
Effects of mineralocorticoid receptor blockade on empathy
in patients with major depressive disorder

Katja Wingenfeld1
& Linn K. Kuehl1 & Isabel Dziobek2

& Stefan Roepke1 &

Christian Otte1 & Kim Hinkelmann1

Published online: 6 July 2016
# Psychonomic Society, Inc. 2016

Abstract
Background The mineralocorticoid receptor (MR) is highly
expressed in the hippocampus and prefrontal cortex and is
involved in social cognition. We recently found that pharma-
cological stimulation of the MR enhances emotional empathy
but does not affect cognitive empathy. In the current study, we
examined whether blockade of the MR impairs empathy in
patients with major depressive disorder (MDD) and healthy
individuals.
Methods In a placebo-controlled study, we randomized 28 pa-
tients with MDD without psychotropic medication and
43 healthy individuals to either placebo or 300 mg
spironolactone, a MR antagonist. Subsequently, all participants
underwent two tests of social cognition, the Multifaceted
Empathy Test (MET) and the Movie for the Assessment of
Social Cognition (MASC), measuring cognitive and emotional
facets of empathy.
Results In the MET, we found no significant main effect of
treatment or main effect of group for cognitive empathy but a
highly significant treatment by group interaction (p < 0.01).
Patients had higher cognitive empathy scores compared to
controls in the placebo condition but not after spironolactone.
Furthermore, in the spironolactone condition reduced cogni-
tive empathy was seen in MDD patients but not in controls.

Emotional empathy was not affected by MR blockade. In the
MASC, no effect of spironolactone could be revealed.
Conclusion Depressed patients appear to exhibit greater cog-
nitive empathy compared to healthy individuals. Blockade of
MR reduced cognitive empathy in MDD patients to the level
of healthy individuals. Future studies should further clarify the
impact of MR functioning on different domains of social cog-
nition in psychiatric patients.

Keywords Mineralocorticoid receptor . Cortisol . Social
cognition . Emotional empathy . Cognitive empathy .Major
depressive disorder

Introduction

Major depressive disorder (MDD) is characterized by alter-
ations of the hypothalamus pituitary adrenal (HPA) axis,
e.g., higher cortisol release and reduced feedback sensitivity
(Parker et al., 2003). Furthermore, patients with MDD often
exhibit cognitive deficits (Chamberlain & Sahakian, 2006;
Porter et al., 2007). Interestingly, there is some evidence that
higher cortisol levels are associated with impaired memory
and executive function (Hinkelmann et al., 2009; Schlosser
et al., 2011). Glucocorticoids (GCs) exert their effects by bind-
ing to two receptors, the mineralocorticoid receptor (MR) and
the glucocorticoid receptor (GR). MRs and GRs differ in their
affinity and distribution within the brain: while MRs are main-
ly located in the hippocampus and the prefrontal cortex, GRs
are expressed throughout the brain (de Kloet et al., 2005; Joels
et al., 2008; Lupien& Lepage, 2001; Roozendaal et al., 2010).
Furthermore, the two receptor types differ in their binding
properties with (intracellular) MRs having a six- to tenfold
higher affinity for cortisol (de Kloet et al., 2005). Thus, under
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basal conditions MRs are substantially occupied, while GRs
only become heavily occupied under stress.

While most of the effects of GCs on cognition have
been attributed to GRs, more recent studies emphasize
the importance of MRs in the context of cognitive perfor-
mance (de Kloet, 2010; Harris et al., 2012; Joels et al.,
2008). Several studies showed that blocking the MR with
spironolactone leads to impaired cognitive function in
humans (Cornelisse et al., 2011; Otte et al., 2007;
Rimmele et al., 2013). Interestingly, these impairing ef-
fects of MR blockade were most pronounced for emotion-
al memory (Rimmele et al., 2013).

In a series of studies, we investigated the effects of
pharmacological stimulation of GR and/or MR in patients
with MDD and in healthy controls. We found that stimu-
lation of both receptors via hydrocortisone administration
did not affect cognitive performance, i.e., word list learn-
ing, autobiographical memory retrieval, working memory,
and response inhibition, in MDD patients in contrast to
healthy controls (Schlosser et al., 2010; Schlosser et al.,
2013; Terfehr et al., 2011a, b). These results are in line
with the hypothesis of reduced GR sensitivity in MDD
(Holsboer, 2000; Webster et al., 2002). Furthermore,
(selective) MR stimulation with fludrocortisone led to im-
proved performance of verbal memory and executive
function compared to placebo in healthy participants as
well as in patients with MDD (Otte et al., 2015).

Stress and/or glucocorticoids influence a wide range of cog-
nitive and emotional functions such as memory performance,
fear-motivated behavior, and stress-associated emotional reac-
tions (de Kloet, 2013). Furthermore, there is some evidence that
psychosocial stress also impacts social cognition, e.g., empathy
(Tomova et al., 2014; Smeets et al., 2009; von Dawans et al.,
2012). Empathy consists of at least two components: The first is
a cognitive component, which captures the capacity to infer
others' mental states and is also referred to as perspective taking,
mentalizing, or theory of mind (Zaki & Ochsner, 2012). The
second is an affective component, i.e., an emotional response to
another person's emotional state (Blair, 2008; Roepke et al.,
2012). Two examples for valid tasks in the field of measuring
empathy are the BMovie for the Assessment of Social
Cognition^ (MASC) (Dziobek et al., 2006) and the
BMultifaceted Empathy Test^ (MET) (Dziobek et al., 2008).
The MASC is a video-based task and participants are required
to infer emotions, thoughts, and intentions of characters en-
gaged in social interactions. The MET consists of emotional
valent pictures and measures both components of empathy,
i.e., emotional and cognitive empathy.

The MET has previously been used to investigate the ef-
fects of psychosocial stress on empathy in healthy participants
(Wolf et al., 2015). Stress exposure, compared to placebo, led
to higher emotional empathy, while cognitive empathy was
not affected. In addition, the MET has been used in numerous

studies aiming at characterizing empathic functions in psychi-
atric disorders. Of note, diverging patterns of cognitive and
emotional empathy deficits have helped distinguishing diag-
noses with known involvement of callous-unemotional traits
and autism spectrum disorder symptomatology, respectively
(Dziobek et al., 2008; Preller et al., 2014). Furthermore, per-
sonality traits and pathology have been associated with cog-
nitive and emotional empathy dysfunction as measured with
the MET. For example, while individuals with narcissistic
personality disorder have been identified as involving low
emotional empathy, borderline personality disorder seems to
present with both emotional and cognitive empathy reductions
(Dziobek et al., 2011; Ritter et al., 2011).

Studies that examined social cognition in MDD have re-
vealed equivocal results (Schreiter et al., 2013). Of note, there
are some studies, which investigated empathy using the
MASC and theMET.While one study did not find any deficits
in depressed patients in the MASC (Wilbertz et al., 2010),
others reported impaired cognitive empathy in the MASC in
MDD (Wolkenstein et al., 2011). Interestingly, in the same
sample performance in the ‘Reading theMind in the Eyes test’
was better in MDD patients compared to controls. Using the
MET, no alterations in MDD patients have been found
(Thoma et al., 2011). However, to the best of our knowledge
the impact of stress or stress hormones on empathy has not
been investigated in MDD yet.

In one of our own studies using these tasks we demonstrat-
ed that MR stimulation enhanced emotional empathy in the
MET but had no effect on cognitive empathy in the MET and
in the MASC in healthy women and women with borderline
personality disorder (Wingenfeld et al., 2014). Another study
also used theMASC to investigate the association between the
cortisol response to a psychosocial stressor and cognitive em-
pathy (Smeets et al., 2009). In women, elevated cognitive
empathy was found for those who responded with low cortisol
to psychosocial stress exposure. Furthermore, in women there
was a negative association between cortisol reactivity and
MASC scores (Smeets et al., 2009). In men, an opposite pat-
tern was seen, with high cortisol responders showing greater
MASC scores and a negative correlation between stress hor-
mones and empathy. Thus, this study suggests sex-specific
effects of glucocorticoids on social cognition. However,
stress-induced endogenous cortisol release targets both GR
and MR and, thus, the related effects are not distinguishable.

In the current study we aimed to further investigate
the role of the MR in social cognition, i.e., empathy.
We decided to use the MET and the MASC again, as in
our previous study on MR function and empathy in
healthy subjects and patients with borderline personality
disorder. In that study, we found that MR stimulation
increased emotional empathy (Wingenfeld et al., 2014).
Thus, we aimed to investigate whether MR blockade has
the opposite effects. Because other groups have shown
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that stress influences performance in the MASC (Smeets
et al., 2009), we decided to also test the effects of MR
blockade in this task, especially as cognitive empathy in
the MASC was found to be impaired in MDD
(Wolkenstein et al., 2011).

Since stimulation of the MR had positive effects on emo-
tional empathy in our previous study (Wingenfeld et al.,
2014), we hypothesized that blocking the MR would lead to
impaired social cognition. Indeed, it has been consistently
shown that blocking the MR leads to impaired cognitive func-
tion in humans (Cornelisse et al., 2011; Otte et al., 2007;
Rimmele et al., 2013). As studies on empathic abilities in
MDD revealed inconclusive results (Schreiter et al., 2013),
we further aimed to investigate whether patients with MDD
show altered cognitive and emotional empathy when using
ecological tasks like the MET and the MASC, and whether
empathy in depressed patients might be modulated by MR
blockade.

Materials and methods

Participants

Twenty-eight patients with MDD and 43 healthy participants
were recruited and completed the study. Patients included in-
and outpatients recruited from a specialized depression clinic
at the Department of Psychiatry, Charité Campus Benjamin
Franklin, Berlin, Germany. The control group was recruited
by public postings, e.g., via our research website and matched
for age, sex, and years of education.

Inclusion criteria for patients with MDD were: (1) a diag-
nosis of major depressive disorder, single or recurrent accord-
ing to DSM-IV criteria, assessed by the MINI-International
Neuropsychiatric Interview (MINI; Sheehan et al., 1998)
German version (Ackenheil et al., 1999) and (2) a minimum
baseline score of 18 points on the Hamilton Rating Scale for
Depression, 17-item version (HDRS–17; Williams, 1988).
Severity of depressive symptoms was assessed with the
Beck Depression Inventory (BDI; Beck & Steer, 1994).

All participants were free of psychotropic medication.
Participants were excluded if they had any of the following
medical conditions: CNS diseases or severe somatic diseases,
metabolic or endocrine diseases, autoimmune diseases, cur-
rent infections, or pregnancy. Further exclusion criteria were
schizophrenia, schizoaffective disorder, bipolar disorder, de-
pressive disorder with psychotic features, eating disorder, al-
cohol or drug abuse, and dependence within the last 6 months
(all assessed by MINI). In addition, in the control group any
psychiatric diagnosis assessed by the MINI lead to exclusion.

Written informed consent was obtained from all partici-
pants. Healthy participants were recruited by local advertise-
ment and received financial remuneration (80€). The study

was approved by the Medical Councils’ Ethics Committee
of Hamburg and Berlin.

Procedure

A placebo-controlled study was performed and participants
were randomized to either 300 mg spironolactone
(Aldactone, Roche Austria, Vienna, Austria) orally or to pla-
cebo. Drugs were administered at 14:00 h and participants
underwent cognitive testing between 15.45 h and 16.45 h.
We did not use a within-subject design because no parallel
versions of the MET and MASC were available. The partici-
pants were tested in a quiet room and were allowed to drink
some water.

Spironolactone is a synthetic mineralocorticoid receptor
antagonist with additional antagonistic effects on the androgen
receptor and some agonistic effects on the progesterone recep-
tor. Peak serum concentrations of the drug are reached within
1–3 h after oral administration; protein binding is greater than
91 % and the elimination half-life is 1.3–1.4 h.

Social cognition tasks

Multifaceted Empathy Test (MET)

To assess cognitive and emotional empathy, the Multifaceted
Empathy Test (MET) was used (Dziobek et al., 2008) in a
modified version (Dziobek et al., 2011; Ritter et al., 2011).
The MET is a PC-assisted test consisting of 30 pictures of
people in emotionally charged situations. To assess cognitive
empathy, participants were required to infer the mental state of
the subject in the picture and indicate the correct emotion from
a list of four. To assess emotional empathy, participants were
asked to rate the degree of empathic concern they felt for the
person in the picture (on a Likert scale; 0 = not at all, 9 = very
much). Pictures were presented in six blocks of ten picture
stimuli. Each block is presented twice, once to be rated for
cognitive and once to be rated for emotional empathy. Blocks
of emotional and cognitive empathy occurred in alternating
order, but the same block is not presented consecutively. The
order of the six blocks is thus pseudo-randomized.

Movie for the Assessment of Social Cognition (MASC)

Additionally, we administered the Movie for the Assessment
of Social Cognition (MASC), a sensitive video-based test for
the evaluation of cognitive empathy (Dziobek et al., 2006;
Preissler et al., 2010; Ritter et al., 2011). A 15-min movie
about four characters spending an evening together is shown
and questions relating to the actors' mental states are an-
swered. The movie stops at 45 times, then questions about
the actors' feelings/emotions (score range 0–15), thoughts
(score range 0–4), and intentions (score range 0–14) are asked.
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Participants are required to choose the correct answer out of
four possible ones.

Statistical analysis

Statistical analyses were performed using SPSS Version 19.0.
Demographic data were analyzed using Pearson’s Chi2 test for
categorical data and ANOVA for continuous data. Effects of
spironolactone on social cognition were analyzed using anal-
ysis of variance (ANOVA), with the main factors treatment
(spironolactone vs. placebo) and group (MDD vs. controls).
Partial η2 (pη2) is given as effect size (<.04 small effect,
.04–.13 medium effect, ≥.14 small effect). In addition,
Pearson’s correlation analyses between BDI scores and empa-
thy scores were performed separately for the placebo and the
spironolactone conditions.

Results

Demographic and clinical data

In MDD patients the following current co-morbid axis I dis-
orders were reported: dysthymia n = 2, panic disorder n = 1,
agoraphobia n = 1, PTSD n = 1.

MDD patients and healthy controls did not differ with
regard to age, sex, years of education, body mass index,
and intake of oral contraceptives. There were more
smokers in the patient group (sample characteristics are
presented in Table 1). As expected, MDD patients had
higher BDI scores. The HDRS was only applied in pa-
tients but not in healthy controls. There were no differ-
ences concerning demographic data between participants

receiving placebo and spironolactone, neither in the con-
trol group nor in the MDD group.

Effects of spironolactone versus placebo on cognitive
and emotional empathy

In this placebo-controlled study, 13 MDD patients and 24
healthy controls received placebo, while 15 MDD patients
and 19 healthy participants received spironolactone. There
were missing data for one MDD patient and two controls
in the MASC.

MET

We performed two ANOVAs analyzing the effect of
spironolactone (between subject factor 'Btreatment^) in pa-
tients with MDD and healthy controls (between subject factor
Bgroup^). Emotional and cognitive empathy score served as
dependent variable, respectively.

For cognitive empathy there was no significant main effect
of treatment (Fdf1,67 = 0.59, p = 0.45, pη2 = .009) or group
(Fdf1,67 = 0.51 p = .48, pη2 = .008), but a significant treatment
by group interaction (Fdf1,67 = 7.60 p = .008, pη2 = .1). To
clarify this interaction, post-hoc ANOVAs were conducted
for each group (MDD/controls) and each treatment condition
(spironolactone/placebo). Patients had higher cognitive empa-
thy test scores compared to controls in the placebo condition
(p = .01) while there were no group differences in the
spironolactone condition (p = .16). Furthermore, a significant
difference between placebo and spironolactone condition was
seen in patients with MDD patients (p = .02) but not in healthy
participants (p = .14). Thus, results indicate that spironolactone
seems to reduce cognitive empathy only in MDD (See Fig. 1).

Table 1 Sample characteristics

MDD Healthy controls Statistics

Placebo (N = 13) Spironolactone (N = 15) Placebo (N = 24) Spironolactone (N = 19)

Age (mean/SD) 41.6 (7.2) 41.9 (7.6) 39.6 (7.6) 40.9 (8.5) n.s.

Years of school
education (mean/SD)

10.8 (1.5) 11.8 (1.5) 11.3 (1.6) 11.2 (1.4) n.s.

Body mass index
r(mean/SD)

25.4 (7.5) 28.9 (9.8) 26.4 (5.7) 26.0 (5.2) n.s

Sex (female/male) 6/7 8/7 13/11 10/9 n.s.

Smoker (yes/no) 8/5 9/6 7/16 8/11 p = .04 (MDD
vs. controls)

Use of oral contraceptives
(yes/no)

0/13 1/14 3/21 2/17 n.s.

BDI (mean/SD) 35.5 (9.5) 32.7 (8.9) 2.2 (2.5) 2.3 (3.0) p < .001 (MDD
vs. controls)

HRSD (mean/SD) 26.1 (5.9) 23.3 (3.8) n.s. Range:
18–43

MDD major depressive disorder, BDI Beck Depression Inventory, HRSD Hamilton Rating Scale for Depression
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Regarding emotional empathy no significant main effect of
treatment (Fdf1,67 = 0.02, p = .90, pη2 ≤ .001), group (Fdf1,67 =
2.61 p = .11, pη2 = .04), or treatment by group interaction
(Fdf1,67 = 0.01, p = .99, pη2 ≤ .001) emerged. Thus, MR
blockade had no effect on emotional empathy (See Fig. 1).

On a descriptive level, patients showed a lower score on
emotional empathy compared to healthy controls. Thus, for
explorative purpose, we decided to rerun our analyses taking
valence of the stimuli, i.e., positive versus negative into ac-
count. We found a significant valence by group interaction
(Fdf1,67 = 20.78 p < .001), with lower test scores in the
MDD patients for positive emotions, but not for negative emo-
tions. Again, there was no main effect of treatment (Fdf1,67 =
0.02, p = .90) or group (Fdf1,67 = 2.61 p = .11) or any further
interaction (treatment by group: Fdf1,67 = 0.01, p = .99, valence
by drug: Fdf1,67 = 2.77 p = .10) (see Fig. 2).

For explorative purposes, we repeated our analyses includ-
ing sex as additional factor. There was no effect of sex and the
results remained unchanged (emotional empathy: Fdf1,71 =
0.09, p = .86, cognitive empathy: Fdf1,71 = 0.01, p = .99).
Excluding the three patients with co-morbid anxiety disorder
did not change the results.

MASC

Separate ANOVAs were conducted to analyze the effects of
spironolactone on cognitive empathy, i.e., the inferring of
emotions, thoughts, and intentions in the MASC with treat-
ment (spironolactone vs. placebo) and group (MDD vs. con-
trols) as between subject factors.

There was no significant main or interaction effect in any of
the test score (emotions: all p-values > .23; thoughts: all p-
values > .50; intentions: all p-values > .36). Mean values (SD)
are presented in Table 2.

Again, there was no effect of sex (emotions: Fdf1,69 = 0.13,
p = .71, thoughts: Fdf1,69 = 1.18, p = .28, intentions: Fdf1,69 =
1.43, p = .24). Excluding the three patients with co-morbid
anxiety disorder did not change the results.

Correlations between depressive symptoms and empathy

Correlation analyses between BDI scores and MET and
MASC, respectively, were performed separately for the
placebo and the spironolactone condition. After placebo
we found a significant positive correlation between BDI
and cognitive empathy in the MET (r = .34, p = .04) and
a negative correlation between BDI and emotional empa-
thy concerning positive stimuli (r = −.38, p = .04). In the
spironolactone condition a significant negative correla-
tion between BDI and emotional empathy concerning
positive stimuli occurred (r = −.45, p = .009).

* 

Fig. 1 Cognitive and emotional empathymeasuredwith theMultifaceted
Empathy Test (MET) after administration of spironolactone and placebo
in patients with major depressive disorder (MDD) and healthy partici-
pants. A significant treatment by group interaction effect was found for
the cognitive test part (p = .008). Depressed patients performed worse

after spironolactone administration compared to placebo (p = .02).
Patients had higher tests scores compared to controls in the placebo con-
dition (p = .01). Mean and standard error of mean are given for cognitive
and emotional empathy score

* 

Fig. 2 Emotional empathy measured with the Multifaceted Empathy
Test (MET). Test scores (mean and standard error of mean) are given
separately for negative and positive stimuli. There was a significant
valence by group interaction (p < .001), with lower test scores in the
major depressive disorder (MDD) patients for positive emotions, but
not for negative emotions
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Discussion

We examined the effects of MR blockade via spironolactone
administration on cognitive and emotional empathy in patients
withMDD and in healthy individuals. Cognitive empathy was
greater in depressed patients compared to healthy controls in
the placebo condition. However, MR blockade with
spironolactone reduced cognitive empathy of depressed pa-
tients to the level of healthy individuals. This effect was only
seen in the MET, a picture-based task, but not in the MASC, a
movie-based task. Concerning emotional empathy, MDD pa-
tients reported lower emotional empathy to positive but not to
negative stimuli compared to controls across conditions with
no effect of spironolactone.

Our results indicate that spironolactone reduced or
Bnormalized^ cognitive empathy in patients with MDD.
This effect of MR blockade on cognitive empathy was not
seen in healthy controls. Furthermore, we found a significant
positive correlation between BDI and cognitive empathy in
the MET. This leads to the question of why depressed patients
exhibited higher cognitive empathy scores compared to
healthy participants. Empathy is traditionally thought to be a
protective factor for mental health. However, Bexcessive^ em-
pathy has been linked to the development of internalizing
disorder and interpersonal guilt has been proposed to be a
maladaptive form of cognitive empathy (Tone & Tully,
2014). Interestingly, Wolkenstein et al. found better perfor-
mance in the BReading theMind in the Eyes test^ in depressed
patients compared to controls (Wolkenstein et al., 2011).
Thus, reduced as well as enhanced empathy might be
maladaptive.

In contrast to the current study, we recently found that MR
stimulation enhanced emotional but not cognitive empathy in
healthy individuals and in patients with borderline personality
disorder (Wingenfeld et al., 2014). One has to keep in mind

though, that cognitive and emotional empathy are related but
distinct constructs which can function independently: The
ability to take another person’s perspective does not predict
the ability of emotional empathy (Tone & Tully, 2014).
Furthermore, different neural correlates – though interacting
– underlie these two empathy constructs. Cognitive empathy
is linked to the prefrontal cortex while emotional empathy is
strongly associated with the limbic system, especially hippo-
campus, amygdale, and hypothalamus (Tone & Tully, 2014).
Thus, the role of the MR in the context of empathy and other
aspects of social cognition needs to be further investigated in
different populations of health and disease. In any event, how-
ever, it seems to be plausible that MR influences empathy
given that the MR has been associated with the appraisal of
novel situations and related response strategies as well as with
stress-associated emotional reactions (de Kloet, 2013; Kruk
et al., 2013; Ter Horst et al., 2012,).

What do we know about MR function and cognition in
mental disorders so far? Our studies suggest: (1) improved
cognitive performance in terms of memory and executive
function after MR stimulation in MDD and healthy indi-
viduals (Otte et al., 2015), (2) higher emotional empathy
after MR stimulation in patients with borderline personal-
ity disorder and healthy individuals (Wingenfeld et al.,
2014), and (3) reduced or Bnormalized^ cognitive empa-
thy in patients with MDD but no changes in healthy indi-
viduals after MR blockade. Thus, it might be the case that
MDD patients have an enhanced sensitivity to MR-related
drug effects. However, the questions arises, why in MDD
MR stimulation normalized cognition in terms of an im-
provement in cognitive performance, while MR blockade
normalized cognitive empathy in terms of a reduction in
cognitive empathy. Emotionally challenging situations
and/or stress are known to facilitate a shift from higher
demanding, goal-directed cognitive strategies, based for
example on the prefrontal cortex and hippocampus, to
more habitual action, which is more striatum-based
(Schwabe & Wolf, 2011; Vogel et al., 2016). MR block-
ade has to be shown to inhibit this shift (Vogel et al.,
2015). Interestingly, there is compelling evidence for dys-
functional activation of the prefrontal cortex and hippo-
campus in MDD, possibly due to exaggerated HPA axis
function (Femenia et al., 2012). Accordingly, in patients
with MDD, MR blockade might strengthen or normalize
frontal cortex-based cognitive evaluation strategies and,
thus, normalize cognitive evaluation of emotional stimuli.
In terms of MR stimulation, one might speculate that due
to the high density of MR in limbic brain regions, emo-
tional responses in terms of emotional empathy might be
supported. Of note, membrane-bound MR are involved in
fast cognitive effects (Khaksari et al., 2007; Schwabe
et al., 2010), which fits with our results of an improve-
ment in Bcold^ cognition as verbal memory and executive

Table 2 Cognitive empathy measured with the MASC after
spironolactone administration and placebo in patients with MDD and
healthy participants. There were no differences in any task score
between patients and controls

MASC (mean/SD) MDD Healthy controls

Placebo n = 13 (7 male) n = 22 (11 male)

Recognition of emotions 10.9 (2.1) 10.7 (1.4)

Recognition of thoughts 3.2 (0.7) 3.1 (0.8)

Recognition of intentions 10.4 (1.5) 9.6 (2.1)

Spironolactone n = 14 (7 male) n = 19 (9 male)

Recognition of emotions 11.2 (2.5) 11.6 (2.0)

Recognition of thoughts 3.1 (0.8) 3.2 (0.7)

Recognition of intentions 10.1 (2.5) 10.3 (2.1)

MASC Movie for the Assessment of Social Cognition, MDD major de-
pressive disorder
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function. These effects might be mediated by MR-induced
glutamate release in the hippocampus and prefrontal cor-
tex (Joels et al., 2008). Furthermore, the release of
corticotropin-releasing factor (CRF) is inhibited by MR
stimulation (Muller et al., 2003). CRF in turn is associated
with stress-associated cognitive deficits (Wang et al.,
2011) and is increased in patients with major depression
(Binder & Nemeroff, 2010; Gold & Chrousos, 2013;
Holsboer & Ising, 2010). Thus, CRF-inhibition after MR
stimulation might also contribute to improved cognitive
function.

Interestingly, similar to our recent study in healthy controls
and patients with borderline personality disorder (Wingenfeld
et al., 2014), the effects ofMRmanipulation were only seen in
the METand not in theMASC. Thus, theMETmight be more
sensitive to the effects of pharmacologic MR manipulation.
This might be due to the stronger emotional impact of the
stimuli presented in the MET (e.g., negative-valenced pictures
like a desperate child in front of a bombed house) in compar-
ison to the MASC, in which an Beveryday situation^ with
relatively low emotional impact is presented. Furthermore,
in the MET, relatively complex emotions have to be recog-
nized. In the MASC social cognitive reasoning and context
information might help to find the correct answers.

Patients with MDD did not differ in their test perfor-
mance in the MASC compared to healthy controls. This is
in line with at least one other study, which also used the
MASC and did not see any deficits in depressed patients
(Wilbertz et al., 2010). In contrast, another study found
impa i red t e s t pe r fo rmance in MASC in MDD
(Wolkenstein et al., 2011). However, both studies investi-
gated relatively small samples. In contrast to our findings
of reduced emotional empathy in MDD exclusively for
positive stimuli, Thoma and colleagues did not find any
alterations in MDD patients in the MET (Thoma et al.,
2011). Overall, the literature on social cognition in MDD
is rather heterogeneous (Schreiter et al., 2013). Several
factors may be responsible for these inconsistencies.
Task performance seems to be strongly related to the used
paradigm: In one study MDD patients were found to have
impaired test performance in MASC but better perfor-
mance in the BReading the Mind in the Eyes test^ com-
pared to controls (Wolkenstein et al., 2011). The latter
result fits well with our finding that MDD patients had
better cognitive empathy in the MET compared to con-
trols. Interestingly, some authors emphasize that higher
empathy might also have costs and will not be positive
in any case or condition (Hodges & Klein, 2001).
Differences in the investigated samples might also con-
tribute to heterogeneous results: Patients in our sample
reported higher depression scores compared to the studies
by Thoma et al. (2011) and Wilbertz et al. (2010).
Furthermore, sex, age of first episode, and co-morbid

disorder, e.g. post-traumatic stress disorder (PTSD), might
influence the results (Schreiter et al., 2013). Our finding
of impaired emotional empathy only for positive stimuli
in depressed patients is compatible with many studies
suggesting not only an attentional bias to negative emo-
tional cues in MDD patients but also an attentional bias
away from positive emotional cues (Leppanen, 2006). For
example, one study reported a diminished emotional reac-
tion to happy faces, while there was no such difference
between depressed patients and controls in response to
unhappy faces (Sloan et al., 2002).

A limitation of this study includes the relatively hetero-
geneous (sex, co-morbid disorders) but small sample size
that excluded performing subgroup analyses, e.g. with re-
gard to co-morbid mental disorders such as PTSD or with
respect to sex. Both variables are known to influence em-
pathy and HPA axis (Roepke et al., 2012; Schreiter et al.,
2013; Smeets et al., 2009; Wingenfeld et al., 2010;
Wingenfeld et al., 2013). The small sample size also ques-
tions the power of the study. Most of the non-significant
effects are very small, i.e., ≤.009 and thus unlikely to be
meaningful. Indeed, to find such an effect a sample size of
more than 429 per group would have been needed.
Furthermore, it was not possible to conduct a within-
subject design as there were no parallel versions of the
used tasks. We did not assess any blood parameters, such
as plasma levels of spironolactone or its metabolites,
which might have been helpful for the interpretation of
the results.

In summary, this is the first study demonstrating effects
of MR blockade on empathy in MDD patients, showing
normalization of cognitive empathy in MDD. Taken to-
gether with our recent studies suggesting memory im-
provement after MR stimulation, the MR could be an
interesting target in the treatment of depression.
However, despite a plethora of preclinical studies, human
studies on MR function are still rare and the role of the
MR in depression is not clear yet. Future studies should
aim to replicate these results and should investigate the
role of MR function in other aspects of social cognition in
populations with different states of health and disease.
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