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Circadian secretion of cortisol in bipolar disorder
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Objective: To compare the 24-h cortisol secretion profiles of normal control subjects and patients with
bipolar disorder who were in the depressive, manic and euthymic phases of the disorder. Participants: Eighteen patients, 25–62 years of age, in depressed (n = 5), manic (n = 5) or euthymic (n = 8) phase of bipolar
disorder recruited through a psychiatric outpatient clinic, and 5 control subjects, 24–41 years of age, recruited through advertisement or word of mouth. Outcome measures: Subjects were interviewed and
symptom ratings were obtained using the Hamilton Depression Rating Scale, Beck Depression Inventory and
Young Mania Scale. Blood collection began at 0800 and continued at hourly intervals for 24 h. Serum cortisol
levels were assayed using a validated commercial radioimmunoassay kit. Results: An analysis of variance of
the area under the cortisol 24-h time-concentration curve (AUC) revealed a significant difference between
the control group and patient groups (F = 3.69, p = 0.03). The mean AUCs of the patients in the depressed
(263.4 µg/dL) and hypomanic (262.2 µg/dL) phases were beyond the 95% confidence interval for the controls
(120.9–253.3 µg/dL). There were no significant group differences in cosinor acrophase and no significant effects of sex, education, age of illness onset, duration of illness or duration of mood state at time of testing on
the cortisol measures. Pearson correlations between symptom rating scores and cortisol secretion variables
were not significant. Conclusion: The increases in cortisol secretion in patients in both the depressed and
manic phases of bipolar disorder suggest that cortisol level is probably not a state marker in bipolar disorder.
Objectif : Comparer les profils de sécrétion du cortisol sur 24 heures de sujets témoins normaux à ceux de
patients atteints d’un trouble bipolaire qui étaient en phase dépressive, maniaque et euthymique du trouble.
Participants : Dix-huit patients âgés de 25 à 62 ans en phase déprimée (n = 5), maniaque (n = 5) ou euthymique
(n = 8) du trouble bipolaire recrutés par l’entremise d’une clinique externe de psychiatrie, et 5 sujets témoins âgés
de 24 à 41 ans, recrutés au moyen d’annonces ou par le bouche à oreille. Mesures de résultats : On a interviewé des sujets et évalué les symptômes au moyen de l’échelle de dépression de Hamilton, de l’Inventaire de
dépression de Beck et de l’échelle de la manie de Young. On a commencé à prélever du sang à 8 h et les prélèvements se sont poursuivis aux heures pendant 24 heures. On a dosé les taux de cortisol sérique au moyen d’une
trousse de dosage radio-immunologique commerciale validée. Résultats : Une analyse des écarts de la superficie
délimitée par la courbe de la concentration du cortisol sur 24 heures a révélé une différence importante entre le
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groupe témoin et le groupe de patients (F = 3,69, p = 0,03). Les superficies moyennes dans le cas des patients en phase
déprimée (263,4 µg/dL) et hypomaniaque (262,2 µg/dL) dépassaient l’intervalle de confiance à 95 % des sujets témoins. Il
n’y avait pas de différences importantes entre les groupes en ce qui concerne le cosinor de l’acrophase ni d’effets importants liés au sexe, à l’éducation et à l’âge au moment de l’apparition de la maladie, à la durée de la maladie ou à celle de
l’état de l’humeur au moment des mesures des taux de cortisol. Les corrélations de Pearson entre les résultats d’évaluation des symptômes et les variables reliées à la sécrétion de cortisol n’étaient pas importantes. Conclusion : Les augmentations de la sécrétion de cortisol chez les patients en phase déprimée et maniaque du trouble bipolaire indiquent
que le taux de cortisol n’est probablement pas un marqueur de l’état dans les cas de trouble bipolaire.

Introduction
Hypersecretion of cortisol is a consistent finding in
patients with major depression,1 but few studies have
included patients in the manic and euthymic phases of
bipolar disorder.2–5 It has been suggested that the circadian rhythm may be disturbed in mania,4 but, here
again, only a few such studies have assessed patients in
all phases of bipolar disorder.6–9 To study whether the
abnormal secretion of cortisol found in the depressed
phase of bipolar disorders is state dependent, we compared the 24-h secretion profiles of cortisol of control
subjects and patients who were in the depressed, hypomanic and euthymic phases of bipolar disorder.

Methods
Eighteen patients in depressed (n = 5), hypomanic (n =
5) or euthymic phase (n = 8) of bipolar disorder, according to criteria of the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition, 10 were recruited
through the psychiatric outpatient clinic of the Montreal
General Hospital, Montreal, Que. Two patients (J.B. and
G.C.) underwent 24-h blood sampling during all 3
phases of their illness, and their data are presented separately. Only data from J.B., a 53-year-old man who had
been ill for 28 years, in the depressed phase and G.C., a
39-year-old women who had been ill for 16 years, in the
hypomanic phase were included in their respective
groups because they first entered the study during
those phases. All depressed patients (n = 5) were receiving antidepressants in combination with lithium (n = 4)
or divalproex (Epival) (n = 1). Four of 5 patients in
hypomanic phase were receiving lithium; 1 was also
taking neuroleptics and 1 was taking neuroleptics
alone. Six of 8 patients in euthymic phase were taking
medication (5 lithium and 1 antidepressant). Five normal subjects, recruited through advertisement and
word of mouth, served as controls. Subjects were
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excluded from the study if physical examination or clinical laboratory results (including urinary screen for
drugs of abuse) were abnormal. After the procedures of
the study were explained to the subjects, written consent to participate in the study was obtained.

Symptom assessment and blood sampling procedure
The Hamilton Depression Rating Scale11 (HDRS) and
the Young Mania Scale12 (YMS) were used to assess
symptom severity. In addition, patients rated their
symptoms on the Beck Depression Inventory13 (BDI).
On the day of 24-h sampling, subjects arrived at the
Clinical Investigation Unit of the Douglas Hospital
Research Centre at approximately 0630. An indwelling
intravenous catheter, kept patent with a 0.3% heparin
solution, was installed in the subject’s anterocubital
vein at 0700. Blood collection began at 0800 and continued at hourly intervals for 24 hours. Throughout the
course of sampling, illumination was maintained at 300
lux during the “daytime” (0700–2300) and at 50 lux during the “nighttime” (2300–0700). Blood samples (7 mL
each) were drawn into a Vacutainer tube and allowed
to clot for 30 min at room temperature, and blood sera
were isolated using a refrigerated centrifuge and stored
at –20°C until assayed. Serum cortisol levels were measured using a validated commercial radioimmunoassay
kit (Ortho-Clinical Diagnostics, Amersham, UK).
Meals were eaten at 0730, 1215 and 1715, and a snack
was provided at 1930. All subjects remained indoors
throughout the procedure. Smoking was permitted in a
ventilated room, and regular medication was not withheld during the sampling day.

Data analysis
The cosinor method,14 which derives a best-fit sinusoidal curve from individual time points, was used to
obtain information on the timing parameters.15 The
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acrophase represents the time of the peak value of the
fitted curve of the cortisol circadian rhythm. The mesor
is the mean 24-h serum level of cortisol, as estimated
by the cosinor curve. The amplitude is the distance between the mesor and the highest or lowest values on
the cosinor curve.
The circadian secretion of cortisol was calculated
from the area under the 24-h time-concentration curve
(AUC). Analyses of variance (ANOVA) were used to
compare demographic and cortisol variables of interest
among the depressed, hypomanic, euthymic and control groups. χ2 was used to assess significant differences among categorical variables. Repeated measures
ANOVAs were used to compare changes in cortisol
levels across the 24-h time period among the groups.
Two-tailed tests of significance at the 0.05 level were
used, and post-hoc tests were carried out with Scheffé’s
test. Pearson product-moment correlations between
AUC, peak cortisol levels and symptoms on the HDRS
and YMS were calculated.

Results
There were no statistically significant differences
between control and the patient group overall on any
of the demographic variables examined (Table 1).

However, it was apparent from the 95% confidence
intervals (CIs) that the control subjects were younger
than the depressed patients and had more years of
education than the depressed and euthymic patients.
Ten of the 18 (55%) patients reported a family history
of affective disorder. Patients in the depressed phase
had a score greater than 17 on the HDRS,16 and those in
the hypomanic phase had a score greater than 8 on the
YMS17 (Table 2). Both hypomanic and euthymic phases
were associated with ratings of 10 or less on the HDRS.18
Phase durations at the time of testing were as follows: all
patients in hypomanic phase, 2 weeks or less; 3 patients
in depressed phase, 6 months, and 1 patient each, 3
months and 1 month; duration in the euthymic phase
was spread evenly between 2 weeks and over 2 years.
Of note is that the mean duration of illness for the depressed group (mean 20.4 yr, 95% CI 12.5–28.3 yr) was
longer than for the euthymic patients (mean 11.5 yr, 95%
CI 6.1–16.9 yr). There were also expected differences on
the rating scale scores for the patient subgroups.
Table 3 presents quantitative and cosinor cortisol
secretion information. The intra- and interassay coefficients of variation were 5.7% and 8.9% for mean cortisol concentrations of 2.0 µg/dL and 2.2 µg/dL, respectively, with sensitivity of 0.1 µg/dL.
Table 2: Illness history and results of psychologic assessment
for patients in various phases of bipolar disorder

Table 1: Demographic information for control subjects and
patients with bipolar disorder in euthymic, hypomanic or
depressed phases of the disorder
Demographic
Age, yr

Education, yr

Sex†

Marital status‡

Group*

Mean

SD

Control
Euthymic
Hypomanic
Depressed
Control
Euthymic
Hypomanic
Depressed
Control
Euthymic
Hypomanic
Depressed
Control
Euthymic
Hypomanic
Depressed

35.2
42.0
39.8
48.8
17.0
13.8
13.0
11.8
1/4
4/4
2/3
1/4
1/3
3/1
2/1
2/1

7.8
14.5
8.9
4.3
5.3
1.4
4.5
3.4

95% CI
25.5–44.9
29.9–54.1
28.8–50.8
43.5–54.1
10.4–23.6
12.6–14.9
7.4–18.6
7.6–16.0

Note: SD = standard deviation, CI = confidence interval.
*Control group, n = 5; euthymic patients, n = 8; hypomanic patients, n = 5; depressed patients,
n = 5.
†No. of women / no. of men.
‡No. married / no. divorced.
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Patient characteristic
Age at onset of illness,
yr

Duration of illness, yr

No. of admissions to
hospital

Group

Mean

Euthymic
Hypomanic
Depressed

30.8
26.0
28.4

12.9
9.9
5.7

20.0–41.5
13.6–38.4
21.3–35.5

Euthymic
Hypomanic
Depressed

11.5
13.8
20.4

6.5
5.8
6.4

6.1–16.9
6.6–21.0
12.5–28.3

Euthymic
Hypomanic
Depressed

2.6
2.0
1.8

2.4
1.6
2.0

0.6–4.6
0–4.0
0–4.3

2.1
8.0
20.4

2.2
1.9
2.4

0.3–4.0
5.7–10.3
17.4–23.4

2.3
7.0
17.4

2.7
6.9
5.1

0–4.5
0–15.6
11.0–23.8

2.4
14.2
1.6

2.3
4.1
1.7

0.4–4.3
9.1–19.3
0–7.0

Hamilton Depression
Rating Scale total score Euthymic
Hypomanic
Depressed
Beck Depression
Euthymic
Inventory total score
Hypomanic
Depressed
Young Mania Scale
total score
Euthymic
Hypomanic
Depressed
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ANOVA of the area under the cortisol 24-h timeconcentration curve revealed a significant difference
among groups (F = 3.69, p = 0.03). Furthermore, the
means for the AUC of the depressed and hypomanic
patients were above the upper limit of the 95% CI for
the control subjects. There were no significant differences between the depressed, hypomanic and euthymic patients.
Regarding the means of the individual cortisol peak
values over the 24-h sampling period, no statistically
significant differences were found among the controls
and patient groups, although the mean individual cortisol peak for depressed patients (23.2 µg/dL) was
above the upper limit of the 95% CI for the control
subjects (i.e, 23.1 µg/dL).
There were no significant differences between
groups in cosinor acrophase, and no significant effects
of gender, education, age of illness onset, duration of
illness or duration of mood state at time of testing on
the cortisol measures were found.
Repeated-measures ANOVA on the 24-h cortisol
secretions for the 4 groups, with Greenhouse-Geisser

correction, revealed no significant group × time interaction, but the expected significant overall time effect
was found (F = 25.07, p < 0.001).
As represented in Fig. 1, the mean cortisol values for
the patient groups were above the upper limit of the
95% CI of the control group at the following times: depressed patients: 0900, 1000, 1100, 1200, 1500, 1700, 2100,
0100, 0300 and 0700. Hypomanic patients: 0900, 1000,
1100, 1200, 1300, 1600, 1700 1900, 0300, 0600 and 0700.
Euthymic patients: 0900, 1000, 1200, 1700 and 0300.
Pearson correlations between symptoms, measured on
HDRS total and factor scores, YMS and BDI total scores
and cortisol secretion (AUC, peak and cosinor variables)
among the patient groups were not significant.
Fig. 2 and Fig. 3 present individual 24-h cortisol secretion curves for 2 patients who underwent repeated
testing in 3 phases of their illness. The AUC for the euthymic, depressed, and hypomanic phases of Mr. J.B.
were 171, 250 and 322 µg⋅h/dL respectively. The corresponding values for Ms. G.C., were 174, 184 and 251
µg⋅h/dL, respectively.

Discussion
Table 3: Results of 24-h serum cortisol secretion assays for
controls and patients with bipolar disorder, obtained using
the cosinar method

Area under the
curve, µg⋅h/dL

Peak, µg/dL

Cosinor amplitude,
µg/dL

Cosinor mesor,
µg/dL

Cosinor acrophase, h
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Group

Mean

SD

95% CI
25

Control
Euthymic
Hypomanic
Depressed

187.1
239.1
262.2
263.4

53.3
45.5
31.9
26.8

120.9–253.3
201.1–277.1
222.6–301.8
230.1–296.7

Control
Euthymic
Hypomanic
Depressed

19.3
22.5
22.1
23.2

3.1
5.2
1.2
3.2

15.5–23.1
18.2–26.8
20.6–23.6
19.2–27.1

Control
Euthymic
Hypomanic
Depressed

3.7
6.0
5.5
4.6

1.5
1.0
1.7
1.2

1.8–5.5
5.1–6.8
3.4–7.5
3.1–6.0

Control
Euthymic
Hypomanic
Depressed

7.8
10.0
10.9
11.0

2.2
1.9
1.3
1.1

5.0–10.6
8.4–11.5
9.3–12.6
9.6–12.4

Control
Euthymic
Hypomanic
Depressed

10.2
10.0
9.7
9.6

2.3
1.6
0.9
0.9

7.3–13.1
8.6–11.3
8.6–10.7
8.4–10.7

20

Mean cortisol level, g/dL

Variable

Hypersecretion of cortisol in depression is a commonly
reported finding,20 but there has been less consistency
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Fig. 1: Mean 24-h cortisol secretion of normal controls
(open circles, n = 5) and patients with bipolar disorder
in depressed (black circles, n = 5), hypomanic (asterisks,
n = 5) and euthymic (open triangles, n = 8) phases of
their illness.
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in the results of studies on the manic phase of bipolar
disorder.4,5 We found no significant differences in cortisol secretion during the 3 mood phases, a finding
which may be partially due to the small number of
subjects in each mood group. However, compared
with controls, significant cortisol hypersecretion occurred during both the depressed and hypomanic
30

Cortisol level, g/dL

25

20

15

10

Conclusion

5

0
20

phases, and to a less extent in the euthymic phase. It is
of interest to note that for 2 patients for whom cortisol
measurements were obtained in all 3 mood states, the
AUCs were highest in the hypomanic phase.
There does not appear to be any significant circadian
phase shift associated with the phase of bipolar illness
or any differences from controls. This is in contrast to
the reports of Halbreich and colleagues21 and Pepper
and Krieger22 of phase advance in the depressed state.
Correlation analyses showed no relationship between
psychopathological variables (HDRS, BDI and YMS
scores) and cortisol secretion. It may be noted, however,
that many patients in the hypomanic phase have insomnia and anxiety symptoms which may contribute to
elevated HDRS total scores.
Improvements to this present study include larger
samples, sampling the same patients in 3 phases of
their illness and matching controls and patients more
closely in age.

22
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Fig. 2: The 24-h cortisol secretion profile of Mr. J.B. in 3
mood phases of bipolar disorder. Black circles, depressed
phase; triangles, euthymic phase; asterisks, hypomanic
phase.

Our results suggests that hypercortisolemia is probably
not a state marker in bipolar disorder. No significant
circadian phase shifts associated with the phase of illness or any differences from controls were found.
Competing interests: None declared.
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