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ABSTRACT

Fibromyalgia (FM) is a complex syndrome, primarily of women,
characterized by chronic pain, fatigue, and sleep disturbance. Altered
function of the somatotropic axis has been documented in patients
with FM, but little is known about nocturnal levels of PRL. As part
of a laboratory study of sleep patterns in FM, we measured the serum
concentrations of GH and PRL hourly from 2000-0700 h in a sample
of 25 women with FM (mean, 46.9 + 7.6 yr) and in 21 control women
(mean, 42.6 *= 8.1 yr). The mean (+SEM ) serum concentrations (mi-
crograms per L) of GH and of PRL during the early sleep period were
higher in control women than in patients with FM [GH, 1.6 = 0.4 vs.
0.6 = 0.2 (P < 0.05); PRL, 23.2 = 2.2 vs. 16.9 = 2.0 (P < 0.025)]. The
mean serum concentrations of GH and PRL increased more after sleep

onset in control women than in patients with FM [GH, 1.3 = 0.4 vs.
0.3 + 0.2 (P <0.05); PRL, 16.2 = 2.4 vs. 9.7 = 1.5 (P < 0.025)]. Sleep
efficiency and amounts of sleep or wake stages on the blood draw night
were not different between groups. There was a modest inverse re-
lationship between sleep latency and PRL and a direct relationship
between sleep efficiency and PRL in FM. There was an inverse re-
lationship between age and GH most evident in control women. In-
sulin-like growth factor I levels were not different between the groups.
These data demonstrate altered functioning of both the somatotropic
and lactotropic axes during sleep in FM and support the hypothesis
that dysregulated neuroendocrine systems during sleep may play a
role in the pathophysiology of FM. (J Clin Endocrinol Metab 86:
1672-1678, 2001)

FIBROMYALGIA (FM) is a complex chronic disorder

characterized by symptoms of diffuse pain, fatigue, and
unrefreshing sleep. In a recent prevalence study using the
American College of Rheumatology diagnostic criteria (1),
FM was estimated to affect 2% of the general population in
one community (2). The disorder predominately affects mid-
dle-aged women. In women over 50 yr, FM is 6 times more
common than in men of the same age (1).

The etiology of FM is unknown, although recent research
evidence increasingly supports the involvement of altered
neuroendocrine functioning at the level of the hypothalamus
and/or pituitary (3, 4). An early study suggested that the
hypothalamic-somatotropic [GH/insulin-like growth factor
(IGF)] axis was deficient in FM (5). Subsequent research has
shown that some FM patients have reduced stimulation-
induced secretion of GH and low levels of one of its down-
stream mediators, IGF-1 (6, 7). Moreover, among FM patients
with low pretreatment levels of IGF-I, GH therapy increased
IGF-I levels, reduced pain, and improved overall symptoms
(8). Compared with controls, FM patients also have lower
24-h mean levels of GH, suggesting that GH secretion is
reduced both in the daytime and at night (9, 10). Lastly, low
concentrations of GH appear to be correlated with self-
reported poor sleep quality in FM (9).
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We also considered activity in the lactrotropic-PRL axis as
potentially important in FM, because the nocturnal secretion
of PRL is in part, like that of GH, sleep dependent (11-17).
Previous investigators have found that daytime PRL con-
centrations in FM were in the normal range (18-22), but data
in response to stimulation were mixed (18, 21-24). For ex-
ample, in one report significantly higher daytime baseline
PRL levels were found, without a subsequent increase after
insulin-induced hypoglycemia (18); in other studies normal
baseline PRL levels were followed by increased secretion
after TRH stimulation in some FM patients (22-24). These
observations make it difficult to consider PRL levels abnor-
mal in FM, yet to our knowledge there are no prior reports
of basal nocturnal serum PRL levels.

The hypothesis that complaints of unrefreshing sleep and
fatigue could be related to altered neuroendocrine function
during sleep was derived from evidence of a nonrestorative
sleep electroencephalogram (EEG) pattern in FM (5, 25). In
the daily 24-h cycle, the largest pulse of GH secretion occurs
just before or with the onset of sleep (17), and the greatest
amount of PRL is secreted during the sleep period (15, 16).
Reduced serum concentrations of GH and PRL occur in
sleep-deprived subjects (17, 26-28), and nocturnal awaken-
ings are associated with reduced secretory rates of GH (17)
and PRL (15). We and others have observed increased non-
rapid eye movement (NREM) stage 1 sleep (a transition stage
between wakefulness and sleep) and wakefulness, most ev-
ident in the first half of the night, in women with FM com-
pared with controls (29, 30). Given that nocturnal levels of
GH and PRL are sleep dependent and that increased wake-
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fulness after sleep onset is common in FM, levels of both GH
and PRL could be reduced during sleep.

In this study a sample of middle-aged women with and
without FM completed questionnaires, a structured psychi-
atric interview, and polysomnography and had blood sam-
pled throughout the nighttime hours. We addressed the
main question of whether nocturnal concentrations of GH
and PRL were reduced in women with FM after sleep onset
compared with those in healthy women and explored factors
(body composition, physical activity, estrogen levels, and
depression) that could influence these hormone levels. We
also measured IGF-I levels in both groups of women.

Subjects and Methods
Subjects

Twenty-five women with FM from an academic referral clinic de-
voted to the evaluation of fatigue and 21 healthy women from the local
community were studied. Women with a diagnosis of FM based on
published criteria (1) were identified from the clinic database, contacted
by telephone, and invited to participate in the study. Control women
from the community were recruited from advertisements placed on
bulletin boards and in neighborhood newspapers. Approval for the
study was obtained from the human subjects review committee of the
University of Washington, and all women gave informed consent.

Information on age, height, weight, and medical history were ob-
tained during the initial telephone interview and were used as part of
the screening procedures. Women were excluded if they 1) were less
than 25 or more than 60 yr old, 2) had a body mass index (BMI) greater
than 40, 3) did shift work, or 4) had a history of major physical illness
or sleep disorder. Additional eligibility criteria were established to en-
able the comparison of FM women with moderate and high pain in-
tensity to a control group of women of similar age but without pain or
poor sleep quality. We anticipated that patients with FM would report
low levels of physical activity, and therefore control women with low
levels of physical activity were selected for this study (see below).

Additional screening procedures

Information on self-rated pain [1 (no muscle aches and pain) to 10
(worst muscle aches and pain you can imagine)] was obtained at the
initial telephone screening interview and later verified in daily symptom
diary reports. On the basis of the initial phone screen, women with FM
were excluded for current pain below a score of 4; control women were
excluded for self-rated current pain above a score of 3. Women who met
the initial study criteria completed a daily diary of symptoms for 1
month before the laboratory study. Symptoms were rated from 0 (not
present) to 4 (extreme). Seven items from the diary related to pain (i.e.
right and left arm and right and left leg muscle pain, upper and lower
back pain, and joint pain) were used to further screen the women. The
total number of days that any of these seven pain items were rated 3 or
4 were summed for each woman. In addition, the number of days these
seven items were rated 2, 3, or 4 were summed for the control women.
Women with FM were withdrawn from the study if the sum of the seven
pain items rated 3 or 4 was less than 7 days. Control women were
withdrawn from the study if the sum of pain items rated 3 or 4 was more
than 2 days, or if the sum of items rated 2, 3, or 4 was more than 6 days.

Physical activity

Information on physical activity was obtained during the initial tele-
phone interview and later verified from daily diary entries. Energy
expenditure was calculated from the kilocalories expended weekly in
various self-reported physical activities (beyond those associated with
typical activities of daily living) by a locally developed computer pro-
gram based on items (e.g. number of stairs climbed, blocks walked, and
time spent in vigorous activities) from the Paffenbarger Physical Activity
Questionnaire (31, 32). Control women with a calculated energy expen-
diture of 1500 Cal/week or more were excluded based on results from
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the initial phone screening or were withdrawn from the study based on
diary entries.

Depression

The structured Diagnostic Interview Schedule (DIS; C-DISR version,
C-DIS group, Ottawa) that yields diagnoses based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-III-R) (33) was used to
screen control women for past history of or current psychiatric diag-
noses. The DIS was used to screen women with FM for current psy-
chiatric diagnoses, except for depression. In addition to the psychiatric
interview, women completed the Beck Depression Inventory (BDI) at the
time of the laboratory study. The original BDI is a 21-item questionnaire
designed to assess affective, cognitive, motivational, vegetative, and
psychomotor aspects of depressed mood (34). We used the 13-item short
form of the BDI because it reflected psychological aspects of depressed
mood after somatic symptom items were removed (35). The maximum
possible score on the BDI short form is 39. Scores of 0—4 indicated none
or minimal depression, 5-7 indicated mild depression, 8-15 indicated
moderate depression, and 16 or more indicated severe depression.

Medications

Control women were not eligible for the study if they were unwilling
to discontinue taking medications or herbal supplements for a minimum
of 2 weeks before and during the laboratory study. Women with FM
were weaned from antidepressant, hypnotic, or psychotropic medica-
tions and were drug free for at least 2 weeks before and during the
laboratory study (as monitored by daily dairy entries). For medications
such as nonsteroidal antiinflammatory drugs and antihistamines, sub-
jects were permitted to take these medications until five half-lives before
the first night of the laboratory study. Women with FM were withdrawn
from the study if they were unable to discontinue sedative, hypnotic, or
psychotropic medications. Women were permitted to remain on birth
control pills or hormone replacement therapy (HRT) during the study.

Polysomnographic (PSG) sleep recordings

All women slept in the University of Washington Sleep Research
Laboratory in temperature-controlled, sound-attenuated rooms for 3
consecutive nights. They carried out their usual daytime activities, ex-
cept they were requested not to take naps and to avoid food and bev-
erages that contained caffeine or alcohol after 1300 h. They reported to
the sleep laboratory in the early evening hours, were permitted to go to
bed at their usual time, and were awakened at 0700 h. The first night was
considered as adaptation to the laboratory, and the data were used for
screening all women for sleep apnea (index of =5 events/h). The second
night was used for baseline sleep data and to score periodic leg move-
ments associated with PSG evidence of arousal (index of =5 events/h)
(36, 37) in all women. In addition to sleep, during the third night hourly
blood samples were obtained. Women with menstrual cycles were re-
corded during days 5-10 postmenses.

Electrodes for recording the EEG, the electrooculogram, and the elec-
tromyogram were placed according to standards established by
Rechtschaffen and Kales (38). To screen subjects for sleep apnea, trans-
ducers to measure airflow (Easyflow, Newlife Technologies, Midlothian,
VA) and upper airway obstruction (Opti-Flex, Newlife Technologies)
were placed under the nose and at the sternal notch, respectively. Elec-
trodes to measure periodic leg movements were placed on the tibialis
anterior muscle of one leg. Electrophysiological signals were amplified
and conditioned on a Grass model 7 polygraph (Quincy, MA). The EEG
signals were filtered with the low pass at 0.3 Hz and the high pass at 1.0
kHz. All PSG data were recorded and digitized with the Oxford Sleep
Acquisition Computer system (SAC version 847, model 700 board,
Clearwater, FL) on a desktop computer (Zenith 486, model Z, station
500).

Sleep stage scoring and variables

The SAC system (software version 9.3) was used to first score sleep
and wake stages in 30-s epochs. Each SAC-scored sleep record was
rescored manually by a sleep technologist according to standard criteria
(38). An interrater agreement greater than 90% was maintained for all
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scored records. Sleep variables were computed for each woman with a
locally developed software program based on previously published
definitions (39). The variables calculated included the following: time in
bed (lights out to final arising), sleep period time (time from the be-
ginning of NREM stage 2 until final awakening on the EEG), total sleep
time (total time in NREM stages 1-4 and REM), sleep efficiency (total
sleep time per time in bed), sleep latency to NREM stage 2 (time from
lights out to onset of NREM stage 2 sleep), time spent awake (after sleep
onset), and time in NREM (stages 1, 2, 3, and 4) and REM sleep as a
percentage of the sleep period time. As a measure of sleep continuity we
calculated a fragmentation index per h based on the number of changes
from one sleep stage to another or to awakening. Sleep onset time was
defined as the onset of NREM stage 2 sleep, and awakening time was
defined as the final awakening on the EEG.

Blood specimens

On the third study night, an iv catheter was inserted in a forearm vein,
and 1 L normal saline with 1000 USP units heparin were infused at a
continuous rate (15 gtts/min). The iv solution bag with an extension line
were passed through a conduit in the wall to a double stopcock and
syringe in the adjoining equipment room. A water-filled heating pad
(Gaymar Industries, Inc., Buffalo, NY) set at a temperature of 36.5 C was
used to warm the arm with the iv catheter during the night.

Blood specimens for hormone measurements were drawn each hour
from 2000-0700 h. Our intent in this study was to describe the average
nocturnal serum concentrations of GH and PRL over 11 nighttime h, not
to determine secretory pulse patterns. After initial processing, all serum
and plasma samples were frozen and kept at —70 C until assayed.

Hormone measurements

GH and PRL were measured from serum obtained from 5 mL blood
collected and placed in a clean glass tube, kept at room temperature,
allowed to clot, and centrifuged. Blood samples from FM and control
women were assayed in sets (two FM and one control or one FM and
two controls per assay plate) and run on the same day to avoid refreezing
samples. All samples were assayed in duplicate. Two or three external
controls with known concentrations were included in every assay. Se-
rum GH and PRL were assayed with enzymatically amplified two-step
sandwich-type enzyme-linked immunosorbent assay kits (Diagnostics
Systems Laboratories, Inc., Webster, TX). The absorbency of chromogen
was measured by dual wavelength at 450 and 620 nm. The intraassay
variations for GH were 12.6% and 6.9%, and the interassay variations
were 20.2% and 6.99% for assays run with 0.5 and 1.5 ng/mL as standard,
respectively. The published lower detection limit was 0.03 ng/mL. The
intraassay variations for PRL were 5.98% and 4.1%, and the interassay
variations were 9.5% and 14.4% for assays run with 7.5 and 18 ng/mL
as standard, respectively. The published lower detection limit of the
assay was 0.14 ng/mL.

IGF-I was measured from plasma obtained from a blood sample
drawn at 0600 h, placed in an ethylenediamine tetraacetate-coated tube,
kept on ice, and centrifuged. IGF-I was measured with an amplified
one-step sandwich-type enzyme-linked immunosorbent assay kit (Di-
agnostics Systems Laboratories, Inc.). IGF-I was extracted from its bind-
ing protein with an ethanol-HCl solution. The absorbency of chromogen
was measured by dual wavelength at 450 and 620 nm. The intraassay
coefficient of variation was 5.0%, and the interassay coefficient of vari-
ation was 6.7%. The published lower detection limit of the assay was 0.03
ng/mL.

As estrogen is known to modulate GH and PRL levels (40-42), we
measured plasma estradiol in all of the women. Estradiol was measured
in plasma obtained from an additional blood sample drawn at 0700 h,
placed in an ethylenediamine tetraacetate-coated tube, kept on ice, and
centrifuged. Estradiol was measured by a third generation '*I-labeled
estradiol, double antibody RIA kit (Diagnostics Systems Laboratories,
Inc.). The lower detection limit of the assay was 0.75 pg/mL. The plasma
estradiol intraassay coefficient of variation was 1.6%, and the interassay
coefficient of variation was 6.5%.

Statistical analyses

The main outcome measures in this study were the serum concen-
trations of GH and PRL during sleep. The largest increase in the noc-
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turnal concentration of GH occurs during the first few hours of sleep
(17), and the concentration of PRL rises shortly after sleep onset and
remains elevated during sleep (12, 15). As mean sleep onset times were
similar in both groups, measures for GH from 2400-0200 h and for PRL
from 2400-0400 h were averaged for each group and defined as
postsleep hours for each hormone, respectively. To determine whether
there were group differences in how much the concentrations of GH and
PRL increased after sleep onset, the mean concentration for each hor-
mone from the presleep hours (2000-2300 h) was subtracted from the
mean for the postsleep hours. Occasionally, a blood sample was missed
because of an inability to obtain it from the iv line and the desire to
refrain from awakening the subject. Of 252 possible samples in control
women, 5 samples were not obtained; of 300 possible samples in women
with FM, 19 samples were not obtained. To be certain that these missed
samples did not influence the mean concentrations of GH and of PRL
during pre- or postsleep hours, data from women with more than 1
missed sample were excluded from the statistical analysis (see footnotes
to Table 1).

Student’s t test (one-tailed) was used to make between-group com-
parisons of the hormone concentrations. The significance level was set
at P < 0.05. Subsequently, we used the Mann-Whitney U test to examine
differences in group-subject characteristics (age, BMI, depressed mood,
estradiol, and physical activity) and sleep variables that might provide
alternative explanations for the observed differences in hormone levels
during sleep. The significance level for these tests was also set at P < 0.05
to protect against a type 2 error. We used the Pearson product-moment
correlation test to explore the extent of relationships between the mean
concentrations of GH and PRL during postsleep hours and measure-
ments of sleep quality during the first half of the sleep period (e.g. sleep
efficiency, sleep latency, and fragmentation index) and age, BMI, de-
pressed mood, and physical activity, which have been shown to affect
the concentrations of GH and PRL (42-50).

Results
Sample characteristics

Sample characteristics are summarized in Table 1. There
were no significant differences in age or BMI between
women with FM and control women. Four women with FM
(16%) met DSM-III criteria for current depression. The mean
scores on the BDI short form were significantly higher in the
FM compared with the control group. The BDI scores indi-
cated mild to moderate depressed mood in FM (34) and
minimal depressed mood in control women. Although mean
calculated energy expenditures in kilocalories derived from
self-reported physical activity were similar between the
groups, it was significantly higher in control women com-
pared with FM women. More women with FM were post-
menopausal and receiving HRT than control women; more
control women were premenopausal and taking birth control
pills than women with FM. Most of the women in both
groups were Caucasian.

Hormone levels

As shownin Table 1 and Fig. 1, mean serum concentrations
of GH and PRL were significantly lower during sleep in
women with FM than in control women. Presleep hormone
levels were equivalent in the two groups. The mean concen-
trations of GH and PRL increased significantly more after
sleep onset in the control women than in the women with FM.
Mean IGF-I and estradiol levels were similar in both groups
(Table 1). Because some women with FM were premeno-
pausal and others were postmenopausal, we compared GH
and PRL concentrations during sleep between these two
subgroups of women. None of the premenopausal women
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TABLE 1. Demographic data clinical features, and hormone assay results

Variable

Women with fibromyalgia Control women

Demographic data
Age (mean yr)
Race (% Caucasian)
Clinical features
Body mass index (kg/m?)
Beck Depression Inventory®
Physical activity (calculated Cal)®
Premenopause
On estrogen®
Not on estrogen
Postmenopause
On estrogen?
Not on estrogen
Hormone assays
Estradiol (pg/mL)
PRL (ng/L), presleep h
PRL (ng/L), postsleep h®
PRL (ug/L), postminus presleep h'
GH (ug/L), presleep h
GH (pg/L), postsleep h®
GH (ug/L), postminus presleep h”
Insulin-like-growth factor I (ng/mL)’

469 £ 1.5 42.6 £ 1.8
84 85.7
26.7 1.1 249+ 0.8
7.0*x11 0.8 0.2
516 = 152 611 = 78
0/10 15/16
10/10 1/16

11/15 1/5

4/15 4/5
45.7 5.8 39.2 £ 48
7309 7.8 0.7
16.9 = 2.0 23222
9.7*+1.5 16.2 = 2.4
04 *0.1 0.5*+0.1
0.6 = 0.2 1.6 04
0.3 *+0.2 1.3+04

110.9 = 14.7 124.55 + 14.4

Data are the mean * SEM or the percentage of the group sample unless otherwise indicated.

%z =5.01; P < 0.00.
bz =2.02; P < 0.05.

¢ Premenopause = still having periods and taking birth control pills.

9 Postmenopause = no longer having periods and taking hormone replacement.

¢ PRL Postsleep hours (2400-0400 h). ¢ = 2.1; P < 0.025, by one-tailed test. FM = 23; control = 21 subjects.

7 PRL postsleep hours minus presleep hours (2000-2300 h). ¢t = 2.3; P < 0.025, by one-tailed test. FM = 21; control = 19 subjects.

£ GH postsleep hours (2400-0200 h). ¢t = 2.0; P < 0.05, by one-tailed test, unequal variance assumed. FM = 25; control = 21 subjects.

" GH postsleep hours minus presleep hours (2000-2300 h). £ = 2.0; P < 0.05, by one-tailed test, unequal variance assumed. FM = 22; control =

19 subjects.
‘n = 13 in each group.

with FM were receiving estrogen therapy, but a majority of
the postmenopausal women were receiving HRT. There
were no differences in the mean concentrations of GH and
PRL during sleep in women with FM between those who
were premenopausal [GH, 0.7 = 0. 3 ug/L (n = 10); PRL,
14.9 = 3.4 pg/L (n = 9)] vs. postmenopausal [GH, 0.6 = 0.3
pg/L (n = 15); PRL, 18.1 + 2.5 ug/L (n = 14)].

Sleep measures

Sleep variables derived from PSG data recorded during
the same night as blood samples were obtained are summa-
rized in Table 2. There were no differences in sleep and wake
stages as a percentage of sleep period time or in indicators
of sleep quality and continuity between women with FM and
control women.

Correlation of GH and PRL with sleep and
clinical variables

Relationships that showed a correlation of 0.4 or more of
GH and of PRL with sleep and clinical variables in either the
FM or control group are listed in Table 3. There was an
inverse relationship between nocturnal GH and age in con-
trol women, but this relationship was not as strong in women
with FM.

In women with FM we found an inverse relationship be-
tween PRL and sleep latency and a direct relationship be-
tween PRL and sleep efficiency. In control women we found

a positive correlation between PRL and sleep period time and
fragmentation index.

Discussion

We measured nocturnal hormone levels of GH and PRL in
a sample of women with FM and found reduced levels of
both of these hormones during sleep compared with levels
in healthy sedentary women. To our knowledge this is the
first study to report low levels of nocturnal PRL in FM. Our
finding of lower nocturnal GH is consistent with the reported
reduction in GH secretion during a 24-h period in patients
with FM (9, 10). Taken together these findings provide fur-
ther evidence for altered neuroendocrine functioning at the
level of the hypothalamus and/or pituitary during sleep
in FM.

Nocturnal PRL levels were differentially related to se-
lected sleep variables in women with FM and control women,
although there were no significant differences in sleep vari-
ables between the two groups. Sleep efficiency both in
women with FM and control women during night 3 was
lower than we have reported for night 2 in a previous study
of women with and without FM symptoms (29). Compared
with sleep efficiency scores on night 2 (data not shown), the
lower sleep efficiency on the blood draw night probably
represents increased amounts of wakefulness after sleep on-
set, most likely secondary to blood-sampling procedures as
other investigators have reported (51). However, these pro-
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TABLE 2. Sleep variables in fibromyalgia and controls during the
blood draw night
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TABLE 3. Correlations of GH with age and PRL with sleep
quality

Sleep variables Fibromyalgia Control Fibromyalgia Control
Sleep onset (h + min) 2318 + 66 2318 + 48 GH*
Morning awakening (h = min) 0700 = 18 0700 = 12 Age -0.08 —0.49°
Time in bed (min) 483 = 61.5 475 += 52.8 PRL*
Sleep period time (min) 445 + 704 447 + 52.7 Sleep efficiency, night 3 0.42° -0.14
Total sleep time (min) 359 + 67.4 370 = 52.6 Sleep latency —0.48° 0.40
Sleep efficiency index® 74.4 = 12.1 78.3 = 11.3 Sleep period time 0.03 0.44°
Sleep latency, stage 2 (min) 27.4 + 30 18.3 = 13.3 Fragmentation index/h -0.07 0.54°¢
glaillé?\/l(%7 fter ocp onset) 191295 16.7 = 11.5 “ GH postsleep hours (2400—0200 h) and PRL postsleep hours

stage 1 (%) 11.5 £ 3.9 95 +3.9 2400—0400 h) lated with sl iables calculated for th
NREM stage 2 (%) 40 + 9.4 49.9 + 10.4 ( were correlated with sleep variables calculated for the
8 first half of the sleep period.

Slow wave sleep® 10.4 + 8.5 12.2 + 5.8 5P < 0.05
REM (%) 19.1 + 5.6 19.3 = 6.6 ep < 0'02'
Fragmentation index® 82 +31 8.0+ 3.1 o

Data are the mean = sD.

¢ Sleep efficiency index = total sleep time/time in bed.

® NREM stages 3 and 4.

¢ Index of number of stage changes to wakefulness or NREM stage
1/h.

cedures had similar effects on sleep efficiency as an indicator
of sleep quality and on the fragmentation index as an indi-
cator of sleep stability in both groups. Women with FM had
mean PRL concentrations that were inversely related to the
time it took them to fall asleep (sleep latency) and directly
related to sleep efficiency. Thus, once women with FM were
able to fall asleep, the PRL serum concentration increased
somewhat and was positively related to sleep quality. In
control women, PRL levels were directly related to both the
sleep period time, a measure of sleep duration, and the sleep
fragmentation index, a measure of sleep disruption. These
potentially contradictory findings could reflect intact sleep-
dependent (13) and sleep-independent circadian regulation
of the increased PRL levels in control women (52-54). In this
regard, reduced nocturnal PRL levels have been associated
with increased wakefulness at night in elderly men (55), but
others have found that sleep quality did not adversely impact
PRL levels in men until sleep efficiency was reduced more
than 50% (15). In FM, lowered nocturnal PRL could reflect
altered sleep-dependent regulation (13, 15, 16) or sleep-
independent circadian regulation of PRL secretion (52-54).
Further studies of PRL secretory profiles in FM are needed
to determine whether lower nocturnal levels are related to
altered sleep-dependent or circadian regulation of PRL.
PRL secretion from the pituitary is mainly under tonic
inhibition from dopaminergic cells in the hypothalamus (55).

Increased secretion of PRL during sleep is postulated to
involve reduced sensitivity to dopamine inhibition (15, 54),
but the mechanisms that account for lower PRL secretion
during sleep are unknown. Dopamine has been implicated in
the regulation of wakefulness, but not sleep (15), and de-
creased nocturnal PRL has been associated with increased
dopaminergic tone in older men (47, 56). Increased dopami-
nergic tone could be the basis for reduced nocturnal PRL and
the increased nocturnal wakefulness that have been reported
in FM (29, 57, 58).

Various chronic conditions are associated with hypopro-
lactinemia, but the clinical significance of this finding is un-
clear. Mean 24-h PRL levels are reported lower in cluster
headache (59). Poorly controlled insulin-dependent diabetic
men showed reduced levels of nocturnal PRL and lower
amplitude of the circadian PRL rhythm (60). There is some
evidence of altered PRL levels in major depression, although
the findings are mixed, with evidence of increased PRL be-
fore sleep onset (46), lower nocturnal sleep-related levels (44,
48), and no significant nocturnal reduction compared with
controls (43). In this study we did not find an association
between depressed mood and nocturnal PRL levels
in women with FM.

The data from this study showed altered functioning of the
somatotropic axis during sleep in women with FM. The re-
duced levels of nocturnal GH in this study are consistent with
previous reports of reduced 24-h mean GH secretion (9, 10)
and reduced levels of IGF-I (7, 8) in FM. In the present study
the levels of IGF-1in women with FM were not different from
control values, consistent with several studies, including one
with more than 500 women with FM (6, 61). Activity levels



NOCTURNAL PRL AND GH IN WOMEN WITH FIBROMYALGIA

influence serum concentrations of GH and IGF-I (42), and as
we recruited control women with low to moderate activity
levels, this might explain the lower than expected values of
IGF-T in our control sample. Reduced GH concentrations
have been reported to be secondary to nocturnal wakefulness
(17, 62), but unlike PRL, we did not find any relationship
between sleep quality or stability and nocturnal GH in FM
or control women. However, age was inversely related to
nocturnal levels of GH in control women, but this relation-
ship was not as strong in FM.

Major depression has been linked with altered hypotha-
lamic-pituitary function (54), especially manifested in dimin-
ished concentrations of GH during the first half of the sleep
period in women with recurrent depression (48). Only four
women with FM in this study had depression diagnosed by
a structured psychiatric interview, but as a group they man-
ifested moderate depressed mood on the BDI. However, we
did not find a relationship between depressed mood and
nocturnal concentration of GH in this study. Nevertheless,
depressed mood and low levels of physical activity are com-
mon in FM and may explain the reduced association between
age and GH concentration.

Estrogen modulates PRL and GH secretion (40-42). Noc-
turnal serum levels of PRL have been reported to be higher
in women than in men and also higher in young women than
in postmenopausal women (41). As estradiol levels were
similar in control women and women with FM, the lower
nocturnal levels of PRL and GH in FM cannot be attributed
to differential levels of estradiol between these groups. How-
ever,among women with FM some were premenopausal and
not taking estrogen, whereas others were postmenopausal
and taking HRT. Nevertheless, we did not find differences in
nocturnal hormones in the women with FM based on meno-
pausal and estrogen status. Although we could not separate
out effects of menopause from those of estrogen status on
nocturnal hormones in women with FM, the concentration of
PRL was slightly lower in the premenopausal compared with
the postmenopausal women. PRL levels in these women
were still lower than those in control women.

This study has several limitations. First, the women with
FM were highly selected, as they were drawn from an aca-
demic referral clinic and were willing to discontinue their
medications. In addition, the study was restricted in terms of
age and gender. As such, our patients might not represent the
larger population of community-dwelling men and women
of all ages who suffer from FM. Second, the long interval (60
min) between hormone samples did not permit us to describe
the secretory profiles of PRL and GH. Without data on the
24-h temporal characteristics of PRL and GH and secretory
profiles we were unable to conduct a more rigorous time-
dependent analysis of the relationships between PRL and
GH levels and sleep stages or compare nocturnal and day-
time levels.

In summary, we observed reduced levels of PRL and GH
during sleep in midlife women with FM. Our data add to the
accumulating evidence that altered neuroendocrine regula-
tion, in particular that of the lactotropic and somatotropic
axes, may have a role in the pathophysiology of FM.

1677

Acknowledgements

We thank Dr. George Merriam for his helpful comments on the
original manuscript. We also thank Dr. Kevin Cain for his helpful com-
ments on the statistical analysis used in the revision of the manuscript.
We thank Ms. Diana McMillan for assistance with subject recruitment,
and Ms. McMillan and Mr. Josh McMillion for technical assistance with
data collection. We also thank Dr. Beth Hacker, Mr. Justin McReynolds,
Mr. Viktor Ezbenko, and Mr. Rick Edwards for conducting the hormone
assays.

References

1. Wolfe F, Smythe H, Yunus M, et al. 1990 The American College of Rheuma-
tology 1990 criteria for the classification of fibromyalgia. Report of the mul-
ticenter criteria committee. Arthritis Rheum. 33:160-172.

2. Wolfe F, Ross K, Anderson J, Russell IJ, Hebert L. 1995 The prevalence and
characteristics of fibromyalgia in the general population. Arthritis Rheum.
38:19-28.

3. Clauw DJ. 1995 The pathogenesis of chronic pain and fatigue syndromes, with
special reference to fibromyalgia. Med Hypothesis. 44:369-378.

4. Crofford LJ. 1998 Neuroendocrine abnormalities in fibromyalgia and related
disorders. Am ] Med Sci. 315:359-366.

5. Bennett RM, Clark SR, Campbell SM, Burckhardt CS. 1992 Low levels of
somatomedin-C in patients with the fibromyalgia syndrome. Arthritis Rheum.
35:1113-1116.

6. Bennett RM, Clark SR, Burckhardt CS, Campbell SM, Cook DM. 1997
Hypothalamic-pituitary-insulin-like growth factor-1 axis dysfunction in pa-
tients with fibromyalgia. ] Rheumatol. 24:1384-1389.

7. Bennett RM. 1998 Disordered growth hormone secretion in fibromyalgia: a
review of recent findings and a hypothesized etiology. Z Rheumatol. 57(Suppl
2):72-76.

8. Bennett RM, Clark SR, Walczyk JA. 1998 A randomized, double-blind,
placebo-controlled study of growth hormone in the teatment of fibromyalgia.
Am ] Med. 104:227-231.

9. Bagge E, Bengtsson B, Carlsson L, Carolsson J. 1998 Low growth hormone
secretion in patients with fibromyalgia: a preliminary report on 10 patients and
10 controls. ] Rheumatol. 25:145-148.

10. Leal-Cerro A, Povedano J, Astorga R, et al. 1999 The growth hormone (GH)-
releasing hormone-GH-insulin-like growth factor-1 axis in patients with fi-
bromyalgia syndrome. J Clin Endocrinol Metab. 84:3378-3381.

11. Sassin JF, Parker DC, Mace JW, Gotlin RW, Johnson LC, Rossman LG. 1969
Human growth hormone release: relation to slow-wave sleep and sleep-
waking cycles. Science. 165:513-515.

12. Sassin JF, Frantz AG, Kapen S, Weitzman ED. 1973 The nocturnal rise of
human prolactin is dependent on sleep. J Clin Endocrinol Metab. 37:436-440.

13. Parker DC, Rossman LG, Vanderlaan EF. 1973 Sleep-related, nyctohemeral
and briefly episodic variation in human plasma prolactin concentrations. J Clin
Endocrinol Metab. 36:1119-1124.

14. Parker DC, Rossman LG. 1971 Human growth hormone release in sleep:
nonsuppression by acute hyperglycemia. J Clin Endocrinol. 32:65-69.

15. Spiegel K, Follenius M, Simon C, Saini J, Ehrhart J, Brandenberger G. 1994
Prolactin secretion and sleep. Sleep. 17:20-27.

16. Spiegel K, Luthringer R, Follenius M, et al. 1995 Temporal relationship
between prolactin secretion and slow-wave electroencephalic activity during
sleep. Sleep. 18:543-548.

17. Van Cauter E, Plat L, Copinschi G. 1998 Interrelations between sleep and the
somatotropic axis. Sleep. 21:553-566.

18. Griep EN, Boersma JW, de Kloet ER. 1994 Pituitary release of growth hormone
and prolactin in the primary fibromyalgia syndrome. ] Rheumatol.
21:2125-2130.

19. McCain GA, Tilbe KS. 1989 Pituitary release of growth hormone and prolactin
in primary fibromyalgia syndrome. ] Rheumatol. 16:154-157.

20. Carette S, Dessureault M, Belanger A. 1992 Fibromyalgia and sex hormones.
J Rheumatol. 19:831.

21. Adler GK, Kinsley BT, Hurwitz SH, Mossey CJ, Goldenberg DL. 1999 Re-
duced hypothalamic-pituitary and sympathoadrenal responses to hypoglyce-
mia in women with fibromyalgia syndrome. Am ] Med. 106:534-543.

22. Ferraccioli G, Cavalieri F, Salaffi F, et al. 1990 Neuroendocrinologic findings
in primary fibromyalgia (soft tissue chronic pain syndrome) and in other
chronic rheumatic conditions (rheumatoid arthritis, low back pain). ] Rheu-
matol. 17:869-873.

23. Neeck G, Riedel W. 1994 Neuromediator and hormonal perturbations in
fibromyalgia syndrome: results of chronic stress? Bailliere Clin Rheumatol.
8:763-775.

24. Riedel W, Layka H, Neeck G. 1998 Secretory pattern of GH, TSH, thyroid
hormones, ACTH, cortisol, FSH, and LH in patients with fibromyalgia syn-
drome following systemic injection of the relevant hypothalamic-releasing
factors. Z Rheumatol. 57(Suppl 2):81-87.

25. Moldofsky H, Scarisbrick P, England R, Smythe H. 1975 Musculoskeletal




1678

26.

27.

28.

29.

30.
31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

symptoms and Non-REM sleep disturbance in patients with “fibrositis syn-
drome” and healthy subjects. Psychosom Med. 37:341-351.

von Treuer K, Norman TR, Armstrong SM. 1996 Overnight human plasma
melatonin, cortisol, prolactin, TSH, under conditions of normal sleep, sleep
deprivation, and sleep recovery. J Pineal Res. 20:7-14.

Baumgartner A, Dietzel M, Saletu B, et al. 1993 Influence of partial sleep
deprivation on the secretion of thyrotropin, thyroid hormones, growth hor-
mone, prolactin, luteinizing hormone, follicle stimulating hormone, and es-
tradiol in healthy young women. Psychiatry Res. 48:153-178.

Mullington J, Hermann D, Holsboer F, Pollmacher T. 1996 Age-dependent
suppression of nocturnal growth hormone levels during sleep deprivation.
Neuroendocrinology. 64:233-241.

Shaver JLF, Lentz M, Landis CA, Heitkemper MM, Buchwald DS, Woods
NF. 1997 Sleep, psychological distress, and stress arousal in women with
fibromyalgia. Res Nurs Health. 20:247-257.

Harding SM. 1999 Sleep in fibromyalgia patients: subjective and objective
findings. Am J Med Sci. 315:367-376.

Paffenbarger Jr RS, Wing AL, Hyde RT. 1978 Physical activity as an index of
heart attack risk in college alumni. Am J Epidemiol. 108:161-175.

Cauley JA, Sandler RB, Schramm MA, Kriska AM, LaPorte RE. 1987 Com-
parison of methods to measure physical activity in postmenopausal women.
Am | Clin Nutrit. 45:14-22.

American Psychiatric Association. 1987 Diagnostic and statistical manual of
mental disorders, 3rd Ed.

Beck A, Ward C, Mendelson M, Moek J, Erbaugh J. 1961 An inventory for
measuring depression. Arch Gen Psychiatry. 4:561-571.

Beck A, Steer R, Garbin M. 1988 Psychometric properties of the Beck De-
pression Inventory: 25 years of evaluation. Clin Psychiatr Rev. 8:77-100.
American Academy of Sleep Medicine Task Force. 1999 Sleep-related breath-
ing disorders in adults: recommendations for syndrome definition and mea-
surement techniqures in clinical research. Sleep. 22:667-689.

Hening W, Allen R, Earley C, Kushida C, Picchietti D, Silber M. 1999 The
treatment of restless legs syndrome and periodic limb movement disorder.
Sleep. 22:970-999.

Rechtschaffen A, Kales A. 1968 A manual of standardized terminology, tech-
niques, and scoring systems for sleep stages in human subjects. Los Angeles:
Brain Information Service/Brain Research Institute, UCLA.

Karacan I, Orr WC, Roth T, et al. 1978 Establishment and implementation of
standardized laboratory data collection and scoring procedures. Psychophys-
iology. 15:173-179.

Ho KY, Evans WS, Blizzard RM, et al. 1987 Effects of sex and age on the
24-hour profile of growth hormone secretion in man: Importance of endoge-
nous estradiol concentrations. ] Clin Endocrinol Metab. 64:51-58.
Katznelson L, Riskind PN, Saxe VC, Klibanski A. 1998 Prolactin pulsatile
characteristics in postmemopausal women. J Clin Endocrinol Metab.
83:761-764.

Veldhuis JD, Iranmanesh A, Weltman A. 1997 Elements in the pathophysi-
ology of dimished growth hormone (GH) secretion in aging humans. Endo-
crine. 7:41-48.

Steiger A, Holsboer F. 1997 Nocturnal secretion of prolactin and cortisol and
the sleep EEG in patients with major endogenous depression during an acute
episode and after full remission. Psychiatry Res. 72:81-88.

Linkowski P, Van Cauter E, L'Hermite-Baleriaus M, et al. 1989 The 24-hour
profile of plasma prolactin in men with major endogenous depressive illness.
Arch Gen Psychiatry. 46:813-819.

Baumgartner A, Graf K, Kurten I. 1988 Prolactin in patients with major
depressive disorder and in healthy subjects. II. Longitudinal study of basal

LANDIS ET AL.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

JCE & M » 2001
Vol. 86 ¢ No. 4

prolactin and post-TRH-stimulated prolactin levels.
24:268-285.

Halbreich U, Grunhaus L, Ben-David M. 1979 Twenty-four-hour rhythm of
prolactin in depressive patients. Arch Gen Psychiatry. 36:1183-1186.
Greenspan SL, Klibanski A, Rowe JW, Elahi D. 1990 Age alters pulsatile
prolactin release: Influence of dopaminergic inhibition. Am ] Physiol.
258:E799-E804.

Jarrett DB, Kupfer DJ, Miewald JM, Grochocinski V], Franz B. 1994 Sleep-
related growth hormone secretion is persistently suppressed in women with
recurrent depression: a preliminary longitudinal analysis. ] Psychiatr Res.
28:211-223.

Linkowski P, Mendlewicz J, Kerkhofs M, et al. 1987 24-hour profiles of
adrenocorticotropin, cortisol, and growth hormone in major depressive illness:
effect of antidepressant treatment. J Clin Endocrinol Metab. 65:141-152.
Steiger A, Von Bardeleben U, Guldner J, Lauer C, Rothe B, Holsboer F. 1993
The sleep EEG and nocturnal hormonal secretion studies on changes during
the course of depression and on effects of CNS-active drugs. Prog Neuro-
Psychopharmacol Biol Psychiatry. 17:125-137.

Vitiello MV, Larsen LH, Moe KE, Borson S, Schwartz RS, Prinz PN. 1996
Objective sleep quality of healthy older men and women is differentially
disrupted by nighttime periodic blood sampling via indwelling catheter. Sleep.
19:304-311.

Waldstreicher J, Duffy JF, Brown EN, Rogacz S, Allan JS, Czeisler CA. 1996
Gender differences in the temporal organization of prolactin (PRL) secretion:
evidence for a sleep-independent circadian rhythm of circulating PRL levels—a
clinical research center study. J Clin Endocrinol Metab. 81:1483-1487.

Desir D, Van Cauter E, L’'Hermite M, et al. 1982 Effects of “jet lag” on
hormonal patterns. III. Demonstration of an intrinsic circadian rhythmicity in
plasma prolactin. J Clin Endocrinol Metab. 55:849-857.

Van Cauter E, Turek FW. 1996 Endocrine and other biological rhythms. In:
Griffin JE, Ojeda S, eds. Textbook of endocrine physiology. New York: Oxford
University Press; 2487-2548.

Cooke NE. 1996 Prolactin: basic physiology. In: Griffin JE, Ojeda S, eds.
Textbook of endocrine physiology. New York: Oxford University Press;
368-393.

Iranmanesh A, Mulligan T, Veldhuis JD. 1999 Mechanisms subserving the
physiological nocturnal relative hypoprolactinemia of healthy older men: dual
decline in prolactin secretory burst mass and basal release with preservation
of pulse duration, frequency, and interpulse interval-a general clinical re-
search center study. ] Clin Endocrinol Metab. 84:1083-1090.

Jennum P, Drewes AM, Andreasen A, Nielson KD. 1993 Sleep and other
symptoms in primary fibromyalgia and in healthy controls. ] Rheumatol.
20:1756-1759.

Anch AM, Lue FA, MacLean AW, Moldofsky H. 1991 Sleep physiology and
psychological aspects of the fibrositis (fibromyalgia) syndrome. Can J Psychol.
45:179-184.

Walenlind E, Gustafsson SA. 1987 Prolactin in cluster headache: diurnal
secretion, response to thyrotropin-releasing hormone, and relation fo sex ste-
roids and gonadotropins. Cephalalgia. 7:43-54.

Iranmanesh A, Veldhuis JD, Carlsen EC, et al. 1990 Attenuated pulsatile
release of prolactin in men with insulin-dependent diabetes mellitus. J Clin
Endocrinol Metab. 71:73-78.

Buchwald D, Umali J, Stene M. 1996 Insulin-like growth factor-1 (somato-
medin-C) levels in chronic fatigue syndrome and fibromyalgia. ] Rheumatol.
23:739-742.

Spath-Schwalbe E, Hundenborn C, Kern W, Fehm HL, Born J. 1995 Nocturnal
wakefulness inhibits growth hormone (GH)-releasing hormone-induced GH
secretion. J Clin Endocrinol Metab. 80:214-219.

Biol Psychiatry.



