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Preclinical and clinical studies have suggested a role of the mineralocorticoid receptor (MR) in the
response to antidepressants. We tested in a proof-of-concept study whether adding fludrocortisone (an
MR agonist) or spironolactone (an MR antagonist) accelerates onset of action and improves efficacy of
escitalopram in patients with major depression.

We included 64 in- and outpatients with major depression (Hamilton Depression Scale-17 score > 18)
in a double-blind, randomized, placebo-controlled trial. Patients were randomized in a 2:2:1 fashion to
fludrocortisone (0.2 mg/d, n = 24) or spironolactone (100 mg/d, n = 27) or placebo (n = 13) for the first
3 weeks during a 5-week treatment with escitalopram.

No differences in mean HAMD change scores and in time to response emerged between treatments.
However, among the responders, patients treated with fludrocortisone responded faster (Breslow test,
p = 0.05). The mean number of days to response was 16.0 ± 2.6 days vs. placebo 22.2 ± 2.0 vs. spironolac-
tone 22.6 ± 2.3 (F = 3.78, p = 0.03). In the whole group, plasma cortisol increased during spironolactone
and decreased during fludrocortisone treatment (F = 2.4, p = 0.04). In patients treated with fludrocorti-
sone, non-responders had elevated cortisol values compared to responders throughout the study period
(F = 5.1, p = 0.04).

Stimulation of MR with fludrocortisone as adjunct to escitalopram accelerated the response in the
group of responders while no effect emerged in the sample as a whole. A larger randomized controlled
trial is warranted.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Depression has been identified by the World Health Organiza-
tion (WHO) as one of the top 10 health problems worldwide in
2007 (WHO, 2007). Despite advances in the treatment of depres-
sion, insufficient response to antidepressants and their delayed on-
set of action still represent major therapeutic obstacles (Nemeroff
and Owens, 2002). Therefore, there is an urgent need to develop
therapies that act faster and improve response and remission (Insel
and Charney, 2003; NIMH, 2003). Accordingly, a recent consensus
meeting called for more early-stage, well-designed proof-of-con-
cept studies (Gelenberg et al., 2008).

Most of today’s antidepressants elicit their effects through
monoaminergic mechanisms. However, evidence suggests that in-
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creased activity of the hypothalamus–pituitary–adrenal (HPA) axis
leading to elevated cortisol is involved in the pathophysiology of
depression rendering the HPA axis a plausible target for novel anti-
depressive medication (Nemeroff and Owens, 2002; Holsboer and
Ising, 2008; Pariante and Lightman, 2008; Schatzberg and Lindley,
2008). Accordingly, several studies have examined whether target-
ing the HPA axis might exert antidepressive effects. Main strategies
involved (1) glucocorticoid receptor (GR) antagonists, such as mife-
pristone (Belanoff et al., 2002; DeBattista et al., 2006), (2) antago-
nists of Corticotropin-Releasing Hormone (CRH) (Zobel et al., 2000;
Binneman et al., 2008; Holsboer and Ising, 2008), or (3) steroid
synthesis inhibitors, such as metyrapone (Jahn et al., 2004) or keto-
conazole (Wolkowitz et al., 1999). However, these trials have
yielded equivocal results with regard to efficacy. For example, a re-
cent study found that a CRH antagonist was less efficacious than
sertraline (Binneman et al., 2008). A recent Cochrane review sum-
marized these findings and concluded that targeting the HPA axis
in the treatment of depression is at the proof-of-concept stage
and warrants further investigation to establish clinical utility
(Gallagher et al., 2008).

http://dx.doi.org/10.1016/j.jpsychires.2009.10.006
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Cortisol, the effector hormone of the HPA axis in humans, exerts
its action via two different receptor systems: mineralocorticoid
receptors (MR) are restricted in anatomical localization and mainly
located in the hippocampus, while GR are expressed throughout
the brain (de Kloet et al., 2005). There is preclinical and clinical
evidence that MR are involved in the pathophysiology of depres-
sion, making them also an interesting target for new antidepres-
sant treatment options (de Kloet et al., 2005; Kellner and
Wiedemann, 2008).

Clinical studies examining MR function in depression revealed
equivocal results. Some studies point to a diminished MR function
in depression. Depressed patients who committed suicide showed
decreased MR expression in hippocampus and prefrontal cortex
(Lopez et al., 1998, 2003). Furthermore, preliminary data suggested
that adding the MR antagonist spironolactone for the first 10 days
of treatment diminished the antidepressive effects of amitriptyline
after 3 weeks (Holsboer, 1999). Finally, animal studies demon-
strated that antidepressants upregulate central MR (Brady et al.,
1991; Seckl and Fink, 1992; Reul et al., 1993; Barden et al., 1995;
Yau et al., 1995; Yau et al., 2002). All of these studies would suggest
that stimulating MR function might be a promising approach to
improve antidepressant treatment.

On the other hand, there are also studies that suggest an in-
creased MR function in depression (Young et al., 2003), up-regu-
lated MR gene expression in the hypothalamus of depressed
patients (Wang et al., 2008), down-regulation of hippocampal MR
in response to antidepressants (Yau et al., 2001), anxiolytic effects
of blocking MR in animals (Korte et al., 1995; Smythe et al., 1997;
Bitran et al., 1998), and anxiogenic effects of the MR agonist aldo-
sterone (Hlavacova and Jezova, 2008). Furthermore, spironolactone
improved mood in premenstrual syndrome (O’Brien et al., 1979;
Wang et al., 1995), in bulimia nervosa (Wernze, 2000), and reduced
residual symptoms in euthymic patients with bipolar disorder
(Juruena et al., 2008). These studies suggest that blocking MR
might be more promising from a therapeutic perspective.

Given the rationale that derived from previous studies for both
stimulating and blocking the MR, we examined in a proof-of-con-
cept study whether adding spironolactone (an MR antagonist) or
fludrocortisone (an MR agonist) to escitalopram, a standard selec-
tive serotonin reuptake inhibitor, induces a more rapid and effica-
cious treatment response in patients with major depression.
2. Methods

The aim of this study was to examine whether the adjunctive
treatment with an MR agonist (fludrocortisone) or an MR antago-
nist (spironolactone) accelerates onset of action and improves effi-
cacy of escitalopram. Thus, each patient received escitalopram and
was in addition randomized to fludrocortisone, spironolactone, or
placebo for the first 3 weeks of treatment. The study was registered
at http://www.clinicaltrials.gov, reference number NCT00295347
and has been carried out in accordance with the Declaration of
Helsinki.
2.1. Participants

A total of 186 patients referred within a 3-year period from Jan-
uary 2005 to May 2008 to a specialized depression clinic at the
University Hospital Hamburg met DSM-IV diagnostic criteria for
major depressive disorder according to assessments by two expe-
rienced psychiatrists (CO and KH). A total of 64 patients gave in-
formed consent and were included in the trial (Fig. 1). Inclusion
criteria were (1) a diagnosis of major depressive disorder, single
or recurrent according to DSM-IV criteria 3); (2) a minimum base-
line score of 18 points on the Hamilton Rating Scale for Depression,
17-item version (HAMD-17); (3) age from 18 to 70 years; (4) at
least 5 days free from antidepressants, antipsychotics, mood stabi-
lizers, and other medications influencing HPA activity, and (5) no
treatment with fluoxetine or injectabtle antipsychotics for at least
30 days. Criteria for exclusion were (1) dementia, schizophrenia or
schizoaffective disorder, bipolar disorder, substance depen-
dence < 6 months, (2) serious medical conditions, especially those
associated with adrenal insufficiency; steroid use or well-known
impact on HPA activity, (3) pregnancy, nursing, or not using a reli-
able method of birth control, and 4) any contraindication for flu-
drocortisone, spironolactone, or escitalopram.

The study was approved by the local ethics committee. After
complete description of the study to the subjects, written informed
consent was obtained.

2.2. Procedures and medication

Following baseline assessments, 64 subjects who met inclusion
criteria entered a 3-week, double-blind treatment period with
either spironolactone (50 mg given orally two times a day =
100 mg/d) or fludrocortisone (0.1 mg given orally two times a
day = 0.2 mg/d), or placebo (two times a day) at 8:00 h and
20:00 h. In addition, standard antidepressant treatment with escit-
alopram was started in parallel with a fixed dose (10 mg/d) for the
first week and could then be increased during the following weeks.

After day 21, patients continued to take escitalopram, but
fludrocortisone, spironolactone, or placebo medication was
stopped. The study period ended after 5 weeks to ensure that pos-
sible discontinuation effects would be captured. Fludrocortisone
and spironolactone were capsuled, and identical placebo capsules
were produced. The concomitant use of lorazepam and/or zolpi-
dem/zopiclon was allowed throughout the study period, whereas
any use of antipsychotics or mood stabilizers was not permitted.
Allocation codes were provided in sealed envelopes for each
patient at the pharmacy of University Hospital Hamburg, where
formulation and blinding were conducted. The randomization
was organized using the PLAN procedure from the SAS/STAT soft-
ware (SAS Institute Inc., Cary, NC). Randomization was stratified
for sex.

2.3. Scales

We assessed several sociodemographic and illness-related vari-
ables at baseline (Table 1). Psychopathology was assessed weekly
at days 0, 7, 14, 21, 28, and 35. We used the Hamilton Depression
Rating Scale (HAMD-17) and the Beck Depression Inventory
(revised 21-item version) to measure severity of depression.
Adverse effects were assessed by a German adaptation of the
Udvalg for Kliniske Undersogelser (UKU) side effect scale. All
clinical interviews were conducted by two authors (CO and KH).

2.4. Laboratory parameters

Blood samples for clinical chemistry and endocrine parameters
(cortisol and aldosterone) were collected on days 0, 7, 14, 21, 28,
and 35. All blood samples were taken between 8:00 and 11:00 h.
We measured plasma levels of escitalopram during the steady-
state phase (day 14). Endocrine parameters were determined by
commercial radioimmunoassay with coated tube techniques
(DRG-Instruments, Marburg, Germany). For both hormones, the
interassay coefficient was <9.0% while the intra-assay coefficient
was <4.5%.

Escitalopram was determined after automated extraction via
column switching by reverse-phase high performance liquid chro-
matography using UV detection.

http://www.clinicaltrials.gov


Fig. 1. CONSORT flow chart.

Table 1
Characteristics of participants according to treatment group.

Variable Fludrocortisone n = 24 Spironolactone n = 27 Placebo n = 13 p-Value

Age, years 36.5 ± 12.7 36.7 ± 10.6 34.5 ± 12.7 .85
Women, % 63 61 64 .99
Smokers, % 68 50 35 .13
Inpatients, % 67 63 75 .95
First episode, % 23 52 50 .07
Previous episodes, mean No. 1.5 ± 1.4 0.6 ± 0.9 0.8 ± 1.2 .03*

Positive family history, % 65 63 50 .67
Duration of current episode, months 7.4 ± 5.4 8.0 ± 9.9 5.2 ± 3.3 .50
HAMD 26.0 ± 4.4 27.1 ± 5.2 27.3 ± 4.2 .90
BDI 31.1 ± 9.9 31.2 ± 9.7 30.1 ± 10.4 .86
Escitalopram dosage (mean mg/day 35) 16.4 ± 4.1 14.7 ± 4.5 15.0 ± 4.1 .39
Lorazepam dosage (mean mg/d) 0.18 ± 0.4 0.21 ± 0.2 0.15 ± 0.3 .92
Zolpidem/zopiclon dosage (mean No. tablets/day) 0.33 ± 0.4 0.33 ± 0.3 0.22 ± 0.3 .78

All values given as mean ± SD except otherwise stated. HAMD = Hamilton Depression Rating Scale, MADRS = Montgomery-Asberg Depression Rating Scale, BDI = Beck
Depression Inventory.
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2.5. Statistical analyses

The sample of 64 patients was estimated to be sufficient to de-
tect equally large effect sizes that we found in our previous study
with metyrapone (Jahn et al., 2004) with a power of 80% at an a le-
vel of .05. For statistical evaluation of outcome criteria, we used the
intention-to-treat sample of 64 patients with the last observation
carried forward approach. Differences between treatment groups
in demographic baseline variables or adverse effects were tested
by univariate ANOVA or nonparametric tests (Fisher’s exact test
or median test).

Our a priori primary outcome criteria were the change of mean
HAMD scores from baseline to day 21. Multivariate mixed analyses
of variance (MANOVA) were applied to test the effects of treatment
(between-subject factor) and time (within-subject factor with six
levels) on HAMD scores as dependent variables. The time to re-
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sponse was our secondary outcome criteria and was analyzed by a
Kaplan–Meier survival analysis and embedded Breslow test con-
sidering dropouts as censored cases. Time to response was deter-
mined in the whole group and in the responders only.

ANCOVA with a repeated measures design was applied to test
the effects of treatment (between-subject factor) and time (with-
in-subject factor with six levels) on cortisol and aldosterone as
dependent variables. We adjusted our analyses for covariates
known to influence HPA activity (sex, age, smoking, and body mass
index). In case of significant treatment � time interactions, we
used paired t-tests to determine endocrine changes within each
treatment group. As a nominal level of significance, a = .05 was ac-
cepted. Measures are given in mean ± SD unless otherwise stated.
Fig. 2. (a) All patients, (b) Responders. Cumulative non-response rate,
response = >50% improvement in HAMD baseline score; add-on treatment was
given between day 1 and 21.
3. Results

3.1. Study sample

Demographic variables for the three treatment groups are
shown in Table 1. Participants receiving fludrocortisone were less
likely to have a first depressive episode and had a greater number
of previous episodes. No other differences in demographic or base-
line variables emerged between groups including inpatient vs. out-
patient status (Table 1).

Of the 64 patients randomized, 58 patients completed the trial
and six patients dropped out (Fig. 1).

3.2. Psychopathology

There were no significant baseline differences in severity of
depression between treatment groups (Table 1).

In the whole group, MANOVA revealed a significant effect of
time (F = 21.3, p < 0.01) indicating improvement across treatment
groups. However, no significant main effect of treatment or
time � treatment interaction emerged on HAMD or BDI values
(Table 2).

Survival analysis (Fig. 2a) revealed no differences between
treatment groups in the whole sample. However, among the
responders (n = 41), survival analysis demonstrated that patients
treated with fludrocortisone responded faster (Breslow test,
p = 0.05, Fig. 2b). Patients treated with fludrocortisone responded
6 days earlier than patients treated with placebo or spironolactone
(F = 3.8, p = 0.03, Fig. 3).

Because participants randomized to fludrocortisone were less
likely to have a first episode and had more previous depressive epi-
sodes, we repeated the analyses adjusting for these variables but
this did not change results.

3.3. Endocrinology

Repeated-measures ANCOVA adjusted for age, sex, smoking,
and body mass index revealed no main effect of treatment on cor-
tisol values but a time � treatment interaction (F = 2.4, p = 0.04).
Plasma cortisol declined during fludrocortisone treatment and in-
creased during spironolactone treatment (Fig. 4a). Within the flu-
drocortisone group, cortisol declined from 261 ± 126 ng/ml at
Table 2
HAMD and BDI according to treatment.

Treatment group HAMD D 0 HAMD D 21 HAM

Fludrocortisone 26.0 ± 4.4 15.3 ± 8.8 13.1
Spironolactone 27.1 ± 5.2 15.8 ± 6.9 12.6
Placebo 27.3 ± 4.2 13.3 ± 7.7 14.4

All values given as mean ± SD. HAMD = Hamilton Depression Rating Scale, BDI = Beck De
baseline to 213 ± 108 ng/ml at day 21 (paired t-test, p = 0.01).
The decline in cortisol was not correlated with mean changes in
HAMD scores. However, in the fludrocortisone group, responders
had lower cortisol levels compared to non-responders throughout
the study period (Fig. 4b, F = 5.1, p = 0.04). In contrast, initial sever-
ity of depression was not different between responders and non-
responders (HAMD-17 baseline score: responder 26.1 ± 4.6 vs.
non-responder 27.5 ± 4.7, p = n.s.) (Fig. 5).

For plasma aldosterone, rm-ANCOVA demonstrated a main ef-
fect of treatment (F = 15.1, p < 0.01) and a significant treat-
D D 35 BDI D 0 BDI D 21 BDI D 35

± 9.6 31.1 ± 9.9 18.0 ± 10.7 18.5 ± 13.5
± 7.6 31.2 ± 9.7 19.8 ± 14.2 17.3 ± 14.1
± 7.7 30.1 ± 9.8 18.3 ± 9.1 15.9 ± 6.4

pression Inventory.



Fig. 3. Difference between treatment groups in ANOVA: F = 3.8, p = 0.03 among the
responders.

Fig. 4b. Mean values of plasma aldosterone during the treatment period of
5 weeks; add-on treatment was given between day 1 and 21. Repeated-measures
ANCOVA adjusted for age, sex, smoking, and body mass index: time � treatment
interaction, F = 2.4, p = 0.04.

Fig. 4a. Mean values of plasma cortisol during the treatment period of 5 weeks;
add-on treatment was given between day 1 and 21. Repeated-measures ANCOVA
adjusted for age, sex, smoking, and body mass index: time � treatment interaction,
F = 2.4, p = 0.04.
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ment � time interaction (F = 4.8, p < 0.01) indicating that aldoste-
rone was largely increased during spironolactone treatment.

3.4. Tolerability

The study medication was well tolerated, and no serious ad-
verse effects occurred. No differences emerged between treatment
groups on any adverse event including nausea, abdominal discom-
fort, headaches, drowsiness, somnolence, insomnia, agitation,
sweating, and dry mouth (all p-values > .15). We did not observe
any alterations in general clinical chemistry parameters. We mon-
itored sodium and potassium levels weekly throughout the study
period, no significant effects of treatment or time � treatment
interactions emerged between treatment groups.

3.5. Compliance and comedication

In all patients, escitalopram levels were detected in plasma col-
lected on day 14 indicating that each patient took the medication
as prescribed. Mean escitalopram levels were 18.3 ng/ml ± 13.3
without differences between the three treatment groups (ANOVA,
p > 0.1). Furthermore, there was no difference in mean escitalop-
ram dosage at any time point during the 5 weeks (all p-val-
ues > 0.3). Mean escitalopram dosage after 5 weeks is shown in
Table 1. Finally, no between-group differences emerged for loraze-
pam or zolpidem/zopiclon use (Table 1).
Fig. 5. Plasma cortisol in responders and non-responders within the fludrocorti-
sone treatment group. Repeated-measures ANOVA: group effect F = 5.1, p = 0.04.
4. Discussion

We found that in depressed patients treated with escitalopram,
adding fludrocortisone accelerated the treatment response by
6 days in the group of responders. However, no effects emerged
on mean HAMD change scores and time to response in the group
as a whole. Plasma cortisol concentrations increased during spiro-
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nolactone and decreased during fludrocortisone treatment. All
treatments were well tolerated without serious adverse effects.

Our findings suggest that stimulation of MR accelerates the
antidepressive effects of SSRI, at least in those patients who re-
spond to antidepressant treatment. This, in turn, might have
important consequences for public health. An earlier response to
antidepressants is crucial in order to reduce mortality due to sui-
cide, personal suffering, social sequelae as well as mental health
care costs. In Germany, an ever-increasing number of patients
are treated in psychiatric hospitals for depressive episodes or
recurrent depression (year 2000: n = 110.000; year 2006,
n = 178,000), while there is only a moderate decline in length of
duration of hospital treatment (year 2000–2006: 38–34 days)
(Bundesgesundheitsberichterstattung, 2008). A reduction of only
1 day stayed in hospital corresponds with more than 35 million €

savings per year just in Germany. In our study, adding fludrocorti-
sone to standard antidepressant treatment reduced the number of
days until response from 22 to 16 among those patients who did
respond.

Our results are consistent with other preclinical and clinical
studies that explored the role of MR in depression. In preclinical
studies, many animal studies have shown that one of the earliest
effects of antidepressants is upregulation of MR, especially in the
hippocampus (Brady et al., 1991; Seckl and Fink, 1992; Reul
et al., 1993; Barden et al., 1995; Yau et al., 1995, 2002). Further-
more, predominant MR activation in adrenalectomized mice led
to decreased anxiety and arousal (Brinks et al., 2007) while two
studies demonstrated that transgenic mice overexpressing MR in
the forebrain displayed decreased anxiety (Lai et al., 2007; Roze-
boom et al., 2007). These findings are compatible with the idea that
increased MR signalling, either through direct stimulation as in our
study or due to up-regulated MR (Seckl and Fink, 1992; Yau et al.,
1995) might accelerate antidepressant effects. It is possible that
stimulation of MR restores a MR/GR dysbalance that has been
hypothesized to be involved in the pathogenesis of depression
(deKloet et al., 2007).

In clinical populations, the importance of MR in depression is
supported by recent findings that polymorphisms of the MR gene
are associated with depression (Kuningas et al., 2006). Further-
more, MR density is reduced in depressed suicide victims (Lopez
et al., 1998), consistent with the idea that stimulating MR might
be beneficial in depression. It has also been shown that non-re-
sponse to multi-modal treatment including cognitive behavioural
therapy and antidepressant pharmacotherapy is predicted by im-
paired MR function, which appeared to be intact in patients
responding to treatment (Juruena et al., 2006, 2009). Earlier studies
examining antidepressive effects of HPA axis interventions are also
compatible with beneficial effects of MR. Jahn et al. (2004) demon-
strated that treatment with metyrapone, a cortisol synthesis inhib-
itor, in adjunction to standard antidepressant treatment lead to
enhanced antidepressive effects. They hypothesized that the anti-
depressive effects of metyrapone are at least in part mediated by
upregulation of MR in the hippocampus. GR antagonists such as
mifepristone have demonstrated beneficial effects in psychotic
depression (DeBattista et al., 2006) and have also been shown to
up-regulate MR in animal studies (Bachmann et al., 2003). There-
fore, it is possible that a shift in MR/GR balance towards predom-
inant MR effects after GR antagonism is responsible for the
beneficial effects of GR antagonists. Finally, studies have shown
antidepressive properties of CRH antagonists (Zobel et al., 2000)
although findings are equivocal (Binneman et al., 2008). MR have
been shown to restrain CRH activity (Gesing et al., 2001). There-
fore, stimulation of MR might dampen CRH activity in depressed
patients supporting an accelerated antidepressive response. In
summary, all earlier strategies are compatible with an MR-medi-
ated antidepressive effect.
To our knowledge, no study has yet assessed the effects of flu-
drocortisone in major depression. However, two previous studies
failed to show beneficial effects of fludrocortisone as mono-
therapy on depressive symptoms in patients with chronic fatigue
syndrome (Rowe et al., 2001; Blockmans et al., 2003). In our
study, we also failed to demonstrate significant effects of fludro-
cortisone regarding mean changes of HAMD scores from baseline,
but demonstrated a significantly shortened time until response in
the responders. It is possible, that fludrocortisone acts as an
accelerator in a subgroup of patients with major depression but
does not improve overall psychopathology over the course of sev-
eral weeks. We found that within the fludrocortisone group, plas-
ma cortisol was elevated among the non-responders compared to
responders. This was not explained by greater initial severity of
depression in the non-responders. Fludrocortisone inhibits corti-
sol secretion in healthy subjects (Otte et al., 2003a,b; Buckley
et al., 2007) and we also found cortisol inhibition in the fludrocor-
tisone group. However, in our study, cortisol changes during flu-
drocortisone treatment were not correlated with changes in
psychopathology.

Nevertheless, apart from direct effects on HPA activity, there are
additional plausible mechanisms by which stimulation of MR
might exert antidepressive effects. MR overexpression in trans-
genic mice resulted in increased 5-HT1a receptor expression
(Rozeboom et al., 2007) which is known to be reduced in depres-
sion (Drevets et al., 1999). Therefore, a possible mechanism might
be an upregulation of 5-HT1a receptors through stimulated MR.
This is plausible because 5-HT1A-receptors and MR are co-ex-
pressed in the hippocampus (Joels, 2008). However, to our knowl-
edge there is no study so far, that has directly demonstrated 5-
HT1a upregulation through MR activation.

Our findings of beneficial effects of fludrocortisone are compat-
ible with preliminary studies that have demonstrated detrimental
effects of spironolactone in antidepressant treatment with amitrip-
tyline (Holsboer, 1999) and impairing effects on cognition in
healthy men (Otte et al., 2007). However, there also exist studies
that have shown beneficial effects of spironolactone on mood in
premenstrual syndrome (O’Brien et al., 1979; Wang et al., 1995),
in bulimia nervosa (Wernze, 2000), and on residual symptoms in
euthymic patients with bipolar disorder (Juruena et al., 2008).
We did not find any effects of spironolactone compared to placebo
on psychopathology but a large increase of aldosterone after spiro-
nolactone. Therefore, our study does not support a role of aldoste-
rone in the pathophysiology and treatment of major depression as
has been suggested earlier (Murck et al., 2003).

While most of the existing studies in depression are consistent
with our findings, some are more difficult to reconcile with our re-
sults. Young et al. (2003) found increased MR function in depressed
patients compared to healthy controls. However, MR function was
measured by plasma ACTH and cortisol responses to spironolac-
tone in both groups. Peripheral endocrine responses might not nec-
essarily reflect central MR function in relevant brain areas such as
the hippocampus or prefrontal cortex, those brain areas that show
highest MR density. Another level of complexity regarding MR
function is added by the recently discovered low-affinity mem-
brane version of the MR in addition to the high-affinity MR in
the nucleus (Joels et al., 2008).

Fludrocortisone has some affinity for GR although much lower
compared to its affinity to MR (Grossmann et al., 2004). Thus, we
cannot exclude that some of the effects exerted by fludrocortisone
are in fact mediated by GR. This idea would be compatible with
earlier findings that demonstrated acute antidepressant effects of
dexamethasone (Arana et al., 1995), a potent GR agonist and of
intravenous hydrocortisone that stimulates both GR and MR
(DeBattista et al., 2000). It is also possible that a higher dosage of
fludrocortisone for a shorter period of time leading to greater GR
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effects would have been more successful in accelerating the
response.

It appears that HPA alterations in depressed patients depend on
the severity and subtype of depression. Several studies demon-
strated that increased HPA activity is predominantly found in mel-
ancholic and especially psychotic depression (Nelson and Davis,
1997; Posener et al., 2000). In our study, psychotic depression
was an exclusion criterion. Further studies should examine if flu-
drocortisone treatment exerts different effects in the treatment
of psychotic depression.

Strengths of our study include the sample of ‘‘real-world”, treat-
ment-seeking patients with moderate to severe depression as re-
flected in HAMD scores and the fact that about two thirds of
patients were admitted as inpatients. Also, all ratings were per-
formed by the same two experienced and trained psychiatrists.
However, several limitations must also be considered. We had lim-
ited power to detect effects above and beyond those of escitalop-
ram, a standard antidepressant that has demonstrated
superiority compared to other antidepressants in the treatment
of severe depression (Montgomery et al., 2007). This could be
one reason why we did not find significant effects on our a priori
defined outcome criteria but only in post hoc analyses (survival
analysis in the group of responders). Therefore, our results should
be considered exploratory or hypothesis generating until they are
confirmed in a larger randomized controlled trial. However, given
the unmet need for faster and better medications, a recent consen-
sus meeting released a call to action for these smaller and early-
stage but well-designed proof-of-concept studies that might in-
form the design of larger randomized controlled trials (Gelenberg
et al., 2008). Given the relatively short duration of the trial, we
were not able to examine remission rates, the gold standard in
antidepressant research (Keller, 2003). Cortisol and aldosterone
were measured at single time points and not continuously over a
longer period of time. Still, we were able to demonstrate clear
endocrine effects of fludrocortisone and spironolactone. We only
determined escitalopram blood levels. Therefore, we cannot be
sure that patients were compliant with regard to fludrocortisone
and spironolactone. However, the pronounced endocrine changes
in cortisol and aldosterone make it less likely that patients did
not take the study medication.

In summary, we found that in depressed patients treated with
escitalopram, adding fludrocortisone significantly accelerated the
treatment response by 6 days in the responders. A larger random-
ized controlled trial examining the effects of fludrocortisone over a
longer period of time in a larger sample of depressed patients is
warranted.
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