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Circadian rhythms of plasma cortisol in migraine
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SUMMARY Diurnal rhythm of plasma cortisol, of psychological state, and of pain was measured
for two days in 25 migraine patients and eight control subjects. Fourteen of the migraine patients
and none of the controls displayed either consistently high plasma cortisol or an occasional
aberrant peak. Abnormal psychological findings, particularly depression, were found in the
Minnesota Multiphasic Personality Inventory only in migraine patients with abnormal plasma
cortisol levels. Neither psychological abnormality nor pain seemed the single cause of elevation
of plasma cortisol.

Levels of plasma cortisol in man show a circadian
rhythm, with a high point being recorded usually
just before awakening and a progressive fall
occurring during the waking hours and early
hours of sleep (Yates and Urquhart, 1962). Studies
on patients with pain have shown that plasma
cortisol patterns deviate from the norm in some,
but not all, such individuals. One study has con-
cluded that the abnormal patterns of plasma
cortisol levels are characteristic of patients with
"organic" as opposed to "psychogenic" pain
(Shenkin, 1964). There has been much evidence
that plasma cortisol is altered profoundly by cer-
tain psychiatric states (Suwa et al., 1974; Carroll,
1976; Miyabo et al., 1976) but no studies have been
done of the circadian rhythm of plasma cortisol in
patients with painful conditions.
We thought it would be of interest to make a

specific study of the circadian patterns of plasma
cortisol in patients with migraine. The pain of
migraine is frequently severe. Usually no organic
lesion is found, yet the stereotyped nature of the
pain pattern and the associated autonomic dis-
turbances are persuasive evidence that the pain
has a physiological base. On the other hand, the
pain of migraine has unmistakable if variable
associations with emotional stress and depression.
It would, then, be difficult to predict whether the
plasma cortisol patterns of migraine patients
would resemble more those of patients with
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"organic," or those with "psychogenic" pain,
and of particular interest to study the circadian
pattern of the hormone.
We have studied the plasma cortisol levels for

two and a half days and the presence (and degree)
or absence of headache, and the affective state, as
measured by psychological tests, were recorded at
four equally spaced intervals during waking hours
in 25 patients with severe migraine. A dexametha-
sone suppression test was also performed. The
results were compared with eight normal indi-
viduals studied in the same fashion.

Subjects and methods

Control subjects were paid, volunteer, young adults
(ages 22-26 years) with normal wake-sleep cycles,
taking no medication, and free from illness and
headache. They remained in bed and on the same
diet and regimen as the patients. Twenty-five
patients with a history of severe recurrent migraine
were recruited from patients attending the Kansas
University Medical Center headache clinic.
Migraine was diagnosed according to the criteria
of the Ad Hoc Committee on Classification of
Headache of the National Institute of Neurological
Disease and Blindness (Ad Hoc Committee on
Classification of Headache, 1968). None of the
patients was judged as having overt psychiatric
disease, notably depression. The experimental
nature of the study was explained to the patients.

Patients were required to be completely free of
all hormone, sedative, tranquilliser, or other medi-
cation for at least two weeks before the study.
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Patients were admitted to hospital on a Friday
afternoon and placed on bed rest with bathroom
privileges. A heparin lock intravenous line was
placed in each patient's forearm to facilitate and
minimise the pain of taking blood samples. Begin-
ning on Saturday morning, blood samples were
drawn at 0800, 1200, 1600, and 2000 on Saturday
and Sunday. Serum cortisol was determined by the
competitive protein-binding radioligand assay
(Murphy, 1967). The normal ranges are 10-20 ,ug/
dl in the morning and 5-10 ,ug/dl in the afternoon.
Reliability of the assay for morning cortisol values
is +1.2 ,ug/dl. At 2200 on Sunday, 1 mg dexa-
methasone was given orally, and the final sample
was drawn at 0800 on Monday. Normal response
is considered to be less than 5 ,ug/dl (Nugent et al.,
1965).
All patients were given the Minnesota Multi-

phasic Personality Inventory (MMPI) test on
Friday afternoon. At the time of each blood
sampling, the patient filled in a brief question form
designed to sample his "mood" at the time. The
short form was composed of items from the de-
pression (D) and the psychasthenia (PT) scales of
the MMPI test. Also, at the time of blood sam-
pling, each patient recorded in a bedside diary the
presence or absence of headache, and if headache
were present, whether it was mild or severe. When
medication was required for headache, diphen-
hydramine or prochlorperazine was used, since it
is known that analgesics can alter blood cortisol
levels (Egdahl and Richards, 1956).

Eight volunteer control subjects of comparable
age range were selected by virtue of having been
free of headaches and in good health, and they
were placed at bed rest; plasma cortisol was
sampled at the same times as the patients. Psycho-
logical testing was performed and dexamethasone
test was also given as for patients.

Results

DIURNAL VARIATIONS IN CORTISOL LEVEL
To confirm the diurnal variation of plasma cortisol
levels in these patients an analysis of variance for
repeated measures with two-way repeats (in this
case four time periods in two days) was performed.
The analysis showed that the observed pattern of
changes throughout the day was significant at the
0.001 level. Any differences between days was not
significant (P=0.51). The observation of the single
day 3 plasma cortisol was not included in this
analysis since it reflected suppression of plasma
cortisol levels by the use of dexamethasone.

All eight normal control subjects also showed

the expected circadian rhythm of plasma cortisol
levels with a steady fall in the level from 0800 to
2000 on both days. The variation among the nor-
mal subjects was not great, standard deviations
ranging from 1.89 ,ug/dl at 2000 on day 2, to
5.39 ,tg/dl at 1200, on day 1. All control subjects
showed the expected suppression of plasma cortisol
to less than 5 ,ug/dl in the morning sample 10
hours after the 1 mg dose dexamethasone.

DIFFERENCES IN PLASMA CORTISOL LEVELS BETWEEN
PATIENTS AND CONTROL SUBJECTS
Mean plasma cortisol values for migraine patients
were higher than those of control subjects for most
hours tested except for the 2000 on day 2, when
controls were slightly higher. Using the repeated
measures technique, overall significance between
migraine and control subjects could not be shown
(P=0.24). When the time periods were studied
independently, however, several important differ-
ences between migraine and control groups
emerged. The amount of variation in the migraine
group was striking. Standard deviations for the
patient group were higher than those for the con-
trol subjects at every time period. At four of the
eight time periods during the first two days, this
difference in variation was statistically significant.
Probability levels for the obtained F values ranged
from 0.001 to 0.03 (Table 1). This fact helped to
explain the difficulty of obtaining significance for
the difference between the groups in the repeated
measures analysis. In spite of the large variation,
however, we were able to show significant differ-
ences between control subjects and patients at two
time periods, the 2000 readings on both day 1 and
day 2 (p values 0.01 and 0.02 respectively) as
shown in Table 1.
Because of the great similarity among the con-

trol subjects (as evidenced by low standard devi-
ations) in contrast to the large disparity among
the patient group, we suspected that subgroups

Table 1 Mean cortisol values at four hourly intervals
for two days in 25 migraine patients and eight control
subjects

Time Mean value (ug/dl) Standard deviation

Patient Control Patient Control

Day 1 0800 16.50 14.60 7.57 4.71
1200 10.70 7.00 9.00 5.39
1600 7.50 5.30 5.72 4.27
2000 5.31 1.59 5.99 2.16*

Day 2 0800 14.84 16.44 9.55 4.03*
1200 11.66 7.08 9.15 4.14*
1600 6.60 6.26 5.73 3.89
2000 6.59 2.85 6.70 1.89*

*Variances significantly different at 0.05 level.
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among the patients might be causing the great
variation. Thus, a "standard" graph was created
showing in a shaded area one standard deviation
above and below the mean for plasma cortisol
values of control subjects over the time period of
the study. Figure 1 shows this range of values
in control subjects (shaded area) with the super-
imposed curve of mean values for the 25 migraine
patients. Each individual patient's levels of plasma
cortisol were then superimposed on the standard
graph and four patterns (later combined to two
groups, see below) emerged as follows. Seven of
the 25 patients had plasma cortisol values that
were consistently higher than the shaded area (one
standard deviation above the mean) throughout
the time period. A second group of seven cases
was best characterised as having an aberrant
pattern with respect to their plasma cortisol levels
throughout the day. The most common abnor-
mality in these aberrant cases was a rise in plasma
cortisol at a time when all control subjects and
most patients were showing a fall. The third
identifiable subgroup (five cases) evidenced low
plasma cortisol values at many time periods
throughout two days. The remaining six cases
showed patterns essentially similar to those of
control subjects.

Since all studies of the association of hypo-
thalamic-pituitary-adrenal (HPA) abnormalities
with pain or psychiatric disease or both have
demonstrated only hyperfunction as evidenced by
elevated plasma cortisol, we decided to consider
the low plasma cortisol pattern to be a probable
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variant of normal and these individuals (normal
and low plasma cortisol values) will subsequently
be referred to as group B. The aberrant pattern,
(two examples of which are shown in Figs. 2 and
3), we considered a probable variant of the con-
sistently high group (two examples of which are
seen in Figs. 4 and 5). The latter two groups will
be referred to collectively as group A.

RELATIONSHIP OF PLASMA CORTISOL TO PAIN
To answer the question whether the elevated levels
of plasma cortisol of some migraine patients might
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Fig. 2 Aberrant diurnal blood cortisol rhythm in
female migraine patient aged 37 years compared with
values for control subjects.
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Fig. 1 Mean cortisol levels for 25 migraine patients
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Fig. 3 Aberrant diurnal blood cortisol pattern in
male migraine patient aged 41 years compared with
values for control subjects.
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Fig. 4 Consistently high blood cortisol values in
male migraine patient aged 25 years compared with
values for control subjects.

40-

35:

30-

_ 25

;11
1 20-
-6
Ln

t15-
0

"o 10-
0

5-~

o Migraine patient
* Control subjects

0- rmg Dexa-
methasone

~60

Fig. 5 Consistently high blood cortisol values in
female migraine patient aged 21 years compared wit
values for control subjects.

be the result of increased pain itself, the asso
ation between pain and plasma cortisol level u
examined. Because of the demonstrated diurr
variations of plasma cortisol, it was necessary
adjust observed levels to account for the time
day. To accomplish this, Z scores were comput
-this involves subtracting from each patien

observed plasma cortisol level the mean level of
plasma cortisol obtained from the control group
at that time period, and dividing by the corre-
sponding standard deviation. The scores obtained
could thus be interpreted as representing by how
many standard deviations above or below the
expected plasma cortisol level of the time period
the subject's cortisol level had risen or fallen.
Pain scores were constructed by assigning the
value of zero to no headache, 1 to mild headache,
and 2 to severe headache pain. Correlation co-
efficients were computed in two ways: firstly by
using all categories of pain and correlating pain
score with the plasma cortisol Z score and using
the Pearson product-moment correlation coeffi-
cient; secondly, by dividing patients into those who
did and those who did not have severe headache,
and correlating, using the point-biserial correla-

0 tion coefficient with the same Z score. The ob-
tained Pearson correlation coefficients are shown
in Table 2. While the correlations are quite varied
and most are not statistically significant from zero,
the overall association of pain with elevated plasma
cortisol is definitely positive. In fact, it can be
shown that, in the absence of true correlation, the
chance of obtaining the two distributions of cor-
relation coefficients mentioned, the first of which
is shown in Table 2, is extremely small (P<0.02
and P<0.01 respectively), using the Wilcoxon
signed rank test for the significance of the differ-
ence of the median from zero.
Looking at the association between pain and

level of plasma cortisol over all time periods, we
divided the time periods into three groups, one in
which the patients had no pain, one in which only
mild headache pain was noted, and one in which
severe pain was present. The average plasma
cortisol Z scores were then computed for each
pain group. Once again, a trend was noted, with
mean Z scores for the three groups of 0.053,

Table 2 Correlation coefficients for association
between pain score and standardised plasma cortisol
score (Z score) by time of day for 25 migraine patients

lb
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Time ofday Correlation
coefficient

r

0800 0.1615
1200 0.2551
1600 0.3285
2000 -0.0692
0800 0.3577
1200 0.1869
1600 0.2541
2000 0.2625

Wilcoxon signed rank test for median r different from zero, significant
at 2% level.
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0.641, and 1.526 respectively, indicating that in
time periods where severe pain was recorded,
plasma cortisol levels averaged out to about 1.5
standard deviations above the normal control
means for those time periods. Since the time
periods could not be considered independent ob-
servations, tests of significance could not be done,
but the results are quoted because of the impor-
tance of possible clinical implications.

Examinations of the Z score distributions within
pain group time periods revealed that while there
was a tendency for high levels of plasma cortisol
to occur when pain was present, there were so
many exceptions that the presence of headache
could not be the sole explanation for these high
levels. On many occasions, severe pain was re-
ported at the time of normal or low values of
plasma cortisol, and, conversely, high levels oc-
curred when pain was absent. For example, in
patient ED (Fig. 5) severe pain was reported at
2000 on day 1, when the plasma cortisol level was
close to normal range, while mild pain was re-
ported at 0800 on day 2 when it was extremely
high. Patient JA (Fig. 4) with consistently high
levels of plasma cortisol, reported no headache
at any time during the study. Conversely, JG (Fig.
3) did report his only severe headache at the time
of a markedly raised level of plasma cortisol.

Six patients failed in varying degrees to suppress
plasma cortisol levels in response to the test dose
of dexamethasone. Four of these patients fell into
the group of consistently high plasma cortisol, the
other two into the aberrant group. The entire
study was repeated on two of these patients, and
in this second study one patient failed completely
to suppress plasma cortisol in response to dexa-
methasone, the late evening cortisol value immedi-
ately before dexamethasone being 8.4 yg/dl and
the 0800 value 12 hours later being 20.9 ,ug/dl.
The second patient on whom this study was re-
peated again showed high values on both days and
lack of response to dexamethasone.

RELATIONSHIP OF PLASMA CORTISOL LEVEL TO
PSYCHOLOGICAL TEST RESULTS
The MMPI test results were divided into normal
and abnormal: the latter was defined as any indi-
vidual scoring 70 or more T score on one or more
of the 10 clinical scales. Test results on all con-
trol subjects were within normal limits. In the
patient group, eight group B patients (normal
plasma cortisol levels) had normal MMPI results
and the remaining three had slight increases only
in the "somatic" scale. Of the 14 group A patients
(elevated or aberrant plasma cortisol levels), seven
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had abnormal MMPI profiles (50%). Six of these
had three or more scales scoring above 70. The
remaining patient showed a slight increase on two
somatic scales (Hs and Hy). In the six subjects
with elevation of three or more scales, depression
was one of these scales in four subjects. In no
control subject or any other patient was an ele-
vation of D scale found. Of particular note is the
negative finding that in seven of the group A
patients there was no evidence of abnormality on
the MMPI test.

The D and PT scales of the short psycho-
logical tests administered at time of blood sampling
were then studied for their possible association
with plasma cortisol values because of the above
findings. On these short forms, as on the initial
MMPI, we found a significant difference between
the mean scores of total patient group and con-
trols, using repeated measures analysis of variance
described above, both for D (P=0.005) and PT
scores (P=0.02). No evidence of diurnal variation
was found in either measurement.
Because of the findings on the initial MMPIs

and the known association of depression with
elevated plasma cortisol, it was decided to study
the D scale levels of the two originally described
patient groups, A and B, even though, as noted
above, elevations of D scale to abnormal levels
were not found in any group B patients, and in
only four of 14 group A patients. Although the
difference between the mean D scales of group A
and group B patients was not statistically signifi-
cant, possibly because of small numbers and the
great variation, there is a consistent tendency for
the group with abnormal plasma cortisol levels to
have higher D scores.
The possibility that abnormal plasma cortisol

values in patients with normal MMPIs were
attributable to severe pain was next studied. On
only three out of the seven group A patients with
normal MMPIs was severe pain reported at any
time during the study.

Discussion

The most striking findings in this study are the
large variation in plasma cortisol values in
migraine patients as compared to control subjects,
and the occurrence of two patterns of abnormal
circadian levels of plasma cortisol occurring in
subgroups of migraine patients-one of consist-
ently high levels of plasma cortisol and another of
one or more aberrant high values occurring during
the day.
Although the mean plasma cortisol values for
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the migraine patients were higher than those of
control subjects at most times tested, the differ-
ence was not significant, but the variation in the
migraine group was greater than that of controls
at all time periods and significantly greater at four
of the eight time periods tested. These findings
suggest a similarity to those of Krieger and
Krieger (1966) who studied circadian changes in
plasma cortisol levels in a series of subjects with
disease of the temporal lobe, pretectum, or hypo-
thalamus, and two control series-one with central
nervous system disease outside these areas and
another with no disease. They found no signifi-
cant difference in average plasma cortisol levels
between the three groups. The study group, how-
ever, differed significantly from both control
groups in the extent of variation of plasma cortisol
from the diurnal slope of the linear trend.
The second major finding, that of elevated

plasma cortisol occurring either consistently or at
occasional sampling times, could have been the
result of pain or of the presence of some type of
psychological or emotional state. Shenkin (1964)
found that of 66 patients with pain that he con-
sidered objective (acute lumbosacral strain, herni-
ated lumbar disc, tic douloureux, and so on),
86.4% had some abnormality of diurnal values of
plasma cortisol. The abnormality was always one
or more high values. By contrast, 45 patients
judged to have psychogenic pain (low back pain,
tension headache) were found to have normal
mean and diurnal patterns of plasma cortisol in
84.4% of the cases. Lascelles et al. (1974), studying
the same problem in 25 subjects, found mean level
of plasma cortisol elevated over controls in both
patients with psychogenic and those with organic
pain. The plasma cortisol levels, however, showed
greater elevation in the latter group. The normal
diurnal variation was also reduced in both pain
groups, again more in the "organic group."
Migraine presents two particular problems in

the study of pain-firstly, the determination as to
whether any specific headache is "organic" in
origin is particularly difficult, and secondly, the
pain is characteristically episodic. Pain may or
may not be present at the time of sampling plasma
cortisol. We shall not enter into the question of
the organic nature of pain in our patients. There
is, of course, massive evidence for physiopatho-
logical abnormalities occurring during migraine
attacks, and the organic-psychogenic dichotomy
seems an inapplicable oversimplification in this
problem.
The question of whether plasma cortisol values

were elevated specifically at times of pain was ad-

dressed by computation of Z scores described
above. We found that there was an overall corre-
lation of pain with elevation of plasma cortisol. In
time periods where severe pain was recorded, it
was found that plasma cortisol levels averaged out
to about 1.5 standard deviations above the normal
control means for those time periods. Pain per se
is, then, probably one factor contributing to the
abnormal levels of plasma cortisol in some of these
patients. Whether pain can be separated from
"psychological stress" is dubious, and it is well
known that various strong environmental stimuli
producing suspense and anxiety can increase
plasma cortisol (Mason, 1968; Norman and Turter,
1968; Charters et al., 1969; Brown and Heninger,
1975). We found, however, no significant diurnal
variation in our psychological tests administered at
the times of plasma cortisol testing. It is doubtful,
therefore, whether transient psychological stress
(at least as here tested) is responsible for the
increase in plasma cortisol. Sacher (1973) has
reviewed the evidence from several studies on
populations under a variety of transient stressful
situations that the adrenal-cortical response to
such stress is "relatively slight" and very inconstant.
Furthermore, it has been noted by Smith (1973)
that "no parameter of corticoid response sensitively
reflects different intensities of physical stimuli or
emotional excitement between threshold and maxi-
mal emotional stimulation." That pain cannot be
the sole cause of the elevation of plasma cortisol is
evident, not only from statistical evidence but from
the many times when severe pain was reported
with normal plasma cortisol levels and conversely
when elevated plasma cortisol occurred in the
absence of pain.
The inconstant association between plasma cor-

tisol and pain is, of course, consistent with the
many observations that somatic "stress" in the
absence of pain may cause marked increases in
plasma cortisol, notably in anaesthetised patients
undergoing surgery (Charters et al., 1969; George
et al., 1974).

It is well known that plasma cortisol is increased
in depressive states, and it is most consistently the
psychotic depression that has been associated with
this abnormality (Carroll, 1976; Carroll et al.,
1976a, b). As to other psychiatric conditions,
marked deviations from normal plasma cortisol
levels have been reported in anorexia nervosa and
in schizophrenia (Suwa et al., 1974; Katz et al.,
1976), although the latter finding has been
challenged (Carroll, 1976). In our study, all control
subjects and eight of 11 migraine patients with
normal plasma cortisol levels had normal MMPI
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test results, with minimal abnormality in the other
three. In no control subject or patient with normal
plasma cortisol, specifically, was there an increase
in the depression (D) scale. Conversely, of the
14 patients with high plasma cortisol level or ab-
normal diurnal variation, seven had abnormal
MMPI scales. The D scale was raised in four of
these seven; and in six, two or more other scales
were elevated. In none of these cases, all of whom
had been carefully followed in a headache clinic
for several months, had a clinical diagnosis of
depression or other overt psychiatric disease been
made.
The relationship between depression and

migraine is complex. The most well-documented
facet of the problem is the fact that amitriptyline,
a tricyclic antidepressant, is an effective prophy-
lactic drug against migraine in a part of the patient
population (Couch and Hassanein, 1976). The re-
sults of the present study provide evidence for
another possible link between depression and
migraine, and suggest that one factor in the elev-
ation of plasma cortisol in some of these cases
may be unsuspected depression. The association
of depression with raised plasma cortisol has been
amply documented (Carroll, 1976). It is of interest,
however, that in none of our patients had clinical
depression been diagnosed, and in three individuals
with abnormal levels of plasma cortisol the MMPI
test did not show elevation of the D scale. Further-
more, none of the abnormal MMPIs were
characteristic of severe depression but reflected in
addition anxiety, social alienation, bodily pre-
occupation, and lack of deep interests. It is im-
probable, therefore, that the existence of overt
depression in these cases is the sole explanation
for the elevation of plasma cortisol. This finding
is of particular interest because hypothalamo-
pituitary-adrenal (HPA) dysfunction has previously
been described consistently only in severe depres-
sion, and has been found correlated more with
somatic than with psychological features. To our
knowledge, other studies of HPA function in less
severe emotional disturbance with somatic symp-
toms (except for pain studies cited) have not been
done.

Failure of suppression of plasma cortisol by
dexamethasone has been found regularly in popu-
lations with endogenous depression and has not
been found with other psychiatric disease (Carroll
et al., 1976b). In the present study, six individuals
did not show normal suppression to dexametha-
sone. Two of these patients had an elevated D
score on MMPI scale, four did not. Of the latter
four, three had completely normal MMPI scores,

on an elevated somatic scale. Of our four patients
with elevated D scores on MMPI, two showed
normal suppression with dexamethasone, two did
not. In summary, the dexamethasone test also
showed abnormality in some of the migraine
patients, not consistently associated with depres-
sion. We did not test plasma cortisol beyond the
12 hour sample and, therefore, do not know
whether these patients who did suppress might
have shown an early "escape" as has been
described.
We are aware of the fact that the circadian

rhythm of cortisol secretion is comprised of a
series of episodic pulses, as shown by several in-
vestigators (Weitzman et al., 1966, 1971; Hellman
et al., 1970). These pulses are normally related
inconstantly to environmental stimuli including
several anxiety producing events. It has, however,
been demonstrated that specific environmental
stimuli, presumably extremely stressful, such as
preoperative preparation, can produce major
secretory surges of cortisol, which can clearly be
detected as producing alterations in the circadian
rhythm (Czeisler et al., 1976). Our results show a
clear distinction between control subjects where
there was a total absence of such surges, and the
considerable group of patients where the circadian
rhythm was clearly distorted. This disparity can-
not be ascribed to any procedures or environ-
mental stimuli that were different for patients and
control subjects during the study period, since all
subjects were treated identically.

It seems, in summary, that the abnormal cir-
cadian rhythms of plasma cortisol seen in over
half of our migraine patients had some, but in-
constant, association with pain. A similar state-
ment could be made about the association with
depression. We postulate that the abnormal plasma
cortisol circadian rhythms occurring in some
migraine patients may be the result of a complex
interaction of these two aetiological factors. There
is, however, also the possibility that the HPA ab-
normality in some cases of migraine is a reflection
of primary hypothalamic dysfunction of unknown
mechanism as reported by Krieger and Krieger
(1966) in their study of organic brain disease. In
this case, of course, the pain and psychological
findings might well be secondary phenomena.
Finally, the occurrence of a group of migraine
patients with normal circadian rhythms of plasma
cortisol associated with normal MMPI tests gives
strong evidence of the heterogeneity of the popu-
lation defined as migrainous and the desirability
of pursuing the study of the neuroendocrine status
of this interesting group of patients.

F
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