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Objective: To better understand the changes in hypothalamus-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS)
function after remission of depression. We characterized these systems at baseline and in response to a psychosocial stressor in a
cohort of women remitted from recurrent major depression as well as in never-depressed healthy female controls. Methods:
Baseline HPA function was measured via saliva cortisol sampling at 8 AM and 4 PM over 7 days as well as quantification of urinary
overnight cortisol secretion. The HPA system response to a psychosocial stressor was assessed by measuring serum cortisol and
adrenocorticotropic hormone (ACTH) levels and SNS reactivity by determining serum epinephrine (E) and norepinephrine (NE)
concentrations as well as autonomic nervous system changes by analysis of heart rate variability (HRV). The stressor included a
speech task, mental arithmetic, and a cognitive challenge. Results: In all, we studied 22 women remitted from recurrent major
depression (age ⫽ 51.0 ⫾ 1.7 years) and 20 healthy controls (age ⫽ 54.2 ⫾ 1.6 years). Morning saliva cortisol concentrations were
lower in remitted patients, paralleled by lower serum cortisol concentrations before stress testing. This group also displayed a
blunted cortisol and ACTH response to the stressor, as compared with healthy controls. No between-group differences in HRV
parameters were observed. Conclusion: In this group of women remitted from recurrent major depressive disorder, we found
evidence of HPA system hypoactivity, both in the basal state and in response to a psychosocial stressor. Key words: depression,
remission, stress, cortisol, ACTH, norepinephrine, heart rate variability.
ACTH ⫽ adrenocorticotropic hormone; E ⫽ epinephrine; HAM-D ⫽
Hamilton Depression Scale; HPA ⫽ hypothalamus-pituitary-adrenal;
HF ⫽ high frequency; HRV ⫽ heart rate variability; HR ⫽ heart
rate; LF ⫽ low frequency; NE ⫽ norepinephrine; rm-ANOVA ⫽
repeated-measures analysis of variance; SNS ⫽ sympathetic nervous
system; VAS ⫽ visual analogous scale.

INTRODUCTION
tress-responsive system dysfunction is a core neuroendocrine abnormality associated with depression, demonstrated by disturbances in hypothalamus-pituitary-adrenal
(HPA) axis and sympathetic nervous system (SNS). Patients
hospitalized for an acute major depressive episode often exhibit
signs of HPA system dysregulation like hypercortisolemia (1– 4)
or nonsuppression of cortisol secretion after administration of
dexamethasone (5). There is also evidence of increased SNS
outflow in these patients, e.g., tachycardia (6) or increased norepinephrine appearance in extravascular and vascular compartments (7). Stress-responsive system dysfunction seems to persist
after remission of acute depression (8); however, the dynamics
associated with the course of the illness have not been thoroughly
studied as yet.
Several arguments support the view that stress-responsive
system dysfunction is more than simply a by-product of depression. Evidence of an impaired corticosteroid receptor
function was found in depressed patients (9) as well as in
healthy subjects at increased genetic risk for developing de-
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pression (10). Also, normalization of HPA system dysfunction
during treatment with antidepressants seemed to be associated
with clinical recovery (11), and patients with persistent HPA
dysregulation, as measured by the combined dexamethasone
corticotropin releasing hormone test, had a greater risk for
relapse within 6 months (12). However, data on HPA system
activity changes associated with remission of depression are
scarce and partly conflicting. Whereas some authors (13,14)
found marked reductions in cortisol production associated
with recovery in depressed inhospital patients, others failed to
observe this decline in patients successfully treated with selective serotonin reuptake inhibitors (15). Only few authors
analyzed stress-responsive system activity on long-term follow-up after remission. The majority found signs of persistent
HPA system dysfunction, at least in subgroups of patients,
such as elevation of urinary free cortisol (8), dexamethasone
suppression test nonsuppression (16), or increased saliva cortisol levels (17). Repeatedly, these signs were associated with
persistence of subthreshold depressive symptomatology.
Therefore, our study aimed at characterizing stress system
function, as measured by serum concentrations of cortisol,
adrenocorticotropic hormone (ACTH), epinephrine (E), and
norepinephrine (NE), in a group of patients completely remitted from recurrent major depression in comparison with a
group of healthy controls. To exclude a possible gender effect
on our results, we opted to only include women in our study.
We posted the hypothesis that stress system activity in remitted patients with no or minimal residual symptoms would not
differ from never-depressed controls at baseline and in response to a psychosocial stressor.
METHODS
Subjects
The study protocol had been approved by the local ethics committee and
subjects had given their written informed consent before study inclusion.
Subjects were recruited via advertisements in local newspapers. Only women
were eligible for study participation, either with remitted recurrent major
depression (remitted patients) or without history of any affective disorder
(healthy controls). During the first visit, the subject’s diagnostic status was
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classified by an experienced staff psychiatrist (M.D. or F.L.) according to the
German version of the Structured Clinical Interview for DSM-IV (Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition) for current and past
affective symptoms (18). The Hamilton Depression Scale (HAM-D) (19) was
used to quantify depressive symptoms. Exclusion criteria for both groups
were current or past episodes of schizophrenia or bipolar disorder, current or
past substance dependence, clinical evidence of a personality disorder, current
or past pharmacotherapy with lithium or antiepileptic drugs, any unstable
medical condition, major ventricular or supraventricular arrhythmias, or ingestion of drugs known to influence the SNS. Clinical information was
collected by taking a thorough history and carrying out a physical examination, electrocardiogram, and complete blood count with differential and blood
chemical values. Subjects eligible for study were instructed on sampling
procedures of salivary cortisol and nighttime urine and scheduled for a second
study day.

Study Protocol
At two defined time points each day (8 AM and 4 PM) for 7 days before
the second study day, the subjects were asked to sample saliva by using small
cotton rolls (Salivette, Sarstedt, Nümbrecht, Germany) and to collect a nighttime urine sample between 10 PM and 8 AM in order to assess baseline HPA
system activity. Major physical activities and alcoholic beverages were not
allowed on the day preceding the second study day. Before and during the
stress test, nicotine as well as alcoholic and caffeinated beverages were
strictly forbidden. Subjects were advised to have breakfast at home and to
arrive at the study site at noon, without having had any additional meal. At
12:15 PM, a standardized light lunch was provided. After subjects had voided,
electrodes for heart rate variability (HRV) measurements were attached and
an indwelling catheter was introduced into a forearm vein. Blood pressure and
heart rate (HR) were measured, using an automated device (Dinamap XL,
Johnson & Johnson, Arlington, Texas, USA). Subjects were then asked to rest
for 30 minutes in a reclining position as they listened with headphones to soft
music. Toward the end of this resting period, two 5-minute HRV measurements were recorded: the first in supine; the second in standing position. This
was followed by another resting period, lasting 45 minutes, with the subjects
placed in a comfortable chair, watching a nonstressful movie.
Subjects were then instructed concerning their tasks during the stress test,
which consisted of three segments described below. Momentary subjective
stress levels were determined via visual analogous scale (VAS) with scores of
“0” indicating lowest stress level (“no stress at all”) and “10” indicating
highest stress levels (“maximum imaginable stress”). Blood samples were
drawn repeatedly from the indwelling catheter for determination of stress
hormones (cortisol, ACTH, E, NE) and 5-minute HRV recordings were made
during each of the sections. The ensuing recovery period lasted 60 minutes,
with the subjects again watching the movie.

Groningen Acute Stress Test
The Groningen Acute Stress Test combines a speech task, mental arithmetic, and a computer-based concentration test. After explanation of the
procedure, the subjects were given 8 minutes to prepare their ensuing
6-minute talk describing their feelings and behavior if they had just been
caught stealing a compact disk in a department store. The talk was structured
as a monologue in front of two persons. The second test segment made use of
mental arithmetic. This test segment lasted 5 minutes. The third part consisted
of a computer-based concentration test lasting 10 minutes. During this task,
four digits were displayed on a computer screen which subjects had to arrange
according to their value, with the lowest number on the left side. To achieve
the correct order, only stepwise exchanges with directly adjacent figures were
allowed. Subjects were asked to count the number of steps needed to achieve
the correct order. After the answer was given, the next four digits appeared.
All three stress test segments were administered consecutively, with interruptions made only for the measurements of blood pressure and HR, and for
blood sampling. Mean arterial pressure was calculated as the diastolic blood
pressure plus one third of the difference between the systolic blood pressure
and the diastolic blood pressure.
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Analysis of Blood, Urine, and Saliva
Blood was sampled in ethylenediaminetetraacetic acid (EDTA)-containing polystyrol tubes, immediately stored on ice and centrifuged at 4°C with
4000 rpm for 7 minutes after completion of the stress test procedure. Serum
was stored at ⫺80°C until further analysis. E and NE were determined by
high-performance liquid chromatography (intra- and interassay coefficient of
variation ⬍6%), cortisol, and ACTH in serum by electrochemical luminescence immunoassay (intra- and interassay coefficient of variation ⬍4%), and
free cortisol in urine by radioimmunoassay (intra- and interassay coefficient
of variation ⬍10%). These analyses were performed by Limbach Laboratory
(Heidelberg, Germany). Saliva cortisol was analyzed using radioimmunoassay in the laboratory of Professor Clemens Kirschbaum, Department of
Biopsychology, Technical University Dresden, Germany (intra- and interassay coefficient of variation ⬍8%). The reported saliva cortisol levels are
presented as mean values of the seven samples, as collected during the week
preceding the investigation.

Heart Rate Variability
A thoracic belt with integrated electrodes was used for signal detection
and acquirement, and the electrocardiography signal was transferred to a
personal computer using a telemetric system (VariaCardio TF4, Sima Media,
Olomouc, Czech Republic). HRV analysis was performed off-line, using the
manufacturer’s software. Results are given as total power in milliseconds (2),
indicating R-R interval variance for each measurement interval, as lowfrequency (LF) and high-frequency (HF) power as well as LF/HF ratio. The
LF band (0.05– 0.15 Hz) is thought to reflect both sympathetic and parasympathetic tone; the HF band (0.15– 0.4 Hz) is used to indicate vagal tone; the
LF/HF ratio should give a measure of sympathovagal balance (20).

Statistical Analysis
To compare pituitary-adrenal and SNS function between women remitted from recurrent major depression and never-depressed female control subjects, we selected cortisol, ACTH, E, and NE responses to stress as
primary outcome measures. The change scores of these hormones (delta ⫽
measurestress ⫺ measurebaseline) exhibited a normal distribution, and the
groups were compared using independent samples t tests. For data reduction, the results of our stress hormone analysis after the three stress test
segments were combined and calculated as means of these measures.
According to our analysis plan, we also included recovery period hormone
concentrations into our calculations and compared stress hormone concentrations along the test procedure (baseline, stress, recovery) between
groups using repeated-measures analysis of variance (rm-ANOVA) with
independent groups (remitted patients, healthy controls) as between subject factor and time points (baseline, stress, recovery) as within subject
factor. We used the Huynh-Feldt correction.
Secondary analyses included responses to stress in subjective stress
level, HR, and mean arterial blood pressure, again defined as delta ⫽
measurestress ⫺ measurebaseline. Clinical characteristics and measures at
different time points during stress were compared between groups using
independent samples t tests and Mann-Whitney tests, as appropriate.
Effect sizes of the stress test were calculated according to the formula
(meansstress ⫺ meansbaseline)/SDbaseline) for both groups. All values are
reported as mean ⫾ standard error of the mean. In each analysis, the
highest possible number of subjects was included, and all tests were
two-tailed. A p ⬍.05 was considered to indicate statistical significance.

RESULTS
Clinical Characteristics
The study was conducted from July 2004 until December
2005 and included 22 female patients remitted from recurrent
major depression and 20 age-matched female controls. All
patients had been treated at least once as inhospital patients for
severity of symptoms or suicidal ideation. Fifteen patients
remitted from depression reported no psychopharmacologic
Psychosomatic Medicine 70:461– 467 (2008)

STRESS RESPONSE IN WOMEN REMITTED FROM DEPRESSION
TABLE 1.

Age (years)
Body mass index
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Heart rate (min⫺1)
Time elapsed since first MDE (months)
Number of MD episodes
Duration of last MDE (weeks)
Time since last MDE (months)
HAM-D score
Morning saliva cortisol (nmol/L)
Afternoon saliva cortisol (nmol/L)
Nighttime urine cortisol secretion (g/L)

Clinical Characteristics of Subjects

Remitted Patients
(n ⫽ 22)

Healthy Controls
(n ⫽ 20)

51.0 ⫾ 1.7
25.4 ⫾ 0.7
118.4 ⫾ 3.5
74.2 ⫾ 1.7
67.1 ⫾ 2.0
168.3 ⫾ 27.1
9.2 ⫾ 3.3
51.0 ⫾ 18.1
61.1 ⫾ 10.7
1.9 ⫾ 0.3
13.5 ⫾ 0.9
4.2 ⫾ 0.8
16.3 ⫾ 2.9

54.2 ⫾ 1.6
24.9 ⫾ 0.8
129.0 ⫾ 3.5
79.5 ⫾ 1.9
68.2 ⫾ 1.8
NA
NA
NA
NA
0.4 ⫾ 0.2
17.3 ⫾ 1.2
5.4 ⫾ 0.6
17.2 ⫾ 3.4

Analysesa
t

df

p

⫺1.4
0.5
⫺2.1
⫺2.1
⫺0.4

40
40
40
40
40

.17
.62
.04
.05
.69

4.3
⫺2.6
⫺1.2
⫺1.9

40
39
39
38

⬍.001
.01
.22
.85

Values are mean ⫾ standard error of the mean.
a
Independent samples t test for comparison between groups.
MDE ⫽ major depressive episode; MD ⫽ major depression; HAM-D ⫽ Hamilton Depression Scale.

treatment; four were receiving antidepressant agents in probably subtherapeutical daily doses (15 mg mianserin, 37.5 mg
venlafaxin, 25 mg amitriptyline, St. John’s wort of undetermined dose, taken irregularly); and three subjects were being
treated with antidepressant drugs in therapeutical daily dose
ranges (100 mg sertralin, 20 mg citalopram (n ⫽ 2 subjects)).
There was a postmenopausal status in 49% of women in the
group of remitted patients and in 80% of our control subjects.
Additional clinical characteristics are presented in Table 1.
Groups did not differ with regard to clinical parameters except
for systolic and diastolic blood pressure, which were significantly lower in the group of remitted patients (t ⫽ ⫺2.1, df ⫽
40, p ⫽ .04 and t ⫽ ⫺2.1, df ⫽ 40, p ⫽ .05, respectively).
There was only minimal depressive symptomatology in either
group as measured by HAM-D (remitted patients, 1.9 ⫾ 0.3;
healthy controls, 0.4 ⫾ 0.2). The maximum HAM-D score in
the group of remitted patients was 6.
Baseline Stress System Activity
Although morning saliva cortisol concentrations, as collected during the at-home measurements, were lower in the
group of remitted patients (t ⫽ ⫺2.6, df ⫽ 39, p ⫽ .01), we
found no group differences in afternoon saliva cortisol concentrations or in nighttime cortisol secretion (Table 1). Baseline stress hormone levels, determined after a resting period in
preparation of the stress test (Table 2), showed lower serum
cortisol (t ⫽ ⫺2.3, df ⫽ 37, p ⫽ .03) and NE concentrations
(t ⫽ ⫺2.6, df ⫽ 36, p ⫽ .01) in remitted patients, as compared
with healthy volunteers, whereas serum ACTH levels did not
differ between groups (t ⫽ 0.14, df ⫽ 37, p ⫽ .89).
Stress Response
We were able to obtain complete sets of stress test measures in 19 remitted patients and in all 20 healthy controls. In
three remitted patients, the intravenous catheter occluded early
during the stress test procedure, leaving stress hormone samPsychosomatic Medicine 70:461– 467 (2008)

pling incomplete. These subjects’ results were excluded from our
analyses of stress test measures. The majority of E values were
found to be below the range of detection, so analysis was not
carried out. There was no relevant change in the results after
excluding subjects under psychopharmacological treatment.
Subjective stress levels, as measured by VAS, were 0.45 ⫾
0.19 in remitted patients and 0.28 ⫾ 0.11 in healthy controls
at baseline (Mann-Whitney U ⫽ 148, p ⫽ .88), 6.2 ⫾ 0.48 and
7.1 ⫾ 0.36 during the test procedure (t ⫽ ⫺1.5, df ⫽ 37, p ⫽
.14), and 0.67 ⫾ 0.23 and 2.3 ⫾ 0.56 at the end of the
recovery period (Mann-Whitney U ⫽ 110, p ⫽ .04). The
change in stress scores did not significantly differ between
groups; however, there was a trend toward a higher surge in
healthy volunteers (independent samples t test for comparison
between groups: t ⫽ ⫺1.77, df ⫽ 33, p ⫽ .09). The effect size
of the stressor on subjective stress level was 6.93 in remitted
patients and 14.83 in healthy controls.
Baseline mean blood pressure, measured after the resting
period in preparation of the stress test, was lower in the group
of remitted patients as compared with our control group (Table 3), as were maximum values during the test and measures
at the end of the recovery period. The increase in mean blood
pressure during the stress test did not differ between groups
(Figure 1). The effect size of the stressor on mean blood
pressure was 1.33 in remitted patients and 1.35 in healthy
controls. We noted one remitted patient and five control
subjects with arterial hypertension, defined as systolic blood
pressure of ⬎140 mm Hg and/or diastolic blood pressure of
⬎90 mm Hg. Exclusion of these subjects from our analysis
did not substantially alter results (data not shown). Baseline
HR was equal for our group of remitted patients and for
healthy controls (Table 3), as were maximum values during
the test and values at the end of the recovery period. The
observed increase in HR during the stress test did not differ
between groups (Figure 1). The effect size of the stressor on
HR was 0.36 in remitted patients and 0.66 in healthy controls.
463

Measurements of HRV qualified for analysis in 17 remitted
patients and 15 healthy controls (Table 3). No group differences emerged for baseline measures in recumbent and standing position as well as after single stress test segments.
Subjects’ HPA system response to stress, as measured by
serum cortisol and ACTH changes, differed significantly between groups, with lower changes in our group of remitted
patients (Table 2, Figure 2A and B). The rm-ANOVA revealed a significant time effect for these measures, a significant group effect for cortisol, and a trend toward a differing
group effect for ACTH. The time ⫻ group interaction was
significant for both measures. The SNS response to the stressor, as measured by serum NE concentrations, did not differ
between groups (Table 2, Figure 2C); rm-ANOVA revealed a
significant time effect along with a significant group effect
and a trend toward a significant time ⫻ group interaction. The
stressor’s effect sizes in remitted patients and healthy controls
were 0.51 and 1.49 on cortisol, 0.62 and 2.39 on ACTH, and
0.63 and 0.33 on NE.

Values are mean ⫾ standard error of the mean.
a
Independent samples t test for comparison of stress response (measurestress ⫺ measurebaseline) between groups.
ANOVA ⫽ analysis of variance; ACTH ⫽ adrenocorticotropic hormone.

df
F
p
Stress
Baseline
Recovery
Stress
Baseline

Remitted Patients (n ⫽ 19)

Recovery

t

df

t Testa
Healthy Controls (n ⫽ 20)

Stress Response: Serum Stress Hormone Concentrations
TABLE 2.
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Cortisol (g/L)
49.7 ⫾ 4.1
58.9 ⫾ 5.4
47.7 ⫾ 6.3
65.7 ⫾ 5.5 102.1 ⫾ 6.3
74.6 ⫾ 4.9 ⫺3.3 34 .002 29.4 1.7,64 ⬍.001 29.3 1,32 ⬍.001 7.5 1.8,64 .002
ACTH (ng/L)
11.2 ⫾ 0.9
13.6 ⫾ 1.0
10.5 ⫾ 0.8
11.0 ⫾ 0.8
19.6 ⫾ 2.0
11.9 ⫾ 1.1 ⫺2.9 34 .005 31.0 1.6,68 ⬍.001 3.4 1,34
.07 6.1 1.6,68 .006
Norepinephrine 181.6 ⫾ 18.9 232.1 ⫾ 24.0 185.2 ⫾ 15.1 280.5 ⫾ 31.3 326.4 ⫾ 29.1 348.3 ⫾ 41.5 ⫺1.3 34 .20 10.0 1.3,66
.001 12.1 1,33
.001 3.0 1.3,66 .08
(ng/L)

p
df
F
p

F

df

p

ANOVA Group
ANOVA Time

Analyses

ANOVA Time ⫻
Group

T. AHRENS et al.

DISCUSSION
The main finding of our study is an attenuated HPA system
activity at baseline and in response to an experimental psychosocial stressor in women remitted from recurrent major
depressive disorder. This patient group also displayed signs of
lower morning HPA activity. Baseline SNS activity, as measured by serum NE concentrations, was also lower in remitted
patients; however, SNS stress response did not differ between
groups. Serum concentrations of E often decreased below the
detection threshold, precluding further analysis.
HPA system activity in acute depression is one of the
best-studied neuroendocrine fields in psychiatry. Early work
indicated that the majority of patients with an acute major
depressive episode exhibit signs of HPA system hyperactivity
(21). Most of these data had been collected in patients treated
in hospital; however, several investigators failed to demonstrate this HPA hyperactivity in depressed outpatients (22–
25). Differing sample characteristics, including severity of
depression, may explain these seemingly conflicting results.
In studying ambulatory patients in complete and stable remission from recurrent major depression (mean time period from
last episode ⫽ 6 years), we found lower morning saliva
cortisol levels and decreased pretest serum cortisol concentrations, as compared with never-depressed gender-matched control subjects, whereas afternoon saliva cortisol levels did not
differ between groups. During the psychosocial stressor, subjects with a history of recurrent major depressive disorder
exhibited a blunted cortisol and ACTH response, as compared
with never-depressed volunteers. This finding fits well with
data from Gotthardt et al. (26), who found a blunted cortisol
and ACTH response associated with a cognitive challenge
paradigm in elderly major depressed hospitalized patients
(age ⫽ 66 ⫾ 7 years), as compared with age-matched healthy
controls. Interestingly, these acutely depressed patients
showed higher cortisol levels before the stress test procedure.
The blunted cortisol response may be interpreted as a ceiling
Psychosomatic Medicine 70:461– 467 (2008)

STRESS RESPONSE IN WOMEN REMITTED FROM DEPRESSION
TABLE 3.

Stress Response: Cardiovascular Measures

Remitted Patients
(n ⫽ 19)a
Mean blood pressure (mm Hg)
Baseline
Stress
Recovery
HR (min⫺1)
Baseline
Stress
Recovery
HRV (ms2 for power)
Supine
Total power
LF power
HF power
LF/HF
Standing
Total power
LF power
HF power
LF/HF
Speech
Total power
LF power
HF power
LF/HF
Mental arithmetic
Total power
LF power
HF power
LF/HF
Cognitive task
Total power
LF power
HF power
LF/HF

Healthy Controls
(n ⫽ 20)a

Analysesb
t

df

p

78.9 ⫾ 2.5
90.8 ⫾ 3.1
83.5 ⫾ 2.5

93.1 ⫾ 3.2
110.7 ⫾ 4.0
95.1 ⫾ 2.8

⫺4.05
⫺3.94
⫺3.34

36
36
36

⬍.001
⬍.001
⬍.01

63.7 ⫾ 2.1
66.8 ⫾ 2.8
61.7 ⫾ 1.6

62.3 ⫾ 2.0
68.0 ⫾ 2.2
63.9 ⫾ 1.4

0.44
⫺0.35
⫺1.14

35
37
37

.67
.73
.26

808.1 ⫾ 181.2
281.3 ⫾ 69.7
286.3 ⫾ 58.4
1.07 ⫾ 0.19

970.4 ⫾ 225.1
503.7 ⫾ 105.0
376.5 ⫾ 92.9
1.30 ⫾ 0.28

⫺0.57
⫺1.77
⫺0.85
⫺0.69

29
28
27
28

.58
.09
.40
.49

653.7 ⫾ 113.0
445.8 ⫾ 76.8
153.5 ⫾ 29.8
3.14 ⫾ 0.66

507.4 ⫾ 101.8
261.0 ⫾ 53.0
186.0 ⫾ 43.9
2.33 ⫾ 0.39

0.95
1.89
⫺0.62
1.04

28
27
27
29

.35
.07
.54
.31

852.8 ⫾ 161.9
702.3 ⫾ 140.0
312.9 ⫾ 110.6
3.89 ⫾ 0.87

724.9 ⫾ 119.5
535.5 ⫾ 89.0
191.1 ⫾ 51.4
3.89 ⫾ 0.80

0.63
0.98
0.96
0.00

29
30
30
30

.54
.34
.35
.99

860.8 ⫾ 145.2
729.8 ⫾ 144.3
334.8 ⫾ 115.2
3.26 ⫾ 0.44

739.6 ⫾ 181.9
562.9 ⫾ 126.2
305.1 ⫾ 114.3
2.67 ⫾ 0.45

0.53
0.86
0.18
0.90

28
30
30
28

.60
.40
.86
.38

545.8 ⫾ 102.6
409.9 ⫾ 110.7
326.1 ⫾ 110.9
2.60 ⫾ 0.55

575.6 ⫾ 90.0
475.0 ⫾ 116.5
427.4 ⫾ 151.8
2.27 ⫾ 0.52

⫺0.21
⫺0.40
⫺0.55
0.43

27
30
30
30

.83
.69
.59
.67

Values are mean ⫾ standard error of the mean.
a
HRV measures were obtained in 17 remitted patients and 15 healthy controls.
b
Independent samples t test for comparison between groups.
HR ⫽ heart rate; HRV ⫽ heart rate variability; LF ⫽ low frequency; HF ⫽ high frequency.

effect in acutely depressed patients when already high baseline levels cannot further be increased by a stressor.
Our finding of HPA system hypoactivity in women with
stable remission from recurrent major depressive disorder
contrasts the hypothesis that hypercortisolemia during depression results in a progressive desensitization of hippocampal
glucocorticoid receptors, and due to the subsequent loss of
feedback inhibition, in a high baseline cortisol level associated
with even higher increases in response to stimulation. To
explain our diverging findings, one might hypothesize that
during the course of recurrent depression, an initial HPA
overdrive may lead to increased basal cortisol levels associated with a blunted stress response, and after remission of
depression, may be followed by a dampened basal as well as
stress-induced HPA activity. A recent meta-analysis dealing
with the impact of chronic stress on HPA function (27) supports the hypothesis that chronic stress is initially associated
Psychosomatic Medicine 70:461– 467 (2008)

with HPA hyperactivity, followed by a rebound of cortisol
secretion below normal as time passes or when the stressful
stimulus is no longer present. Alternatively, our findings can
be explained by the hypothetical existence of different depression phenotypes (28). One type may be characterized by
normalization of HPA system function or even by evolving
HPA hypoactivity associated with stable remission. Another
type may show sustained HPA system dysfunction after remission as well as an increased risk for relapse. One might
speculate that our group of remitted patients included more
subjects from the first group, giving insight in stress system
regulation in this depression subtype.
Our findings in SNS activity paralleled the results for cortisol
and ACTH, although the increase in plasma NE associated with
the stress test procedure did not reach significance level. This
supports the hypothesis that, in major depression, central noradrenergic function and HPA system are closely connected (29).
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Figure 1. Change in heart rate and mean blood pressure associated with
stress test procedure in remitted patients and healthy controls (delta ⫽
measurestress ⫺ measurebaseline) Values are mean ⫾ standard error of the
mean. For absolute values, see Table 3. Independent samples t test for
comparison of change in heart rate between groups: t ⫽ ⫺1.0, df ⫽ 35, p ⫽
.33, for comparison of change in mean blood pressure between groups: t ⫽
⫺1.0, df ⫽ 36, p ⫽ .33.

HRV measurement was included in the study as a tool to assess
sympathetic/parasympathetic balance. However, the results did
not show any differences between groups, neither at baseline nor
during and after the stress test. It may be speculated that a
stronger stressor might have evoked more clearly visible effects
on HR, and possibly, also on HRV.
As our study population included women only, any interpretation of our results has to consider gender effects. Although earlier studies had reported gender effects on HPA
system activity (30,31), this finding could not be replicated by
analyses of free cortisol concentrations and was possibly due
to higher corticosteroid binding-globulin concentrations in
females (32). Also, stress system reactivity may vary among
men and women. In a naturalistic setting, depressed women
exhibited larger cortisol responses to negative events than
depressed men (22). However, a meta-analysis of several
studies using laboratory stressors in depressed subjects failed
to detect a significant effect of gender on the relationship
between depression and cortisol stress responses (33). Thus,
evidence suggests that our results may apply to men as well,
although this assumption needs to be confirmed in a sample
including both sexes.
Several limitations of our study must be considered. First,
we cannot exclude that group differences in physical activity,
workload, smoking habits, quality of nighttime sleep, wake-up
time, or presence of posttraumatic stress or chronic fatigue
syndrome may also have contributed to our results. However,
we tried to minimize possibly confounding effects by studying
a homogeneous sample of Caucasian women aged 35 to 65
years and by controlling for major environmental conditions.
Second, no formal checks of compliance had been conducted
with the at-home measures. With this in mind, we cannot
exclude that these data are blurred by imprecise measurement
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Figure 2. Change in stress hormone concentrations associated with stress
test procedure in remitted patients and healthy controls (delta ⫽ measurestress ⫺
measurebaseline). A Cortisol. Values are mean ⫾ standard error of the mean
(SEM). For absolute values, see Table 2. Independent samples t test for
comparison between groups: t ⫽ ⫺3.3, df ⫽ 34, p ⫽ .002. B ACTH. Values
are mean ⫾ SEM. For absolute values, see Table 2. Independent samples t test
for comparison between groups: t ⫽ ⫺2.9, df ⫽ 34, p ⫽ .005. C Norepinephrine. Values are mean ⫾ SEM. For absolute values, see Table 2. Independent samples t test for comparison between groups: t ⫽ ⫺1.3, df ⫽ 34,
p ⫽ .20.

conditions. Third, we have only a limited clinical characterization of the former acute depressive episodes in our remitted
patients. Other researchers found a pattern of decreased HPA
system activity in patients with acute atypical depression (34).
We did not categorize depression as typical or atypical, as
Psychosomatic Medicine 70:461– 467 (2008)
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retrospective classification deemed unreliable to us. Fourth,
HPA status during former depressive episodes is unknown. A
longitudinal study would be appropriate to address these issues. Fifth, besides depression, other disorders may also have
influenced HPA and SNS reactivity, e.g., anxiety or posttraumatic stress disorder, which had not been tested formally.
Although we are confident that due to a detailed personal
history and virtually absent depressive symptoms that these
disorders were highly improbable, we cannot fully exclude
this possibility. Finally, differences in stress perception may
have caused the noted group differences in HPA system
activity at baseline and in response to the psychosocial stressor, as there was a trend toward a higher stress response in
healthy controls. However, absolute stress levels during application of stressors did not differ between groups whereas cortisol
and NE baseline levels were lower in remitted patients.
We thank Waltraud VanSyckel for her help with language revision
and Angela Heuer and Sylvia Adam for their technical assistance.

REFERENCES
1. Gibbons JL, McHugh P. Plasma cortisol in depressive illness. J Psychiatr
Res 1962;1:162–71.
2. Carpenter WT, Bunney WE. Adrenal cortical activity in depressive
illness. Am J Psychiatry 1971;128:31– 40.
3. Carroll BJ, Curtis GC, Mendels J. Neuroendocrine regulation in depression. I. Limbic system-adrenocortical dysfunction. Arch Gen Psychiatry
1976;33:1039 – 44.
4. Deuschle M, Schweiger U, Weber B, Gotthardt U, Korner A, Schmider
J, Standhardt H, Lammers CH, Heuser I. Diurnal activity and pulsatility
of the hypothalamus-pituitary-adrenal system in male depressed patients
and healthy controls. J Clin Endocrinol Metab 1997;82:234 – 8.
5. Carroll BJ, Curtis GC, Mendels J. Neuroendocrine regulation in depression. II. Discrimination of depressed from nondepressed patients. Arch
Gen Psychiatry 1976;33:1051– 8.
6. Lake CR, Pickar D, Ziegler MG, Lipper S, Slater S, Murphy DL. High
plasma norepinephrine levels in patients with major affective disorder.
Am J Psychiatry 1982;139:1315– 8.
7. Veith RC, Lewis N, Linares OA, Barnes RF, Raskind MA, Villacres EC,
Murburg MM, Ashleigh EA, Castillo S, Peskind ER, Pasculay M, Halter
JB. Sympathetic nervous system activity in major depression. Basal and
desipramine-induced alterations in plasma norepinephrine kinetics. Arch
Gen Psychiatry 1994;51:411–22.
8. Kathol RG. Persistent elevation of urinary free cortisol and loss of
circannual periodicity in recovered depressive patients. A trait finding.
J Affect Disord 1985;8:137– 45.
9. Modell S, Yassouridis A, Huber J, Holsboer F. Corticosteroid receptor
function is decreased in depressed patients. Neuroendocrinology 1997;
65:216 –22.
10. Holsboer F, Lauer CJ, Schreiber W, Krieg JC. Altered hypothalamicpituitary-adrenocortical regulation in healthy subjects at high familial risk
for affective disorders. Neuroendocrinology 1995;62:340 –7.
11. Holsboer F, Liebl R, Hofschuster E. Repeated dexamethasone suppression test during depressive illness. Normalisation of test result compared
with clinical improvement. J Affect Disord 1982;4:93–101.
12. Zobel AW, Yassouridis A, Frieboes RM, Holsboer F. Prediction of
medium-term outcome by cortisol response to the combined dexamethasone-CRH test in patients with remitted depression. Am J Psychiatry
1999;156:949 –51.
13. Sachar EJ, Hellman L, Fukushima DK, Gallagher TF. Cortisol production
in depressive illness. A clinical and biochemical clarification. Arch Gen
Psychiatry 1970;23:289 –98.
14. Steiger A, von Bardeleben U, Herth T, Holsboer F. Sleep EEG and
nocturnal secretion of cortisol and growth hormone in male patients with

Psychosomatic Medicine 70:461– 467 (2008)

15.

16.
17.

18.

19.
20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

endogenous depression before treatment and after recovery. J Affect
Disord 1989;16:189 –95.
Deuschle M, Hamann B, Meichel C, Krumm B, Lederbogen F, Kniest A,
Colla M, Heuser I. Antidepressive treatment with amitriptyline and
paroxetine: effects on saliva cortisol concentrations. J Clin Psychopharmacol 2003;23:201–5.
Deshauer D, Grof E, Alda M, Grof P. Patterns of DST positivity in
remitted affective disorders. Biol Psychiatry 1999;45:1023–9.
Weber-Hamann B, Werner M, Hentschel F, Bindeballe N, Lederbogen F,
Deuschle M, Heuser I. Metabolic changes in elderly patients with major
depression: evidence for increased accumulation of visceral fat at followup. Psychoneuroendocrinology 2006;31:347–54.
Wittchen HU, Wunderlich U, Gruschwitz S, Zaudig M. SKID-I Strukturiertes Klinisches Interview für DSM-IV. Achse I: psychische Störungen.
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