatry 2000; 157:924-930)

Neither the phenomenology nor the prevalence of
postpartum depression has been consistently demon-
strated to be different from that of nonpuerperal depres-
sion. However, women who develop depression in the
postpartum period are at a substantially increased risk for
depression after subsequent pregnancies (1-5). These
data imply that although a depressive episode during the
postpartum period is not clinically distinct, it nonetheless
appears to be triggered by some component of preg-
nancy, delivery, or the postpartum period in a subgroup
of women. The hormonal events that characterize preg-
nancy and the postpartum period are obvious candidates
for such a depression-triggering event; however, no con-
sistent hormonal differences have been found in postpar-
tum women with and without depression (6, 7), suggest-
ing that women with postpartum depression have normal
endocrine function.

Women with premenstrual syndrome (PMS) similarly
have normal gonadal steroid levels and yet display a dif-
ferential sensitivity to normal steroid levels such that their
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mood, but not that of women without PMS, is destabilized
by normal changes in estrogen and progesterone levels
(8). Consequently, we hypothesized that there may be a
subgroup of women with a differential sensitivity to repro-
ductive hormones in whom normal endocrine events re-
lated to childbirth could trigger a depressive episode. To
test this hypothesis, we developed a model in which some
of the hormonal events of pregnancy and childbirth are
simulated in a scaled-down fashion, and using this model,
we studied the effect of gonadal steroid manipulations on
mood and behavior in women with and without a history
of postpartum depression. In this study we asked two
questions: 1) whether hormone withdrawal would precip-
itate symptoms in women with a history of postpartum
depression but not in a comparison group of women with-
out such a history, and 2) whether marked elevations in
gonadal steroid levels during hormone addback would be
associated with mood destabilization in women with a
history of postpartum depression.
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Method

Subject Selection

Subjects selected for this study were healthy, euthymic, un-
medicated (including oral contraceptives), 22-45-year-old
women with regular menstrual cycles (range=24-32 days) who
came to our clinic in response to advertisements in local newspa-
pers and the hospital newsletter. All women had one or more bio-
logical children and were at least 1 year past their most recent
childbirth. Subjects were screened over two menstrual cycles us-
ing a 6-point daily mood and behavior self-rating form (adapted
from reference 9). Women who met criteria for premenstrual dys-
phoric disorder (DSM-1V) were excluded to avoid the confound
that cyclical mood symptoms would introduce during baseline
screening. Subjects also had a physical examination and routine
laboratory tests to exclude medical illness. To diagnose past and
present psychiatric illness, subjects were interviewed with the
Structured Clinical Interview for DSM-IV (SCID) (10) and the
Schedule for Affective Disorders and Schizophrenia—Lifetime
Version (SADS-L) (11).

Subjects were divided into two groups. The postpartum de-
pression group comprised women without a current or recent
history (1 year) of psychiatric illness (i.e., they were currently eu-
thymic) but with at least one past episode of postpartum major
depression and no history of nonpuerperal depression. The diag-
nosis of postpartum depression was established on the basis of
DSM-1V criteria, which include the requirement that the onset of
the episode of depression occurred within 4 weeks postpartum.
Women with a history of a severe postpartum depression charac-
terized by suicidal ideation or psychosis were excluded from the
study to minimize the risk to which subjects were exposed. The
comparison group comprised women with no history of past or
present psychiatric illness. The study was approved by the NIMH
intramural research panel. After complete description of the
study to the subjects, oral and written informed consent were
obtained.

Design

Baseline. Subjects provided daily and cross-sectional ratings for
2 months before receiving any medication, as described below.
After this baseline, subjects received the first of five monthly in-
jections with a gonadotropin-releasing hormone analog (leupro-
lide acetate, 3.75 mg/month), administered to produce a stable
hypogonadal condition. Leuprolide was initially administered by
day 6 of the subjects’ first menstrual cycle after the baseline pe-
riod and subsequently at monthly intervals. The consequent sup-
pressed and stabilized gonadal steroid levels allowed for a pre-
dictable steady state during the addback phase of the study and
for hypogonadal levels during the subsequent withdrawal phase.
Subjects also received active medication (described below) and/
or placebo in a pre-prepared pill box every 2 weeks throughout
the study. The number of tablets prescribed was adjusted bi-
weekly on a random basis during baseline and according to
plasma hormone levels during active treatment.

Addback. After 1 month of leuprolide and placebo tablets, high
plasma levels of estradiol and progesterone were obtained by
substituting micronized progesterone and estradiol for placebo
for 8 weeks. Estradiol was started at a dose of 4 mg/day (two 2-mg
tablets) and increased progressively up to 10 mg/day in three di-
vided doses. Progesterone was started at 400 mg/day p.o. (four
100-mg tablets) in three divided doses and increased progres-
sively according to plasma levels (target level=about 50 ng/ml,
range=400-900 mg/day). Placebo tablets were used to supple-
ment doses so that the number of tablets ingested was the same
throughout the study.
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Withdrawal phase and follow-up. Active medications were
replaced with placebo, inducing a precipitous drop in plasma
estradiol and progesterone levels. Hypogonadal levels were
maintained for the 4-week withdrawal phase by leuprolide. Sub-
sequently, women were followed for 8 more weeks while
unmedicated.

To ensure that the subjects were kept blind to the contents of
the tablets, the following measures were taken. First, active and
placebo medications were identically packaged. Second, the
number of ingested tablets taken daily was the same throughout
the study. Third, subjects were informed that they could be placed
on 8 weeks of active hormones at any time during the 16 weeks on
tablets; however, in practice they all received the active medica-
tion after 4 weeks of placebo. Fourth, to prevent interpretation of
spotting/bleeding as a “withdrawal bleed,” subjects were told
that this phenomenon could occur at any time throughout the
study. Fifth, the research nurses managing the subjects and raters
were blind to the medications and study design, and doses were
determined by the managing physician (M.B.), who was not di-
rectly involved in the routine interactions with or ratings of the
subjects.

Psychometric Assessment

Throughout the study, subjects assessed their mood, behav-
ioral symptoms, and hot flushes with daily self-ratings (9). In ad-
dition, the two standardized self-ratings were administered at
each bimonthly clinic visit: the Beck Depression Inventory (12)
and the Edinburgh Postnatal Depression Scale (13). A standard-
ized objective measure, the modified Cornell Dysthymia Scale
(14), also was administered bimonthly by a nurse who was not di-
rectly involved in the study and who was blind to both the sub-
ject’s psychiatric history and to the phase of the study.

Statistical Analysis

Four 1-month periods were selected for analysis: the last 4
weeks of the screening period (baseline), weeks 4-8 of addback,
weeks 1-4 after withdrawal, and weeks 9-12 after withdrawal (late
follow-up phase). Outcome measures for analysis included the
average of the four weekly mean scores for the daily self-ratings
and the two bimonthly scores for the Beck Depression Inventory,
the Cornell Dysthymia Scale, and the Edinburgh Postnatal De-
pression Scale over the four study periods. Five individual symp-
toms best reflecting clinical course—sadness, anxiety, mood la-
bility, irritability, and anhedonia—were selected from the daily
self-rating forms for analysis. As a measure of maximum distress,
the scores for each of the five symptoms were averaged each
week, and then a mean was calculated by using the weekly mean
scores for the two symptoms with the highest weekly means (high
daily symptom mean).

Analysis of variance with repeated measures (ANOVA)—with
diagnosis (history of postpartum depression versus comparison
group) as the between-subjects variable and phase (baseline, ad-
dback, withdrawal, late follow-up) as the within-subjects vari-
able—was performed to test the two main study hypotheses. The
primary hypothesis was whether hormone withdrawal would
precipitate symptoms in women with a history of postpartum de-
pression but not the comparison group. The secondary hypothe-
sis was whether marked elevations in gonadal steroid levels dur-
ing addback would be associated with mood destabilization in
women with a history of postpartum depression. Significant find-
ings on the repeated measures ANOVA were pursued with post
hoc Bonferroni t tests. In addition, a repeated measures ANOVA,
with the change in symptom severity from baseline as the depen-
dent measure, was performed. The relationship between plasma
hormone levels and mood changes was evaluated by using Pear-
son’s product moment correlation coefficients. Clinically signifi-
cant symptom appearance was defined as an increase from base-
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POSTPARTUM DEPRESSION

TABLE 1. Symptom Ratings at Baseline, After Addback and Acute Withdrawal of Estrogen and Progesterone Replacement,
and During Follow-Up for Eight Women With a History of Postpartum Depression (PPD+) and Eight Women Without a His-
tory of Postpartum Depression (PPD-)

Baseline Addback Withdrawal
PPD+ PPD- PPD+ PPD- PPD+ PPD-

Variable Mean  SD Mean  SD Mean  SD Mean  SD Mean SD Mean SD
Standardized scales

Edinburgh Postnatal Depression Scale 2.6 3.5 0.8 1.2 6.0 3.9 1.0 1.6 6.3 3.8 0.3 0.5

Cornell Dysthymia Scale 7.7 7.3 1.4 1.2 14.0 5.3 2.8 2.6 171 7.7 29 2.2

Beck Depression Inventory 3.8 3.8 09 0.8 6.4 2.9 1.0 1.4 7.8 3.3 0.8 1.1
Daily ratings®

High meand 1.9 0.8 1.1 0.2 2.4 0.6 1.3 0.2 2.4 1.0 1.1 0.1

Sadness 1.5 0.7 1.0 0.1 1.9 0.6 1.2 0.2 1.9 0.7 1.0 0.1

Anxiety 1.5 0.6 1.1 0.2 1.5 0.7 1.1 0.1 1.8 0.7 1.0 0.0

Mood lability 1.6 0.6 1.0 0.0 2.1 0.5 1.2 0.2 2.2 1.0 1.0 0.1

Irritability 1.9 0.9 1.1 0.2 2.2 0.6 1.2 0.1 24 1.0 1.1 0.1

Anhedonia 1.5 0.6 1.0 0.1 1.7 0.7 1.1 0.2 1.6 0.6 1.0 0.0

a Repeated measures analysis of variance, interaction of group and phase.
b Bonferroni t tests with six comparisons. No significant differences in scores between baseline and follow-up for PPD+ and PPD- groups or

within those groups at baseline and follow-up.

€ Scores ranged from 1 (symptoms not present) to 6 (symptoms present in the extreme).

d Mean of two highest weekly mean scores for five individual symptoms.

line in the Cornell Dysthymia Scale of 212 points, which
represents two standard deviations for the average baseline Cor-
nell Dysthymia Scale score. Comparison of the proportion of
women who developed significant symptoms across groups was
performed with Fisher’s exact test.

Plasma Hormone Levels

Plasma estradiol and progesterone levels were determined by
direct radioimmunoassay. Interassay coefficients of variation for
estradiol and progesterone were 10% and 14%, respectively.

Results

Sixteen women completed the study, eight with a his-
tory of postpartum depression (but no nonpuerperal af-
fective disorder) and eight comparison subjects without a
psychiatric history. One additional woman dropped out
of the study during the initial stages consequent to intol-
erance of the required phlebotomies. Mean age for those
with or without a history of postpartum depression was
33.5 years (SD=7.8) and 33.5 years (SD=4.9), respectively,
and mean parity was 2.5 (SD=2.1) and 3.5 (SD=0.7), re-
spectively. A comparison of symptom ratings during
baseline, addback, withdrawal, and follow-up with re-
peated measures ANOVA revealed significant effects of
group and phase for both the standardized and daily self-
rating measures (Table 1). On post hoc testing with Bon-
ferroni t tests these effects were seen to reflect a sig-
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nificant increase in symptom severity in women with a
history of postpartum depression, compared to those
without such a history, in all but one measure during
withdrawal and in all but two during addback (Table 1 and
Figure 1). Similarly, ratings for the women with a history
of postpartum depression but not for the comparison
group were significantly greater during withdrawal and,
less robustly, during addback, compared with baseline
(Table 1). Although no significant differences in ratings
between women with and without a history of postpar-
tum depression were observed at baseline or during fol-
low-up, elevated baseline ratings in three of eight subjects
with a history of postpartum depression led us to perform
arepeated measures ANOVA to analyze the change in rat-
ings from baseline. Significant effects for group and phase
identical to those described above were observed (F=10.4,
df=2, 28, p<0.0001 for scores on the Cornell Dysthymia
Scale). Finally, five of the eight women with a history of
postpartum depression (62.5%) and none of the eight
women in the comparison group developed clinically sig-
nificant affective symptoms during the withdrawal phase
(p=0.03, Fisher’s exact test).

Although the severity of symptoms experienced by the
five women who developed significant symptoms was less
than they remembered having had during their episodes
of postpartum depression (and only three had an Edin-
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Follow-Up
PPD+ PPD- ANOVA?
Mean SD Mean SD F (df=3, 42) p Significant Post Hoc FindingsP®
1.3 1.6 0.0 0.0 8.5 0.001 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: addback > baseline (p<0.01), withdrawal > baseline (p<0.01)
6.1 5.4 1.1 1.2 4.5 0.01 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: addback > baseline (p<0.05), withdrawal > baseline (p<0.01)
2.8 3.2 0.5 0.5 10.7 0.001 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: addback > baseline (p<0.01), withdrawal > baseline (p<0.01)
1.6 0.5 1.1 0.1 5.2 0.004 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: addback > baseline (p<0.05), withdrawal > baseline (p<0.05)
13 0.3 1.0 0.0 3.5 0.02 Addback: PPD+ > PPD- (p<0.05)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: addback > baseline (p<0.05), withdrawal > baseline (p<0.05)
1.5 0.5 1.0 0.0 4.0 0.01 Withdrawal: PPD+ > PPD- (p<0.05)
PPD+: withdrawal > baseline (p<0.05)
1.5 0.4 1.0 0.1 3.1 0.04 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
PPD+: withdrawal > baseline (p<0.05)
1.5 0.4 1.1 0.1 3.9 0.02 Addback: PPD+ > PPD- (p<0.01)
Withdrawal: PPD+ > PPD- (p<0.01)
1.3 0.5 1.0 0.0 1.2 n.s.

burgh Postnatal Depression Scale score >10) (15), the
quality and constellation of symptoms were often very
similar. In addition to predominantly depressive symp-
toms, one of these five women also had mild hypomanic
symptoms characterized by irritability, hyperactivity, hy-
pervigilance, decreased need for sleep, and hypersexual-
ity. Figure 2 illustrates the observed pattern of symptom
development for a representative woman with a history of
postpartum depression. The example shows a dramatic
increase in depressive symptoms during the first 4 weeks
of withdrawal and spontaneous subsequent improvement
coincident with returning ovarian function.

Elevated plasma levels of estradiol and progesterone
were sustained during the addback phase without sig-
nificant differences between groups (estradiol mean=258
pg/ml, SD=103, and mean=298 pg/ml, SD=75, and
progesterone mean=62 ng/ml, SD=64, and mean=66, ng/
ml, SD=36, for women with a history of postpartum de-
pression and the comparison group, respectively). Simi-
larly, no group differences were identified in the plasma
estradiol or progesterone levels during the withdrawal
(hypogonadal) phase (estradiol mean=28.8 pg/ml, SD=
15.9, and mean=25.9 pg/ml, SD=24.4, and progesterone
mean=0.5 ng/ml, SD=0.1, and mean=0.4 ng/ml, SD=0.0,
for women with a history of postpartum depression and
the comparison group, respectively). The ANOVA diag-
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nosis effect and the effect for diagnosis and phase were
nonsignificant for both hormones. Gonadal steroid con-
centrations in the hypogonadal range were observed af-
ter withdrawal in all subjects, with no evidence of ovula-
tion (based on plasma progesterone levels > 2 ng/ml)
until 8-10 weeks after withdrawal. Although some sub-
jects remained hypogonadal during weeks 5-8 after the
last leuprolide injection, all subjects showed return of
gonadal steroid production during the follow-up phase
(weeks 9-12).

For all subjects, no significant correlation was found be-
tween plasma progesterone or estradiol levels during the
end of the addback phase and either scores on the Cornell
Dysthymia Scale, Beck Depression Inventory, and Edin-
burgh Postnatal Depression Scale or daily ratings during
the addback or withdrawal phases.

Throughout the active study period most women had
sporadic spotting usually lasting for a few days but occa-
sionally lasting longer. None of the women experienced
bleeding only during the withdrawal month, which could
have otherwise compromised the blind study condition.

All subjects had some hot flushes during the first 8
weeks of withdrawal. However, in all cases, the emergence
of mood symptoms during the withdrawal month pre-
ceded the onset of hot flushes.
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FIGURE 1. Mean Scores on the Cornell Dysthymia Scale Be-
fore and After Estrogen and Progesterone Replacement in
Eight Women With a History of Postpartum Depression and
Eight Normal Comparison Women?
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a Study phases: 8-week baseline, when no medications were admin-
istered; 4-week early withdrawal, when estradiol and progesterone,
previously administered during an 8-week addback period, were
withdrawn; and 8-week follow-up, when no medications were ad-
ministered.

b Significant difference between baseline and withdrawal periods in
the group with a history of postpartum depression (Bonferroni post
hoc t test, p<0.01).

Discussion

The significant increase in depressive symptoms during
the withdrawal phase in the postpartum depression group
but not in the comparison group suggests that women
with a history of postpartum depression have a differential
response to abrupt reduction of plasma levels of gonadal
steroids, compared with women without a history of post-
partum depression. The women with a history of postpar-
tum depression participating in the study were asymp-
tomatic and at least 1 year removed from their depression,
suggesting that the behavioral sensitivity to perturbed go-
nadal steroid levels is a trait phenomenon. This interpre-
tation is consistent with a study by Cooper and Murray
(16) showing that women with postpartum depression
and no antecedent affective disorder have a higher rate of
subsequent postpartum depression episodes, but a lower
risk for subsequent nonpuerperal depressive episodes,
compared with women with nonpuerperal depression.

In this study, women with postpartum depression (but
not the comparison group) showed increased symptoms
in the addback phase with a peak during the withdrawal
phase. These findings have both phenomenologic and
mechanistic implications. First, our observation of mood
destabilization during sustained elevation of gonadal ste-
roids (as well as during withdrawal) is consistent with re-
ports that depressive symptoms are more common during
pregnancy and may predict postpartum depression in
some women (4, 17-21). In fact, Stowe et al. (personal
communication, 1999) observed that 45 of 48 women with
a history of postpartum depression developed depressive
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FIGURE 2. Mean Scores on the Cornell Dysthymia Scale at
Baseline, After Addback and Withdrawal of Estrogen and
Progesterone Replacement, and During Follow-Up for a
Representative Woman With a History of Postpartum De-
pression?
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a Study phases: 8-week baseline, when no medications were admin-
istered; 8-week addback, when estradiol and progesterone were
administered; 4-week withdrawal, when estradiol and progester-
one were withdrawn; and 8-week follow-up, when no medications
were administered. The shaded area corresponds to the 4-week
withdrawal period. The horizontal scale represents 2-week inter-
vals; the representation of the baseline and addback phases is com-
pressed, with 6 weeks separating the baseline rating and the first
rating during the addback phase.

symptoms during subsequent pregnancies. Thus the on-
set of depression before rather than after parturition may
be the rule rather than the exception in postpartum de-
pression. Second, although symptoms of postpartum de-
pression may in some cases start during pregnancy, the
withdrawal from supraphysiologic concentrations of go-
nadal steroids that accompanies delivery may precipitate
a worsening or the development of new symptoms in
some women. The design of this study cannot distinguish
between the effects of withdrawal and hypogonadism.
Nonetheless, the proximity of symptoms to the actual
withdrawal from the gonadal steroids and the improve-
ment of symptoms in women with a history of postpartum
depression during the month after withdrawal when still
relatively hypogonadal suggest that the postpartum hy-
pogonadism per se is not of primary importance as a trig-
ger of depression. These findings also suggest that the re-
ported efficacy of estrogen in treating (22) or preventing
the recurrence (23) of postpartum depression results from
the prevention of the sudden postpartum withdrawal of
estrogen.

This study did not fully replicate the reproductive endo-
crine events that occur during pregnancy and the postpar-
tum. Within 1-3 days of delivery circulating plasma estra-
diol and progesterone drop from concentrations of about
15,000 pg/ml and 150 ng/ml, respectively, to hypogonadal
levels. Although the high levels of plasma estradiol and
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progesterone in this study were sustained for at least 6
weeks, both the levels and duration of exposure were sub-
stantially less than those achieved during pregnancy.
Nonetheless, related studies suggest that significant
adverse mood reactions may be induced by levels and
changes in gonadal steroids that are considerably more
modest than those created in this study (8, 24).

Several mechanisms may underlie the depressive symp-
toms observed in this study. Gonadal steroids function as
major neuromodulators, profoundly altering the activity
of central nervous system neurotransmitter systems im-
plicated in mood regulation and mood disorders (25, 26).
Given the neuromodulatory effects of gonadal steroids
and the absence of abnormal hormone levels in women
with postpartum depression (6), postpartum depression
could represent either a homeostasis deficiency—i.e., a
failure to compensate for neuroregulatory changes in-
duced by major (but normal) perturbations of gonadal
steroid levels—or an amplification or modification of an
intracellular steroid signal.

Despite the small group sizes in this study, significant
effects of group and phase were seen, reflecting the inten-
sity of the symptoms elicited in the postpartum depres-
sion group and the lack of symptoms in the comparison
group. A possible confound in this analysis was the slightly
elevated baseline mean mood rating in the women with a
history of postpartum depression (three of them had pre-
menstrual mood symptoms during the baseline cycles de-
spite failing to meet DSM-IV criteria for premenstrual dys-
phoric disorder during screening). Reanalysis of data with
change in symptom severity from baseline rather than
mean severity scores did not alter the results.

The possibility that the blind study condition was
broken for the subjects by the occurrence of either hot
flushes, side effects, or spotting during the study is highly
unlikely, because none of these factors was exclusively as-
sociated with a particular study phase or group. Further-
more, when asked at the end of the study to guess when
they were withdrawn from the hormones, the only clue
identified by subjects was the presence or absence of
mood symptoms (three of the women with a history of
postpartum depression and none of the women in the
comparison group guessed correctly).

In conclusion, the results of this study suggest that
women with a history of postpartum depression may have
a differential sensitivity to changing levels of the gonadal
steroids estradiol and progesterone. This sensitivity
appears to be a trait vulnerability that is not present in
women without a history of postpartum depression.
These data provide the first direct evidence in support of
the pathophysiologic relevance of the reproductive hor-
mones estrogen and progesterone in the onset of postpar-
tum depression episodes. Identification of factors causing
this differential responsivity to gonadal steroids will im-
prove our understanding of postpartum depression.
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