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Abstract
Rationale Selective attention toward emotional cues and
emotion recognition of facial expressions are important as-
pects of social cognition. Stress modulates social cognition
through cortisol, which acts on glucocorticoid (GR) and min-
eralocorticoid receptors (MR) in the brain.
Objectives We examined the role of MR activation on atten-
tional bias toward emotional cues and on emotion recognition.
Methods We included 40 healthy young women and 40
healthy youngmen (mean age 23.9 ± 3.3), who either received
0.4 mg of the MR agonist fludrocortisone or placebo. A dot-
probe paradigm was used to test for attentional biases toward
emotional cues (happy and sad faces). Moreover, we used a
facial emotion recognition task to investigate the ability to
recognize emotional valence (anger and sadness) from facial
expression in four graded categories of emotional intensity
(20, 30, 40, and 80 %).
Results In the emotional dot-probe task, we found a main
effect of treatment and a treatment × valence interaction.
Post hoc analyses revealed an attentional bias away from sad
faces after placebo intake and a shift in selective attention
toward sad faces compared to placebo.We found no attention-
al bias toward happy faces after fludrocortisone or placebo

intake. In the facial emotion recognition task, there was no
main effect of treatment.
Conclusions MR stimulation seems to be important in modu-
lating quick, automatic emotional processing, i.e., a shift in
selective attention toward negative emotional cues. Our re-
sults confirm and extend previous findings of MR function.
However, we did not find an effect of MR stimulation on
emotion recognition.
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Introduction

Social cognition is an important aspect of human emotional
competence and is crucial for adequate social interaction.
Social cognition is altered in stressful situations through acti-
vation of the hypothalamic–pituitary–adrenal (HPA) axis and
consecutive increased cortisol secretion (Sandi and Haller
2015).

One important aspect of social cognition is selective atten-
tion after emotional priming (attentional bias), favoring the
cognitive processing of emotional information (MacLeod
et al. 1986). Some studies have focused on the role of cortisol
on attentional bias toward emotional cues suggesting that cor-
tisol is associated with an attentional bias toward negative
stimuli (Putman and Roelofs 2011; Roelofs et al. 2007;
Tsumura and Shimada 2012; van Honk et al. 1998).
However, McHugh et al. (2010) found an attenuated attention-
al bias toward threatening stimuli after stress induction.

The ability to recognize emotions in facial expressions is
another important subdomain of social cognition. Deckers
et al. (2015) found improved emotion recognition after

* Katharina Schultebraucks
Katharina.Schultebraucks@charite.de

1 Department of Psychiatry and Psychotherapy, Charité
Universitätsmedizin Berlin, Hindenburgdamm 30,
12203 Berlin, Germany

2 Department of Clinical Psychology and Psychotherapy, Freie
Universität Berlin, Berlin, Germany

3 Department of Psychology, Universität Potsdam, Potsdam, Germany

Psychopharmacology (2016) 233:3405–3415
DOI 10.1007/s00213-016-4380-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s00213-016-4380-0&domain=pdf


psychosocial stress (Trier Social Stress Test) in patients with
borderline personality disorder and in healthy participants.
Duesenberg et al. (2016) have investigated the role of the
glucocorticoid receptor agonist hydrocortisone on emotion
recognition in healthy subjects but did not find a hydrocorti-
sone effect on emotion recognition.

In the brain, cortisol binds at two receptors, the mineralo-
corticoid receptor (MR) and the glucocorticoid receptor (GR).
Whereas the GR is abundant throughout the brain, the MR is
mainly distributed within limbic structures, especially in the
hippocampus, the lateral septum, and the amygdala (de Kloet
2014). Previously, GR function attracted most research atten-
tion, but more recently, studies have also begun to emphasize
the role of the MR (Joëls et al. 2008). For example, animal
studies have shown that the MR is important for behavioral
regulation in emotionally charged situations. The MR has
been linked to fear memory (Brinks et al. 2009), to retrieval
of emotional information and fear response selection (Zhou
et al. 2011), to reactivity in unfamiliar situations (de Kloet
et al. 1999), to the extinction of fear-motivated behavior (Ter
Horst et al. 2012), and to reduced anxiety (Lai et al. 2007;
Mitra et al. 2009; Rozeboom et al. 2007). In humans, emo-
tional memory is impaired by MR blockage (Rimmele et al.
2013) and by MR depletion via metyprapone (Rimmele et al.
2015). In addition, Wingenfeld et al. (2014) have shown that
the MR agonist fludrocortisone improves emotional empathy
in patients with borderline personality disorder and in healthy
women. However, no study up to now has examined the role
of MR stimulation on selective attention toward emotional
cues and on emotion recognition.

Given the above findings, we decided to examine the ef-
fects of fludrocortisone on attentional bias and emotion rec-
ognition. As cortisol—endogenously released through psy-
chosocial stress induction or exogenously by hydrocortisone
administration—stimulates both receptors, the GR and the
MR, the aim of the current study is to investigate the effects
of selective MR stimulation on important aspects of social
cognition, namely selective attention and emotion recognition.
In accordance with research stressing the role of the MR for
Bfight, fright or flight^ behavioral adaptation with regard to
selective attention (de Kloet 2014), we hypothesize an atten-
tional bias toward negative stimuli after fludrocortisone in-
take. This hypothesis is supported by the work of Tsumura
and Shimada (2012) and Roelofs et al. (2007) who found an
increased attentional bias toward negative stimuli in the early
phase of stress response, when MR activity is most pro-
nounced. We do not hypothesize an attentional bias toward
positive stimuli, since happy facial expression does not imply
hazard, threat, peril, or distress.

Since, in a previous study, we found improved emotional
empathy after fludrocortisone administration in healthy partic-
ipants and controls (Wingenfeld et al. 2014), it was promising
to examine whether the general ability to recognize the

emotions from facial expressions is improved after
fludrocortisone intake. The recognition of emotions from fa-
cial expression is a necessary prerequisite for empathy. Given
the results on the positive effects of MR stimulation on emo-
tional empathy (Wingenfeld et al. 2014), we further hypothe-
size that fludrocortisone administration will facilitate emotion
recognition.

Since there are heterogeneous results on sex differences
with regard to selective attention (Breitberg et al. 2013; Carr
et al. 2016; McHugh et al. 2010) and emotion recognition
(Duesenberg et al. 2016; Hoffmann et al. 2010; Montagne
et al. 2005; Thompson and Voyer 2014), it was promising to
examine potential sex differences in an explorative manner.
There are previous findings showing that women are more
reactive to emotional stimuli than men (Bradley et al. 2001;
Cahill 2006). Moreover, there is increasing evidence for sex-
dependent effects of the MR (ter Heegde et al. 2015).
Therefore, we hypothesize that there are sex differences and
that they have an influence as moderator between the associ-
ation of MR stimulation and selective attention as well as
emotion recognition.

Methods and materials

Participants

We recruited 40 healthy women and 40 healthy men. All par-
ticipants had a university-entrance diploma (German Abitur),
were currently enrolled at university, and between 18 and
30 years of age. The mean age was 23.9 years (SD = 3.3).
They were recruited through local advertisements such as
postings at hospitals, universities, other public places, and
on Web sites. Past research has indicated that the sample size
of 80 participants is of adequate power for our purpose
(Duesenberg et al. 2016). We have conducted post hoc power
analysis to confirm this assumption and underpin our stopping
rule of data collection.

All participants were medication-free. Exclusion criteria
comprised central nervous system diseases, severe somatic
diseases, previous traumatic brain injury, malignant tumors,
HIV infection, symptomatic cardiac arrhythmias as well as
myocardial infarction, hypertension, autoimmune diseases,
metabolic or endocrine disease like type I and type II diabetes
mellitus, ingestion of oral and inhalative glucocorticoids (all
cortisol containing compounds), current infections, allergies,
and pregnancy. All potential participants were screened for
previous or current axis I disorders according to the
Diagnostic and Statistical Manual of Mental Disorders—
DSM-IV (Wittchen and Fydrich 1997), and were excluded if
any psychiatric disorder was present. Due to the influence of
the female cycle on the HPA-axis, all women not using oral
contraceptives were tested in the luteal phase (Gaffey et al.
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2014; Kirschbaum et al. 1999). The Ethics Committee of the
German Psychology Association (DGPs) approved this study,
and it is in line with the World Medical Association
Declaration of Helsinki. Participants signed a written in-
formed consent before participation.

Procedure

This is a double-blind, placebo-controlled randomized con-
trolled study. In this between-group design, participants re-
ceived either 4 pills of 0.1 mg fludrocortisone (Florinef®) or
4 identical looking placebo pills. Due to the circadian rhythm
of cortisol (Edwards et al. 2001; Kirschbaum and Hellhammer
1989), fludrocortisone or placebo was administered in the af-
ternoon at 1 p.m. The testing started 2 h after drug intake (3
p.m.) at maximum plasma concentrations of fludrocortisone
(Ribot et al. 2013). The testing was conducted in a quiet sur-
rounding. The participants followed rules of conduct that
prompted participants not to do sports, not to smoke, eat or
drink alcoholic or caffeinated beverages within 1 h prior to
testing (12 p.m.–1 p.m.). During the 2 h after drug intake until
the testing, the participants were sitting in a quite room, where
they could only drink water and read.

Salivary cortisol was collected five times using Salivettes®
(blue cap, Sarstedt, Germany): 0 (baseline—immediately before
fludrocortisone or placebo intake), 90, 120, 180, and 210 min.
Salivary cortisol samples were retained at −80 °C (−112 °F)
until biochemical analysis. Systolic and diastolic blood pressure
as well as heart rate were measured at the same time points.
Furthermore, the current psychological state of participants was
quantified immediately before testing with the short version of
the Multidimensional Mood State Questionnaire (MDBF), i.e.,
Mehrdimensionaler Befindlichkeitsfragebogen (Steyer et al.
1997). The MDBF is divided into three subscales: mood, vigi-
lance-fatigue, and composure-restlessness. The total score for
each subscale of the MDBF ranges between 4 and 20 and every
subscale has 4 items. Moreover, we used the Beck Depression
Inventory (BDI-II) to measure potential depressive symptoms
during the past 2 weeks (Beck et al. 1996).

Hormonal assessment

Cortisol levels were analyzed using an adapted homogenous
time-resolved fluorescence resonance energy transfer (HTR-
FRET)-based competitive immunoassay. The analysis was
conducted in the Neurobiology Laboratory of the
Department of Psychiatry, Charité, Universitätsmedizin
Berlin. Intra-assay coefficients of variation were below 8 %;
inter-assay coefficients of variation were below 10 %. All
samples and standards were measured in duplicate, and the
limit of detection was 0.2 nmol/L. For a detailed description
of the method that was used for hormonal assessment, see
Duesenberg et al. (2016).

Assessment of social cognition

We confined the assessment of social cognition to its emotion-
al aspects as captured by the emotional dot-probe task and the
facial emotion recognition task.

Emotional dot-probe

The emotional dot-probe is a computer-based, emotional ver-
sion of the visual dot-probe paradigm. It is a measure of se-
lective attention toward emotional cues and takes for about
15 min (MacLeod et al. 1986). We used a set of human faces
from the FACES database (Ebner et al. 2010), comprising 20
persons (10 female and 10 male) illustrating happy, sad, and
neutral facial expressions. As stimuli, two pictures of human
faces are quickly presented on a computer screen (for 500 ms).
One picture set always consists of two facial expressions of
the same person, either paired as neutral-sad, neutral-happy, or
neutral-neutral. Afterward, either the left or the right picture is
replaced by a vertical bar as the cue (for 1100 ms). The par-
ticipants are instructed to press one of two keys (left vs right)
as quickly as possible in reaction to the position of the cue.
The attentional capture is reflected in the response latency. It is
assumed that participants react quicker when the cue replaces
the picture at which they antecedently concentrated their at-
tention on. The condition in which the cue replaces the loca-
tion on the screen where the emotional stimulus was placed is
called Bcongruence^ (Fig. 1). The condition in which the
probe replaces the picture on the opposite side (neutral facial
expression) is called Bincongruence^ (Fig. 1). The neutral-
neutral condition was used as control condition to measure
the baseline reaction time.

Overall, each participant completes 200 trials, i.e., 40 trials
in the neutral condition, 40 trials in the positive congruent
condition, 40 trials in the negative congruent condition, 40
trials in the positive incongruent condition, and 40 trials in
the negative incongruent condition. The position of the facial
pictures is counterbalanced between left and right position,
and the order between all trials is quasi-randomized.

The Battentional bias index^ can be determined by calcu-
lating the average reaction time for incongruence minus con-
gruence (MacLeod andMathews 1988; Tsumura and Shimada
2012):

Attentional bias index

¼1=2 incongruence right–congruence rightð Þþ½ incongruence left–ð congruence leftÞ�:

A positive attentional bias index score can be interpreted as
an attentional bias toward the emotional stimulus (i.e., orien-
tation toward the happy or sad faces), and a negative score as
an attentional bias toward the neutral stimulus (i.e., avoiding
the sad or happy faces).
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Facial emotion recognition task

The facial emotion recognition task is a computer-based test,
which measures the ability to recognize facially expressed
emotions. Pictures of human faces were presented for 1 s,
expressing an emotion (sad, neutral, or angry) followed by a
gray screen (for 4 s). The participants are asked to classify the
emotion by selecting one of three possible answers (sadness,
neutral, or anger) by pressing the respective key on the key-
board (arrow keys). The two basic emotions, anger and sad-
ness, were used as emotion recognition task, and the neutral
stimuli were used as control trial. Facial expressions of the
emotion anger and sadness were morphed into four emotional
intensities (20, 30, 40, and 80 %) based on the full (100 %)
facial expression of the emotion (Fig. 2). For each emotional
valence (sadness and anger), 24 trials per intensity (20, 30, 40,
and 80 %) and 24 control trials (neutral–0 % emotion) were
shown. In sum, each participant was asked to classify 216
pictures of facial expressions in randomized order. Both cor-
rect answers and errors (false classification of emotion) were
recorded. The facial expressions (6 male and 6 female faces)

were taken from the NIMSTIM scale (Tottenham et al. 2009).
The facial emotion recognition task lasted for about 15 min.

Statistical analyses

SPSS version 22.0 was used for all statistical analyses. χ2 tests
were used for categorical data and Student’s t tests for contin-
uous data in order to analyze demographic differences be-
tween the treatment groups (fludrocortisone vs placebo).

Moreover, we used a 2 × 2 ANOVA to analyze the emo-
tional dot-probe with valence (attentional bias index for sad
faces and for happy faces) as within-subject factor and treat-
ment (fludrocortisone vs placebo) as between-subject factor.

We used a 2 × 2 × 4 ANOVA to analyze the facial emotion
recognition task with intensity (20, 30, 40, and 80 %) and
valence (anger vs sadness) as within-subject factors and treat-
ment (fludrocortisone vs placebo) as between-subject factor.

RmANOVAs with time (0, 90, 120, 180, and 210 min after
drug intake) as within-subject factor and treatment
(fludrocortisone vs. placebo) as between-subject factor were used
to analyze salivary cortisol, blood pressure, and heart rate.

Fig. 1 Schematic representation
of the emotional dot-probe task—
on the left side: procedure of a
congruent trial, i.e., the probe
follows at the location of the
emotional facial expression (hap-
py face). On the right side: pro-
cedure of an incongruent trial, i.e.,
the probe follows at the opposite
side (neutral face) of the emo-
tional facial expression

Fig. 2 Examples from the facial
emotion recognition task—the
examples of facially expressed
emotions (anger and sadness)
were presented in four intensities
ranging from low task difficulty
(80 %) to increasingly higher task
difficulties (40, 30, and 20 %)
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Greenhouse-Geisser corrections were applied when indi-
cated. Post hoc tests (ANOVA and t tests) were performed in
event of a significant interaction. For ANOVA, partial η2 was
used as effect size and for t tests, Cohen’s d, respectively.

Results

Demographic characteristics

There were no significant differences in the treatment groups
(fludrocortisone vs placebo) regarding age, body mass index,
smoking, and psychological state immediately prior to testing.
Female participants who took fludrocortisone and female par-
ticipants who took placebo did not differ with respect to the
intake of oral contraceptives. Demographic characteristics of
our sample are summarized in Table 1.

Salivary cortisol secretion during testing

In order to minimize the influence of potential outliers, we
excluded participant’s salivary cortisol values from statistical
analyses if they deviated ±2 SD from the mean for more than
50% of the time (i.e., at least in 3 of 5 salivary cortisol values).
Therefore, salivary cortisol values from 4 participants (3 from
the fludrocortisone group and 1 from the placebo group) were
excluded. Due to significant baseline differences between the
fludrocortisone and placebo group (t(74) = −2.55, p = .013;
d = 0.6), we performed a baseline correction by subtracting
the baseline value at 0 min from the subsequent values at 90,
120, 180, and 210 min after drug/placebo intake. RmANOVA
with time (0, 90, 120, 180, and 210 min after drug intake) as
within-subject factor and treatment as between-subject factor
revealed no significant main effect of treatment. There was a
significant main effect of time (F(4, 71) = 28.31, p < .001;
ηp

2 = .29) and a significant time × treatment interaction (F(4,
71) = 9.71, p < .001; ηp

2 = .12). Post hoc tests revealed signif-
icant differences between the cortisol values of the placebo

and the fludrocortisone group at 180 min (t(71) = 2.03,
p = .047) and 210 min (t(72) = 2.95, p = .004) after drug in-
take. Cortisol delta values (i.e., baseline value at 0 min minus
the last value 210 min after drug intake) were calculated, and
we found significant differences between the placebo and the
fludrocortisone group (t(73) = −2.96, p = .004; d = 0.7), indi-
cating greater cortisol suppression after fludrocortisone intake
compared to placebo (see Fig. 3).

Blood pressure and heart rate

We found no significant treatment effect on systolic and dia-
stolic blood pressure. There was a significant main effect of
time on systolic (F(4, 78) = 13.70, p < .001; ηp

2 = .15) and
diastolic blood pressure (F(4, 78) = 5.68, p < .001; ηp

2 = .07),
indicating a decrease over time. However, we found no sig-
nificant time × treatment interaction in systolic and diastolic
blood pressure.

Regarding the heart rate, there was no significant main
effect of treatment. We found a significant effect of time
(F(4, 78) = 21.54, p < .001, ηp

2 = .22), indicating a decrease
in heart rate over time. We found no significant time × treat-
ment interaction.

The data of systolic and diastolic blood pressure as well as
heart rate were summarized in Table 2.

Emotional dot-probe task—attentional bias
toward emotional cues

We excluded reaction times from statistical analyses that were
less than 100 ms (anticipation error) and greater than 1500 ms
(lack of concentration) in order to minimize the influence of
outliers. We only analyzed response latencies from correct
responses. Loss of data was less than 2 %.

2 × 2 ANOVA revealed a significant treatment effect (F(1,
78) = 4.18, p = .04, ηp

2 = .05). There was no significant main
effect of valence. However, we found a significant interaction
of treatment × valence (F(1, 78) = 6.20, p = .02, ηp

2 = .07).

Table 1 Demographic variables
Fludrocortisone (n = 40) Placebo (n = 40) Statistics

Age 24.1 (3.1) 23.8(3.6) t(78) = −.44, n.s.
Body mass index 22.9 (3.3) 23.1 (2.6) t(78) = .29, n.s.

Smoker# 10 9 χ2(1) = .069, n.s.

Oral contraceptive# 12 12 χ2(1) = .000, n.s.

MDBF mood 10.8 (1.1) 10.9 (1.2) t(78) = .70, n.s.

MDBF vigilance/fatigue 11.8 (1.7) 11.6 (1.8) t(78) = −.51, n.s.
MDBF composure/restlessness 11.9 (1.3) 11.7 (1.2) t(78) = −.69, n.s.
BDI-II 4 (3.76) 5.5 (5.9) t(78) = 1.38, n.s.

MDBF Mehrdimensionaler Befindlichkeitsfragebogen (Multidimensional Mood State Questionnaire), BDI-II
Beck Depression Inventory; note: mean (SD); # number of participants
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To disentangle the interaction of valence × treatment, we
performed separate ANOVAs for attentional bias indices for
sad and happy faces, respectively. Univariate ANOVA re-
vealed a significant treatment effect (F(1, 76) = 9.39,
p = .003; ηp

2 = .11) for sad faces, indicating an attentional bias
away from sad faces after placebo intake and a shift in selec-
tive attention toward sad faces compared to placebo (see
Fig. 4). There was no significant treatment effect for facial
expressions of happiness. To examine whether the attentional
bias scores differ significantly from zero, we used one sample
t test and found an attentional bias away from sad faces in the
placebo group (t(39) = −2.9, p = .006), but not toward sad
faces in the fludrocortisone group (t(39) = 1.579, p = .12).
Respectively, for happy faces, there were no significant

differences after placebo intake (t(39) = .267, p = .791), nor
after fludrocortisone intake (t(39) = .443, p = .660).

Furthermore, we examined whether the attentional bias in-
dex differs between sad and happy faces in both groups and
found significant differences between the attentional bias in-
dex of sad and happy faces in the placebo group (t(39) =
−2.38, p = .022), but not in the fludrocortisone group
(t(39) = 1.11, p = .27).

There was no significant difference between the placebo
and the fludrocortisone group regarding the baseline reaction
time, measured by the neutral-neutral condition (t(78) =
−.244, p = .808).

There were no differences between women and men in the
emotional dot-probe task.

Correlation between salivary cortisol and attentional bias
to emotional cues

There was no significant correlation between cortisol suppres-
sion after fludrocortisone intake and attentional bias index for
sad faces (r = −.117, p = .472) or for happy faces (r = .027,
p = .869).

Moreover, there were no significant correlations between
the raw data for cortisol at each time point and the attentional
bias index for sad faces. The same was true for the attentional
bias index for happy faces.

Facial emotion recognition task

The 2 × 2 × 4 ANOVA revealed no significant treatment ef-
fect. There was a significant main effect of valence (F(1,
78) = 55.82, p < .001; ηp

2 = .42), i.e., the number of correct

Table 2 Blood pressure, heart
rate, and salivary cortisol 0 min 90 min 120 min 180 min 210 min

Systolic blood pressure (mmHg)

Placebo 126.1 (11.6) 118.4 (10.2) 120.2 (12.9) 120.2 (11.5) 119.0 (12.2)

Fludrocortisone 122.6 (14.0) 116.2 (15.3) 117.0 (14.9) 117.5 (13.5) 117.5 (13.6)

Diastolic blood pressure (mmHg)

Placebo 77.2 (8.5) 74.3 (8.1) 75.3 (10.0) 75.9 (7.6) 76.0 (8.6)

Fludrocortisone 76.5 (7.0) 72.6 (7.7) 73.2 (8.4) 74.8 (8.1) 76.2 (9.7)

Heart rate (bpm)

Placebo 67.6 (9.5) 60.1 (8.7) 59.3 (9.3) 59.2 (8.2) 63.1 (23.2)

Fludrocortisone 72.0 (14.3) 61.5 (11.1) 60.1 (9.2) 60.6 (9.5) 61.4 (13.3)

Salivary cortisol-absolute levels (nmol/l)

Placebo 2.51 (1.38) 1.87 (1.37) 1.66 (.94) 1.46 (1.41) 1.45 (1.33)

Fludrocortisone 3.99 (3.31) 4.23 (2.7) 3.14 (1.91) 1.74 (1.36) 1.28 (1.17)

Salivary cortisol-baseline corrected (nmol/l)

Placebo 0 (0) −.65 (1.6) −.86 (1.56) −1.1 (1.75) −1.07 (1.7)
Fludrocortisone 0 (0) .24 (3.14) −.85 (3.05) −2.25 (2.97) −2.71 (2.97)

mean (SD)

Fig. 3 The course of salivary cortisol levels—shown are salivary cortisol
values (nmol/l) after fludrocortisone and placebo intake after baseline
correction. Error bars represent standard errors. The duration of the
facial emotion recognition task (FER) and the emotional dot-probe task
(EDP) are marked. Both lasted for about 15 min
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answers was lower in anger than in sadness. As expected,
there was a significant main effect of intensity (F(3,
234) = 1501.12, p < .001; ηp

2 = .95); the higher the intensity
of emotional expression, the higher the accuracy of
recognition.

There was a significant interaction of treatment × intensity
(F(3, 234) = 3.15, p = .025; ηp

2 = .04). However, post hoc t
test revealed no significant differences between the placebo
and the fludrocortisone group.

Furthermore, the 2 × 2 × 4 ANOVA revealed a significant
valence × intensity interaction (F(3, 234) = 12.20, p < .001;
ηp

2 = .14). Post hoc t test revealed significant differences be-
tween anger and sadness, i.e., the number of correct answers
was lower in anger than in sadness when the intensity was
20 % (t(79) = −.7.58, p < .001; d = 1.69), 30 % (t(79) =
−6.72, p < .001; d = 1.50), or 40 % (t(79) = −6.23, p < .001;
d = 1.39), but not when the intensity was 80 %. All other
interactions were not significant (p > .05).

Women and men did not differ in the facial emotion recog-
nition task.

Discussion

We examined the effect of the MR agonist fludrocortisone on
attentional bias toward emotional cues and on emotion recog-
nition in young healthy subjects. As predicted, fludrocortisone
administration increased selective attention toward negative
emotional cues. By contrast, fludrocortisone did not affect
attentional bias toward happy faces and did not improve over-
all emotion recognition accuracy in our healthy, young, high-
educated sample.

Emotional dot-probe task

Our results of significantly increased selective attention to-
ward negative emotional cues after MR stimulation are in line
with Tsumura and Shimada (2012), who found evidence for
an attentional bias toward sadness- and depression-related
words immediately after a psychosocial stressor, which may
well reflect the early and rapid effects of MR activation (Joëls
et al. 2012; Oitzl et al. 2010; Tsumura and Shimada 2012).
Moreover, Roelofs et al. (2007) have found that psychosocial
stress-induced cortisol release is associated with an increased
attentional bias toward angry faces, but not toward happy
faces by using the masked emotional Stroop task. Again, this
effect was measured shortly after stress induction and may,
therefore, also be linked to the rapid non-genomic effects of
MR occupation (Joëls et al. 2012; Oitzl et al. 2010). In con-
trast, McHugh et al. (2010) report decreased attentional bias
toward threatening stimuli 30 min following a psychosocial
stressor. This may further indicate that the attentional bias is to
be found in the early phase (within seconds to minutes) of
stress response, where the activation of the noradrenergic sys-
tem and the rapid (selective) MR effects play a crucial role.
Since the MR agonist fludrocortisone leads to a shift in selec-
tive attention toward sad faces compared to placebo, our find-
ings substantiate the interpretation of Tsumura and Shimada
(2012) that rapid MR stimulation may play a critical role on
increased selective attention toward negative emotional cues.
These results are consistent with the well-established hypoth-
esis that emotional information processing is improved in the
early phase (within seconds to minutes) of cortisol response
(de Kloet 2014; Oitzl et al. 2010).

TheMR seems tomodulate selective attention in a valence-
specific way. Especially those studies investigating the early
effects of stress revealed an enhanced selective attention to
negative stimuli, which was also the case in the current study.
The emotional valence of sadness, unlike happiness, is closely
linked to fear, threat, and anger as being an expression of
aversive and negative, psychosocial stress-associated stimuli.
This is consistent with evidence that the MR is crucial for
stress-associated emotional arousal and adaptive behavior
(Brinks et al. 2007), as well as for the appraisal of new, un-
known situations (De Kloet 2013) and for the rapid selection
of response strategies (Vogel et al. 2016). This is biologically
plausible, because the hippocampus, the lateral septum, and
the amygdala, where the MR is highly expressed (de Kloet
2014), are closely related to the processing of emotional in-
formation (Groeneweg et al. 2012; Joëls et al. 2011), and
because the lateral septum and the amygdala are associated
with effective stress coping (Singewald et al. 2011) and emo-
tion (Rolls 2015; Sheehan et al. 2004). The attentional bias
away from sad faces, which was found in our placebo group,
is in line with previous studies on healthy subjects (e.g.,
Joormann and Gotlib 2007).

Fig. 4 Attentional bias index for the valences sadness and happiness—
the attentional bias away from sad faces in the placebo group and the shift
in selective attention toward sad faces compared to placebo is shown on
the left. The lack of a significant attentional bias toward happy faces is
shown on the right. Error bars represent standard errors
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Facial emotion recognition task

Fludrocortisone did not improve overall emotion recognition
accuracy in our study. A post hoc power analysis with α =
0.05 and ηp

2 = 0.04 revealed a sufficient power of 0.99, i.e.,
only 54 participants were needed to detect the interaction of
treatment × intensity that we found in our study (Faul et al.
2007). Therefore, the hypothesis that an inadequate test power
is the reason of the non-significant treatment effect appears
unlikely.

However, we did find that it was more difficult to recognize
anger correctly than sadness, if the emotion was not very salient
and task difficulty was high, i.e., for emotional intensities of 20,
30, and 40 %, but not for 80 %. As one would expect, the
recognition accuracy was better when the emotion was vivid
and well-marked, i.e., task difficulty was low (80 % emotional
intensity) and the recognition accuracy was worse when task
difficulty was high (20, 30, and 40 % emotional intensity).

In a recent study, Deckers et al. (2015) found that healthy
controls were significantly better in emotion recognition fol-
lowing the Trier Social Stress Test compared to baseline rec-
ognition accuracy before psychosocial stress. In contrast,
fludrocortisone intake did not have this effect in our sample
of young healthy subjects. Therefore, it seems unlikely that
MR activation alone explains the findings of Deckers et al.
(2015). Since the results of Duesenberg et al. (2016) suggest
that GR is also not directly modulating emotion recognition, it
is necessary to examine the role of other hormones, for exam-
ple adrenaline or noradrenaline, that are released in response
to stress and might alter emotion recognition. However,
Deckers et al. (2015) had no non-stress control group, and
they used a repeated measurement design. Therefore, a prac-
tice effect cannot be excluded as an explanation of their
results.

Sex differences

Contrary to our hypothesis, we failed to find a significant main
effect of sex for the emotional dot-probe task and the facial
emotion recognition task. These results do not fit to previous
studies that found differences between men and women in the
facial emotion recognition task (Duesenberg et al. 2016;
Hoffmann et al. 2010; Montagne et al. 2005; Thompson and
Voyer 2014). Regarding selective attention, there are only few
and more heterogeneous results. Most of the studies did not
report any sex effects (Roelofs et al. 2007; Tsumura and
Shimada 2012), or examined only men (Putman et al. 2007,
2010; van Honk et al. 2000). In contrast to our results,
Breitberg et al. (2013) found a dose-dependent reduction of
an attentional bias toward happy faces in women, but not in
men. Furthermore, McHugh et al. (2010) found a higher as-
sociation between acute changes in cortisol levels after a psy-
chological stressor and changes in a negative attentional bias

in women than in men. However, comparable with Taylor
et al. (2011) and van Honk et al. (1998), we found no signif-
icant sex differences.

Salivary cortisol secretion

We used fludrocortisone, because it is known to activate the
MR even better than physiological aldosterone and because
the affinity of the MR to fludrocortisone is about 15 times
higher than the affinity of the GR (Agarwal et al. 1977; Otte
et al. 2003). As expected, we found a decrease of salivary
cortisol levels over time after fludrocortisone intake compared
to placebo intake in our sample (baseline corrected salivary
cortisol values). This fits very well to the known inhibitory
effect of MR stimulation on the HPA-axis, even in non-stress
conditions (Buckley et al. 2007; Karamouzis et al. 2013; Otte
et al. 2003). Moreover, there were significantly higher abso-
lute cortisol levels (raw data) in the fludrocortisone group
compared to the placebo group at 0, +90, and +120 min, but
not at +180 and +210 min. In spite of this drop of salivary
cortisol levels taking place between +120 and +180 min, there
is a limitation of our study in this regard. Since testing took
place between +150 to +180 min, it would have been best to
measure salivary cortisol also at +150 min. This would have
made it even clearer that absolute cortisol levels had no influ-
ence on our outcome variables with regard to the time frame
between +150 to +180 min. Nonetheless, we found no signif-
icant correlations between the absolute data of cortisol at each
time point and the attentional bias index.

Strength and weaknesses

Our study has several strengths: it is a well-controlled study
and it is the first study that examines the effects of
fludrocortisone on attentional bias and emotion recognition.
Moreover, we balanced female and male participants at the
outset in order to analyze potential sex effects and we had a
relatively large sample size. Inclusion and exclusion criteria
were clearly stated, and since the participants had to pursue
rules of conduct, potential confounding effects could be
minimized.

One limitation of our study is the restriction on anger and
sadness as the sole emotional valences in the facial emotion
recognition task and likewise happiness and sadness in the
emotional dot-probe. It might have been revealing to include
different emotions. Moreover, we did not measure plasma
concentration of fludrocortisone.

Since we only included young and well-educated partici-
pants, our results cannot be generalized to other populations.
Furthermore, fludrocortisone has at least some GR potency,
although its affinity to theMR is about 15 times higher than its
affinity to the GR (Agarwal et al. 1977). Therefore, a potential
influence of GR activity cannot be completely excluded.
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Future studies may further examine the role of mineralocor-
ticoid receptor stimulation on attentional bias toward emotional
cues and may also include additional emotions like fear and
anger. Findings have demonstrated that genetic variances, hap-
lotypes, and polymorphisms of the MR gene (NR3C2) moder-
ate aspects of affective processing like amygdala reactivity
after emotional childhood neglect (Bogdan et al. 2012) and
elevated optimism as a protective factor for depression in wom-
en (Klok et al. 2011). Even more relevant, Vogel et al. (2014)
have linked variances of NR3C2 with memory bias for nega-
tive emotion. Therefore, it might be very interesting to system-
atically explore the differential role of NR3C2 variances on
affective processing, especially in reactivity-, withdrawal-,
and social threat-related emotions like sadness, anger, fear, or
disgust and to examine attentional bias in particular.

Due to our homogeneous sample characteristics, it would
be enlightening to compare the results of these young, healthy,
and high-educated subjects with other samples as well as in
clinical samples, e.g., in depression. It is also important to
investigate whether the observed fludrocortisone-related ef-
fect on attentional bias toward sad emotional cues is dose-
dependent and to assess its exact timing.

Conclusion

To our knowledge, this is the first study examining the effects
of MR stimulation on the emotional dot-probe task and the
facial emotion recognition task. We found a significant shift in
selective attention toward sad faces compared to placebo, but
no selective attention toward happy faces after fludrocortisone
intake. This extends the existing literature that MR function
plays a crucial role in quick and automatic behavioral adaption
in response to emotional-charged situations that typically arise
from stressful social interaction.
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