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ABSTRACT 

Introduction 

Knowledge of pathogenic mechanisms and predictors of relapse in major depressive disorder 

is still limited. Hypothalamic-pituitary-adrenocortical (HPA) axis dysregulation is thought to 

be related to the development and course of depression. 

Methods 

130 We investigated whether dexamethasone/corticotrophin-releasing hormone (DEX/CRH) test 

parameters were related to the occurrence of relapse in 45 outpatients with clinically remitted 

major depression. The DEX/CRH test was administered before and after 8 weeks of 

antidepressant treatment. 

Results 

Post-treatment maximal ACTH and maximal Cortisol levels, as well as delta ACTH and delta 

Cortisol levels, were significantly higher (all p< 0.05) among patients who relapsed (n=22) 

compared with patients in whom no relapse occurred (n=23). Higher post-treatment maximal 

Cortisol response on the DEX/CRH test was associated with shorter 'relapse-free survival' 

(p-0.05). 

Conclusion 

In outpatients with clinically remitted major depression, higher post-treatment maximal 

Cortisol levels on the DEX/CRH test were associated with relapse of major depression. 



INTRODUCTION 

Approximately 50% of patients diagnosed with major depressive disorder (MDD) will 

experience a recurrent course of illness (1). For patients who have had two episodes of 

MDD, the chance of experiencing a third rises to 60-90% (2). Prevention of relapse has 

therefore become an important and challenging goal in the management of major depression. 

To achieve this, further knowledge of pathogenic mechanisms causing recurrence in major 

depression is required, as well as the identification of predictors of relapse. 

One line of investigation focuses on the link between major depression and a disturbed 

regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. 

Several changes in the HPA axis have been described in major depression reflecting 

hyperactivity of the HPA axis: hypercortisolism (both elevated mean 24 hour serum Cortisol 

as well as 24-hour urinary excretion), non-suppression of serum Cortisol concentrations in 

the dexamethasone-suppression test (DST) in about 20-50% of patients, and finally, an 

increased release of adrenocorticotrophic hormone (ACTH) and Cortisol in response to CRH 

after administration of 1.5 mg of dexamethasone (DEX/CRH test). For an extensive review, 

see (3). Interestingly, healthy first-degree relatives of patients with depression have higher 

Cortisol response to the DEX/CRH test than a control group (4), supporting a genetic basis 

for the relationship between the endocrine changes and mood disorder. This has recently 

led to the development of novel classes of antidepressants acting as CRH(1) receptor 

antagonists and glucocorticoid receptor antagonists (5). Preliminary studies show that these 

novel agents may indeed be effective in the treatment of major depression (5-9). 

The combined dexamethasone / corticotrophin releasing hormone (DEX/CRH) test has been 

reported to be the most sensitive of all available neuroendocrine tests for detecting HPA 

axis dysregulation in individuals with depression, detecting hyperactivity in some 90% of 

patients (10). This HPA axis hyperactivity has been reported to normalize during treatment, 

which precedes the full resolution of clinical depressive symptoms. Persistent HPA 

dysregulation despite a favorable clinical response to treatment for depression may therefore 

well be associated with a high risk for recurrence of depressive symptoms. 

Few studies have investigated the value of HPA axis parameters as predictors of relapse. 

Studies on the value of the dexamethasone suppression test (DST) as a predictor of outcome 

have been summarized by Ribeiro et al (11). It was concluded that persistent non-suppression 

of Cortisol on the DST after clinical treatment response was correlated with poor outcome 

in terms of recurrence of symptoms, rehospitalization or suicide. 



Thus far the relation between the more sensitive combined DEX/CRH test parameters and the 

occurrence of relapse has only been investigated in a population of inpatients and with a 

short follow-up period of 6 months (12; 13). It was concluded that the persistence of an 

exaggerated Cortisol response, despite clinical remission, predicted relapse of depressive 

episodes. 

We investigated the relation between post treatment DEX/CRH test parameters and the 

occurrence of relapse in a population of outpatients with clinically remitted major depression, 

with a longer follow-up period (mean: 22 months). 
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METHODS 

This study was carried out between February and May 2003, at the Academic Medical 

Center in Amsterdam. The study protocol was approved by the institutional ethics review 

committee and all participants gave written informed consent. 

Subjects 

All patients approached for participation had previously taken part in a randomized, double-

blind placebo-controlled clinical trial, investigating the efficacy of triiodothyronine (T3, active 

thyroid hormone) addition to paroxetine in the treatment of depression. 

Patients included in this clinical trial were between 18 and 65 years of age, fulfilled criteria 

for major depressive disorder according to the Structured Clinical Interview for Axis I DSM-

IV Disorders (SCID) (14) and had a baseline score of at least 16 on the 17-item Hamilton 

Rating Scale for Depression (HRSD) (15) before treatment. Response to treatment was 

assessed after 8 weeks of outpatient treatment with paroxetine 30 mg and addition of 

either a low dose T3 (25 u,g), a high dose T3 (50 fig), or placebo. Treatment response was 

defined as a reduction in HRSD score of > 50%. Results of the trial revealed no benefit of T3 

addition whatsoever when compared with placebo (16). 

Out of the 106 patients, 47 (44%) responded to treatment within the 8 weeks duration of the 

fore mentioned trial. They were all advised to continue paroxetine for at least 6 months, 

whereas T3 or placebo was discontinued. These 47 clinically remitted patients were invited by 

letter to take part in a follow-up study investigating the occurrence and prediction of relapse. 



Study design 

Relapse was assessed by means of a telephone interview, carried out 8 to 38 months 

(mean: 22 months) after complet ion of the treatment protocol. Interviews lasted 

approximately 30 minutes each and were all carried out by one of us (MV), instructed, 

trained and supervised by an experienced psychiatrist (JH). Both were masked with respect 

to the DEX/CRH test results. The occurrence of a major depressive episode since response 

to treatment was assessed by means of the SCID, section mood disorders. If relapse had 

occurred, time to relapse since completion of the treatment protocol was determined and 

inquiry was made about the duration and dosage of treatment with paroxetine or other 

antidepressants thereafter. 

All interviews were taped on audiocassette and judged by a psychiatrist (JH), in order to 

confirm the occurrence of and time until relapse. In two cases additional information was 

gathered during a second telephone interview in order to reach consensus on the occurrence 

of relapse. 

Rating scales for depression 

Scores for severity of depression before and after treatment were available, as measured 

with the HRSD, Montgomery Asberg Depression Rating Scale (MADRS)( 17), Hamilton Anxiety 

Rating Scale (HARS) (18) and Beck Depression Inventory (BDI) (19). 

The HRSD, MADRS and BDI are well known rating scales measuring severity of depression. 

The HARS measures severity of anxiety symptoms. The scores on HRSD, MADRS and HARS 

were obtained by means of a semi-structured interview. The BDI is a patient rated scale. 

Endocrine values 

Cortisol and ACTH levels in response to the DEX/CRH test (10) were available as measured 

before and after treatment. On both occasions the procedures were as follows. The DEX/ 

CRH test (10) was combined with a thyrotrophin-releasing hormone (TRH) test. Subjects 

were given a tablet of 1.5 mg dexamethasone at 23.00h, the evening before the test. On 

the day of the test, an intravenous catheter was inserted at 14.00h. At 14.45h and 1 5.00h 

baseline values for ACTH, Cortisol and thyroid-stimulating hormone (TSH) were obtained. At 

15.00h 100 ug CRH of human origin (Ferring Hoofddorp, Holland) was intravenously injected, 

directly followed by 400 ug of TRH (Protirelin, Hoechst AG, Frankfurt am Main, Germany). 

Blood samples were taken every 15 minutes from 15.15h until 16.30h. During the intervals 



of blood sampling, the catheter was kept open by regular flushing with saline. The test was 

administered indoors and after lunch, during the test patients remained seated and were not 

allowed any smoking, food or drinks except for a sip of water. All sera were kept at -20°C. 

Hormone assays were conducted at the Endocrinology Laboratory of the Academical Medical 

Center in Amsterdam. Cortisol levels were determined by luminescence enzyme immunoassay 

on an Immulite (Diagnostic Products Corporation, Los Angeles, CA), with a detection limit 

of 30 nmol/L. The intra-assay coefficient of variation was 5.8%; the inter-assay coefficient 

of variation was 7.0%. ACTH levels were determined by immuno lumino metric assay (Nichols 

134 Institute, Los Angeles, CA), with a detection limit of 1 ng/L. The intra-assay coefficient of 

variation was 3.7%, the inter-assay coefficient of variation was 5 .1%. 

Values for delta ACTH and delta Cortisol response were calculated by subtracting the level 

at baseline (15.00 h) from the maximal level reached during the test. Calculations of the 

dichotomous variables for the prediction of relapse by Cortisol were reproduced from Zobel 

et al. (13), who defined 'diff Cortisol' and 'discharge Cortisol' as predictive parameters for 

relapse of major depression. 

'Diff Cortisol' was considered elevated if the maximal concentration of plasma Cortisol in 

the DEX/CRH test at discharge exceeded 100 ng/ml (275 nmol/L), or if the maximal level of 

the test after treatment was more than 17 ng/ml (47 nmol/L) higher than the maximal level 

before treatment. All other cases were considered to have a normal 'diff Cortisol'. 

'Discharge Cortisol'was defined by means of the plasma Cortisol levels during the DEX/CRH 

test conducted after treatment. 'Discharge Cortisol' was considered elevated if the maximal 

Cortisol level was at least three-fold higher compared to the Cortisol level before CRH infusion. 

In addition, the Cortisol level at 15.00h had to be >9 ng/ml (>24.75 nmol/L). All other 

patients were considered to have a normal 'discharge Cortisol'. 

Statistical analysis 

T-tests and Chi-square or Fisher's exact tests were performed where appropriate to compare 

the relapsed and non-relapsed groups on characteristics as measured at the time of treatment 

response. ACTH response variables were not normally distributed and therefore loga

rithmically transformed to ln(maximal ACTH) and ln(delta ACTH) before statistical analysis. 

Statistical significance was defined as a 2-tailed PO.05. To assess the value of the endocrine 

parameters of interest for the prediction of relapse, Cox regression survival analysis was 

performed. 



RESULTS 

Forty-five out of 47 unipolar depressed patients, who had responded favorably to 8 weeks 

of outpatient treatment, were available for follow-up. Of these 45 remitted patients, 23 

(51%) had remained without a relapse during the follow-up period, while 22 (49%) had 

relapsed. Thirteen of these patients relapsed within the first 6 months after treatment. 

There were no differences between the relapsed and non-relapsed groups in duration of 

follow up, sex, age, T3 addition during treatment, HRSD score after treatment (Table 1). As 

expected, relapse occurred relatively more often in patients who entered the study with a 

diagnosis of chronic or recurrent depression, but this was not statistically significant (Chi-

square, p = 0.18andp = 0.10 respectively). Adherence to the advised 6 months continuation 

of paroxetine treatment was not different between the two groups: 1 5 out of 23 patients 

(65%) who did not relapse had continued paroxetine for at least 6 months after treatment 

response, compared to15 out of 22 (68%) in the group who experienced a relapse (Table 

1). Out of 41 participants who were followed up for at least 12 months, 20 patients (49%) 

had continued paroxetine for at least 12 months (47% of patients who relapsed, 50% of 

patients who did not relapse). 

Table 1. Demographic and clinical characteristics in relapsed and non-relapsed patients 

Non-relapsed Relapsed 
(n - 23) (n = 22) 

Sex (no;% female) 14(61%) 16(73%) 
Age (years ± SD) 49.8 ± 9.3 49.1 ± 13.4 
T3 addition during treatment (no;%) 11 (48%) 12 (55%) 
Chronic depression (no;%) 8(35%) 12(55%) 
Recurrent depression (no;%) 9 (40%) 14 (64%) 
Continued paroxetine medication > 6 months (no;%) 15 (65%) 15 (68%) 
HRSD score on discharge (no;%) 6.4 ± 2.2 6.6 ±2.9 
Follow-up (months; mean ± SD) 21.9 ±9.7 22.2 ±10.6 
Time to relapse (months; median, range) not applicable 5.5(1-29) 

Abbreviations: HRSD Hamilton Rating Scale for Depression; SD standard deviation 

Comparison of relapsed versus non-relapsed patients 

Table 2 shows post treatment ACTH and Cortisol levels in the DEX/CRH test for patients 

who relapsed and for those who experienced no new depressive episode during follow-up. 

Post treatment maximal ACTH and maximal Cortisol levels were significantly higher among 

patients who relapsed. The same was true for the post treatment delta ACTH and delta 

Cortisol levels. Concerning the two dichotomous predictor variables, we found a trend towards 



Table 2. Post treatment DEX/CRH test parameters in relapsed versus non-relapsed patients 

Non-relapsed Relapsed P-value 
(n = 23) (n = 22) 

Post DEX Cortisol (prior to CRH) (nmol/l; mean ± SD) 
Maximal ACTH (ng/l; median, interquartile range) 
Delta ACTH (ng/l; median, interquartile range) 
Maximal Cortisol (nmol/l; mean ± SD) 
Delta Cortisol (nmol/l; mean ± SD) 
'Discharge Cortisol' (no; % elevated)! 
'Diff Cortisol' (no; % elevated)! 

46.4 ± 56.3 
16.0(11.0-24.0) 
12.0(8.0-21.0) 
217.6 ± 183.8 
182.4 ± 176.2 

1 5 (65%) 
8 (35%) 

37.9 ±31.3 
30.5(19.3-42.0) 
24.5(15.0-38.0) 
337.1 ± 185.1 
295.0 ± 164.9 

20(91%) 
14(64%) 

0.60 
0.02J 
0.03t 
0.03 
0.03 
0.07 
0.05 

Abbreviations: DEX dexamethasone; CRH corticotrophin-releasing hormone; SD standard deviation; ACTH 
135 adrenocorticotrophic hormone, "("Calculation of dichotomous predictor variables according to Zobel et al, 2001, 

! T-test on the natural logarithm of the variable 

a higher prevalence of elevated 'diff Cortisol' and elevated 'discharge Cortisol' among patients 

who relapsed during follow-up. The relative risk for relapse among patients with an elevated 

'discharge Cortisol' response was 2.86 (95% CI 0.80- 10.2) compared to patients with a 

normal 'discharge Cortisol'. For patients with an elevated 'diff Cortisol' the relative risk of 

relapse was 1.82 (95% CI 0.96- 3.48). 

Relative to pretreatment values, mean post treatment DEX/CRH test results decreased in 

the group that did not relapse during follow up, whereas these values increased in the 

group of patients who relapsed. E.g. in the non relapsed group pre treatment maximal 

Cortisol values were 237.6 ± 180.4 nmol/l (mean ± SD) compared to post treatment 217.6 

± 183.8 nmol/ l . In the relapse group pre and post treatment values were 2-68.4 ± 191.2 

nmol/ l and 337.1 ± 185.1 nmol/ l , respectively. 

Maximal ACTH values in the no relapse group were 17.0 (13.0-25.0) ng/ l (median; 

interquartile range) for the pre treatment test, 16.0 (11.0-24.0) ng/l for the post treatment 

test. In the relapse group pre treatment maximal ACTH value were 19.5 (15.8-29.8) ng/l 

compared to 30.5 (19.3-42.0) ng/l post treatment. Figure 1 illustrates the difference in 

serum Cortisol response curves throughout the DEX/CRH test between the relapse group 

and the group who did not relapse. 



300 Figure 1. Cortisol response in the DEX/CRH test 
Median serum Cortisol values for the patients who 
relapsed (n=22) and those who did not relapse 
(n-23) 

00 14:45 15:00 15:15 15:30 15:45 16:00 16:15 16:30 Abbreviations: DEX dexamethasone; CRH 
time (h) corticotrophin-releasing hormone 

Prediction of relapse by means of mult iple regression analysis 

For the prediction of relapse a Cox regression analysis was performed. We first tested 

endocrine and clinical variables in a univariate model in order to select the most important 

variables. The following variables were tested: duration of follow-up in months, sex, age, 

recurrent depression, chronic depression, severity scores on the HRSD, MADRS, BDI and 

HARS after treatment, T3 addition to paroxetine; the endocrine parameters 'diff Cortisol', 

'discharge Cortisol', ln(maximal ACTH), maximal Cortisol, ln(delta ACTH) and delta Cortisol 

levels as measured during the DEX/CRH test after treatment. Subsequently, the most 

important variables were included in the predictor model (inclusion criterion: Wald P < 0.2). 

Nine variables fulfilled this criterion: the clinical variables recurrent depression, chronic 

depression and BDI score after treatment, and the DEX/CRH test response variables 'diff 

Cortisol', 'discharge Cortisol', maximal and delta Cortisol level as well as maximal and delta 

In(ACTH) level. 

These covariates were entered in a Cox regression analysis, and a backwards procedure for 

removal of variables was followed with the likelihood ratio as exclusion criterion (removal if 

P > 0.1). Two variables remained in the final (best) model for the prediction of relapse of 

depression: the BDI score after treatment (B = .062; Wald = 3.282; df = 1; p=0.07) and the 

maximal Cortisol value in response to CRH after treatment (B = .002; Wald = 2.824; df =1; 

p=0.09), both reaching a trend for significance. 

Post treatment maximal Cortisol level appeared as the most important DEX/CRH test response 

variable in relation to relapse. To illustrate the association between high post treatment 
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maximal Cortisol levels and relapse, Figure 2 shows the difference in 'survival' (until relapse) 

between the group of patients with high post treatment maximal Cortisol levels (defined as 

above median, >230 nmol/L; n=22) and the group with low post treatment maximal Cortisol 

levels (<230 nmol/L; n=23). There was an almost significant difference in 'relapse-free survival' 

(Log Rank test, p=0.05) in favor of the group with low post treatment maximal Cortisol 

levels. 

Figure 2 Time to relapse. 
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high max Cortisol 
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36 42 

Kaplan-Meier survival curves for the comparison of time to relapse of those with a high maximal Cortisol value (n=22) 
and those with low maximal Cortisol value (n=23). The median maximal Cortisol (230 nmol/L) was chosen as the 
cutoff value. The difference in 'relapse-free survival' was almost significant (Log Rank test, p=0.05) 

DISCUSSION 

First of all, the results of this study illustrate once again that the occurrence of relapse after 

initial response to treatment for major depression is a considerable problem. During a mean 

follow-up period of 22 months after outpatient treatment, 22 (49%) of the 45 treatment-

responders had experienced a relapse. Thirteen patients (29%) relapsed within the first 6 

months after treatment, which is slightly more when compared to the study of Zobel et al. 



(13) where 18% (13 out of 74 patients) relapsed within 6 months. The high number of 

patients diagnosed with recurrent (51 %) and/or chronic (44%) depression in our population 

may have contributed to these high relapse rates. 

In this study we investigated the association between post treatment DEX/CRH test 

parameters in outpatients with clinically remitted major depression and the occurrence of 

relapse. We found that a persistent high Cortisol response to CRH was indeed associated 

with a higher risk of relapse, when the relapsed group was compared to the non-relapsed 

group with respect to characteristics as measured at the time of treatment response. Mean 

maximal and delta Cortisol response values, as well as mean maximal and delta ACTH response 

values to the DEX/CRH test after treatment, were significantly higher in the group that 

relapsed. There was a trend towards a higher prevalence of elevated 'diff Cortisol' and 

elevated 'discharge Cortisol' among patients who relapsed during follow-up. Our study is 

the first to confirm this association in a group of outpatients. Cortisol values after 

dexamethason but prior CRH administration did not discriminate the relapse and no relapse 

groups. Interestingly, relative to pretreatment values, mean post treatment DEX/CRH test 

Cortisol and ACTH response values lowered for the no relapse group, whereas these values 

increased in the relapse group. 

Out of 16 clinical and endocrine variables that were investigated for their predictive value, 

none of the DEX/CRH test parameters appeared significantly related to the time to occurrence 

of relapse after treatment on univariate testing in a Cox regression analysis. Combining 

these possible predictors in a multiple regression analysis hardly altered the predictive values 

of these variables. However, although no powerful predictors were found in this relatively 

small study, the maximal Cortisol value in response to the DEX/CRH test showed to be one 

of the two most important variables that ultimately remained in the prediction model. A 

Kaplan Meier survival curve further illustrated how higher post treatment Cortisol response 

is associated with relapse. 

In this study, unfortunately, the two dichotomous variables 'diff Cortisol' and 'discharge 

Cortisol' did not sufficiently predict relapse in our patient sample to be of clinical value for 

individual outpatients. Several differences between the studies of Zobel and our study could 

have been of importance for this discrepancy. One could argue that in our population of 

outpatients, with a major depression of generally moderate severity, HPA axis alterations 

are less pronounced than in inpatients or in a more severely ill population, making it less 

likely to find a strong relation with relapse. On the other hand, 35 out of 45 patients (77%) 



in our trial were considered to have an elevated 'discharge Cortisol', and 22 out of 45 (49%) 

to have an elevated 'diff Cortisol'. 

So the lack of predictive value of these two relapse predictors in our study is not due to a 

lack of variance (patients fulfilling the criteria for elevated Cortisol responses as defined by 

Zobel et al). Regarding the differences in population, patients were included in our study if 

they fulfilled the criterion for treatment response, defined as a > 50% decrease in score on 

the HR5D. Zobel et al. reported on remitted patients only, which usually is a stricter outcome 

criterion. However, Zobel et al. defined remission as having a HRSD score of 10 or less, 

140 instead of the more common 8 or less. Therefore, when we repeated the Cox regression 

analysis with the criterion for remission as used by Zobel et al, this led to the exclusion of 

only one patient and did not influence our conclusions. But it should also be noted that 

these dichotomous variables were defined by Zobel et al. in order to extract easily accessible 

predictors from the Cortisol responses in their own patient sample. In fact, little information 

was given by the authors to explain the significance of these criteria or how the criteria for 

the definition of 'diff Cortisol' and 'discharge Cortisol' were established. From our study, it 

appears that the more straightforward continuous variables from the DEX/CRH test (such 

as delta and maximal Cortisol and ACTH values) have a stronger association with relapse 

than the two fore mentioned dichotomous variables. 

Naturally, there are some limitations to our study as well. First, the relatively small sample 

size of our study limited the power to detect significant relations with relapse. 

Second, a limitation of this study is that the diagnosis of relapse was assessed by means of 

a telephone interview instead of a face-to-face interview. We made this choice in order to 

obtain follow-up data from as many remitted patients as possible: as we only had 45 remitted 

patients in our study, we considered it very important to gather follow-up data from as 

many patients as possible in a standardized way. Given the fact that participants came from 

all over the country, we doubted that all patients would agree to come to Amsterdam for a 

face-to-face interview. Our choice was supported by a study in which telephone and face-to-

face assessments of axis I psychopathology were conducted with the same subjects assigned 

to conditions in a counterbalanced manner found very good agreement for major depressive 

disorder (20;21). Also, the fact that time to relapse was established in a retrospective way 

will certainly have caused some imprecision. 

Third, there was a large variation in duration of follow-up. This was caused by the fact that 

all follow-up telephone interviews were carried out between February and April 2003 by a 

researcher who was available for that period to collect the data, whereas the inclusion 



period of the original treatment trial ranged from October 1999 to June 2002. By 

consequence, the duration of follow up was variable. For the prediction of relapse we 

therefore used a Cox regression analysis, which is a form of survival analysis, for the prediction 

of relapse. This type of analysis focuses on the time taken for some event to occur, and is 

particularly suitable when patients have been followed up for varying lengths of time. This 

type of survival analysis assumes a constant effect of the variables of interest on the duration 

until relapse over time, an assumption of which we cannot be certain. For the comparisons 

between the relapsed versus non relapsed group, a fixed follow up duration would have 

been preferable. However, mean duration of follow up was not different between the 

groups, reducing the probability of interference with the results. 

Fourth, the DEX/CRH test was combined with a simultaneous TRH test. This may have 

influenced the results of the TRH test, as dexamethasone is known to suppress TSH (22). As 

no reports were available on the influence of TRH on the DEX/CRH test results, a pilot study 

was carried out in two healthy individuals who both underwent two DEX/CRH tests, one 

with and one without simultaneous TRH test, before the actual trial was started. In this pilot 

the TRH test did not interfere with the outcome of the DEX/CRH test. 

Fifth, part of the patients received T3 addition next to their paroxetine, whereas others 

received placebo, which could have interfered with the results as well. However, T3 addition 

was not related to response to treatment in the initial treatment study and was not continued 

during the follow up period. The proportion of patients who had been randomized to 

receive T3 addition was similar in the relapse and non-relapse group, which makes it unlikely 

that this was a confounder. Furthermore, to be certain T3 addition was entered in the 

prediction model but was not related to relapse. 

In conclusion, this study confirms the association between a persistent high Cortisol response 

on the post treatment DEX/CRH test and a high risk of relapse and is the first to find this 

relation in a group of outpatients with clinically remitted major depression. This further 

supports the assumption that the pathogenesis and course of depression are associated 

with a dysregulation of the hypothalamic-pituitary-adrenocortical (HPA) axis. 

Future larger studies should investigate the occurrence of relapse in a prospective way, and 

identify which cut-off values for HPA axis variables give the best prediction of relapse. In 

addition, it would be of great interest to investigate whether novel classes of antidepressants 

acting as CRH(1) receptor antagonists and glucocorticoid receptor antagonists are capable 

of normalizing HPA axis response and whether this proves to prevent the occurrence relapse. 
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