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Body temperature has a circadian rhythm, and in women with ovulatory cycles, also a
menstrual rhythm. Body temperature and sleep are believed to be closely coupled, but the
influence on their relationship of gender, menstrual cycle phase and female reproductive
hormones is unresolved.

We investigated sleep and 24 h rectal temperatures in eight women with normal menstrual
cycles in their mid-follicular and mid-luteal phases, and in eight young women taking a
steady dose of oral progestin and ethinyl oestradiol (hormonal contraceptive), and compared
their sleep and body temperatures with that of eight young men, sleeping in identical
conditions. All subjects maintained their habitual daytime schedules.

Rectal temperatures were elevated throughout 24 h in the luteal phase compared with the
follicular phase in the naturally cycling women, consistent with a raised thermoregulatory
set-point. Rectal temperatures in the women taking hormonal contraceptives were similar to
those of the naturally cycling women in the luteal phase.

Gender influenced body temperature: the naturally cycling women and the women taking
hormonal contraceptives attained their nocturnal minimum body temperatures earlier than
the men, and the naturally cycling women had blunted nocturnal body temperature drops
compared with the men.

Sleep architecture was essentially unaftected by either menstrual cycle phase or gender. The
women taking hormonal contraceptives had less slow wave sleep (SWS), however, than the
naturally cycling women.

Gender, menstrual cycle phase and hormonal contraceptives significantly influenced body
temperature, but had only minor consequences for sleep, in the young men and women in
our study.
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Human body temperature has a circadian rhythm with a
0:8—1 °C oscillation between a diurnal maximum and a
nocturnal minimum (Moore-Ede et al. 1982; Cagnacci et al.
1996). This circadian rhythm is regulated by an endogenous
pacemaker localised in the hypothalamic suprachiasmatic
nuclei (Moore, 1999) and is also modulated by exogenous
influences such as postural changes (Krauchi et al. 1997),
physical activity (Gander et al. 1985), ambient temperature
(see Heller et al. 1996 for review), meals (Driver et al. 19995),
and sleep (Barrett et al. 1993; Murphy & Campbell, 1997).
In women with ovulatory menstrual cycles, the circadian
rhythm is superimposed on a menstrual-associated rhythm.
Daily average body temperature increases by approximately
0-4 °C in the luteal phase compared with the pre-ovulatory
follicular phase (Cagnacci et al. 1996; Driver et al. 1996).
Whether menstrual events also affect the circadian rhythm

is less clear. Progesterone apparently blunts the nocturnal
decline in body temperature, reducing the amplitude (Lee,
1988; Kattapong et al. 1995; Cagnacci et al. 1996; Parry et
al. 1997), and perhaps also delaying the phase (Cagnacci et
al. 1996) of the circadian rhythm in the luteal phase
compared with the follicular phase. One would therefore
expect the circadian profile of body temperature in women
to differ from that of men. Indeed, some studies have shown
that young women with ovulatory cycles have phase-
advanced circadian temperature rhythms compared with
men (Lee, 1988; Baehr et al. 1999), but others have found no
gender differences in circadian phase (Winget et al. 1977;
Kattapong et al. 1995). The amplitude of the temperature
rhythm may be reduced, compared with that of men,
throughout the cycle (Rogacz et al. 1988) or only in the
luteal phase (Kattapong et al. 1995).
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Apart from its possible effect on circadian phase and
amplitude, gender has more subtle effects on sleep
architecture (Dijk et al. 1989; Driver & Baker, 1998).
Although sleep architecture in healthy young men and
women appears to be grossly similar, computerised analysis
of the sleep electroencephalograph (EEG) has revealed that
women have higher power densities (#V> Hz ") than men
(Dijk et al. 1989; Armitage, 1995; Mourtazaev et al. 1995),
which may be due to anatomical differences (Dijk et al. 1989)
or to different physiological mechanisms (Ehlers & Kupfer,
1997). Subtle differences in sleep at different phases of the
menstrual cycle also have been reported: in the luteal phase,
rapid eye movement (REM) sleep is reduced (Driver et al.
1996; Baker et al. 1999) and stage 2 non-REM sleep and
activity in the spindle frequency range (12—15Hz) are
increased (Driver et al. 1996). Apart from its hyperthermic
properties, progesterone has hypnotic properties, and
increases non-REM sleep when administered to young men
(Friess et al. 1997). So the variations in sleep through the
menstrual cycle may be in response to actions of
progesterone or its analogues in the central nervous system
(Driver et al. 1996). The sleep of women taking hormonal
contraceptives, therefore, may also be influenced by the
synthetic progestins, but Lee et al. (1990) did not find any
differences in sleep, except for a shorter REM sleep onset
latency in three women taking hormonal contraceptives,
compared with ovulating women. On the other hand,
menstrual-related variation in sleep may not result directly
from hormonal changes, but may follow thermoregulatory
variation (Deboer, 1998).

Sleep and body temperature are apparently closely coupled;
sleep onset evokes a decrease of core body temperature
(Barrett et al. 1993) and conversely a rapid decline in core
body temperature associated with peripheral heat loss
increases the likelihood of sleep initiation and facilitates
entry into the deeper stages of sleep (Murphy & Campbell,
1997; Krauchi et al. 1999). Also, the peak in sleep propensity
coincides with the nocturnal minimum of body temperature
(Lack & Lushington, 1996). However, the investigations that
have established an apparent relationship between body
temperature and sleep—wake processes have rarely considered
gender or menstrual cycle effects (Driver et al. 1999a).

To avoid the confounding effects of menstrual cycle phase,
researchers in the field of human thermoregulation often
prefer as subjects women who are taking hormonal
contraceptives. These women are presumed to be free of the
day-to-day variations in body temperature characteristic of
ovulatory cycles. However, the synthetic oestrogens and
progestins contained in hormonal contraceptives interfere
with thermoregulation. Body temperature is elevated
consistently over 24h in women taking hormonal
contraceptives, to the same extent as it is in ovulating
women in the luteal phase (Kattapong et al. 1995; Wright &
Badia, 1999). Rogers & Baker (1997) found that women
taking such contraceptives had elevated rectal temperatures
and sweating thresholds, both at rest and during exercise.
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We recently found that women taking hormonal
contraceptives had significantly blunted nocturnal body
temperature drops compared with young men (Baker et al.
1998). Women who are taking synthetic steroids, therefore,
do not have normal thermoregulation and their circadian
rhythms may not be the same as those of naturally cycling
women.

A proper understanding of the relationship between
circadian temperature rhythms and sleep architecture
requires that the complications resulting from the
menstrual-related hormones be confronted. We therefore
investigated sleep and 24 h rectal temperatures in women
with normal menstrual cycles, and in young women whose
menstrual cycles were regulated artificially by exogenous
hormones, and compared their sleep and temperature with
that of age-matched young men sleeping in identical
conditions. Also, we allowed sleep and temperature to be
influenced by both endogenous and exogenous cues, by
asking the subjects to pursue their habitual daytime
activities. We recently developed miniature
thermometric data loggers to monitor rectal temperatures
throughout sleep and daily activity (Fuller et al. 1999).

used

METHODS

Nine healthy young men, eight young women who were taking
hormonal contraceptives and twelve naturally cycling women
without any menstrual-associated complaints, were recruited from
a university student population and consented to participate in our
study. Ethical clearance was obtained from the Committee for
Research on Human Subjects of the University of the
Witwatersrand (Clearance no. M980503), which adheres to the
principles of the Declaration of Helsinki. All the subjects completed
questionnaires and were interviewed to ensure that they had
regular sleep—wake schedules, were non-smokers, and showed no
indication of sleep or medical disorders. The 30-item version of the
seneral Health Questionnaire, which correlates well with
psychiatric interview (Goldberg et al. 1976), was used to screen the
volunteers for psychological distress. All the volunteers scored less
than 12 out of 30, indicating normal psychological status. The
naturally cycling women were asked specifically about any mood
changes that occurred during their menstrual cycles and also
completed a screening questionnaire for dysmenorrhoea (Andersch
& Milsom, 1982). None reported evidence of premenstrual
syndrome (Mortola, 1996) or dysmenorrhoea (Andersch & Milsom,
1982).

Women selected for inclusion in the group taking hormonal
contraceptives had been taking monophasic hormonal contraceptives
(21 active pills containing a fixed dosage of oestradiol and synthetic
progestin; 7 placebo pills) for at least 3 months before the study. Six
women were taking hormonal preparations containing 0-03 mg
ethinyl-oestradiol and 0:15mg of either desogestrel (Donmed
Paharma) or levonorgestrel (Akromed). One woman was taking
0-:02 mg ethinyl-oestradiol with 0:15 mg desorgestrel (Donmed),
and one woman had 0-035mg ethinyl-oestradiol with 2-0 mg
cyproterone acetate (Schering). The women were only investigated
while taking the active hormone pills, which all of them habitually
took in the evening. The naturally cycling women had not taken
any hormonal contraceptives for at least 6 months before our study.
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During a month-long screening period, and for the duration of the
study, the naturally cycling women completed a calendar of
premenstrual experiences (Mortola, 1996), which confirmed that
none suffered from premenstrual syndrome. They also recorded the
dates of their menses. They measured their oral temperature every
morning before getting out of bed, using a digital thermometer
(Soar M.E., Nagoya, Japan), and used a commercially available self-
testing kit which detects the presence of luteinising hormone (LH)
in urine (ClearPlan One Step, Unipath, Bedford, UK) to confirm
ovulation. During our study, eleven of the twelve women had
regular, ovulatory menstrual cycles, as assessed by a mid-cycle
surge of LH and a post-ovulatory increase in temperature. We
recorded data from those eleven women only.

Recordings were made over a 3 month period during the late
winter and spring months, when climatic conditions in the
Southern hemisphere are relatively mild and dry. All the subjects
were requested to maintain their customary weekday bedtime
schedules, even on the weekend, for at least 1 week before a study
night. On study nights, the subjects followed an identical night-time
protocol in which they maintained their habitual schedules but slept
in the controlled environment of our laboratory. The first night in
the sleep laboratory served as an adaptation night, which allowed
the subjects to familiarise themselves with the new environment
and recording equipment. Between one and three nights later, the
women taking oral contraceptives and the men returned to the
sleep laboratory for their recording night. The naturally cycling
women came to the laboratory on two occasions during one
menstrual cycle: once during the mid-follicular phase (7—10 days
after the onset of menstrual flow) and once during the mid-luteal
phase (either the fifth or sixth night after the LH surge). The
naturally cycling women had only one adaptation night, between
one and three nights before their first recording night, in either the
follicular or luteal phase. Since seven of the naturally cycling
women had started the screening month in the luteal phase of their
menstrual cycle, their first recording night was 1 month later, also
in the luteal phase, whereas the remaining four women had their
first recording night in the follicular phase. Two of the women had
to return to the sleep laboratory for a repeat recording of one of
their phases in the following month, as a result of incomplete data
collection.

On study days, the subjects were allowed to pursue their usual
daytime activities, such as attending lectures, but they refrained
from drinking caffeinated or alcoholic beverages, and did not
participate in any strenuous exercise, for 8 h before the start of the
sleep recordings. We asked the subjects not to shower or bath in the
evening of their recording nights, but we did not prohibit them
from showering in the morning. We also did not regulate food
intake or posture during the study. For the sleep recordings all the
subjects wore light sleeping attire and slept under an eiderdown
quilt, each in a separate bedroom, where the ambient temperature
was maintained between 22 and 24 °C. Lights-out and lights-on
times were self-selected, based on the customary weekday bedtime
schedules for each individual. Lights were turned off’ between 22.00
and 24.00 h and were turned on between 7 and 8 h later.

Standard polysomnographic electroencephalographic, electro-oculo-
graphic and electromyographic recordings were made on a digital
electroencephalograph (Medelec DG 20, Vickers Medical, Surrey,
UK) at a virtual recording speed of 15 mms™. Twenty-second
epochs were scored according to modified standard criteria
(Rechtschaffen & Kales, 1968) by two scorers blind to the identity
of the subject or menstrual phase. If there were two sleep records
for a particular individual, both records were scored by the same
scorer. All the records were cross-checked by a third scorer. Total
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time spent in bed refers to the time from lights-out to lights-on.
Total sleep time (TST) is reported only for the first 7 h after lights-
out, as the time spent asleep minus in-bed wakefulness during that
period. Sleep efficiency was calculated as a percentage of TST
during the first 7 h after lights-out for each subject. Sleep onset
latency (SOL) was taken as the time from lights-out to the
appearance of the first of at least three consecutive epochs (60 s) of
stage 2 sleep. The time between sleep onset and the first indication
of any REM sleep was the REM sleep onset latency (ROL). The
latency to slow wave sleep (SWS) was the time from sleep onset to
the first of at least three consecutive epochs of stage 3 sleep.

Rectal temperatures were recorded every minute for at least 24 h,
starting in the evening of the recording night, using indwelling
rectal thermistors connected to miniature temperature loggers,
custom-modified to a narrow temperature range (Stowaway XT1,
Onset Computer Corporation, Pocasset, MA, USA). The
thermistors were encased in a polythene sheath and inserted into
the rectum to a depth of approximately 100 mm. Subjects recorded
in a daily diary the times when they removed the probe for bathing
or using the toilet, and the missing temperatures were calculated by
linear interpolation. Overnight ambient dry-bulb temperature in
the laboratory was recorded every 30 min by a thermocouple array
connected to a fixed data logger (MC Systems, Cape Town, South
Africa). All thermistors and thermocouples were calibrated, by
water immersion, against a quartz thermometer (Quat 100,
Heraeus, Hanau, Germany), to an accuracy of 0-1 °C. The loggers
maintained accuracy even in the face of changing environmental
temperatures (Fuller et al. 1999).

Before going to bed, the subjects completed a questionnaire
describing the events of that day and indicated their evening
anxiety on a 100 mm visual-analog scale (VAS), anchored from
‘terribly agitated’ to ‘utterly calm and peaceful’. After each
recording night, the subjects assessed the preceding night’s sleep
quality on a 100 mm VAS with anchor points of ‘worst possible’
and ‘best ever’ sleep. Morning vigilance was rated on a VAS with
anchor points of ‘feeling awfully sleepy and lack-lustre’ and ‘feeling
marvellously alert and energetic’.

A 5 ml blood sample was taken from all the women and from four
of the men between 07.00 and 08.00 h, after the recording nights.
The serum was frozen for later determination of oestradiol and
progesterone, using solid-phase radioimmunoassay (Coat-A-Count
Progesterone and Oestradiol, Diagnostic Products Corporation, Los
Angeles, CA, USA).

We excluded one of the men and two of the naturally cycling
women from the final analysis owing to incomplete temperature or
sleep data. We also excluded one of the naturally cycling women
from analysis because she did not show an increase in serum
progesterone or body temperature in the latter period of her cycle,
though she had done so in the screening period. Data from the
remaining eight subjects in each group were used in the final
analysis. The physical characteristics of the subjects are given in
Table 1. There were no significant differences in age or body mass
indices between the three study groups.

Rectal temperature data were smoothed by a 15 min moving
average of the 1 min recordings. We then calculated mean 24 h,
mean 7h in-bed and raw-minimum temperatures. We also
determined from visual inspection of the smoothed temperature
curves, the time of the raw-minimum temperature for each
individual. We fitted 24 and 12 h sinusoidal curves to individual
temperature curves using complex demodulation (described in
Elsemore et al. 1995), after the data had been normalised by
subtracting the mean of the time series from each data point. The
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Table 1. Physical characteristics of the subjects included in the analysis

Women Men
Naturally cycling  Contraceptives

Age (years) 22 (4) 21 (1) 22 (1)
Mass (kg) 66 (8) 59 (11) 66 (7)
Height (m) 165 (0-08) 166 (0-08) 1:75(0-07)
Body mass index (kg m™?) 24 (2) 21 (3) 22(2)
Menstrual cycle (days) 30 (5) — —
n 8 8 8

Values are means (s.D.).

fitted curves explained 80 + 9% (mean +s.0; n=232) of the
variance for the entire cohort of subjects. The time of occurrence of
the fitted-minimum temperature was obtained from the fitted
curve. Amplitude of the fitted temperature curve was estimated as
half of the range between the fitted-maximum and fitted-minimum
temperatures. We also measured the extent of the nocturnal drop
in body temperature for each subject using an index utilised
frequently by thermal physiologists, namely the thermal response
index (TRI). In our case, the TRI was the time integral (°C h), over
7h, of the change in rectal temperature from that temperature
recorded at lights-out (i.e. the area between the actual curve of
rectal temperature vs. time and a line drawn through the lights-out
temperature).

We evaluated sleep over the first 7h of the recording nights
because all subjects were in bed for at least 7 h. The subjective VAS
measurements were normalised before statistical analysis through
the arcsin transform. We investigated differences in temperature,
and subjective and objective sleep measures between the follicular
and luteal phases in the naturally cycling women using a paired ¢
test. A one-way analysis of variance (ANOVA) was used to
evaluate differences between the men, women taking hormonal
contraceptives and the naturally cycling women in the luteal phase,
followed by Tukey’s post hoc test when appropriate.

RESULTS

The naturally cycling women had significantly higher serum
progesterone and oestrogen concentrations during the luteal
phase than during the follicular phase, consistent with
ovulatory cycles (Table 2). The women who were taking
hormonal contraceptives had progesterone and oestrogen
concentrations that did not differ significantly from
follicular phase concentrations in naturally cycling women.
The serum hormone concentrations in the women taking
contraceptives reflect only endogenous progesterone and
oestrogen since the assays that we used did not detect
synthetic hormones. The four men from whom we took
blood samples had significantly higher progesterone and
lower oestrogen concentrations than the naturally cycling
women in their follicular phase, but their hormone profile
was much closer to that of the women in the follicular phase
than the women in the luteal phase, and closest to the
profile of women taking oral contraceptives.

Figure 1 shows the average smoothed rectal temperature
curves of the subjects for 1 h before lights-out and 23 h
afterwards. All groups showed a drop in temperature after
lights-out and a marked rise in temperature after lights-on,
associated with the rising phase of body temperature,
increased morning activity and showering. Mean 24-hour,
7-hour in-bed, and raw-minimum temperatures were
elevated, and to the same extent, in the women taking
hormonal contraceptives and in the women in the luteal
phase, compared with the women in the follicular phase and
with the men (Table 3).

Also evident in Fig. 1 is an earlier attainment of the raw-
minimum body temperature in the naturally cycling
women, compared with the men. Indeed, despite going to
bed at a similar time (Table 3), the naturally cycling women
reached their raw-minimum temperatures 124 4+ 74 min
(mean +s.0) after lights-out in the follicular phase and
74 4+ 32 min after lights-out in the luteal phase, which was
significantly earlier than the men at 258 + 77 min after
lights-out (ANOVA, F,, =116, P=00004; Tukey’s
P =00006). Consequently, the clock time of the raw-
minimum body temperature was earlier in the naturally
cycling women than in the men (Table 3). The women
taking hormonal contraceptives also had significantly earlier
raw-minimum temperatures than the men (Table 3), but
took longer (215 + 111 min; Tukey’s P = 0-006) than the
naturally cycling women in the luteal phase to reach their
raw-minimum temperature after lights-out.

The clock time of the fitted-minimum body temperature
was also significantly earlier in the naturally cycling women
than in the men, even though there was a greater
discrepancy between the times of the raw- and fitted-
minimum temperatures in the women compared with the
men. Whereas the clock times of the raw-temperature
minimum and the fitted-minimum were similar in five of
the eight men, the time of the fitted-minimum was delayed
by at least 1 h compared with the raw-minimum in nine of
the sixteen women, which was particularly evident in the
luteal phase for all of the eight naturally cycling women.
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Table 2. Serum hormone concentrations in eight naturally cycling women in their follicular and
luteal phases, in eight women taking hormonal contraceptives, and four men

Women Men
Follicular ~ Luteal Contraceptives
Oestrogen (pmol 17) 179 (46) 520* (310) 111 (96) 128 (35)
Progestin (nmol 1) 3(1) 19* (13) 3(1) 7(1)

(as progesterone)

Values are means (s.D). ¥ Significantly different from follicular phase, paired ¢ test, P < 0-01.

There was no significant difference in the 7 h thermal
response index or in circadian amplitude between the
follicular phase and the luteal phase in the naturally cycling
women. The average luteal-follicular difference in rectal
temperature was the same during the 12h day-period
(09.00-21.00 h) as it was during the night (21.00—09.00 h)
(040 £ 02 ws. 0:37+£0:3°C) in the naturally cycling
women. The circadian amplitude also did not differ between
the men, women taking hormonal contraceptives, and the
naturally cycling women in the luteal phase (Table 3).
Showering and activity influenced the daytime body
temperatures of our subjects, so that there was no clear
diurnal peak in the temperature curves for the majority of
our subjects, which may have affected our estimate of
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circadian amplitude of the fitted curves. However, the
thermal response index during the 7 h sleep period when
conditions were constant was less negative in the naturally
cycling women, indicating that they had significantly
blunted nocturnal drops in body temperature, compared
with the men (Table 3). The women taking hormonal
contraceptives had nocturnal drops intermediate between
those of naturally cycling women and men.

Before going to bed, levels of anxiety were the same in the
naturally cycling women in their follicular (69 + 25 mm)
and luteal (63 + 23 mm) phases (paired ¢ test, ¢ (7) =09,
P=0-4), and were the same as those of the women taking
hormonal contraceptives (47 + 17 mm) and of the men

(61 £ 26 mm) (ANOVA, F,, =12, P=03). Subjective
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Figure 1. Mean rectal temperatures for 1 h before lights-out and 23 h afterwards in eight men,
eight women taking hormonal contraceptives, and eight naturally cycling women in the mid-
follicular and mid-luteal phases of their menstrual cycles

Bars denote s.E.M.; vertical lines indicate average time in bed.
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Table 3. Rectal temperature variables and statistical comparisons of eight young men, eight
women taking hormonal contraceptives, and eight naturally cycling women in the mid-follicular

and mid-luteal phases of the menstrual cycle

Variable Women Men Statistical comparisons
Follicular Luteal  Contraceptives ANOVAS Paired ¢ test
Follicular vs. luteal
Mean 24 h 37:0(0-3)  37-4*% (0-2) 37:5(0-2) 37-1 1% (0:1) Fy oy =11-7 t(7)=40
temperature (°C) P=0-0004 P=0:005
Raw-minimum 36:4(0:3)  36:8* (0-3)  37:0(0-2) 36:511 (0-1) Fyy =86 t(7)=25
temperature (°C) P=0-002 P=0-04
Mean 7 h in-bed 36:7(0:3)  37-0%(0-3)  37:1(0-2) 36:7tt (0-1) Fy0 =96 t(TM)=29
temperature (°C) P=0-001 P=0-02
Lights-out 369 (0-2) 37:2(0-4) 37:5(0+3) 37:2(0-3) Fyy=24 t(7)=23
temperature ( °C) P=01 P=0-06
7 h in-bed thermal —19(14) —1-5(13) —2:8(11) —4:271 (1-1) Fy, =111 t(7)=07
response index (°C h) P=10-0005 P=05
Amplitude of fitted 0-42(0-1) 0-47 (0-2) 0-49 (0-1) 0:39 (01) Fhpy =12 t(7)=07
temperature curve P=03 P=05
Time of lights-out 23.38 h 2333 h 23.02h 23.23h Fyp=16 t(7)=06
(38 min) (41 min) (36 min) (26 min) P=022 P=06
Time of fitted-minimum  02.31 h 02.47h 03.20 h 04.06 h 1 Fyp =34 t(M)=05
temperature (105 min) (85 min) (35 min) (46 min) P=0-04 P=106
Time of raw-minimum  01.42h 00.48 h 01.44h 03.41 ht1 Fyp =178 t(M)=17
temperature (103 min) (68 min) (101 min) (87 min) P=0-002 P=0-1

Values are means (s.p.). * Significantly different from follicular phase values, paired ¢ test. T Significantly
different from values for women taking contraceptives, Tukey post hoc test, P < 0-05. I Significantly
different from luteal phase values, Tukey post hoc test, P<0:05. § Men vs. women taking hormonal
contraceptives vs. naturally cycling women in the luteal phase.

ratings of sleep quality were the same in the follicular
(69 £ 15mm) and luteal (604 14 mm) phases in the
naturally cycling women (paired ¢ test, ¢t (7) =10, P=0-3)
and did not differ from the ratings of the women taking
hormonal contraceptives (62 + 18 mm) or the men
(65 £ 13 mm) (ANOVA, K, =03, P=07). Subjective
ratings of morning vigilance were the same in the follicular
(46 £ 15mm) and luteal (43 & 13 mm) phases (paired
t test, ¢ (7) =06, P=0-5) in the naturally cycling women.
Morning vigilance in the naturally cycling women, however,
tended to be lower than in the women taking hormonal
contraceptives (59 + 21 mm) and in the men (63 + 13 mm)
(ANOVA, F,,, =33, P=006), but did not reach
significance, possibly because of a lack of power due to the
small sample sizes of the groups.

Total time spent in bed was the same in the naturally
cycling women in their follicular (435 4+ 11 min) and luteal
(447 + 19 min) phases (¢ (7) =14, P = 0-2), which was the
same as in the men (431 £+ 26 min) and in the women
taking hormonal contraceptives (449 £+ 17 min) (ANOVA,

F, 5 =17, P=10-2). Selected sleep variables for the first 7 h
of sleep after lights-out as derived from the
polysomnograms, are shown in Table 4. Despite the
significant differences in body temperature between the
groups, their sleep architecture was remarkably similar,
although the naturally cycling women in the luteal phase
had more SWS compared with the women taking hormonal
contraceptives. There were no significant gender differences
in sleep composition, although the naturally cycling women
tended to have more SWS than the men. The only
significant difference in sleep associated with menstrual
phase was that SWS occurred sooner in the luteal phase.
The women showed a non-significant trend, however, for
more REM sleep in the follicular phase compared with the
luteal phase (paired ¢ test, P=0-07; Table 4). Although
none of the subjects showed any signs of depression,
according to their scores on the General Health
Questionnaire (Goldberg et al. 1976), REM sleep onset
latencies were relatively short in all the study groups,
particularly in the contraceptive group.
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Table 4. Selected sleep variables during the first 7 h of sleep after lights-out and statistical
comparisons in eight men, eight women taking hormonal contraceptives, and eight naturally
cycling women in the mid-follicular and mid-luteal phases of their menstrual cycles

Variable Women Men Statistical comparisons
Follicular Luteal  Contraceptives ANOVAS Paired ¢ test
Follicular vs. luteal
Total sleep time (min) 398 (7) 395 (14) 387 (20) 384 (30)1 F, =05 (7)) =07
P=06 P=05
Sleep efficiency (%) 95(2) 94 (4) 92 (5) 91 (7) Fyp =11 t(7)=01
P=03 P=09
Sleep onset latency (min) 11(3) 11(6) 19(11) 15(8) Fyp =18 t (7)=10-31
P=02 P=08
Latency to stage 3 sleep (min) 14 (6) 9% (2) 12 (4) 10 (2) Fypy =23 t(7)=28
P=01 P=003
Latency to REM sleep (min) 70(12) 80 (16) 62 (23) 76 (23) Fypy =117 t(M)=13
P=02 P=02
Stage 2 sleep (%) 42 (6) 45 (6) 45 (3) 42 (4) Fyp =09 t(7)=17
P=04 P=013
Slow wave sleep (%) 25 (6) 267 (6) 18 (4) 22 (6) Fyp =36 t(7)=01
P=0-045 P=09
REM sleep (%) 22 (3) 19(3) 21 (3) 19 (6) Fypy =10 t(T7)=22
P=0-38 P=0-07

Values are means (s.p.). * Significantly different from follicular phase values, paired ¢ test. T Significantly
different from values for women taking contraceptives, Tukey post hoc test, P = 0-05.  Large s.0. because
one man spent more than 1 h awake in the second half of the night. § Men vs. women taking hormonal

contraceptives vs. naturally cycling women in the luteal phase.

DISCUSSION

We recorded rectal temperatures continuously for 24 h, and
sleep architecture for one night in young men, women
taking synthetic oestradiol and progestin in hormonal
contraceptives, and in naturally cycling women in both the
mid-follicular and mid-luteal phases of their menstrual
cycles. All the subjects slept under identical laboratory
conditions, while maintaining their habitual daily schedules.
The continuous recordings of rectal temperature were
facilitated by the availability of unobtrusive, accurate,
miniature thermometric data loggers.

The naturally cycling women had similarly shaped circadian
body temperature curves in both the follicular and luteal
phases, but the entire curve was raised by approximately
0:4°C in the luteal phase compared with the follicular
phase, upward shift in the
thermoregulatory set point. Exogenous oestrogen and
progestin influenced the circadian rhythm of body
temperature: the women taking hormonal contraceptives
had body temperatures similar to those of the naturally

consistent with an

cycling women in the luteal phase throughout the 24 h

recording period. Body temperature was also significantly
affected by gender. The naturally cycling women in the
follicular phase and the men had similar average 24 h and
minimum temperatures, but the men had a greater
nocturnal drop in body temperature, probably due to their
having a higher temperature at lights-out. The men also had
a minimum temperature that occurred later, compared with
the naturally cycling women in both phases of the
menstrual cycle.

Despite the hormonal and temperature changes, sleep
macrostructure was relatively stable during the menstrual
cycle in the naturally cycling women. They had significantly
more SWS, however, than the women taking hormonal
contraceptives. Although the naturally cycling women were
inclined to have more SWS than the men, gender did not
significantly affect sleep architecture. We therefore have
found that menstrual cycle phase
contraceptives significantly affected body temperature but
had only minor consequences for sleep composition in our
subjects.

and hormonal
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Body temperature and sleep architecture may well be
correlated in the absence of external zeitgebers. An
individual’s circadian body temperature rhythm needs to be
unmasked from exogenous influences to obtain the
endogenous body temperature rhythm (Minors &
Waterhouse, 1988). However, we chose to compare normal
circadian body temperature rhythms, including both
endogenous and exogenous components, in young men and
women maintaining their habitual schedules. We did not
restrict the subjects’ routine except for limiting their
exercise during the recording period, and instructing them
to maintain their customary bedtime schedule for at least
1 week before the recording night. Although the extent of
our analysis of the endogenous circadian temperature
rhythm may have been limited because our subjects were
exposed to exogenous influences during the day, our study
has the advantage of being relevant to actual physiological
circumstances. As the sample size of each study group was
small, we tried to eliminate variation between individuals,
by including only women who were taking monophasic
oral contraceptives in the contraceptive group, and by
assessing day of ovulation and measuring serum
progesterone and oestrogen in the cycling women to
ensure that they were appropriately classified according to
menstrual phase. We also recorded sleep and nocturnal
body temperature in a controlled laboratory environment
and avoided any seasonal variation in the circadian body
temperature rhythm (Honma et al. 1992), by conducting
our study over a 3 month period when climatic conditions
varied little. Finally, we screened the subjects for
psychological distress, and the women were screened for
premenstrual syndrome and dysmenorrhoea, all of which
may influence body temperature and sleep (Parry et al.
1997; Driver & Baker, 1998; Baker et al. 1999).

We did not find a blunted nocturnal drop in body
temperature in the luteal phase compared with the follicular
phase that has been reported by others (Rogacz et al. 1988;
Kattapong et al. 1995; Cagnacci et al. 1996, 1997), which
may be attributed to differences in study protocols. In some
previous studies, women have been restricted to bedrest
(Cagnacei et al. 1997), or to a constant environment (Rogacz
et al. 1988; Cagnacci et al. 1996), where activity, and sleep
and meal times are regulated. In another study of women
who maintained their normal routines, Kattapong et al.
(1995) found a blunted -circadian amplitude of the
temperature rhythm in the luteal phase compared with the
follicular phase. Unfortunately though, they did not confirm
menstrual cycle phase with blood progesterone and oestrogen
measurements. Furthermore, their study design entailed
comparisons of body temperature between different women
in the follicular and luteal phases of the menstrual cycle,
which is more susceptible to individual variation than a
repeated-measures design. Our finding of a uniform upward
shift in the circadian body temperature curve in the luteal
phase compared with the follicular phase in the same
women is consistent with the hypothesis of a raised
thermoregulatory set-point in the luteal phase, around
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which body temperature is regulated, as occurs with fever
(Cannon & Dinarello, 1985).

Although body temperature was raised in the luteal phase,
the time of the raw-minimum body temperature was the
same in both menstrual cycle phases, which is in agreement
with the findings of some authors (Kattapong et al. 1995;
Parry et al. 1997; Wright & Badia, 1999). Cagnacci et al.
(1996), however, reported a phase delay in the body
temperature minimum in the luteal phase compared with
the follicular phase. Also, the times of the raw-minimum
body temperature in the follicular (01.42h) and luteal
(00.48 h) phases in our naturally cycling women were earlier
than those reported by Cagnacci et al. (1996) for women of
the same age in the follicular (03.31 h) and luteal (05.09 h)
phases. Following a fixed (Cagnacci et al. 1996) as opposed
to a habitual schedule, seasonal effects on the body
temperature rhythm (Honma et al. 1992), small sample
sizes, and using different methods for determining the
minimum (Kattapong et al. 1995) may have contributed to
differences between studies in the estimated time of
minimum body temperature.

Our finding that women taking monophasic hormonal
contraceptives have body temperatures that are similar to
those of women in the luteal phase confirms the findings of
others (Kattapong et al. 1995; Wright & Badia, 1999).
Although the mechanisms of action are unresolved, oestrogen
and progesterone both affect thermoregulation (Rogers &
Baker, 1997). The raised circadian body temperature curve
in the women taking hormonal contraceptives, therefore,
could be mediated by synthetic steroids increasing the
hypothalamic thermoregulatory set-point temperature, as
occurs during the natural luteal phase (Cannon & Dinarello,
1985). Alternatively, the raised body temperatures could be
due to the relative absence in these women of endogenous
oestrogen: oestrogen has a temperature-lowering effect

(Rogers & Baker, 1997).

In our study, not only was body temperature influenced by
menstrual cycle phase and hormonal contraceptives, but also
by gender. The nocturnal drop in body temperature was
blunted in the naturally cycling women, regardless of
menstrual cycle phase, compared with the men, an
observation that has been reported previously (Rogacz et al.
1988). Also, our finding that the women attained their
minimum body temperatures earlier than the men supports
that of others. Baehr et al. (1999) reported that a group of
71 young women had an earlier minimum body
temperature by approximately 30 min compared with men,
although menstrual cycle phase was not documented. Lee
(1988) found that the body temperature acrophase occurred
at approximately 15.30 h, regardless of menstrual cycle
phase or hormonal contraceptive use, which is 1:5-2h
earlier than that documented previously for young men
(17.18 h + 33 min (* s.E.m.); Vitiello et al. 1986). We found
a similar advance of approximately 2 h in the time of the
temperature nadir in the women compared with the men. In
contrast, Kattapong et al. (1995) did not find any differences
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in circadian phase between men, naturally cycling women
and women taking hormonal contraceptives, but nocturnal
conditions, when the minimum body temperature was
attained, were not controlled in their study.

Body temperature was very different between our study
groups but sleep was not. The naturally cycling women had
similar sleep composition in the follicular and luteal phases
of their menstrual cycles, apart from a marginally earlier
onset to SWS in the luteal phase, which may have been
mediated by progesterone. Progesterone administration to
young men significantly decreased their latency to SWS
(Friess et al. 1997), but others who have investigated the
influence on sleep of the menstrual cycle did not find any
change in the latency to SWS during the menstrual cycle
(see Driver & Baker, 1998). Rather, investigators have
reported variable effects on sleep of the menstrual cycle,
including decreased SWS (Moldofsky et al. 1995), decreased
REM sleep (Baker et al. 1999), or increased stage 2 sleep and
a trend for decreased REM sleep (Driver et al. 1996), which
we also found as a trend in this study, in the luteal phase
compared with the follicular phase. Subtle effects of the
menstrual cycle may become apparent with larger sample
sizes and with more sensitive analysis of the sleep EEG. For
example, activity in the upper spindle frequency band is
increased in the luteal phase compared with the follicular
phase (Driver et al. 1996).

Sleep was altered in the women taking hormonal
contraceptives, in that they had less SWS compared with
the naturally cycling women. Ho (1972) also reported that
three women taking hormonal contraceptives had less SWS
than three ovulating women in the luteal phase.
Progesterone administration in male rats (Lancel et al. 1996)
and young men (Friess et al 1997) reduces slow wave
activity in the EEG. Progestin in the oral contraceptive,
therefore, may have mediated the decrease in SWS in the
women taking hormonal contraceptives in our study. The
rise in progesterone in the natural luteal phase, however, did
not decrease SWS compared with the follicular phase.
Exogenous progestin administered over a long period of
time may influence sleep differently from endogenous
progesterone. The acute and chronic effects on sleep of
exogenous hormonal contraceptives have not been
adequately explored and require further study.

We did not find any significant gender differences either in
subjective assessments of sleep or in sleep composition,
although the naturally cycling women were inclined to have
more SWS than the young men. Williams et al. (1974) also
did not find any gender differences in sleep, but Mourtazaev
et al. (1995) found a significant increase in SWS in young
women compared with men. Further studies in larger groups
are needed to resolve gender effects on sleep macrostructure.
Interestingly, computerised EEG analysis shows an increased
amount of slow wave activity in women compared with men
(Dijk et al. 1989; Armitage, 1995). As with the menstrual
cycle, gender therefore may influence sleep EEG activity, but
without significantly affecting overall sleep structure.
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In conclusion, we have shown that naturally cycling women
and women taking hormonal contraceptives have different
24 h body temperature curves from young men maintaining
their habitual schedules. Also, sleep macrostructure is
influenced by hormonal contraceptives compared with the
normal menstrual cycle, and by menstrual cycle phase, to a
limited extent.
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