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Circadian secretion of cortisol and melatonin in cluster
headache during active cluster periods and remission
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SUMMARY The cyclic nature of cluster headache warranted a study of the 24-hour rhythms of serum
cortisol and melatonin. They were both altered during cluster periods as compared with periods of
remission and healthy controls. The 24-hour mean and maximal cortisol levels were higher and the
timing of the cortisol minimum was delayed as compared to the same patients in remission.
Although there was no relation between the cortisol and melatonin levels and headaches, the rise of
cortisol following many attacks might in part represent an adaptive response to pain. The nocturnal
melatonin maximum was lower during cluster periods than in remission. This finding, and the
dysautonomic signs during attacks, may reflect a change of the vegetative tone in a hyposympathetic
direction.

The cyclic nature of cluster headache and dys-
autonomic signs during attacks may suggest a dys-
function in the central nervous system related to
rhythm-regulating centres. Recently, increasing inter-
est has been focused on changes in hormonal biologi-
cal rhythms in cluster headache patients.'-9 The
pineal hormone melatonin is influenced by bright
light'0 and is believed to reflect the circadian
organisation of biological rhythms in several species
including man." Serum cortisol also exhibits a cir-
cadian rhythm. A functional relation between the
pineal gland and the hypothalamic-pituitary-adrenal
axis has been suggested.'2 13
We recently reported that the nocturnal levels of

serum melatonin were lower in cluster headache
during the active headache period than during the
remission state.7 Decreased nocturnal serum mel-
atonin levels in patients in an active cluster period as
compared to normal healthy controls have also been
reported.8 In the present paper the 24-hour rhythms
of serum cortisol and melatonin were studied in clus-
ter headache patients during active cluster periods
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and remissions. Furthermore, the nocturnal urinary
excretion of melatonin was examined in cluster head-
ache and healthy control subjects.

Patients and methods

Study ofserum cortisol and melatonin
Patients Thirty-one cluster headache patients were admit-
ted to the hospital for the study during the years 1981 to
1984. They were diagnosed as suffering from episodic cluster
headache (n = 27) according to Ekbom'4 or as chronic clus-
ter headache (n = 4) according to Ekbom and Olivarius."
The age distribution and some anamnestic data are sum-
marised in table 1.
Serum cortisol was examined in all 31 patients. Eleven

males and five females of the episodic cases were examined
both during and between periods ofcluster headache. Serum
melatonin was studied in 20 episodic and four chronic clus-
ter patients. From nine of the 20 patients with episodic clus-
ter headache data were obtained both during a cluster period
and during a remission. Some data from eight out of these
nine patients have been reported previously.7
When examined during the remission period all patients

were free of medication. During the active cluster period
prophylactic therapy (methysergide, pizotifen, ergotamine
tartrate) was stopped at least 3 days prior to the study. The
patients were allowed to take paracetamol or acetylsalicylic
acid as treatment for pain during attacks. No patient had
had any steroid treatment during the previous year.
Control subjects Fourteen healthy individuals (eight
females) served as controls (table 1). They were medical stu-
dents or members of the hospital staff. They did not suffer
from any headache or psychiatric disorder and did not take
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Table I Summary ofclinical data in patients with cluster headache and healthy controls

Cluster headache

Clinical data Episodic Chronic Healthy controls

Total number of subjects 27 4 14
Females 8 1 8
Males 19 3 6
Remission (R) 25 - -

Period (P) 18
P+R 16 - -

Age (years)
Means + SD 38-0 ± 7-6 53 5 + 13-5 385 + 12-3
Range 27-60 41-68 25-63

Duration of disease (years)
Means + SD 11-9 + 7-2 13-0 + 67
Range 2-31 9-23

any medication.
Design ofthe study Patients and controls were admitted to
the hospital in the early morning on the first day of the
study. The females were examined on day 4 to 6 after onset
of the last menstrual bleeding unless they were post-
menopausal. None of the patients or the controls were
taking oral contraceptives. An indwelling catheter was
inserted into an antecubital vein between 12-13 h, that is, at
least one hour prior to the first blood sampling. It was kept
patent by injection of 0 5 ml of heparin (50 IU/ml) after each
blood collection. The subjects were sleeping in a single room
with the lights out from 22.30 h. The blood samples at night
were drawn in dim light. Blood samples were drawn every 4
hours during the day time and every other hour during the
night, that is, at 14, 18, 22, 24, 02, 04, 06 and lOh. The first
12 patients (six in cluster period, six in remission) were
studied every 4 hours from 14 h to lOh the following day.
The patients made notes of the occurrence and duration of

headache attacks. They gave a subjective grading of the
headache intensity as mild (grade 1), moderate to severe
(grade 2) and very severe (grade 3). They were also thor-
oughly interviewed about their headache notes, events
during the study, and their sleep.

Study of urine melatonin
Patients and control subjects Thirty-three cluster patients
(17 males) (aged 38 5 + 9 5, range 26-63 years) collected
urine between 22h and 06h. They have been described
previously.3" Twenty-seven of the patients were examined
during clinical remission and six during an active cluster
period. Thirty healthy individuals (18 females) from the
hospital staff (40-4 + 13-1 years, range 23-63 years) also
participated, selected as described above.
Assay The blood samples (serum) were kept frozen at
-20°C until assayed. Cortisol was determined by RIA using
reagents obtained from Farmos Diagnostica, Turku,
Finland. Within and between-assay variation was 2-9 and
5 8% respectively. Melatonin was analysed by RIA accord-
ing to Wetterberg etal.16 The lower limit of detection is
0-01 nmol/l. The coefficient of variation of the method is
6 8%.'7
Statistical evaluation Wilcoxon's paired rank sum test was
used when comparing data from the same patients in active
cluster periods and remission. The Mann-Whitney U-test

was used when comparing cluster patients with healthy con-
trols. P-values less than 0 05 were considered significant.
Two-sided tests were used.
Ethical approval Informed written consent was obtained
from all participating patients and control subjects. The
investigation was approved by the Ethics Committee at the
Karolinska Institute.

Results

Cortisol
In fig 1 the mean values of serum cortisol were higher
during the active cluster period on all sampling occa-
sions compared with corresponding mean values of
healthy controls. In order to characterise the 24-hour
variation of serum cortisol the maximal and minimal
cortisol values, their timing respectively and the
24-hour mean were further analysed. The 24-hour
mean was calculated from the 4-hour samples (the
values at 14, 18, 22, 02, 06 and 10 h). Females and
males were evaluated as one group, since there were
no significant sex differences with respect to the
24-hour mean of cortisol, the maximal and minimal
values (data not shown).
The maximal cortisol levels and the 24-hour means

were significantly higher during the active cluster
period (p < 0-025 and p < 0-02), but not during
clinical remission, as compared with healthy controls
(table 2). The maximal cortisol levels occurred at 06 h
or 1Oh in both patients and controls with the excep-
tion of two cluster cases with active symptoms. Their
maxima at 14 h and 02 h coincided with cluster
attacks.

In order to obtain a more accurate estimate of the
minimal serum cortisol level and its timing, only data
from the patients with blood sampling every other
hour at night were used (table 2). The minimum levels
of cortisol were then found to be non-significantly
higher during the active cluster period (p < 0 10) as
well as during the remission than in healthy controls.
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Circadian secretion of cortisol and melatonin in cluster headache during active periods and remission
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Fig 1 Circadian rhythm ofserum cortisol in cluster

headache patients in period and remission and healthy

controls. Values given as means + SD.

The temporal distribution of the cortisol minimum

(every other hour sampling during the night) is shown

in fig 2. There was no difference in the timing of the

cortisol minimum between healthy controls and clus-

ter patients during or between active cluster periods.
Sixteen patients were studied both during an active

cluster period and during remission (table 2). The
24-hour mean and maximal cortisol levels were
significantly higher during the cluster period-(p <
0-05 and p < 0-01 respectively), but the minimal lev-
els (n = 15) did not differ significantly between the
active cluster period and remission (p < 0 10). In the
latter comparison one patient was excluded, who,
owing to severe attacks showed no nadir. The cortisol
minimum was delayed in most patients during the
cluster period as compared to the remission (p <
0-05, sign test). Thus the cortisol nadir appeared 2
hours later in 7/9 patients (every other hour sampling)
and 4 hours later in 2/6 patients (every 4 hours sam-
pling). In six cases the night minimum occurred at the
same time during cluster period and remission.

Headache attacks and cortisol
A total of 28 cluster attacks occurred during the study
in 12 out of 18 patients with active symptoms. The
intensity of the headache attacks was graded as mild
(n = 6), moderate to severe (n = 4) or very severe (n
= 18).- Fifteen attacks (54%) awakened the patients
from sleep. Seven-attacks (25%) occurred between 04
and 06h in the morning. Seventeen of the attacks
coincided with the blood sampling or had ended
within 30 minutes prior to the blood sampling.

Twenty-three attacks were followed by or coin-
cided with a rise of serum cortisol (delta range
10-729, median 300). Fifteen attacks were followed
by or coincided with either of the two highest levels of
serum cortisol but 12 of these 15 attacks coincided
with the early morning rise of serum cortisol. Samples
taken during or after cluster attacks were significantly
higher than at corresponding hours outside attacks
(p < 0-05, X2 test). In two cases a decrease of serum
cortisol was found and in two the increase was slight

Table 2 Cortisol 24 hour mean, maximal and minimal levels and melatonin nocturnal maximal levels in serumfrom cluster
headache patients and healthy controls. Means + SD. Wilcoxon's paired analysis (same individuals in period and remission).
Mann- Whitney U-test (cluster patients vs healthy controls)

Cortisol 24 Cortisol Cortisol minimnum 11 Melatonin maximwn 11
Number hour mean* maximum

Subjects and clinical data (n) (nM) (nM) n (nM) n (nA)

Healthy controls 14 293 + 59 512 ± 115 14 67 + 25 11 0-27 0-17
Cluster headache (all)

Remission 25 308 + 24 541 + 122 19 74 + 34 17 0-25 i 014
Period 18 378 + 88t 671 ± 203t 12 104 ± 58 11 0-20 ± 009
Chronic 4 342 ± 84 534 + 183 4 99 +29 4 0-26± 009

Cluster headache (pairs)
Remission 16 281 + 80 521 + 127 9 75 + 43 9 0-29 0-16§
Period 16 376 ± 94§ 672 ± 214t 9 100 ± 53 9 0-21 + 009

*Mean of values at 14, 18, 22, 02, 06, 10 h.
tp < 0 01.
tp < 0-025.
§P < 005.
IlSubjects examined every other hour at night.
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Fig 2 Distribution of the timing of the cortisol minimal and
the melatonin maximal values in episodic cluster headache
patients and healthy controls studied every other hour during
the night. P = cluster period, R = remission, C = healthy
controls.

during the attack. Higher cortisol levels were also
seen in patients with no attacks, although in a cluster
period, than in the same patients in remission. In no
case did a cluster attack coincide with the night
minimum. However, there were seven incidences of
headache during the interval following the night
minimum sample.

Cortisol in relation to melatonin
As previously reported,7 significantly decreased max-
imal nocturnal serum melatonin levels were found
during the active cluster period as compared with
remission in nine patients studied twice (p < 0-05)
(fig 3). The cortisol/melatonin ratio at 02 h was higher
in 7/9 patients in the active cluster period than in the
remission (fig 3).
As compared with healthy controls (n = 11), non-

significantly lower maximal nocturnal serum mel-
atonin levels were found in cluster headache, both in
the active period (n = 11) and in remission (n = 18)
(table 2). Nor did the cortisol/melatonin ratios
x 10-3 at 02 h differ between healthy controls (0-60
+ 0-34, range 0-08-1-33, median 0-52) and cluster
patients in remission (mean 1-96, median 0-29, range
0-12-17-1) or active period (mean 2-46, median 0-86,
range 0-26-13-6).

All patients, except one, had a characteristic cir-
cadian rhythmicity with very low daytime melatonin
levels and a nocturnal peak at 02 h or 04 h as in
healthy controls (fig 2). In one patient examined dur-
ing remission the melatonin levels were below the

Waldenlind, Gustafsson, Ekbom, Wetterberg
detection limit in all samples. The melatonin peak
occurred later during the active cluster period than
during the remission in 4/8 patients. The melatonin
peak occurred one sampling interval later than the
cortisol minimum in 67% of both cluster patients
and controls, and in the remaining subjects they
coincided.

Melatonin in nocturnal urine
The melatonin concentration in nocturnal urine did
not differ between healthy controls (0-25 + 0-15 nM;
n = 30) and the cluster patients whether examined in
the cluster period (0-23 + 0-16nM; n = 6) or in
clinical remission (0-31 + 0-24 nM; n = 27). The
melatonin/creatinine ratios were non-significantly
lower in cluster patients in active period (1-59 x 10- s
+ 0-71 x 10-s) and in remission (2-50 x 10-' +
2-13 x 10-5) than in healthy controls (2-67 x 10-5
+ 1-51 x 10-5).

Discussion

Previously the circadian rhythmicity of cortisol and
melatonin in blood has only been studied in patients
with active episodic or chronic cluster headache and
compared with healthy controls. The findings are
complex. In episodic cases serum cortisol6 8 9 and
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Fig 3 Scatter diagram ofnocturnal maximal melatonin
concentrations and cortisol/melatonin ratios x 10 I at 02 h
in 9 patients examined both during active periods (P) and
remission (R) and in 11 healthy controls (C). The median is
shownfor each group. *p < 0 05, NSp > 0-05 (Wilcoxon's
paired test, 2-sided).
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Circadian secretion of cortisol and melatonin in cluster headache during active periods and remission

melatonin' have been found to exhibit a significant
circadian periodicity but a phase delay of cortisol6 9
as well as a phase advance of cortisol and melatonin8
have been reported.

Cluster periods
In the present study the patients were studied both in
the active cluster periods and during cluster-free inter-
vals. Patients with active cluster headache had higher
maximal and 24-hour mean cortisol levels and lower
nocturnal melatonin levels than the same patients in
remission. Furthermore a delay of the cortisol min-
imum was found in the active cluster as compared to
the remission period. As compared with healthy
individuals the secretion of cortisol was altered only
in patients with active cluster symptoms. Thus our
findings point to a temporary alteration in the
secretion of cortisol and melatonin during the active
cluster period.

It has not been possible to explain the regular
appearance of cluster periods that often occur on a
seasonal basis similar to that seen in manic-depressive
disorders. In acutely depressed patients lower max-
imal nocturnal melatonin levels as well as higher
cortisol minimal levels and a tendency to a phase
advance have been found.12 18 19 The melatonin
levels in manic-depressive disorders remained altered
after clinical recovery, while the cortisol rhythm was
normalised. Thus low nocturnal melatonin levels
seem to represent a permanent feature in some
patients with manic-depressive disorders. In contrast,
low melatonin levels in cluster headache were only
found during the active cluster period which might
provide some information as to the pathogenesis of
cluster headache.

Cluster attacks
Hitherto there has been only one report on cortico-
steroid secretion in relation to cluster attacks.6 Seven
patients in a cluster period were compared with
healthy controls. In the two patients who had attacks
the variations of serum cortisol were not found to
exceed the spontaneous changes. In the present study,
higher levels were seen during or after attacks, partic-
ularly when associated with the nocturnal rise of cor-
tisol. Higher cortisol levels during the late night were
also seen in patients with no attacks, although in an
active period, than in the same patients in clinical
remission.

Corticosteroid treatment is widely used, especially
for episodic cluster headache. However, there is only
limited evidence in the literature that steroids are
effective since only a few, mainly open, studies have
been made.20-22 Twenty-five per cent of the attacks
in our patients occurred during the interval following
the night minimum of cortisol. This might suggest a

greater vulnerability to cluster attacks with low levels
of serum cortisol and consequently a possible ratio-
nale for corticosteroid treatment of cluster headache.
The changes in serum cortisol levels may reflect a

change in the basal rhythm of corticosteroid secretion
during cluster periods related to the pathogenesis but
a superimposed episodic stress-related secretion dur-
ing pain is also likely. An activation of pituitary stress
hormones in cluster headache has previously been
reported in the form of elevated ,B-endorphin plasma
levels during attacks23 and elevated plasma concen-
trations of #-lipotropin and f-endorphin during
active cluster periods6 as compared with controls. In
volunteers exposed to acute pain serum levels of
J-endorphin, cortisol, prolactin, growth hormone
and opioid activity have been studied, but only serum
cortisol showed a significant increase as a function of
noxious stimulation.24 Altered cortisol secretory
patterns have been demonstrated in patients with
somatic pain.25 26 In a study of 30 patients com-
plaining of somatic pain with different circadian
rhythmicity, higher mean plasma levels of cortisol
were found at the time of the highest pain intensity
than in healthy pain-free controls.27 On the other
hand, in a study of 25 migraine patients an inconsis-
tent association between plasma cortisol levels and
pain has been reported.28
Our patients are quite used to different tests and the

test situation as such is not believed to be a major
cause of stress. Several patients were examined twice.
There was no difference in the cortisol 24-hour mean
levels between the patients in clinical remission who
were examined on the first (n = 12) or a second occa-
sion (n = 13) (data not shown). In this context it is of
interest that attacks of cluster headache often are
associated with relaxation, for example, after a meal
or rest,29 and seldom occur during physical or mental
exercise. Igarashi et al30 have also shown that head-
aches after nitroglycerin provocation began concomi-
tantly with a fall of plasma norepinephrine. These
findings may point to a relation between the precip-
itation of cluster attacks and biochemical or vascular
events following relaxation rather than stress. The
anticipation of painful attacks during the active clus-
ter headache period cannot, however, be ruled out as
a cause of stress-induced cortisol secretion.

In our patients there was no obvious relation
between the melatonin levels and the occurrence or
timing of cluster attacks. There has hitherto been no
evidence of a change of circulating melatonin in man
in response to insulin tolerance testing, exercise or
pneumoencephalography despite rises in other stress-
responsive hormones.31 32
The circadian melatonin rhythm is characterised by

low daytime levels and a marked peak around 02 h.
The nocturnal peak has been shown to be abolished
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by f-adrenergic blocking agents, indicating a sym-
pathetic regulation of the melatonin secretion.34
Cluster headache attacks are associated with symp-
toms of autonomic dysfunction, indicating either an
increased parasympathetic tone or a decreased sym-
pathetic tone or both.29 35 Furthermore, treatment
with f-adrenergic blocking agents, such as pro-
pranolol, does not improve cluster headache36 and
may even aggravate this condition (Ekbom, Wal-
denlind, unpublished observation). Thus low noc-
turnal melatonin levels may be due to an altered
fl-adrenergic receptor function at the level of the
pineal gland. Another tentative explanation of low
serum melatonin may be an altered metabolism, for
example lower concentrations of 5-HT available for
the synthesis. The 5-HT concentration and the MAO
B activity might be lower in the pinealocyte in a simi-
lar way as previously shown in platelets.37 38 An
increased renal excretion of melatonin is probably not
a major cause of low melatonin levels, since nocturnal
urinary melatonin/creatinine ratios did not differ
between our patients and healthy controls and the
urinary volumes voided by the patients tended to be
smaller.

In healthy subjects the rise of serum melatonin
occurs concomitantly with the fall of the serum corti-
sol levels. A direct relationship between melatonin
and cortisol or ACTH secretion has been postu-
lated. 12 13 Also, there is evidence that the secretion of
both melatonin and ACTH-cortisol are under nora-
drenergic control as well as dependent on seroto-
ninergic activity.39 The available data seem to suggest
that a-receptors have a stimulating effect and
#-receptors an inhibitory effect on central ACTH reg-
ulation. Taken together, it is possible that a change of
the vegetative tone might explain the decrease of
nocturnal serum melatonin levels and perhaps also
the increase of serum cortisol during the active cluster
period. In this context some important questions
should be considered, as proposed by Lundberg,40
for example whether changes in endocrine balance
can provoke a headache attack and whether the endo-
crine changes in cluster headache are specific.

In conclusion, we found a decrease of nocturnal
serum melatonin and an increase of serum cortisol
during the cluster periods. The phase delay of cortisol
may reflect an impaired chrono-organisation of hor-
mone secretion in cluster headache. Although there
was no significant relation between melatonin levels
and the occurrence of cluster headache attacks, high
cortisol levels during cluster periods might in part
represent an adaptive response to pain.
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