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Fluoxetine in the Treatment of

Premenstrual Dysphoria

Tung-Ping Su, M.D., Peter |. Schmidt, M.D., Merry A. Danaceau, R.N., M.S.N.,
Marie B. Tobin, M.D., Donald L. Rosenstein, M.D., Dennis L. Murphy, M.D.,

and David R. Rubinow, M.D.

We performed a double-blind, placebo-controlled, crossover
trial of fluoxetine in 17 women with prospectively
confirmed PMS who also met criteria for premenstrual
dysphoric disorder (PMDD). A subset of 10 women with
PMDD and an additional 10 controls participated in a
single-dose m-chlorophenylpiperazine (m-CPP) challenge
during the follicular and luteal phases of the menstrual
cycle. We evaluated the ability of the acute behavioral
response to luteal phase m-CPP administration to predict
therapeutic response to fluoxetine. Compared with baseline,
fluoxetine, but not placebo, treatment significantly

improved both emotional and physical symptoms. We
identified 11 (65%) fluoxetine responders who no longer
met diagnostic criteria for PMDD during fluoxetine but
remained symptomatic during placebo treatment. In
addition, acute symptomatic improvement also occurred
following m-CPP administration in 7 of 10 women with
PMDD. The small number of m-CPP nonresponders did
not respond to fluoxetine either. Our findings confirm that
fluoxetine is an effective treatment of PMIDD.
[Neuropsychopharmacology 16:346-356, 19971
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Premenstrual syndrome (PMS) describes a heteroge-
nous group of affective and somatic symptoms that occur
in a phase-specific manner during the luteal phase of
the menstrual cycle. Investigators have identified a role
of serotonin (5-HT) function in many of the behaviors
commonly experienced by women with PMS, including
alterations in mood, appetite, sleep, sexual interest, and
impulsivity (Spoont 1992). In addition, although thera-
peutic inconsistencies with some psychotropic agents
have been demonstrated (Smith et al. 1987; Harrison et
al. 1990; Schmidt et al. 1993), serotonergic pharmacolog-
ical agents [e.g., clomipramine (Eriksson et al. 1990;
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Sundblad et al. 1992, 1993), buspirone (Rickels et al.
1989) and fluoxetine (Stone et al. 1991; Menkes et al.
1992; Wood et al. 1992)] appear superior to placebo in
alleviating PMS symptoms, suggesting a possible role
of serotonin system dysregulation in PMS. Further,
pharmacological challenge studies, using either the se-
rotonin precursor tryptophan or the serotonin agonist
m-chlorophenylpiperazine (m-CPP), have been reported
to stimulate differential neuroendocrine response pat-
terns in women in PMS compared with controls (Hal-
breich 1990; Bancroft et al. 1991).

Two double-blind, placebo-controlled, crossover (Wood
et al. 1992; Menkes et al. 1993) and two parallel (Stone et
al. 1991; Steiner et al. 1995) design studies have re-
ported the therapeutic efficacy of fluoxetine (dose range
20 to 60 mg) in women with prospectively confirmed
diagnoses of PMS. Despite evidence that on a group ba-
sis fluoxetine is superior to placebo in treating PMS, all
four studies identified some subjects who demon-
strated a partial or nonresponse to fluoxetine, suggest-
ing that treatment response to fluoxetine may vary even
in women with prospectively confirmed PMS. More-
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over, three studies (Stone et al. 1991; Menkes et al. 1992;
Steiner et al. 1995) reported that remission of PMS oc-
curred in approximately 50% of subjects treated. Inves-
tigators have suggested a number of possible explana-
tions for the inconsistent response to fluoxetine in PMS,
including individual differences in dosage require-
ments and the presence of a past psychiatric history.
Similarly, variable response to fluoxetine has been re-
ported in other conditions (Hollander et al. 1993), and
one study has suggested that nonresponse to serotoner-
gic agents such as fluoxetine or clomipramine in obses-
sive-compulsive disorder can be predicted by the be-
havioral and neuroendocrine response to the 5-HT
probe m-CPP (Hollander et al. 1993). In this study we
attempted to replicate and extend previous investiga-
tions of the therapeutic effects of fluoxetine in women
with prospectively confirmed PMS. In a published, rela-
tively large, parallel design study of fluoxetine in PMS,
a moderate therapeutic response was observed in 53%
of fluoxetine-treated cycles and 28% of placebo-treated
cycles (Steiner et al. 1995). What remains unresolved is
the question of the number of patients who will re-
spond to active medication, but not placebo, a question
that is of critical clinical importance, given the high pla-
cebo response rate and the high intersubject variability
in the presenting symptoms of women with PMS. We
have addressed this question with a double-blind, pla-
cebo-controlled crossover design. In addition, in this
study, we evaluated the ability of the behavioral re-
sponse to a serotonin agonist, m-CPP, administered at
baseline prior to study entry, to predict the therapeutic
response to fluoxetine in women with PMS.

SUBJECTS AND METHODS
Subject Selection

The study participants (1 = 19) were either self-referred
in response to advertisements in the local newspapers
and hospital newsletter or were referred by their physi-
cians. All women were screened for the absence of sig-
nificant medical illness (current or in the past year)
through history, physical examination, and routine lab-
oratory tests. A structured psychiatric interview, the
Structured Clinical Interview for DSM-III-R (SCID)
(Spitzer et al. 1989), was administered to each subject to
confirm the absence of significant current or recent
(past 2 years) Axis I psychiatric illness, including alco-
hol and substance abuse. A past history of Axis I psy-
chiatric illness (more than 2 years prior to study entry)
was not an exclusion criterion for the women with PMS
in contrast to controls for the m-CPP study (see later).
The presence of Axis II psychiatric diagnoses was not
determined. Except for one woman who was on a stable
regimen of thyroid hormone replacement for hypothy-
roidism, none of the women had been taking psychoac-
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tive medications, hormonal preparations (including
oral contraceptives), mineral supplements, or nonste-
roidal anti-inflammatory medications within the past 6
months. All women reported having regular menstrual
cycles ranging from 23 to 35 days. Before participating
in the study, each woman had the diagnosis of PMS
prospectively confirmed by daily, three-item, visual an-
alog scale self-ratings for 3 months. Each participant
had at least a 30% increase in mean negative mood (e.g.,
depression, anxiety, irritability) symptoms, relative to
the actual range of the analog scale used, in the week be-
fore menses compared with the week after menses in at
least two of three cycles. An exclusion criterion was the
appearance of significant mood symptoms (mean mood
ratings below the midpoint of the rating scale) during
the follicular phase of the menstrual cycle. Approxi-
mately 30% of the women presenting to our clinic with
symptoms of PMS and the absence of conditions pre-
cluding participation in our study met these diagnostic
criteria. In addition, we retrospectively examined the
records of the women participating in the study and
found that all those selected for participation also met
the criteria for premenstrual dysphoric disorder (PMDD)
of the Diagnostic and Statistical Manual of Mental Disor-
ders, 4th edition (1994). To emphasize the severity of the
affective symptoms experienced by the women in our
sample, we refer to them throughout the remainder of
this paper as having PMDD. Pregnancy tests were per-
formed before the beginning of the study, and all par-
ticipants were required to employ barrier contraceptive
methods to prevent pregnancy during the course of the
study. The protocol was reviewed and approved by the
National Institute of Mental Health Intramural Re-
search Review Board, and oral and written informed
consents were obtained from all patients before the
study started.

Control subjects for the m-CPP challenge were
women (n = 10) who had the absence of significant
PMS symptoms confirmed in a manner similar to the
patient group and who had no past or current Axis [
psychiatric illness.

Study Design

Therapeutic Trial of Fluoxetine. All patient subjects
entered a randomized, double-blind (patient and rater),
placebo-controlled, crossover design trial of fluoxetine.
Fluoxetine (Eli Lilly, Indianapolis, IN) and placebo
were each administered for three consecutive men-
strual cycles followed by one washout menstrual cycle
(approximately 1 month) to ensure an adequate elimi-
nation of fluoxetine and its metabolites. The entire
study period was eight menstrual cycles, including six
cycles of the trial (double-blind) and two cycles of
washout. Medication was administered at a dose of two
tablets per day starting on the first day of the menses
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and continuing for a full menstrual cycle. Each tablet
contained 10 mg of fluoxetine or placebo. In the next
two cycles, the dosing schedule was flexible; the dose
could be unchanged or increased by one or two tablets
for each cycle as determined by PMDD symptom sever-
ity or treatment side effects. The dosage ceiling was six
tablets per day (i.e., 60 mg fluoxetine or placebo). Lower
doses of fluoxetine or placebo were employed during
the study if side effects precluded continuation at the
same dose. According to clinical needs, daily dose could
be single or divided, and the time of administration was
flexible. Medication was tapered by 10 to 20 mg every 2
to 3 days over 1 week at the end of the third treatment
cycle after each trial phase (fluoxetine or placebo).

Oral m-CPP Challenge Test.  Following acceptance into
this study, and prior to entering into the therapeutic
trial, patients were requested to undergo two oral m-
CPP challenge tests during two consecutive menstrual
cycle phases: the late luteal (2-12 days prior to menses)
and the mid-follicular (39 days after the start of menses)
phases. Participation in the m-CPP challenge was op-
tional, and the order of performance of m-CPP infu-
sions was randomized. In brief, this procedure [detailed
elsewhere (Murphy et al. 1989)] consists of oral admin-
istration of 0.5 mg/kg m-CPP followed by temperature
measurement (every 15 minutes) and plasma sampling
as well as visual analog symptom self-ratings (every 30
minutes) for 3.5 hours.

Behavioral Ratings

Daily Ratings. Patients were required to complete
daily self-report symptom ratings during the entire
study period, which included three cycles of baseline
ratings (the screening phase and the m-CPP tests) and
the eight cycles of trial ratings (six cycles of fluoxetine/
placebo and two cycles of washout). Daily ratings con-
sisted of a 16-item extended version of the visual analog
scale (VAS) and a 21-item six-point scale representing a
slight modification of the Daily Rating Form (DRF) (En-
dicott and Halbreich 1982; Halbreich et al. 1985). Both
of the self-rating scales assess the severity of common
symptoms of PMDD, including (1) mood symptoms,
such as sadness, anxiety, irritability, and mood swings;
(2) physical symptoms, such as breast pain and bloat-
ing; and (3) other symptoms, suchi as fatigue, food crav-
ings, impaired social and work functioning, impulsive-
ness, and global impairment. The DRF ratings also
measure disturbances of sleep and sexual interest.

Composite Symptom Ratings. A composite symptom
score was calculated for each woman and represented
the mean of the daily symptom ratings (DRF, VAS) dur-
ing the premenstrual and postmenstrual weeks for each
month during each drug condition, The symptoms in-
corporated into the composite scores consisted of com-
posite mood symptoms (irritability, mood lability, sad-
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ness, and anxiety) and composite social impairment
symptoms (social isolation and work inefficiency).

Cross-Sectional Ratings. All women were seen dur-
ing the follicular and luteal phases of each menstrual
cycle throughout this study at the National Institute of
Mental Health outpatient clinic. During the visits, each
woman completed the following rating scales: Beck De-
pression Inventory (BDI) (Beck et al. 1961); State Trait
Anxiety Inventory-State Form (STAI) developed by
Spielberger et al. (1970); the Rating Scale for Premen-
strual Tension Syndrome (Steiner et al. 1980), both self-
rated (PMTS-Self) and observer-rated (PMTS-Rater)
forms; and a physical symptom checklist (VanKammen
and Murphy 1975) to detect the side effects of fluoxet-
ine. The raters (T.S. and M.D.) completing the PMTS-
Rater scale were blind to the medication status. During
the late luteal phase visit, blood samples were collected
to measure plasma progesterone levels, were centri-
fuged, and aliquots of plasma were frozen to —20°C un-
til the time of assay.

m-CPP Ratings. Patient and control subjects com-
pleted a nine-item VAS of mood and somatic symptoms
(sadness, mood swings, anxiety, irritability, global feel-
ings, poor appetite, low energy, physical discomfort, and
low self-esteem) at baseline and at 30-minute intervals
for 210 minutes after oral administration of m-CPP. As
described, a composite mood symptom (irritability, mood
swings, sadness, and anxiety) score was calculated.

Plasma Hormone Assay

Plasma progesterone levels were assayed by a previ-
ously described radioimmunoassay method (Abraham
et al. 1971). The intraassay coefficients of variation in
the low and high regions of the standard curve were
5.2% and 8.4%, respectively. The interassay coefficients
of variation in these same regions were 13.9% and
14.3%, respectively.

Statistical Analysis

Fluoxetine Trial

SYMPTOM SELF-RATINGS.  The weekly means of the
symptom self-ratings of both the daily VAS and the
DRF during the 7 days before menses and the 7 days af-
ter the cessation of menses were compared by repeated-
measures analysis of variance (ANOVA-R) with drug
condition (baseline, placebo, and fluoxetine), cycle num-
ber (cycle 1 to 3), and phase (luteal and follicular) as the
within-subjects variables. If no effect of number of cycle
on the symptom ratings was found from the ANOVA-R
analysis, the weekly means of the symptom ratings
were averaged for the three cycles in each drug condi-
tion and compared using ANOVA-R, with drug condi-
tion and menstrual cycle phase as the within-subjects
variables. Because of the large number of symptoms
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measured, we analyzed and present only those symp-
toms from the VAS and DRF most commonly endorsed
by women with PMDD (i.e., the DRF symptoms listed
in Table 1 and the VAS symptoms constituting the com-
posite symptoms described).

The cross-sectional rating scales (BDI, STAI, PMTS-
Self, and PMTS-Rater) were analyzed in a similar fash-
ion to the daily self-ratings. However, cross-sectional
ratings were not obtained during the baseline phase of
the study. Significant differences identified by ANOVA-R
were analyzed by post hoc Bonferroni t-tests.

We reanalyzed the data in an identical manner as
that described, except that the ratings for menstrual cy-
cles were excluded from analysis if all luteal (within 11
days prior to menses) plasma progesterone levels were
less than 6.0 nmol/l, suggesting an anovulatory men-
strual cycle.

RESPONDER CRITERIA.  For the categorical compari-
sons of pretreatment variables with treatment re-
sponses, responders to fluoxetine were operationally
defined in three separate ways: (1) absence of a 30% in-
crease or more (relative to the range of the VAS scale
employed during baseline) in negative mood symptom
score (VAS) in the luteal phase compared with the folli-
cular phase (i.e., did not meet diagnostic criteria for
PMDD during fluoxetine treatment); (2) a 50% or
greater reduction of the mean of the three luteal phase
weekly means in DRF composite symptom score (com-
posite mood and social impairment scores) during flu-
oxetine treatment compared with baseline; and (3) re-
sults as in (2) except that only a 30% decrease in severity
was required. Any subject meeting any of these criteria
during the placebo phase was defined as a placebo re-
sponder.

CORRELATES OF RESPONSE TO FLUOXETINE. ~ Age, past gy-
necological history, past personal psychiatric history,
and family history of psychiatric illness in fluoxetine re-
sponders and nonresponders were compared using the
Fisher exact test.

m-CPP Study

SYMPTOM SELF-RATINGS.  Visual analogue symptom
self-ratings during the m-CPP challenge were analyzed
by ANOVA-R, with diagnostic group (PMDD vs. con-
trols) as the between-subjects variable and menstrual
cycle phase and time (baseline, 30, 60, 90, 120, 150, 180,
210 minutes) as the within-subjects variables. Signifi-
cant differences in symptom self-ratings were analyzed
with post hoc Bonferroni t-tests. Only results from four
symptoms typical of PMDD are presented.

ResPONSE CRITERIA. A negative or positive symp-
tom response to oral m-CPP was operationally defined
as a greater than 30% increase or decrease, respectively,
of the mean of four VAS mood symptom scores (sad-
ness, anxiety, irritability, and mood lability) during the
3.5 hours of the test compared with the baseline scores.
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We attempted to eliminate potential floor or ceiling ef-
fects of the patient’s baseline mood symptoms in this
analysis, as positive effects of m-CPP can be obscured if
the patient is asymptomatic (i.e., in the follicular phase)
during testing and negative or dysphoric effects would
be obscured if the patient is maximally symptomatic
(i.e., in the luteal phase). Therefore, we selected the fol-
licular phase (asymptomatic) m-CPP study to investi-
gate negative symptom responses and the luteal phase
(symptomatic) m-CPP study to investigate positive
symptom responses. Differences in the number of posi-
tive and negative symptom responses to m-CPP be-
tween fluoxetine responders and nonresponders were
compared by Fisher exact test. In addition, the symp-
tomatic response to m-CPP (post-m-CPP minus base-
line) seen during the luteal phase was correlated (Pear-
son correlation coefficients) with the response to
fluoxetine (fluoxetine luteal phase scores minus base-
line luteal phase scores) for a composite of four VAS
mood symptoms.

RESULTS
Fluoxetine Trial

Subject Characteristics. Nineteen women with PMDD
were enrolled into the study, and seventeen completed
the entire trial. Two women dropped out of the trial
while receiving fluoxetine: one experienced intolerable
migraine headaches, and the other developed irregular
menstrual bleeding that was determined to be unre-
lated to fluoxetine administration. Participants ranged
in age from 28 to 44 years (mean * SD, 36.5 = 5.4); the
reported duration of PMDD was 5.1 * 3.2 years.

Structured diagnostic interview identified eight women
(47%) who met criteria for a past history of affective dis-
order [bipolar II disorder (» = 1) and depressive disor-
der (n = 7), including postpartum depression (n = 3)].
Four of the eight women also reported receiving treat-
ment for these affective episodes, including lithium and
antidepressants. Three women (18%) had past histories
of alcohol or substance abuse [alcohol and marijuana (n
= 1), alcohol (n = 1), and cocaine (n = 1)]. Two women
reported a past history of migraine headaches. One
woman had a history of hypothyroidism treated with
thyroid replacement and had normal thyroid function
indices prior to and during the fluoxetine trial.

Symptom ratings. No significant effects of the cycle
number or of the interaction of cycle number with drug
condition and menstrual cycle phase were observed in
the comparisons of the weekly means of the premenstrual
and postmenstrual DRF and VAS ratings for any symp-
tom. Similarly, no significant main or interaction effects
for cycle number were identified for the composite symp-
tom scores and the cross-sectional ratings (ANOVA-R,
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Fy3 < 260, p = NS). Therefore, the averages of the
three premenstrual and three postmenstrual weekly
means of the symptom ratings were calculated during
each drug condition and compared by ANOVA-R.

Daily ratings. ANOVA-R showed significant effects
of drug condition (F,4, = 8.2-19.4, p < .01), menstrual
cycle phase (F; ;6 = 6.3-109.1, p < .05), and drug condi-
tion by menstrual cycle phase interactions (F,3, = 6.3
33.2, p < .01) on the weekly mean of the DRF ratings of
mood, physical, behavioral, and social impairment vari-
ables (Table 1), reflecting significant reductions in the
mean premenstrual symptom rating scores during flu-
oxetine compared with baseline and placebo condi-
tions. Specifically, post hoc testing with Bonferroni
t-tests disclosed significantly lower anxiety, depression,
irritability, mood lability, work inefficiency, social isola-
tion, impulsiveness, food cravings, and bloating scores
in subjects taking fluoxetine than in those on placebo
(Bonferroni t5, = 3.8-6.7, p < .01) and during baseline
(ty = 4.1-7.5, p < .01) (Table 1). There were no differ-
ences in mean premenstrual symptom scores for these
symptoms during placebo versus baseline conditions
(Bonferroni f;, = 0.53-2.19, p > .1). In contrast,
ANOVA-R did not show a significant effect of drug
condition in the weekly mean symptom scores for
breast pain, insomnia, or fatigue (F,3, = 2.9,1.1,and 1.2,
p = .07, .3, .3, respectively). However, significant effects
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were observed in the symptom scores for breast pain,
insomnia, and fatigue for drug condition-by-menstrual-
cycle-phase interactions (F, 3, = 11.7, 11.3, and 8, respec-
tively, p < .002) and for menstrual cycle phase (F; ;4 =
17.0,11.4, and 42.2, respectively, p < .005). Post hoc test-
ing showed a significant decrease premenstrually in
symptom scores of fatigue, insomnia, and breast pain
for fluoxetine, but not for placebo, versus baseline (Bon-
ferroni t3 = 3.5, 3.6, and 4.1, respectively, p < .01). Only
the symptom of decreased sexual interest did not signif-
icantly improve during either the placebo or fluoxetine
trial. There were no significant differences between fol-
licular and luteal phase rating scores in any symptoms
examined during fluoxetine treatment, except for mood
swings, food cravings, and bloating, suggesting some
residual cyclicity in these symptoms during fluoxetine
treatment (Table 1).

Composite Ratings. ANOVA-R showed significant
effects of drug condition (F,3, = 12.2, p < .001), men-
strual cycle phase (Fy; = 65, p < .001), and drug-by-
phase interactions (F,3; = 28.3, p < .001) on the VAS
composite mood rating score, reflecting a significant de-
crease in the premenstrual composite mood symptom
scores during fluoxetine treatment versus both baseline
and placebo conditions (Bonferroni ¢;;, = 7.2 and 5.87,
respectively, p < .01) (Figure 1). No significant differ-

Table1. Comparison of Daily Rating Form Scores for Three Treatment Conditions in

Premenstrual Dysphoria

Baseline Placebo Fluoxetine ANOVA-R
(Mean * SD) (Mean * SD) (Mean *+ SD) (F value)
Drug by
Symptoms Luteal Luteal Luteal Drug Phase
Anxiety 32(1.3) 2.8 (1.1) 1.7 (0.8y+* 12.9** 20.6**
Depression 3.2(0.9) 2.8(1.1) 1.7 (0.7y* 11.4% 13.7%*
Irritability 3.5(1.1) 3.3 (1.0) 1.9 (0.8y~* 17.9%* 17.9**
Mood swings 3.5(0.9) 3.1(1.0) 1.9 (0.9 18.2** 14.7%
Social isolation 2.9 (1.0) 2.5(1.0) 1.8 (0.9 6.5** 9.1*
Work inefficiency 3.0(1.2) 2712 1.9 (0.9 5.6** 16.6%*
Impulsiveness 19(1.1) 1.8 (1.1) 1.1 (0.2)** 6.4%* 6.9%*
Food cravings 3.2(1.4) 29(1.2) 23 (0.9~ 8.2** 4.8
Bloating 3.0(1.3) 31(1.3) 2.1 (1.0)** 19.1* 8.2%*
Breast pain 2.0(1.0) 2.3(1.0) 1.5 (0.5)** 2.9¢ 11.7**
Fatigue 3412 31(1.1) 2.6 (0.7)* 1.21 8.0%*
Insomnia 2.6 (1.1) 2.2(1.3) 1.9 (1.2 1.1t 11.3**
Decreased sexual
interest 3.5(1.3) 3.5(1.4) 3.3 (1.6) 1.0t 2.1t

[ANOVA-R (df = 2,32)]: **p < .01 for all F values, except ! nonsignificant.

*p <01 for fluoxetine versus baseline, (Luteal phase score) (Bonferroni t comparisons).

“p < .01 for fluoxctine versus placebo, (Luteal phase score) (Bonferroni ¢ comparisons).

Follicular phase score (data not shown): Fluoxetine versus placebo, p < .05 for mood swings only.

Follicular (data not shown) versus luteal-Baseline: p < .05 for breast pain and decreased sexual interest; all
other symptoms, p < .01. Placebo: insignificant for decreased sexual interest; p < .05 for impulsiveness and

insomnia; all other symptoms p < .01. Fluoxetine: p
swings; all other symptoms nonsignificant.

< .01 for bloating and food cravings; p < .05 for mood
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ences were observed between premenstrual composite
mood scores during placebo versus baseline.

Similarly, significant differences were observed in
the composite social impairment score (ANOVA-R, F, 5, =
6.9 and 14.7 for drug condition and drug-by-menstrual-
cycle-phase interactions, respectively, p < .01; Fy35 =
37.9 for menstrual cycle phase, p < .001; Bonferroni ¢;;, =
5.5 and 4.9 for fluoxetine vs. baseline and placebo, re-
spectively, p < .01; Figure 2). Composite symptom
scores increased during the luteal phase from the follic-
ular phase by 71% and 42% for baseline and placebo
conditions, respectively, and by only 6% during fluox-
etine treatment, further confirming a reduction of
symptom cyclicity on a group basis with fluoxetine.

Bimonthly Cross-Sectional Ratings. ANOVA-R showed
significant effects of drug (F;,, = 4.6-11.3, p < .05),
menstrual cycle phase (F;;, = 27.7-105.2, p < .01), and
drug-by-menstrual-cycle-phase interactions (F; 3, = 7.11~
12.3, p < .05) on the averaged (over three cycles) bi-
monthly ratings of the BDI, STAI, PMTS-S, and PMTS-R
scale scores (Figure 3). Post hoc testing showed signifi-
cant improvements of these ratings during the late
luteal phase of the menstrual cycle on fluoxetine versus
placebo (Bonferroni ¢, = 34.8, p < .05). Moreover, post
hoc testing showed no significant differences between
the premenstrual and postmenstrual BDI and STAI
scale scores on fluoxetine, although differences in the
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Figure 1. Fluoxetine treatment resulted in a significant
reduction in the weekly means of the daily VAS composite
mood symptom scores compared with both baseline and
placebo conditions (Bonferroni t tests **p < .01). No signifi-
cant difference in symptom ratings was observed between
baseline and placebo conditions. Significant differences
between premenstrual and postmenstrual symptom scores
were observed during both baseline and placebo conditions
(Bonferroni ¢ tests @ p < .01), but not during treatment with
fluoxetine. Solid bars, luteal phase; gray bars, follicular phase.
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PMTS-S and PMTS-R were observed. Significant differ-
ences were observed between premenstrual and post-
menstrual BDI, STAI, PMTS-S, and PMTS-R during the
placebo condition.

Additional Analyses. Evidence of anovulation was
found in approximately 7% of menstrual cycles, reflect-
ing occasional anovulatory cycles in six of the seven-
teen study participants. There were no differences in
the number of anovulatory cycles during fluoxetine (n =
4) compared with placebo (#n = 3). A reanalysis of se-
lected symptom rating scores (daily mood and social
impairment ratings and cross-sectional bimonthly rat-
ings) with the exclusion of ratings obtained during ano-
vulatory cycles produced identical results to those ob-
served in the original analyses.

To assess the possible effect of randomization order on
symptom ratings (DRF and VAS) in the study, ANOVA-R
was performed using order of drug presentation as the
between-group variable, with drug condition and men-
strual cycle phase as within-group variables. There
were no significant effects of randomization order (F; ;s =
0.03-0.1, p = NS) or interaction effects between ran-
domization order and drug condition and menstrual
cycle phase (Fy3 = 0.15-0.59, p = NS) on the weekly
mean of the composite symptom rating scores of mood
and social impairment. Three out of the four women

Most

Symptomatic 100 -
[}
£
[=}
-3 80
£
(2]
-t
c _
@ @
o
E 3
g 3
E 3
— (=
s <
g 3
S
&
0
Q
<%
E
=3
Q
Least
Symptomatic

BASELINE

PLACEBO FLUOXETINE

Figure 2. Fluoxetine treatment resulted in a significant
reduction in the means of the daily VAS composite social
impairment scores compared with both baseline and placebo
conditions (Bonferroni ¢ tests **p < .01). No significant dif-
ference was observed in symptom ratings between baseline
and placebo conditions. Significant differences between pre-
menstrual and postmenstrual ratings of social impairment
were observed during both baseline and placebo conditions
(Bonferroni ¢ tests ® p < .01), but not during treatment with
fluoxetine. Solid bars, luteal phase; gray bars, follicular phase.
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randomized to receive fluoxetine during the first 3
months and who responded to fluoxetine experienced a
return of PMDD symptoms (PMTS-S rating scores in
the symptomatic range) during the washout month af-
ter fluoxetine.

Dosage of Fluoxetine. The mean * SD daily dosage
of fluoxetine during the third month of treatment was 5,
29.9 = 10.6 mg, and the mean numbers of capsules (flu-
oxetine 10 mg or placebo/capsule) were 2.8 + 0.6 and
3.1 = 0.7, respectively, for fluoxetine trial and placebo).
The number of tablets of fluoxetine was not signifi-
cantly different from the daily dosage of placebo during
the third month (Bonferroni t,, = 1.3, p = NS).

Adverse Effects. Few side effects were reported dur-
ing placebo except for fatigue (n = 2) and sexual dys-
function (n = 1). Decreased libido and/or anorgasmia,
reported by six women, developed during the second
and third months of fluoxetine. Five women reported
symptoms of migraine-like headaches, slight confusion,
and dysphoria for several days to 2 weeks after discon-
tinuation of fluoxetine. Both sexual dysfunction and

20,
a0 ® STAI

PLACEBO FLUOXETINE PLACEBO FLUOXETINE

% PMTS-SELF 25 PMTS-RATER

Severity Score

20 -
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Figure 3. Significant improvements in the mean of the pre-
menstrual ratings of the Beck Depression Inventory (BDI),
Premenstrual Tension Syndrome (PMTS-Self and PMTS-
Rater), and Spielberger State Trait Anxiety Inventory (STAI)
were observed during fluoxetine treatment compared with
placebo (Bonferroni t tests **p < .01). Significant differences
between premenstrual and postmenstrual ratings were
observed in each rating scale score during placebo condi-
tions (Bonferroni ¢ tests ® p < .01) and in the PMTS ratings
(Self and Rater) during fluoxetine (Bonferroni ¢ tests 2 p <
01, ® p < .05). Solid bars, luteal phase; gray bars, follicular
phase.
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symptoms during withdrawal appeared more fre-
quently during fluoxetine than during placebo (Fisher
exact test, p = .08 and p < .05, respectively).

Correlates of Response to Fluoxetine. Eleven of sev-
enteen women who completed the trial (65%) were
identified as responders on the basis of failure to meet
criteria for PMDD during fluoxetine treatment with ab-
sence of response to placebo. Ten women (59%) demon-
strated a 30% or greater reduction in symptom scores,
and seven women (41%) demonstrated a 50% reduction
in symptom scores relative to baseline during fluoxet-
ine, but not placebo conditions. Only three women
showing a remission of mood cyclicity (no longer met
PMDD criteria) did not have a 30% improvement in
PMDD symptoms. Thus the 30% criterion failed to
identify three of eleven women who met the cyclicity
criterion; conversely, the cyclicity criterion failed to
identify two of ten women who met the 30% criterion.
One woman who had more than a 50% reduction in
symptoms still experienced mood cyclicity. Employing
the same three sets of response criteria (i.e., syndromal
response, 50%, and 30% improvement over baseline) re-
sulted in n = 3, 2, and 4 women, respectively, being
identified as placebo responders. All women respond-
ing to placebo also were responders to fluoxetine but
were not included as responders in subsequent compar-
isons.

No differences in the mean fluoxetine dosage be-
tween responders and nonresponders were found, irre-
spective of the criteria used (50% symptom reduction:
29.5 = 5.2 vs. 26.7 * 6.5 mg/day; 30% symptom reduc-
tion: 27.3 * 5.8 vs. 28.6 * 6.6 mg/day). There were no
significant differences between fluoxetine responders
and nonresponders in age, age of onset of illness, preg-
nancy history, past history of alcohol or drug abuse, or
family history of mental illness. Using a 50% symptom
reduction criterion for fluoxetine responders, 7 (70%) of
10 nonresponders compared with 1 (14%) of 7 respond-
ers had a positive past psychiatric history (Fisher exact
test, p = .05). In contrast, using a 30% symptom reduc-
tion criterion for fluoxetine responders, 4 of 7 nonre-
sponders compared with 4 of 10 responders had a posi-
tive past psychiatric history (Fisher exact test, p = N5S).

m-CPP Test

Twelve patients and ten controls received oral m-CPP
challenge tests. Nine patients and all controls had tests
during both the follicular and luteal phases. The re-
maining three patients had only one test [follicular (n =
2), luteal (n = 1)], as they experienced distressing side
effects related to the first m-CPP challenge.

ANOVA-R demonstrated significant effects of diag-
nosis, menstrual cycle phase, time (trend), and the in-
teraction of diagnosis, phase, and time on the symptom
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self-ratings of sadness (F; 15, = 2.2-10.9, p < .05), reflect-
ing the improvement of sadness following m-CPP ad-
ministration in PMDD patients, but not controls, during
the luteal phase. Post hoc testing showed that the im-
provement from baseline was maximal at 120 and 180
minutes post-m-CPP (Bonferroni ¢y, = 3.3-4.9, p < .01)
and was maintained until approximately 210 minutes.
Similar effects were observed for symptoms of mood
swings, irritability, anxiety, global feeling, low energy,
self-esteem, physical discomfort, and composite symp-
toms, although significance was not reached for all ef-
fects measured in each symptom. In contrast, ANOVA-R
showed no significant diagnostic effects in appetite.

No significant correlation was observed between the
maximal change in premenstrual mood symptom scores
during the luteal phase m-CPP and the reduction of those
symptoms (from baseline) during fluoxetine treatment
(r = 0.2, p = NS). Of the women who did not respond to
fluoxetine, equal numbers (1 = 3) showed a positive re-
sponse or an absence of a positive response to m-CPP.

DISCUSSION

We observed a significant improvement in mood and
behavioral and physical symptoms during fluoxetine
treatment under double-blind controlled conditions in
women with prospectively confirmed diagnoses of
PMDD. Our response rate was between 41% and 65% of
the women in the sample depending on the criteria we
employed. On a group basis, the positive response to
fluoxetine in the women with PMDD in this study was
similar to response patterns observed in previous trials
of fluoxetine (Stone et al. 1991; Wood et al. 1992; Men-
kes et al. 1993; Steiner et al. 1995) as well as in con-
trolled trials of other serotonergic agents, including fen-
fluramine (Brzezinski et al. 1990), buspirone (Rickels et
al. 1989), and clomipramine (Sundblad et al. 1992, 1993),
and open-label trials of fluoxetine (Brandenburg et al.
1993), the 5-HT, antagonist and 5-HT reuptake inhibitor
nefazodone (Freeman et al. 1994), and L-tryptophan
(Steinberg et al. 1994). In contrast, one previous study
(Veeninga et al. 1990) in women with self-reported di-
agnoses of PMS that were not confirmed longitudinally
prior to study entry failed to observe a significant im-
provement in premenstrual symptoms with fluvoxam-
ine compared with placebo. The results of Veeninga et
al. (1990) may reflect differences in entry criteria (sub-
jects may not have met severity criteria employed in
other studies) or, alternatively, may suggest a different
mechanism of action and, therefore, a different pattern
of response in women with PMS (and possibly PMDD)
to fluvoxamine compared with other serotonergic
agents (Brosen 1993; Caccia et al. 1993; Mustafa and Al-
haider 1993; Carroll 1994; Sacchetti et al. 1994).
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We observed syndromal remission (as defined by the
failure to meet diagnostic criteria for PMDD during flu-
oxetine treatment but not placebo) in 65% of the sample
compared to complete or full remission rates (using dif-
ferent criteria from those employed in this study) of ap-
proximately 50% in two previous controlled trials of
fluoxetine in women with PMS (Stone et al. 1991; Men-
kes et al. 1992, 1993). Although our findings are similar
to those seen in previous trials, the slightly enhanced
frequency of response observed in our study may re-
flect our use of a variable dose regimen of fluoxetine
compared to the fixed 20 mg daily dose of fluoxetine
employed in these other studies. However, on a group
basis, we did not identify a significant effect of dose on
symptom response to fluoxetine, consistent with the re-
port by Steiner et al. (1995).

Alternatively, some variation in the report of re-
sponse rates across the studies may be due to differ-
ences in the criteria employed to define therapeutic re-
sponse. For example, Stone et al. (1991) reported 50% of
the sample studied no longer met criteria for LLPDD,
but we observed a rate of 65% using similar criteria.
Moreover, Stone et al. (1991) identified an additional
four women who experienced a greater than 50% re-
duction in the mean premenstrual symptom scores on
fluoxetine compared to baseline, suggesting that re-
sponse rates are criteria-dependent. However, different
criteria appear to identify somewhat different (not just
smaller or larger) groups as responders. In fact, when
we employed a 50% reduction criterion based on the
difference between premenstrual symptom scores dur-
ing fluoxetine compared to baseline, our observed re-
sponse rate declined to 41%, considerably lower than
the response rates using syndrome-based criteria. In
contrast, Wood et al. (1992) reported a response rate to
fluoxetine in women with PMS of approximately 87%
(seven of eight subjects) based on the observed reduc-
tion in symptoms on fluoxetine compared to baseline.
These results reflected the improvement in seven of
eight subjects, but the degree of improvement or the ex-
tent of residual cyclicity in individual subjects was not
described. Similarly, in a recent, double-blind, placebo-
controlled, parallel design study (Steiner et al. 1995) re-
sponse rates of 55% and 28% to fluoxetine and placebo,
respectively, were observed when a 50% symptom re-
duction criterion was employed. Interpretation of re-
sponse requires the ability to distinguish between symp-
tom improvement, remission of symptom cyclicity, and
syndromal remission. Despite the fact that we observed
symptom improvement and elimination of symptom
cyclicity (significant follicular to luteal phase differ-
ences) for the majority of individual PMDD target symp-
toms, significant differences remained between phases in
the scores on the PMTS-S and PMTS-R scales, suggest-
ing the persistence on a group basis of some symptom
cyclicity. These differences in the pattern and degree of
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symptomatic response to fluoxetine may simply reflect
the diversity of premenstrual symptoms and the differ-
ential sensitivity of certain symptoms to fluoxetine.
Some trials of serotonergic agents (Stone et al. 1991;
Daaman et al. 1992; Sundblad et al. 1992; Wood et al.
1992), but not all (Menkes et al. 1992, 1993; Freeman et
al. 1994), have reported a greater response in emotional
and behavioral symptoms than in the physical symp-
toms of PMS. In fact, Sundblad et al. (1993) have sug-
gested that the differential response rates of physical
symptoms, such as bloating and breast pain, compared
to emotional symptoms, such as irritability, may reflect
a different pathophysiological basis for these types of
symptoms. We observed an improvement in both
breast pain and bloating in addition to emotional symp-
toms, consistent with reports by both Menkes et al.
(1993) and Freeman et al. (1994) and suggesting a simi-
lar basis of response to fluoxetine for both physical and
emotional symptoms. However, we did observe resid-
ual symptom cyclicity in bloating as well as in mood
swings and food cravings [similar to observations by
Stone et al. (1991)]. These symptoms may represent re-
sidual premenstrual molimina (Magyar et al. 1979) that
is no longer amplified by the premenstrual affective
state. Nevertheless, it is possible that the observed dif-
terences in the pattern and degree of symptom response
to fluoxetine will predict the subsequent long-term re-
sponse,

The effects of fluoxetine in this sample of women
were not due to fluoxetine-induced alterations of repro-
ductive endocrine function. All women reported nor-
mal menstrual cycle function during the trial, and there
was no increased frequency of anovulatory cycles dur-
ing fluoxetine compared with placebo, similar to the re-
port by Wood et al. (1992), but in contrast to Menkes et
al. (1993), who observed that three of sixteen women
experienced a change in menstrual cycle function dur-
ing fluoxetine treatment and none during placebo.

Symptom cyclicity, defined as a difference in follicu-
lar and luteal phase composite symptom scores, de-
creased from 72% to 42% on placebo and to 6% on flu-
oxetine, reflecting modest, nonstatistically significant
improvement during the placebo phase presumably re-
lated to nonspecific factors, including clinic visits and
participation in the study. Three women in the sample
met response criteria during the placebo phase (as well
as during the fluoxetine phase) representing a some-
what higher number of placebo responders in this
group than in the study by Wood et al. (1992). How-
ever, the response rate to placebo (18%) in our patients
is similar to that found in the reports by Stone et al.
(1991), Menkes et al. (1992, 1993), and Steiner et al.
(1995) (19% to 28%).

Response rates to fluoxetine in women with PMS/
PMDD are similar to those described in depression (Stark
and Hardison 1985; Feighner et al. 1991; Bowden et al.
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1993), panic disorder (Gorman et al. 1987; Schneier et al.
1990), and obsessive-compulsive disorder (Pigott et al.
1990; Tollefson et al. 1994). However, in contrast to the
onset of action of fluoxetine in other psychiatric condi-
tions (6-8 weeks), we observed a rapid onset of response
to fluoxetine, usually during the first month of treat-
ment, similar to the time course reported by Steiner et
al. (1995) and Menkes et al. (1993), who observed that
seven of 16 women improved on fluoxetine after the
first 2 weeks of treatment. Moreover, the beneficial ef-
fects on the symptoms of PMDD of acute serotonin
stimulation with m-CPP that we observed and the re-
ports of the efficacy of the luteal phase administration
of clomipramine (Sundblad et al. 1993) in women with
PMS suggest that the mechanism of action of these
agents in PMS/PMDD is not the classical antidepres-
sant or antiobsessive effect. Furthermore, the return of
typical PMDD symptoms soon after discontinuation of
fluoxetine in this and other studies (Stone et al. 1991;
Menkes et al. 1993; Pearlstein and Stone 1994) suggests
that treatment of PMDD (even for up to 10 months)
does not produce the sustained remission seen more
frequently in the treatment of major depressive illness.

Wood et al. (1992) reported that one woman in the
trial did not respond to fluoxetine and was later identi-
fied as having a past history of depression. The authors
suggested that a past history of depression may predis-
pose to a nonresponse to fluoxetine, at least at the 20-
mg daily dose. Further support for this suggestion was
provided by Pearlstein and Stone (1994), who reported
that a past history of major depression was associated
with a partial response to fluoxetine under open-labeled
variable-dose (2040 mg) maintenance conditions. We
observed no difference in the past psychiatric history
between responders and nonresponders to fluoxetine
when a 30% reduction in symptom severity from base-
line criterion was employed. However, as did Wood et
al. (1992) and Pearlstein and Stone (1994), we observed
a significant increase in the frequency of a past history
of major depression in the nonresponders compared
with the responders to fluoxetine when the more strin-
gent 50% symptom improvement criterion was em-
ployed, suggesting that a previous major depression
may in fact complicate the response of PMDD symp-
toms to fluoxetine. If confirmed in subsequent trials, the
differential pattern of PMDD response to fluoxetine
may be the first clinical characteristic in women with
PMDPD distinguishing those who have from those who
have no past history of major depression. In contrast, al-
though self-reported age of onset of PMDD may not be
reliably recalled, we could not confirm observations by
Pearlstein and Stone (1994) of an earlier age of onset of
PMDD predicting a poor response to fluoxetine, since
we did not observe any difference in the retrospective
self-reports of the age of onset of PMDD between re-
sponders and nonresponders to fluoxetine.
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Seven of ten women receiving m-CPP during the
luteal phase experienced an acute improvement in their
symptoms, and all seven later responded to fluoxetine,
although two of these women also responded to pla-
cebo. The three women whose symptoms did not im-
prove with m-CPP did not meet the 50% improvement
criterion during fluoxetine; therefore, the nonresponse
to m-CPP may be an additional predictor of nonresponse
to fluoxetine. Interestingly, two of these three women
not responding to either m-CPP or fluoxetine had past
histories of affective disorders. A larger sample size
would be necessary to confirm or disconfirm the value
of these predictors.

In general, fluoxetine was well tolerated by the
women in this study. The emergence of adverse effects
was minimal, even when the employed dose range was
increased to approximately 30 to 40 mg in the third
month. However, in contrast to other researchers, we
observed an increased frequency of reports of disturbed
libido and anorgasmia during fluoxetine compared to
baseline and placebo conditions. Thirty-five percent of
the women reported decreased libido and/or anorgas-
mia, an incidence similar to that found in other condi-
tions treated with fluoxetine (Herman et al. 1990; Jacob-
sen 1992), but somewhat higher than the 17% reported by
Pearlstein and Stone (1994). An association between
suicidal ideation and fluoxetine use (Teicher et al. 1990)
was not evident in this sample. However, ratings of the
impulse to hurt self or others were diminished by fluoxet-
ine, as similarly reported by Pearlstein and Stone (1994).

In conclusion, this study confirms several previous
trials reporting the effectiveness of fluoxetine and other
serotonergic agents in treating women with PMDD.
Both serotonergic agents and ovarian suppression have
been consistently reported to improve symptoms in the
majority of women with PMS, and these two categories
of treatments may act via different mechanisms (i.e.,
elimination of cyclic gonadal hormone secretion vs. se-
rotonergic system stimulation or downregulation) as
suggested by Wood et al. (1992). In addition to the
shared efficacy of these treatments in PMS, neither ova-
rian suppression nor serotonergic agents are effective in
all women with otherwise identical clinical presenta-
tions. Further investigations of the possible historical
antecedents, such as past history of major depression,
or biological variables, such as nonresponse to 5-HT
challenge, may help in identifying a pattern of factors
predictive of response to these individual treatments.
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