SLEEP IN SEVERE PREMENSTRUAL SYNDROME

Premenstrual Syndrome

' Sleep Quality and the Sleep Electroencephalogram in Women ith Severe

Fiona C. Baker, PhD'3; Tracey L. Kahan, PhDZ John Trinder, PhD*; lan M. Colrain, PhD"#

!Human Sleep Research Program, SRI International, Menlo Park, CA; *Department of Psychology, Santa Clara University, Santa Clara, CA; *Brain

Function Research Unit, School of Physiology, University of the Witwatersrand, Johannesburg, South Africa; *‘Department of Psychology, University of
' Melbourne, Parkville, Victoria, Australia '

Study Objectives: Women with severe premenstrual syndrome (PMS) or
premenstrual dysphoric disorder (PMDD) commonly report sleep distur-
bances, but the few studies using conventional polysomnographic measures
have produced conflicting results. We investigated sleefs quality and sleep
composition using conventional and quantitative electroencephalographic
analyses in women with severe PMS, as compared with that of controls.

Design and Participants: Women (aged 18-40 years) were screened to
ensure that their PMS symptoms were severe and that they had ovulatory
menstrual cycles. Nine women with PMS or PMDD and 12 asymptomatic
control subjects then had laboratory-based polysomnographic recordings
at 2 phases of the menstrual cycle: follicular phase and late luteal (pre-
menstrual) phase. '

Results: Women with severe PMS reported a significantly poorer subjec-
tive sleep quality during the late luteal phase (P = 0.02), but there was
no evidence of disturbed sleep based on the polysomnogram specific to
premenstrual symptom expression: both groups of women had increased
wakefulness after sleep onset (P = 0.02) and increased sigma power (P <

0.01), especially in the 14-to 15-Hz band during non-rapid eye movement
sleep, in the late luteal phase compared with the follicular phase. There
were, however, some group differences in electroencephalographic mea-
sures regardless of menstrual phase, including decreased delta incidence
(P =0.02) and increased theta incidence and amplitude (P < 0.05) in
women with PMS, suggesting the possibility of sleep electroencephalo-
gram trait markers in women with PMS.

Conclusion: Perceived poor quality sleep is a characteristic of severe
PMS, but sleep composition based on polysomnographic measures and
quantitative electroencephalographic analysis does not differ in associa-

tion with premenstrual symptom expression in the late luteal phase.
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BETWEEN 50% AND 80% OF WOMEN OF REPRODUC-

| TIVE AGE EXPERIENCE AT LEAST A FEW PREMENSTRU-
¢ ALSYMPTOMS THAT VARY FROM MILD TO SEVERE.! UP

to 18% of women have severe premenstrual syndrome (PMS) and
3% to 8% qualify for a diagnosis of premenstrual dysphoric disor-
der (PMDD)."2 PMDD is classified as a “depressive disorder not
otherwise specified” in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders, fourth
edition (DSM-IV). Severe PMS and PMDD are characterized
by significant mood, behavioral, and somatic symptoms that oc-
cur exclusively during the luteal phase of the menstrual cycle.
Symptoms occur after ovulation, any time in the 2 weeks before
the onset of menstrual flow, and disappear shortly thereafter. Both
severe PMS and PMDD are associated with significant functional
impairment and impact quality of life,’ but their etiology remain
poorly understood.

- Survey data indicate that women with severe PMS or PMDD
report sleep-related complaints, such as difficulty sleeping, fa-
tigue, lethargy, and poor concentration.*s Further, sleep distur-
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bance (hypersomnia or insomnia) is listed as 1 of the defining
criteria for a diagnosis of severe PMS in the DSM-IV. There has,
however, been minimal research about the nature and severity of
these premenstrual sleep disturbances. Based on retrospective
reports, Mauri and colleagues® found that women with severe
PMS reported frequent awakenings, difficulty reinitiating sleep
after an arousal, failure to wake up at an expected time, increased
incidence of unpleasant dreams, and generally poor sleep with
increased tossing and turning in the late luteal phase. However,
Parry et al’ found no differences between the late luteal phase and
follicular phase in sleep time or time spent awake, as recorded in
daily sleep logs, in a group of 23 patients with PMDD. There are
therefore sparse and .conflicting data as to whether self-reported
sleep disturbance and/or poor sleep quality in the late luteal phase
is a symptom of severe PMS.

The few studies using objective polysomnographic recordings
have shown little evidence of sleep disturbance in the late luteal
phase compared to other phases of the menstrual cycle in women
with severe PMS or PMDD.*!! Sleep efficiency has been found
to be similar in women with severe PMS or PMDD in the symp-
tomatic late luteal phase, compared with the asymptomatic fol-
licular phase.®!! Further, classic markers of disturbed sleep found
in patients with depression,'? such as shorter latency to rapid eye
movement (REM) sleep or longer sleep-onset latency have not
been found in women with PMDD. However, 2 studies found
trait-like differences in sleep architecture in women with PMS;
women with severe PMS? or PMDD'® had a greater percentage
of stage 2 non-REM (NREM) sleep along with either decreased
REM sleep'® or slow-wave sleep,” compared with controls, an ef-
fect that was present in both phases of the menstrual cycle.
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Most polysomnographic studies have varied in their definition
and assessment of PMS or PMDD and have used Rechtschaffen
and Kales" criteria for scoring sleep stages. In this system, arousals
of 3 to 14 seconds can effectively be ignored, despite them having
an impact on daytime mood and sleepiness.'* Criteria set by the
American Academy of Sleep Medicine' allow characterization of
brief arousals (> 3 seconds) but these criteria have not previously
been applied in women with PMS or PMDD. Additional quanti-
fication of sleep electroencephalography (EEG) microarchitecture
is possible with computer-based analysis. Power spectral analysis
(PSA)with fast-Fourier transformation and period amplitude analy-
sis (PAA) with 0-cross and O-derivative algorithms are the most
common methods used for quantification; however, they have not
been used to evaluate the sleep of women with PMS or PMDD.

The aim of this study was to further assess subjective and objec-
tive sleep quality in women with severe PMS or PMDD in their
late luteal phase, compared with the asymptomatic follicular phase
of the menstrual cycle. In addition to subjective sleep quality and
standard polysomnographic measures, we evaluated brief arousals'
and performed quantitative analysis of the NREM sleep EEG, using
both PAA and PSA algorithms. Since sleep EEG spectra are altered
in the late luteal phase compared with other phases of the menstrual
cycle in women without premenstrual complaints,'® we also includ-
ed a group of women with normal menstrual cycles as controls.

METHODS
Subjects

Fourteen women with self-reported severe PMS and 15 women
with mild or no symptoms of PMS (control subjects), aged 18 to 40
years, were recruited from the community and consented to par-
ticipate in our study. The study was approved by the Institutional
Review Board of SRI International. All women had a structured
clinical interview for DSM-IV (SCID) to exclude any concurrent
major psychiatric diagnosis. Women with severe PMS were still
included if they had a past history (> 1 year) of psychiatric illness
or alcohol or substance abuse; there is a high comorbidity of affec-
tive illness and PMDD.! Women were questioned about their PMS
symptoms in a customized module appended to the SCID that was
based on the DSM-IV criteria for a PMDD diagnosis. In addition,
all women completed the premenstrual symptoms screening tool
(PSST), which is a simple rating scale, based on DSM-IV crite-
ria for PMDD, designed to quickly determine whether a woman
qualifies for a PMDD diagnosis.'” Based on the SCID and PSST
assessments, women in the PMS group were given a provisional
diagnosis of PMDD, and controls were confirmed as having no
or mild PMS. Women were also questioned to ensure that they
had regular sleep-wake schedules, regular menstrual cycles of 24
to 35 days, and good health and had not been taking any chronic
medication, including hormonal contraceptives, for the previous
3 months (absence of psychoactive medication use was not vali-
dated by urinanalysis). Socioeconomic status, based on education
and lifetime occupation of each participant, was also assessed us-
ing the Hollingshead socioeconomic scale.'®

Screening Procedures

All women completed the Penn Daily Symptom Rating Form
(DSR*) over at least 2 menstrual cycles. The DSR, which has been
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validated as a diagnostic tool for PMS," lists 17 common PMS
symptoms, including the 11 symptoms listed in the DSM-IV as cri-
teria for a PMDD diagnosis: depression, anxiety, mood swings, ir-
ritability, decreased interest, difficulty concentrating, fatigue, food
cravings, hypersomnia or insomnia, feeling overwhelmed, and
physical symptoms such as breast tenderness or headaches. Sub-
jects rate each item on a 5-point scale (0 = none to 4 = extreme).
Postmenstrual (follicular phase or FP) scores are calculated by add-
ing the ratings of cycle days 5 through 10 (where day 1 is the first
day of bleeding). Premenstrual (late luteal phase or LLP) scores are
calculated by adding the ratings of the 6 days before menses. To
qualify for severe PMS, women need to score 80 or greater on the
DSR in their LLP and show an increase of at least 50% from the
postmenstrual score for both screening months. To meet DSM-IV
criteria for PMDD, women have to rate at least 5 PMDD symptoms
as severe (3 or 4) on at least 2 premenstrual days, with the same
symptoms being rated as absent or minimal (0 or 1) postmenstru-
ally. According to these criteria, 5 women were confirmed as hav-
ing PMDD. Of the remaining 9 women, 4 received a diagnosis of
severe PMS according to the DSR criteria.'” Two of these subjects
met DSM-IV criteria for PMDD for 1 month of screening but not
the other, and another 2 subjects had 3 symptoms that strictly met
the PMDD criteria. These 4 subjects were therefore included in the
rest of the study. Four other women did not meet the criteria for
severe PMS and were excluded. A final subject with PMS dropped
out of the study before completion of the screening procedures.
Based on their DSR scores, all the control subjects were confirmed
as having no or mild PMS. Two of the control subjects dropped
out before the study was completed, and one control subject was
excluded because her menstrual cycle became irregular during the
study. Nine women with severe PMS and 12 control subjects were
included in the final analysis. Characteristics of the subjects are
shown in Table 1.

During both the screening and recording phases, women used
a commercially available self-testing kit that detects the presence

Table 1—Characteristics of Subjects Included in the Analysis.

Women with ~ Asymptomatic women

severe PMS (control subjects)

Sample size 9 12
Age,y 28 (6) 31 (5)
Weight, kg 65.6 (10.1) 61.7 (8.2)
Height, m 1.7 (0.05) 1.7 (0.08)
Body mass index. kg/m?>  23.2 (3.2) 219 (2.1)
Menstrual cycle length, d 30(1) 29 (2)
Age at menarche, y 13 (2) 13 (1)
Duration of PMS, y 9(7) -
Premenstrual dysphoric

disorder, no.* 5 0
Past history of major

depression or alcohol/substance

abuse/dependence, no. 3 0
Have children, no. 0 0
Socioeconomic status® 27(9) 23 (8)

Values are means (SD) unless otherwise indicated. PMS refers to
premenstrual syndrome.

*According to DSM-IV diagnostic criteria.

"See Ref18; no significant group difference.
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fl of luteinizing hormone in urine (One Step LH Urine Ovulation
Test, IND Diagnostic, Inc, CA) to confirm ovulation. All women
were confirmed as having ovulatory menstrual cycles. The wom-
_ en also completed a modified version of the Pittsburgh Sleep Di-
\ ary® every day over 2 menstrual cycles, in which they reported
| pedtimes and wakeup times, time taken to fall asleep, number
(}‘;f.‘;*of awakenings, and duration spent awake during the night. They
 jated their sleep quality on a visual analogue scale with anchor
points of “very bad” and “very good” and their morning alertness
. onasimilar scale, with anchor points of “Not at all alert” and “Ex-
tremely alert.” Total sleep time was calculated from the diaries as
- time spent in bed excluding sleep-onset latency and wakefulness
. after sleep onset. Means were calculated for total sleep time, sleep
. quality, and morning alertness for midfollicular phase (Days 7-
12) and LLP (6 days preceding menstruation) for each menstrual
cycle and then averaged over both menstrual cycles. Sleep diary
ratings were missing for 1 subject with PMS.

. Study Design

Following the screening period, subjects were scheduled for
a full night of clinical polysomnography in the controlled envi-
. ronment of our laboratory to confirm absence of any sleep disor-
. der. This night also served as an adaptation to the laboratory. The
. women returned to the laboratory for recordings on 2 occasions
during their menstrual cycle: once during the midfollicular phase
| (6-12 days after the onset of menstrual flow) and once during the
l LLP (9-13 days after the luteinizing hormone surge). Women
. entered the study at different phases of the menstrual cycle; 5
women with PMS and 8 control subjects had their follicular phase
recording first. Women were requested to maintain their custom-
ary bedtime and wake-time schedules for at least 1 week before a
study night. On study days, the women were requested to refrain
. from drinking caffeinated beverages after 15:00, not to drink any
alcoholic beverages, and not to take naps. Women were screened
. for presence of alcohol with a breathalyzer on arrival at the sleep
laboratory; all participants registered 0 on the breathalyzer. In
. the laboratory, each woman slept in a separate, sound-attenuated
bedroom where the ambient temperature was maintained between
20°C and 22°C. Lights-out and lights-on times were based on the
customary schedules for each individual.

Subjective Evaluations

Before going to bed, women completed the Beck Depression In-
| ventory (BDI-II*!). The BDI-II contains 21 questions about how a
person has been feeling. Each item is scored on a scale of 0 to 3,
i and a total score indicates level of depression: 0 to 13, minimal de-
| pression; 14 to 19, mild depression; 20 to 28, moderate depression;
| and 29 to 63, severe depression. To better capture mood over the
i premenstrual week, women were asked to rate how they had been
. feeling for the past week instead of the usual past 2 weeks stipulat-
. ed in instructions for administration of the BDI-IL.2! Current mood
was assessed using the Profile of Mood States, which consists of 65
adjectives to which participants respond on a 5-point scale, from
1 (not at all) to 5 (extremely), based on how they are feeling right
then.?? A total mood score was calculated from the Profile of Mood
States by summing the negative mood scores, subtracting the vigor
Score, and adding a constant of 100 to avoid negative scores. Within
1 hour of waking up in the morning, women completed the morn-

. SLEEP, Wol. 30, No. 10, 2007

|-

ing portion of the Pittsburgh Sleep Diary,?® which included ratings
of sleep quality and alertness, as described above. Ratings of sleep
quality and alertness were incomplete for 1 subject with PMS. The
PMS group, therefore, has a sample size of 8 for the analyses of
subjective sleep quality and alertness.

Data Acquisition and Analysis

EEG, electrooculographic, and electromyographic record-
ings were made using E-series amplifiers and Profusion software
(Compumedics, Abbotsford, Victoria, Australia) linked to appro-
priate transducers. Electrodes for EEG recordings were placed at
F3,F4,Fz, C3, C4, Cz, O1, and O2 sites according to the interna-
tional 10-20 system and were cross-referenced to Al or A2. EEG
signals were digitized at a sampling rate of 128 Hz, high-pass
filtered at 0.3 Hz, and low-pass filtered at 30 Hz. For the purposes
of this paper, only C3-A2 and C4-A1 EEG derivations were in-
cluded in the analysis. Thirty-second epochs were scored accord-
ing to standard criteria * by 2 scorers blind to menstrual cycle
phase of the subjects. Interrater reliability of sleep scoring was set
at 0.90, and discrepancies were resolved by a third scorer. Time in
bed refers to the time from lights out to lights on. Total sleep time
is the time spent asleep minus in-bed wakefulness during the time
in bed. Sleep efficiency was calculated as a percentage of total
sleep time during time in bed. Sleep-onset latency was taken as
the time from lights out to the first 3 epochs of any stage of sleep.
The time between sleep onset and the first epoch of REM sleep
was defined as REM sleep-onset latency.

Quantitative EEG Analysis of NREM Sleep

Since most quantitative sleep EEG studies have focused on
NREM sleep in patients with depressive disorders as well as in
investigations about sleep EEG changes across the normal men-
strual cycle, we focused on the NREM sleep EEG for our study.
Power spectral and period amplitude analyses were performed
on the C3-A2 EEG signal for NREM sleep (stages 2-4) using
PASS PLUS EEG analysis software (Delta Software, St. Louis,
Mo.). Spectral power reflects both the incidence and amplitude of
waves in a particular EEG frequency band, whereas period ampli-
tude analysis (PAA) can determine the separate contributions of
wave amplitude and incidence.”® The methods, therefore, provide
different and complementary information about the sleep EEG.
Epochs containing movements or artifacts identified by visual
inspection were excluded from analysis. The fast Fourier trans-
form routine was performed on 30-second epochs of 4-second
Welch-tapered windows with 2.0-second overlap, resulting in a
frequency resolution of 0.25 Hz. Spectral power density (wV?/Hz)
was calculated for the 0.3- to 1-Hz frequency bin and for subse-
quent 1-Hz frequency bins (identified by their lower boundary
value) until 23 Hz. Power spectra were also averaged for the main
frequency bands: delta (0.3 - < 4 Hz), theta (4 - < 8 Hz), alpha
(8-<12 Hz), sigma (12 - < 15 Hz), and betal (15 - <23 Hz). Both
absolute and relative spectral power values are reported. Relative
power was derived by dividing the power in each band by the sum
of the power across all bands. Absolute power was normalized
with a logarithmic transformation before analysis.

We also analyzed each main frequency band with PAA for NREM
sleep. We used 0-cross measures for delta and theta frequencies
and 0-derivative measures for all higher frequencies because these
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frequencies are often superimposed on slower waves and then do
not cross 0 voltage. The specific PAA measures investigated were
“time in band” or “derivative time in band” (sum of all half-wave
or derivative half-wave durations = wave incidence, measured in
seconds) per 30-second epoch and “average sample amplitude” or
“derivative estimate of sample amplitude” (measured in pV).

Hormone Analysis

A blood sample was collected from subjects on each visit to
the sleep laboratory. Samples, collected in tubes containing clot-
activating factor, were centrifuged and serum was stored at -20°C
until analysis. At the end of the study, all samples were analyzed
for progesterone and estradiol using standard radioimmunoassay
kits. The intraassay and interassay coefficients of variations were
8.8% and 9.7%, respectively, for the progesterone assay (Diag-
nostic Products Corporation), and 5.3% and 9.3%, respectively,
for the estradiol assay (Diagnostic Systems Laboratories).

Statistical Analysis

Statistical procedures were performed using Statistica (StatSoft,
Tulsa, OK). All results are reported as means (+ SD) unless other-
wise indicated. Visual analog scale measurements were normalized
before statistical analysis through the arcsine square root transform.
Initially, paired ¢ tests were used to evaluate whether there were
any significant effects for order of recording (follicular or luteal
phase first) for polysomnographic and subjective sleep quality mea-
sures in study participants. There were no significant order effects.
All subjective and objective measures were then analyzed with re-
peated-measures 2-way analyses of variance at a 95% confidence
interval, with “menstrual phase” as the within factor and “subject
group” as the between factor. When appropriate, the Tukey posthoc
test was used to identify the origin of any differences.

RESULTS
Hormone Concentrations

Analyses of variance did not show a significant effect of group
or a group * phase interaction for progesterone levels. There was,
however, the expected significant effect of menstrual phase (F,
=18.6,P<0.001,n= 11 controls), with values being higher in the
LLP (controls: 7.6 & 7.7 ngsmL"'; PMS: 7.5 £ 5.3 ngemL"') than
in the FP (controls: 0.8 + 0.5 ngemL"'; PMS: 0.5 + 0.2 ngemL™") in
both groups of women. Estradiol levels did not show significant
group, phase, or group x ng*mL"' phase interaction effects. Con-
trols had estradiol levels of 98.3 + 43.2 ngemL"and 110.4 + 46
ngemL-in their FP and LLP, respectively. Women with PMS had
estradiol levels of 85.7 + 19.5 pg.ml"! and 102.4 +32.8 ng*mL"in
their FP and LLP, respectively.

Subjective Assessments

As shown in Table 2, women with PMS had significantly
higher scores on the BDI and the Profile of Mood States than
controls during the LLP and compared with their own FP. Based
on BDI scores, 4 women in the PMS group met criteria for mod-
erate to severe depression during their LLP. In the morning fol-
lowing their overnight recordings, both groups of women rated
their sleep quality as significantly worse during the LLP than the
FP, which appeared to be a larger effect in the women with PMS
(Table 2). Regardless of menstrual phase, women with PMS rated
their morning alertness as being significantly lower than controls
following their overnight recordings (Table 2). There were no
significant group or menstrual-phase differences in subjective re-
ports of sleep-onset latency, number of awakenings, or duration
spent awake during the recording night.

*Significantly different from controls (Tukey, P < 0.01)
#Significantly different from follicular phase (Tukey, P < 0.05);
*n= 11 control subjects.

n = 8 women with premenstrual syndrome (PMS).

PMS refers to premenstrual syndrome; VAS, visual analogue scale.

Table 2—Subjective Measures of Mood, Sleep Quality, and Morning Alertness in Women with PMS and Control Subjects During the Follicular
and Late Luteal Phases of the Menstrual Cycle.
Measure Group Menstrual Phase Analysis of variance
Follicular Late luteal
Beck depression Control 1(2) 1(2) Group effect: F | =28.6, P <0.001
inventory® PMS 7(5) 20 (14)*# Phase effect: F| . =8.6, P=10.009
Interaction: FLm =8.4,P=0.01
Profile of mood Control 89 (16) 88 (14) Group effect: F| |, =17.8, P <0.001
states (total mood score) PMS 105 (23) 143 (46)*# Phase effect: F| ,=5.4, P=0.03
Interaction: F1,19 =6.0,P=0.02
Subjective sleep Control 73 (14) 63 21)# Group effect: F| |, =3.8, P=0.07
quality VAS. mm® PMS 64 (29) 42 (28)# Phase effect: F, ,=4.3, P=0.05
> Interaction: Fl'lg =0.9,NS
Subjective morning Control 65 (12) 67 (16) Group effect: F|  =8.6, P <0.01
alertness VAS, mm® PMS 42 (26)* 52 (28)* Phase effect: F, .= 1.4, NS

Interaction: Fl_l; =0.6, NS
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Sleep Diaries

Since subjective evaluations of 1 night of sleep can be highly
variable, we also investigated differences in ratings of total sleep
time, sleep quality, and alertness in the FP and LLP, averaged over
2 menstrual cycles. Based on these averages taken from the sleep
diaries, there were no significant group or menstrual-phase dif-
ferences in total sleep time (control subjects: 453 + 50 minutes
[FP], 458 + 45 minutes [LLP]; PMS: 461 + 42 minutes [FP], 445
+ 58 minutes [LLP]), but there were differences in sleep quality
and alertness. Women with PMS rated their sleep quality as be-
ing significantly poorer in the LLP compared with their FP (FP:
73 £ 12 mm, LLP: 56 + 15 mm, Group X phase interaction: B
=7.28, P =10.02, n = 8 women with PMS). Control subjects rated
their sleep quality as similar in the FP and LLP (FP: 70 & 12 mm,
LLP: 71 + 13 mm). Although tending in that direction, ratings of
sleep quality did not differ significantly between control subjects

. and women with PMS in their LLP. There were no significant

phase or interaction effects for morning alertness, but there was a
significant group effect (I, , = 5.1, P = 0.04). Women with PMS
rated their morning alertness (FP: 53 + 23 mm, LLP: 49 + 12 mm)
significantly lower than did control subjects (FP: 66 + 13 mm,
LLP: 66 + 17 mm), regardless of menstrual cycle phase.

Sleep Variables Derived From Laboratory-Based Polysomnographic
Recordings

Time in bed (total recording time) was similar between groups
of women and according to menstrual phase (Table 3). There were
few significant differences in sleep variables attributable to either
group or menstrual phase (Table 3). Women with PMS displayed
a trend to have a poorer sleep efficiency than controls, regardless
of menstrual phase, (F e 4.0, P = 0.06). Women with PMS had
a significantly longer latency to REM sleep than controls, regard-
less of phase (), = 6.0, P = 0.03). Both groups of women had
significantly more wakefulness after sleep onset (F, , = 6.7, P =
0.02) during the LLP phase than the FP. There was also a signifi-
cant menstrual phase effect for the arousal index (F 19— 2 P=
0.03), with women having more microarousals per hour of sleep
in the LLP than the FP.

Quantitative NREM Sleep EEG
Figure 1 shows the average spectral power of NREM sleep, in

the frequency range from 0.3 to 23 Hz, in women with PMS and
control subjects during LLP relative to FP levels (set at 100%).

~ Both groups of women showed a similar distribution of LLP-FP

spectral power differences, with a prominent peak in the range of
sleep spindles (12-15 Hz). The largest LLP increase was in the
14.25- to 15.0-Hz bin (0= 33.8, P'< 0.001). Analysis of ab-
solute spectral power in the broad frequency bands revealed sig-
nificant menstrual phase effects for both the sigma (F s = Laill,
P =0.003) and betal (F1,|9 =15.6, P = 0.001) frequency bands.
Similarly, relative power in the sigma (F 1o = 13.7, P <0.01) and
betal (F,, =95, P < 0.01) frequency bands was higher in the
LLP compared with the FP, in both groups of women.

Figure 2 shows average spectral power of NREM sleep in wom-
en with PMS relative to controls (set at 100%). Spectral activity
appears higher in the lower spindle frequency range in women
with PMS than controls, regardless of menstrual phase, but there
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Figure 1—Spectral electroencephalogram (EEG) power in non-rap-
id eye movement (NREM) sleep for women with severe premenstru-
al syndrome (PMS) and control subjects during the late luteal phase
of the menstrual cycle, expressed relative to values in the follicular
phase (horizontal line). Hz bins are identified by their lower bound-
ary values. The horizontal bar at the bottom of the figure indicates
significant menstrual-phase effects (analysis of variance, P < 0.05).

Table 3—Sleep Variables Derived From the Polysomnograms of
9 Women with Severe PMS and 12 Asymptomatic Women (Con-
trol Subjects) in the Midfollicular and Late Luteal Phases of Their
Menstrual Cycles.

. Variable Group Menstrual Cycle Phase
Follicular Late Luteal
Total recording time, Control ~ 492.3 (43.6) 496.5 (50.8)
min PMS 482.4(39.4) 493.6 (32.7)
Total sleep time, min Control ~ 469.2 (52.2) 464.7 (53.8)
PMS 4349 (44.1) 442.0 (43.6)
Sleep efficiency, % Control 95.1 (4.5) 94.4 (2.8)
PMS 90.3 (6.7) 89.8 (9.0)
Sleep onset latency, min Control 13 (18) 91(9)
PMS 23 (24) 17 (17)
Wakefulness after Control 10 (4.0) 17 (9)*
- sleep onset, min PMS 23 (27) 33 (42)*
Latency to REM Control 79 (18) 80 (26)
sleep, min PMS 108 (52)# 103 (29)#
Stage 1, % Control 5.6 (2.6) 6.9 (2.6)
PMS T7(3) 7.1 (2.9)
Stage 2, % Control 52.4(5.3) 55.2 (4.5)
) PMS 51.6 (6.7) 53.2 (5.5)
Slow-wave sleep, % Control 16.8 (3.5) 14.9 (3.3)
PMS 18.4 (4.2) 18.1(5.2)
REM sleep, % Control 254 (3.5) 23.0:(3:7)
PMS 22,4 (5.6) 21.6 (5.6)
Arousal index, No./h Control 6.5(2) 71.3)*
sleep PMS 6.6 (1) 6.9 (2)*

Data are expressed as mean (SD). REM refers to rapid eye move-
ment sleep; PMS, premenstrual syndrome.

*Significantly different from follicular phase (P < 0.05).
#Significantly different from controls (P = 0.03).
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Figure 2—Spectral electroencephalogram power in non-rapid eye
movement (NREM) sleep for women with severe premenstrual syn-
drome (PMS) relative to control subjects (horizontal line) during the
follicular and late luteal phases of the menstrual cycle. Hz bins are
identified by their lower boundary values.

was no statistically significant difference between groups in any
frequency band. However, there were trends for activity to be
higher in PMS women for the 11- to 12-Hz (F, ,=2.3, P = 0.1)
and 12- to 13-Hz (F, ,, = 3.8, P = 0.06) bins. There were no sig-
nificant group differences in absolute or relative spectral power in
the broad frequency bands.

Period amplitude analysis of the NREM sleep EEG revealed
significant menstrual phase differences in the sigma frequency
band (Figure 3, Table 4). Both groups of women showed a signifi-
cantly greater incidence (¥, ,, = 18.6, P < 0.001) of waves per ep-
och, that were of a greater amplitude (¥, ,=10.8, P <0.01), in the
sigma frequency band during the LLP compared with the FP. The
incidence (F, ,=12.4,P < 6.01) and derivative sample amplitude
(F, o = 11.0, P < 0.01) of betal waves were also significantly
greater during the LLP in both groups of women. Amplitude was
increased in the theta (F, ;= 10.1, < 0.01) and alpha (F, ,=7.2,

1,19

P =0.01) frequency bands during the LLP; however, theta and .

alpha incidence did not vary significantly according to menstrual
phase (Table 4). Delta incidence was lower in the LLP (F, , =
4.6, P = 0.05) without any change in amplitude. There were no
significant group differences in sigma or betal frequency bands,
based on PAA, but there were some group differences in the delta
and theta frequency bands (Table 4). Women with PMS had lower
delta incidence (F,,,=7.2, P = 0.02) and higher theta incidence
(F, ;= 6.6, P =0.02) and theta amplitude (Fis=12.0,P< 0.01)
than control subjects, regardless of menstrual cycle phase. There
were no significant interaction effects for any of the variables.

DISCUSSION

A detailed analysis of the sleep EEG, objective polysomnogra-
phy, and subjective sleep quality was conducted in women with
severe PMS and asymptomatic control subjects at 2 phases of the
menstrual cycle. The women with severe PMS had significant-
ly higher depression scores when symptomatic during the LLP,
compared with the FP and compared with controls, but sleep ar-
chitecture was altered to a similar extent in both groups in the
LLP. Women with PMS and control subjects had more wakeful-
ness after sleep onset and showed a prominent increase in spindle
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Figure 3—Results of quantitative analysis of the sigma frequency
band (12-15 Hz) of the electroencephalogram (EEG) during non-
rapid eye movement (NREM) sleep in women with severe premen-
strual syndrome (PMS) and control subjects during the follicular and
late luteal phases of the menstrual cycle. Power density (Panel A)
was calculated based on a fast Fourier transform of the EEG signal;
Time in band (Panel B) and Amplitude (Panel C) were calculated
from period amplitude analysis. Values are shown as mean + SEM.
*Significantly different from follicular phase (P < 0.01).

frequency activity in the LLP. Expression of premenstrual symp-
toms, therefore, is not associated with specific changes in the |

sleep EEG. However, we found some intriguing differences in

sleep architecture between women with PMS and control subjects |
that were not limited to the symptomatic LLP, suggesting that
the sleep EEG may be altered in women with PMS in a trait-like
manner, independent of symptom expression.

The finding that objectively measured sleep macrostructure is ap- |
parently unrelated to the presence of severe premenstrual symptoms
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supports those of previous studies.*!" The present quantitative EEG
data and assessment of microarousals add to the previous work in in-
dicating that there is also no change in sleep microstructure specific
to premenstrual symptom expression. Further, the sleep diary data

indicate a dissociation between objective and subjective sleep-qual-

ity measures in that women with severe PMS perceived their sleep
quality as poorer in the LLP in association with their premenstrual
symptoms.. A*similar tendency was found based on the subjective
ratings of sleep quality after the overnight polysomnographic study.
Santo and colleagues also reported, in conference proceedings 2,
that women with PMDD had a poorer sleep quality in their LLP.
Sleep quality has been assumed to be related mainly to objective
sleep efficiency,” which did not vary according to menstrual phase
in our subjects. Perceived sleep quality is also influenced by fre-
quency and duration of wakefulness during the night.?® Both groups
of women had increased polysomnographically defined wake after
sleep onset and a marginal increase in the arousal index in LLP re-
cordings; possibly, women with PMS may be more sensitive to the
increased wake after sleep onset and sleep fragmentation when rat-
ing their sleep quality. Alternatively, the poor ratings of sleep quality
in the women with PMS may be a consequence of a negative report-
ing bias in association with their negative premenstrual symptoms.
A similar tendency for negative evaluations of sleep quality has been
reported for depressed patients?” and patients with irritable bowel
syndrome.”® Another interesting finding based on the self-report data
in our study is that the women with PMS rated their alertness as
significantly lower, at both menstrual phases, compared with con-
trols. Possibly, the lower levels of alertness may be attributed to a
tendency for poorer sleep efficiency in the women with PMS.

Although there were no symptom-related menstrual-phase dif-
ferences in sleep architecture specific to women with PMS, we
found evidence of group differences in sleep structure irrespec-
tive of menstrual phase. Women with severe PMS had a longer
REM-onset latency than control subjects. Possibly, the data reflect
a tendency for a delayed circadian rhythm, given that the timing
of REM sleep is under circadian regulation.”” There is evidence
that women with PMDD have altered timing of several hormones,
including delayed onset of melatonin in the luteal phase compared
with the FP,** suggesting the possibility of an underlying circadian
abnormality in these women compared with control subjects. Pre-
vious studies have not found any differences in REM-onset laten-
cy between women with PMS or PMDD and control subjects, but
2 studies have found other trait-like alterations in sleep in women
with severe PMS or PMDD, including decreased REM sleep or
slow-wave sleep, in association with increased stage 2 sleep,
compared with controls.>!® Two further studies, however, have
found no differences in sleep architecture between women with
PMDD and control subjects.®!! These variable results between
studies may be a consequence of different definitions of PMS and
PMDD, different experimental conditions, variable sample sizes,
and variations in symptoms experienced by the women.

The link between depressed mood and sleep composition in
patients with depressive disorders is complex. Although several
studies have shown substantial differences in sleep macrostruc-
ture, such as reduced REM-onset latency and slow-wave sleep,
in patients with major depressive disorder (MDD) compared with
controls, a meta-analysis of published work showed that no single
sleep variable was specific for MDD.*' Also, not all patients with
MDD show substantial sleep disturbances.'? Even investigations of
subtle changes in sleep, based on quantitative EEG analysis, have

SLEEP, Vol. 30, No. 10, 2007

|-

Table 4—Results Derived from Period Amplitude Analysis of the
Electroencephalogram During Non-Rapid Eye Movement Sleep in
9 Women with Severe PMS and 12 Asymptomatic Women (Con-
trol Subjects) in the Mid-Follicular and Late Luteal Phases of Their
Menstrual Cycles.

Variable Group Menstrual Cycle Phase
Follicular Late Luteal
Delta average sample Control  15.6 (2.0) 15.7 (2.1)
amplitude, pV PMS 17.3:2.7) 174 (2.9)
Delta incidence, sec Control  25.0 (2.9) 24.6 (3.2)*
PMS 21.6 2.6)# 214 23)*#
Theta average sample Control 6.9 (1.1) 7.3 (1.4)*
amplitude, pV PMS 8.9 (1.1)# 9.1 (1.3)*#
Theta incidence, sec Control 2.0 (1.9) 2.0 (1.9)
PMS 4.0 (1.7)# 4.0 (1.6)#
Alpha derivative average Control 6.7 (1.1) 7.0 (1.3)*
sample amplitude, pvV ~ PMS 6.9 (0.5) T1(0.6)*
Alpha incidence, sec Control 5.7 (1.0) 5.6 (1.2)
PMS 5.9 (0.9) 5.6 (0.5)
Sigma derivative average Control 5.8 (0.8) 6.1 (0.9)*
sample amplitude, pvV. PMS 6.2 (0.7) 6.4 (0.8)*
Sigma incidence, sec Control 2.3(0.4) 2.7(0.5)*
PMS 2.7(0.8) 3.0 (0.9)*
Betal derivative average Control 3.7(0.4) 4.0 (0.5)*
sample amplitude, pV  PMS 3.9(0.3) 4.0 (0.5)*
Betal incidence, sec Control 2.1(0.4) 2.5 (0.5)*
PMS 2.3(0.5) 2.5 (0.6)*

Data are expressed as mean (SD). PMS refers to premenstrual
syndrome.

#Significantly different from follicular phase (P < 0.05)
#Significantly different from controls (P < 0.05). See text for details.

not shown consistent differences between patients with MDD and
control subjects,*?35 which may partly be due to variation in dis-
ease severity. There also is wide variation in the type and severity
of symptoms experienced by women with severe PMS or PMDD,
with some women reporting irritability and anxiety, and others
reporting depressed mood and emotional lability, as their major
symptoms.® This variability in symptom expression may lead to
variability in effects on sleep composition between women.

In our study, detailed analysis of the sleep EEG revealed subtle
differences between women with severe PMS and control sub-
jects, regardless of menstrual phase. These differences, therefore,
were evident independent of premenstrual symptom expression
in women with PMS. Compared with controls, women with PMS
had decreased incidence of delta and increased incidence and
amplitude of theta waveforms in NREM sleep. Decreased delta
power or delta wave incidence is hypothesized to reflect a defi-
ciency in sleep-regulatory processes.”* Although not a consistent
finding in all patients, several studies have reported decreased
slow-wave activity or delta wave inciderice in NREM sleep*** in
patients with depression. Further, a correlational analysis of the
association between sleep EEG measures and depressive symp-
toms showed that delta wave counts (incidence) was significantly
related to depressive symptoms in a large group of patients with
MDD.*¢ Since depressed mood is a common symptom of PMS
and PMDD,! it is possible that delta sleep EEG characteristics
may be similarly altered in these women, as in patients with
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MDD. Interestingly, slow-wave sleep abnormalities in patients
with mood disorders may persist even when patients are in remis-
sion, thus appearing as a trait marker.'?

We also found a trend for group differences in the lower sig-
ma frequency band, based on power spectral analysis. Women
with PMS tended to have higher power, specifically in the 12- to
13-Hz band compared with control subjects, in both menstrual
phases. This frequency band is in the range of sleep spindle ac-
tivity, which can change as a function of several variables, in-
cluding homeostatic and circadian factors, menstrual cycle phase,
pregnancy, and pharmacologic agents such as benzodiazepines.*’
GABA, receptors in the thalamus play an essential role in the
generation of sleep spindles,®® and altered activity in the spindle
frequency range of the sleep EEG may reflect altered GABA,, re-
ceptor function. Indeed, abnormal GABAergic function has been
reported in women with PMDD, regardless of menstrual phase,
and is hypothesized to be involved in the etiology of PMDD.** For
example, cortical GABA levels were found to be reduced in the
FP in women with PMDD compared with control subjects.*® Fu-
ture studies are needed to clarify possible differences in the sleep
EEG and sleep regulation in women with severe PMS or PMDD.
Challenge studies, such as with sleep deprivation, may also be
worthwhile in revealing differences between women with severe
PMS and asymptomatic women.

As an integral part of our study, we investigated differences
in sleep composition and the NREM sleep EEG at 2 phases of
the menstrual cycle. Women with normal menstrual cycles and
women with PMS showed a substantial increase in EEG activity
in the sigma frequency band in LLP compared with FP, confirm-
ing results from a previous study.'® Similar to Driver et al,'® we
found that activity was maximally increased in the upper spindle
frequency band (14-15 Hz). PAA of the EEG indicates that both
amplitude and incidence of waves in the sigma frequency band in-
crease during the LLP. The increased spectral power in the sigma
frequency band, therefore, is due to a combination of increased
amplitude and incidence of sigma waves. Ishizuka et al*! found
only a menstrual cycle phase variation in spindle frequency, with
no change in spindle amplitude; however, their analysis only in-
cluded predefined sleep spindles with an amplitude greater than
5 pV rather than analysis of the sigma frequency band. The in-
creased sigma power that we found in our study likely translates
into increased spindle density; spectral power density in the fre-
quency range of spindles correlates well with spindle density.**
Increased spindle frequency activity is reminiscent of the effects
of the progesterone metabolite, allopregnanolone, on the EEG in
rats.* Allopregnanolone, which is increased in association with
increased progesterone levels, enhances GABA-induced GABA
receptor currents, facilitating the occurrence of sleep spindles (Re-
viewed in **). The increased spindle frequency activity in the LLP,
therefore, probably represents an interaction between endogenous
progesterone metabolites and GABA, receptors.

Although not to the same extent as in the sigma frequency band
activity in the betal frequency band was increased in the LLP, due to
a combination of increased incidence and amplitude of betal wave-
forms. Elevated beta activity during sleep is thought to represent
hyperarousal and characterizes the sleep of people with primary
insomnia.” Women, therefore, may be in a state of central nervous
system hyperarousal during sleep in their LLP, which may impact
the perception of their sleep. This menstrual phase difference, when
combined with their depressed symptoms, may lead women with
SLEEP, Vol. 30, No. 10, 2007

severe PMS to be more likely to complain of sleep disturbances
during the LLP than at other times of the menstrual cycle.

Our study has several limitations, which need to be considered.
Not all women in our symptomatic group had equally severe pre-
menstrual symptoms. While all women with PMS met the provi-
sional criteria for a diagnosis of PMDD based on their retrospective
reports and clinical interview, only 5 of the women continued to
meet the criteria after prospective evaluation. Although the other
4 women did not meet the criteria for PMDD, they were included
in the study because their PMS was still severe and impacted their
quality of life. Further, recent clinical and epidemiologic studies
have shown there is a strong overlap between severe PMS and
PMDD, with severe PMS still being highly correlated with func-
tional impairment.® Although the stringent criteria for PMDD may
not be met, particularly the requirement of 5 specific PMDD symp-
toms, severe PMS is still considered clinically significant.'* We
therefore believe that our results are applicable to women who have
clinically significant PMS, including those meeting the DSM-TV
criteria for PMDD. Another factor that needs to be considered is
that PMS severity can vary from month to month within an individ-
ual. The women in our study continued to complete the daily symp-
tom rating form throughout the recording period, which allowed us
to confirm that they were experiencing severe premenstrual symp-
toms during the recording period. However, based on the BDI rat-
ings, there was a range in the severity of depression that the women
were experiencing during the LLP recording period. Indeed, there
is large variability in the type, as well as timing, of symptoms ex-

perienced by women with severe PMS or PMDD.! Given this vari-

ability, it would be worthwhile to investigate sleep EEG changes in
relation to a range of severity of premenstrual mood symptoms in
a larger sample of women. Finally, a limitation of our study is that
we did not use actigraphy or polysomnography to confirm that the
subjects kept their regular sleep-wake schedules on the night before
laboratory recordings. Given these limitations and the small sample
size, our results need to be interpreted with caution until replicated
and extended in other studies.

In conclusion, we have shown that women with severe PMS
perceive their sleep quality to be poorer in association with their
symptoms in the LLP. However, there are no specific alterations
in sleep macrostructure or microstructure associated with pre-
menstrual symptoms. Detailed analysis of the sleep EEG revealed

potential trait-like differences in women with severe PMS, which

need to be investigated further.
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