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Abstract
Hypnotherapy (HT) is a promising approach to treating depression, but so far, no data are available on the neuronal mecha-
nisms of functional reorganization after HT for depressed patients. Here, 75 patients with mild to moderate depression, who 
received either HT or Cognitive Behavioral Therapy (CBT), were measured before and after therapy using functional near-
infrared spectroscopy. We investigated the patients’ cerebral activation during an emotional human gait paradigm. Further, 
rumination was included as predictor. Our results showed a decrease of functional connectivity (FC) between two regions 
that are crucial to emotional processing, the Extrastriate Body Area (EBA) and the Superior Temporal Sulcus (STS). This 
FC decrease was traced back to an activation change throughout therapy in the right STS, not the EBA and was only found 
in the HT group, depending on rumination: less ruminating HT patients showed a decrease in right STS activation, while 
highly ruminating patients showed an increase. We carefully propose that this activation change is due to the promotion of 
emotional experiences during HT, while in CBT a focus lay on activating behavior and changing negative cognitions. HT 
seemed to have had differential effects on the patients, depending on their rumination style: The increase of right STS acti-
vation in highly ruminating patients might mirror the improvement of impaired emotional processing, whilst the decrease 
of activation in low ruminating patients might reflect a dismissal of an over-compensation, associated with a hyperactivity 
before therapy. We conclude that HT affects emotional processing and this effect is moderated by rumination.
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Introduction

Depression is a widespread mental disorder currently affect-
ing an estimated number of 264 million people worldwide 
[1]. Besides somatic and emotional symptoms [2] depres-
sion is associated with self-referential thoughts of negative 
content about the past, future and self, called rumination [3, 
4]. Cognitive Behavioral Therapy (CBT) has been shown 
to be an effective treatment for depressed patients [5]. It 

seems to help normalize depression-specific aberrant pre-
frontal [6] and amygdala activity [7]. In a meta-analysis 
on the neurophysiological effects of depression treatment, 
the authors report effects in frontal areas bilaterally and 
the lingual gyrus, middle temporal gyrus and middle cin-
gulate cortex left-hemispherically [8]. The effectiveness of 
CBT in treating depression might originate in an increase 
of prefrontal functioning, which is associated with cogni-
tive control [9, 10]. On the other hand, Hypnotherapy (HT), 
as one of the oldest techniques used in treating mental and 
somatic disorders [11], displays a promising alternative to 
CBT in reducing depressive symptoms [12]. Meta-analyses 
have substantiated the adjuvant effect of hypnotic interven-
tions in treating depressed patients [13, 14] and greater effect 
sizes in symptom reduction when HT is added to CBT com-
pared to sole CBT elements [15]. Fuhr et al. [16] showed in 
their WIKI-D study that HT is similarly effective to CBT in 
reducing mild to moderate depression despite their obvious 
theoretical and conceptual differences. The neurophysiologi-
cal effects of HT were investigated in patients with irritable 
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bowel syndrome [17] and dental phobia [18]; in recent lit-
erature, the neurophysiological effects of hypnosis and HT 
are reviewed and a biopsychosocial model of hypnosis was 
suggested [19, 20]. However, so far, the underlying neuro-
biological processes of HT applied specifically for treating 
depressed patients have not been investigated.

Depressed patients show altered emotional processing 
on a behavioral and perceptional level, including aberrant 
emotional recognition [21, 22], a negativity bias [23, 24], 
as well as attention biases [25, 26]. Strikingly, most studies 
on emotional recognition in general and affective percep-
tion during depression have been conducted with faces as 
stimulus material [27]. However, humans are often forced 
to use other clues than faces, such as posture or gait [28], to 
infer emotional states in others. Thus, in this study, we focus 
on the ability of emotional recognition based on human gait.

Neuroanatomically, emotion recognition based on whole-
body movements is related to the Extrastriate Body Area 
(EBA) in the posterior inferior temporal sulcus/middle tem-
poral gyrus [29–32]. Another region of interest (ROI) is the 
superior temporal sulcus (STS), which is associated with 
the analysis of biological motion [33–39] and also theory of 
mind (ToM) processes [39] like understanding the actions 
[40–43] or mental states of others [44–48]. It was found 
to be active when presenting subjects with dynamic emo-
tional body expressions [28, 49–51]. Moreover, depression 
is associated with abnormalities in the superior temporal 
cortex (including the superior temporal gyrus (STG) and its 
lateral part, which is often referred to as STS region [52]). 
In a meta-analysis of functional magnetic resonance imaging 
(fMRI) studies, the authors found the STG to be one of the 
regions most consistently involved in depression [53–56].

In the past years, research has focused on investigating 
connections between cerebral areas (i.e., neural networks) 
rather than isolated brain regions. Consequently, in this 
study, we concentrated on the functional co-activation of 
distinct brain areas—namely the STS and EBA—in terms 
of functional connectivity (FC). From a theoretical perspec-
tive, emotion recognition based on human gait should be 
reflected in an increased FC between STS and EBA, since 
both areas are associated with motion recognition as well as 
emotional processing (STS) and dynamic emotion recogni-
tion (EBA), as described above. A coupling of these two 
areas could reflect a process of the sensory perception of 
a dynamic emotional body expression (EBA activation) as 
well as its integration and interpretation (STS activation).

Based on previous own research including a subsam-
ple of patients used in this study, it seems that the extent 
to which depressed patients ruminate influences cerebral 
activation [57]. Depressed patients who react habitually 
with rumination to sad mood (trait rumination) showed 
less FC within the Default-Mode Network (DMN), a major 

cerebral network that is associated with processes relevant 
to depression [58–60].

Functional near-infrared spectroscopy (NIRS) is a non-
invasive method for optically based functional imaging, 
offering many advantages including its easy and quick 
applicability in a noise-free setting and its (relative) tol-
erance towards movement [61, 62], as well as few exclu-
sion criteria. NIRS has been shown to be an apt method to 
measure activation changes in cerebral networks [57, 58].

Based on the theoretical and empirical background 
outlined above, we focused on the effects of CBT vs. HT 
on neurophysiological correlates of emotional process-
ing. We also explored potential moderating influences 
of rumination and additionally analyzed emotion recog-
nition as a behavioral correlate of emotional processing. 
Therefore, we examined a subsample of depressed patients 
who participated in the WIKI-D study [16] before and 
after therapy (CBT or HT). Using a human gait paradigm 
[28], activation in cortical areas associated with emotional 
processing and depression (EBA, STS) was elicited and 
measured with NIRS. Due to the exploratory nature of this 
study, our main hypothesis was that changes in the STS-
EBA network associated with emotional processing would 
occur over the study period and that these changes would 
differ between CBT and HT treatment. Due to previous 
own research, we further hypothesized that rumination 
would moderate this change in connectivity between and 
among the groups and that the cerebral effects would be 
mirrored in the patients’ behavior.

Methods

Subjects

All participants were recruited from 152 patients (intended 
to treat) of the WIKI-D study [16], all being diagnosed 
with a unipolar mild to moderate depressive episode by 
trained clinicians using the Structured Clinical Interview 
for DSM-IV (SKID-I; [63]). Exclusion criteria for our neu-
rophysiological measurements were pregnancy or nursing 
a child, severe neurological diseases (e.g., meningitis, epi-
lepsy), untreated hypertension, diabetes, or other coronary 
diseases as well as social phobia. In total, we included 
75 patients (56 female, 19 male; 18–69 years, M = 39.24, 
SD = 14.85) participating in 2 NIRS measurements, 1 
before and 1 after therapy (Fig. 1). Nearly one third of the 
patient sample (n = 24) showed at least 1 acute comorbid 
disorder; 25 patients (n = 25) took at least 1 antidepres-
sant medication (36% SSRIs or other including atypical 
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antipsychotics1), which had to have been taken without 
changes for 3 months prior to the study. All participants 
gave their written informed consent to participate in the 
study.

Stimuli and materials

To test affective processing, we used an emotional gait para-
digm [28, 64], portraying sad, happy and neutral stimuli. We 
measured NIRS data as well as the reaction time and errors 
on a behavioral level. The happy gait was faster than the sad 
gait; the neutral walk was presented in three velocities (fast, 
medium, slow). The displayed video clips (3 s each) showed 
dark grey volumetric avatars walking across the screen from 
left to right or vice versa (at an angle of 22°). The avatars 
were uninformative about age, race or sex and still appeared 
human. The emotional videos (sad and happy) were presented 
12 times each, the neutral videos (fast, medium, slow) 4 times 
each, once for each direction. This resulted in 72 videos total, 
intermitted by a break. Within blocks, the presentation of the 
videos was randomized. Rumination as a trait variable was 
assessed with the Rumination Response Scale [65].

Procedure

Measurements took place after diagnostics and before under-
going psychotherapy, and after therapy completion (Fig. 1). 

Patients were randomly assigned to either CBT (n = 39) or 
HT (n = 36). The therapy was considered completed when 
patients underwent at least 16 of the 20 sessions, which 
applied to 76 patients. One patient became pregnant during 
therapy and was excluded from the second measurement. 
Each NIRS measurement lasted 2 h and included two addi-
tional paradigms besides the gait paradigm, the results of 
which will be reported elsewhere. Moreover, RRS data were 
collected between paradigm presentations.

During the measurement, oxygenated  (O2Hb) and deoxy-
genated hemoglobin (HHb) were recorded continuously after 
a 10 s baseline measurement. Subjects were asked to judge 
the portrayed emotion of a walking avatar by pressing the 
allocated response button (arrow buttons: left, down, and 
right). The down button always corresponded to neutral gait, 
the left and right buttons served as response buttons for sad 
or happy gait (balanced across subjects). Responses could be 
given as soon as the emotion was recognized. Subjects were 
not specifically asked to answer as quickly as possible to 
promote emotional processing over guessing. After a prac-
tice trial with feedback, the main experiment began. Each 
trial started with a fixation cross in the middle of the com-
puter screen (400 ms), followed by a blank screen (100 ms) 
and an avatar video clip (2000 ms), which was followed by 
200 ms blank screen. The duration of the inter-trial interval 
varied randomly among 5000 and 9000 ms. After 36 trials, 
the subjects were given a break, which they could end them-
selves. The experiment lasted about 18–20 min. All subjects 
received a small monetary compensation for their time.

Near‑infrared spectroscopy and regions of interest

Light in the near-infrared spectrum can penetrate the skull 
and other biological tissue. Depending on the  O2Hb and 
HHb in the underlying brain tissue, the light is absorbed 
differently and thus indicates the relative concentration of 
both chromophores. From this concentration conclusions 
can be drawn on cortical activation levels underneath the 
measurement probes. In our study we used an ETG-4000 
Optical Topography System (Hitachi Medical Corporation, 
Tokyo, Japan) with a 52-channel array of 33 optodes (17 
light emitters and 16 detectors) covering posterior-occipital 
and temporal brain areas (temporal resolution: 10 Hz). The 
inter-optode distance was 3 cm and near-infrared light with 
two wavelengths (695 and 830 nm) was used. The optodes 
were arranged in a 3 × 11-rectangular shape on the subjects’ 
heads in respect to the international 10/20 System [66]. 
Channel 37 (middle channel in the lowest channel row) was 
placed over Oz; the anterior channels 43 (left) and 52 (right) 
were positioned towards the temporal positions T3 and T4, 
respectively. To assign the channel positions to the anatomy, 
a neuronavigation system was used on a volunteer’s head.

Fig. 1  Procedure of including and measuring patients throughout our 
study. Number of patients in the WIKI-D study [16] (N); intended 
to treat (ITT); Cognitive Behavioral Therapy (CBT); Hypnotherapy 
(HT)

1 Besides NaSSA, tricyclic antidepressants, hypericum, SSNRI, ago-
melatin, bupropion, anticonvulsive medication.
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We selected ROIs according to previous findings [28]: 
namely the EBA and the STS region (including the STG; 
Fig. 2). Due to limited spatial resolution in NIRS [67, 68], 
we do not distinguish between activation due to motion per-
ception or emotional perception—both evoking activation 
in the STS.

Data analyses

Preprocessing

The recorded NIRS data were preprocessed and brain plots 
were generated using MATLAB R2017b (MathWorks Inc, 
Natick, USA). Preprocessing included applying an algorithm 
for movement artefact reduction [69]. Then, all signals were 
visually inspected for local artefacts, 3% of the channels in 
the pre data and 4% in the post data were interpolated from 
adjacent channels. All signals were then scanned for biting 
artefacts and contaminated events were excluded from fur-
ther analysis. We applied a band-pass filter (0.008–0.25 Hz) 
to minimize high- and low-frequency noise. Signals were 
z-transformed to compare between subjects, then the FC 
between STS and EBA was calculated. To explain the FC 
effects, post hoc analyses were conducted on the ROIs sep-
arately. For this, the NIRS signals were fitted to a model 
hemodynamic response function in a general linear model 
based regression [28, 70]. Based on previous studies using 
the same paradigm (e.g., [28]) as well as visual inspection 
of the current data set, peak time was set to 12 s with a peak 
dispersion of 2 s. In the behavioral data, responses given in 
under 300 ms were excluded because we do not expect them 
to result from cognitive processing.

Statistics

For the behavioral and NIRS data analyses, as well as non-
brain figures, we used R Studio (R Studio Inc, Boston, 
USA). To account for the STS-EBA FC pre therapy and the 
therapy effect concurrently, we calculated the change score 
(CS): FC(post therapy)—FC (pre therapy), which served 

as dependent variable. Linear regression models were con-
structed consecutively adding fixed effects (first additively, 
then multiplicatively), in this order: FC(pre), therapy group 
(CBT = 0 vs. HT = 1), rumination (continuous variable) and 
portrayed emotion (neutral, sad, happy). The models were 
compared using F-tests. The most complex model account-
ing for significantly more variance than the previous model 
was selected. The regression models were constructed in the 
following way:

We applied the same regression analyses, including the 
significant predictors, on the behavioral data to capture 
changes in emotion recognition. We calculated the rela-
tive error rate (RER) (sum of errors/trial number) and its 
CS (RER post therapy–RER pre therapy), which served as 
dependent variable in regression analyses. Reaction times 
were looked at on a descriptive level, since they could not 
be interpreted: no instruction was given to answer as quickly 
as possible. Post hoc two-tailed t-tests or correlation tests 
were conducted to further analyze interaction effects. Level 
of significance was α = 0.05.

Results

In the left hemisphere, the linear model containing pre 
FC as an additive term was the best fitting model for 
the CS, explaining a significant proportion of variance 
(F(1,223) = 169.20, p < 0.001, r2 = 0.43). No further pre-
dictors contributed significantly. The FC before therapy 
significantly predicted the FC change in the left hemisphere 
(ß = − 0.78, t(223) =  − 13.01, p < 0.001): The lower the FC 
between STS and EBA before therapy, the more it increased 
and vice versa (Online Resource 1). This effect could reflect 
a regression towards the mean effect, but also regulatory 
changes over time: patients who showed little EBA–STS 
coupling at baseline developed this coupling over therapy; 
patients who had lots of coupling between these two ROIs, 

CS = �
0
+ �

i
× X + �.

Fig. 2  Regions of Interest 
in the right and left cerebral 
hemisphere. The dashed circles 
portray the STS region (Chan-
nels: 8, 19, 29 (right); 3, 13, 
14, 24 (left)), the dotted circles 
the EBA region (Channels: 39 
(right); 35 (left)). Superior Tem-
poral Sulcus (STS); Extrastriate 
Body Area (EBA)
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possibly reflecting an overcompensation, showed decreased 
FC.

For the right hemisphere, the model on the CS includ-
ing pre FC as additive term and rumination and group 
as multiplicative predictors was the most complex model 
contributing significantly to the explained variance (F(4, 
220) = 42.30, p < 0.001, r2 = 0.42). This model revealed 
a significant influence of pre FC (ß = − 0.70, t(220) =  
−  11.21, p < 0.001), group (ß = 0.37, t(220) = 2.60, 
p = 0.01) and an interaction between rumination and 
group (ß = − 0.01, t(220) =  − 3.04, p = 0.003). The pre-
FC effect implies, again, a negative connection between 
pre FC and the CS, thus portraying a regression to the 
mean on an analytical level and a possible compensation 
effect on a content level. The main effect for therapy group 
reflects a change in FC throughout therapy only in the HT 
group, while the interaction effect further specifies this 
change within the HT group, depending on rumination. 
To better understand this interaction effect, we looked at 
the association between rumination and the CS separately 
for both groups. In the CBT group, there was a non-sig-
nificant positive correlation between rumination and the 
CS (r (37) = 0.05, p = 0.77), while there was a significant 
negative correlation (r(34) = − 0.40, p = 0.02) in the HT 
group (Fig. 3). Since the predictor “emotion”, accounting 
for the emotional valence of the portrayed gait, did not add 
significantly to the explanation of variance, the data were 

pooled across all conditions (happy, sad, and neutral) for 
further analyses.

To further uncover neurophysiological changes underly-
ing the right hemispheric decrease of FC in the HT group, 
we conducted post hoc analyses on the activation of the right 
STS and EBA separately in the HT group. For both ROIs 
we followed the same regression approach constructing the 
models consecutively, CS being the dependent variable and 
adding preactivation and rumination as fixed effects. As 
assumed, for the right STS the model including preactiva-
tion and rumination yielded significance (F(2,33) = 13.84, 
p < 0.001, r2 = 0.42) and revealed main effects for preactiva-
tion (ß = − 0.64, t(33) = -4.50, p < 0.001) as well as rumi-
nation (ß = 0.14, t(33) = 3.01, p = 0.005) on the CS (which 
results in a significant correlation between rumination and 
CS of r(34) = 0.35, p = 0.04) indicating an increase in acti-
vation for those patients that showed less activation before 
HT and vice versa, equivalent to the previous analyses. This, 
again, could show a regression to the mean and possibly a 
compensation effect. The rumination effect indicates that 
higher levels of rumination were associated with a greater 
increase in right STS activation when patients received HT 
(Fig. 4a). Considering the distribution of CS, it became 
apparent that negative changes (i.e., a decrease) in right STS 
activation occurred in a rather large subgroup of patients 
(who tended to show lower trait rumination scores; Fig. 4a), 
while positive changes appeared more often in patients that 
tended to ruminate more. This might suggest a categorical 
relation between rumination and activation changes rather 
than a continuous one. For illustration purposes, this catego-
rial relation is portrayed in Figs. 4b and 5.

For the activation in the right EBA in the HT group, 
no model including any predictors contributed to the 

Fig. 3  Correlation between the change of connectivity between the 
right STS and EBA separately for the two therapy groups. Superior 
Temporal Sulcus (STS); Extrastriate Body Area (EBA); Cognitive 
Behavioral Therapy (CBT); Hypnotherapy (HT)

Fig. 4  a CS below and above zero (black line) and the regression line 
(dashed line) between the CS of right STS activation and rumination, 
the result of our regression analysis (including preactivation as addi-
tive predictor). b Categorial illustration of the association between 
rumination and the activation of the right STS in the HT group. 
Change Score (CS; Superior Temporal Sulcus (STS); Hypnotherapy 
(HT)
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explanation of variance implying no systematic change 
of activation in the right EBA in the HT group. We con-
clude that the decrease in right STS–EBA connectivity in 
the HT group could be derived from a change in activa-
tion in the right STS. Further, the STS activation change 
depended on rumination: while patients with rather low 
rumination scores showed decreased right STS activation 
after therapy, this effect was reverse for “high ruminators”. 
Therefore, we explain the decrease in right STS–EBA con-
nectivity with this differential STS activation effect. Next, 
and for the purpose of completion, we checked for the acti-
vation in the right STS before therapy and whether it dif-
ferentiated between the groups to rule out possible group 
effects due to different preactivation. We did not find a 
difference in right STS activation between groups before 
therapy (M(HT) = 2.24, SD(HT) = 3.02; M(CBT) = 2.53, 
SD(CBT) = 3.00; t(73) = 0.41, p = 0.69). Finally, as an addi-
tional post hoc analysis, we correlated rumination with self-
reported symptoms before therapy in both groups and found 
a significant correlation (r(73) = 0.33, p = 0.004). This offers 
an alternative explanation for the HT effect: The effect of HT 
could originate in initial symptom severity which is linked 
to rumination.

Behavioral data

On a descriptive level, reaction times decreased from before 
to after therapy, and in the HT group there is a slight positive 
correlation between reaction time and rumination (Online 
Resource 2). For the RER, descriptive parameters show 
a decrease over time (as can be seen in the tables, Online 
Resource 3). Further analysis revealed no systematic con-
nection between RER, rumination, and groups. Applying the 
same regression method (stepwise regression, excluding the 
factor “emotion”), the model explaining a significant amount 
of variance (F(1,65) = 92.75, p < 0.001, r2 = 0.58) included 
the RER before therapy to be the only predictor of the CS 
of RER (ß = − 0.90, t(65) =  − 9.63, p < 0.001). This result 

was consistent, even when 2 outliers were excluded from the 
analysis (F(1, 63) = 12.82, p = 0.001, r2 = 0.12, RER before 
therapy as predictor: ß = − 0.52, t(63) =  − 3.58 p = 0.001). 
Thus, patients who either made very few or many mistakes 
at baseline showed a bigger change in their error rate after 
therapy (resulting in fewer mistakes for those who had many 
mistakes at first or more mistakes for those who had few 
mistakes before therapy). This seems to reflect a typical 
regression to the mean effect and partly a floor effect since 
the RER could not sink below zero. Since we did not find 
group- or rumination-specific effects in the behavioral data, 
we concluded that the activation change in the right STS in 
the HT group did not reflect the patients’ behavior.

Discussion

This study addressed the question whether two psychothera-
pies (CBT and HT) used in depression treatment affect the 
brain differently. Since the content of CBT and HT differs 
widely, particularly regarding the work with emotions, we 
hypothesized that these two therapies differ in their effect on 
a cerebral network—consisting of the STS and EBA—that 
is associated with emotional processing. Our main results 
show a decrease in right hemispheric STS–EBA connectiv-
ity in patients who received HT. This decrease in FC can 
mainly be explained by a change of activation in the STS 
while the EBA did not change in its activation. This acti-
vation change in the right STS in the HT group depended 
on rumination: while subjects with lower rumination scores 
showed a decrease in their right STS activation, subjects 
with higher rumination scores showed an activation increase. 
These specific neurophysiological changes were not mir-
rored in behavioral data and were independent from the type 
of displayed emotion.

These results have multiple implications. First, even 
though both the STS and EBA were previously found to be 
active during displayed biological motion [28, 31, 33, 34, 

Fig. 5  The effect of rumination 
on the change of STS activation 
throughout therapy in the HT 
group. The figure portrays a 
t-test between activation before 
therapy (pre) compared to after 
therapy (post) (post–pre) in the 
HT group for either low or high 
ruminators. Superior Temporal 
Sulcus (STS); Hypnotherapy 
(HT)
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39, 49, 71, 72], here, only the right STS showed activation 
changes throughout therapy. However, since we focus on 
the co-activation of the EBA and STS, we cannot make firm 
conclusions about the activation of the EBA during the gait 
paradigm by itself. Based on our analysis, EBA activation 
did not change throughout therapy, suggesting it might not 
be involved in emotional processes changing in psychother-
apy; the STS activation change, however, might be related 
to these emotional processes. The STS region has shown 
to be involved in pathological brain activation in depressed 
patients, when confronted with negative emotional stimuli, 
with clear lateralization, though [53]. The findings of STS 
activation in response to perceived body motion were het-
erogenous in regard to lateralization [28, 33, 34, 39, 72]. 
Thus, the STS seems to play a role in emotional processing 
influenced by depression-specific HT; the role of lateraliza-
tion remains to be investigated.

Interestingly, this STS activation change throughout ther-
apy was only found in the HT group. Since the groups did 
not differ in right STS activation before therapy, the group 
effect of the FC change is due to the differential activation 
after therapy. This difference could be due to the increased 
focus on emotional therapeutic work in HT compared to 
CBT. In CBT, the focus lay on activating, analyzing and 
reviewing behavior and recognizing and changing nega-
tive cognitions [73]. This was implemented during therapy 
sessions and homework. In CBT emotions were mostly 
addressed on a conversational level. On the other hand, 
in HT, a focus lay on using the patients’ own strengths, 
positive experiences and memories to create alternatives 
to negative, wearing thoughts. Namely, pleasant emotions 
linked to positive personal experiences were induced dur-
ing trance to make the patients feel competent, hopeful, 
and strong. The trances were recorded and handed to the 
patients to listen to them again at home. This might have 
led to a repetition of the emotional experiences. We argue 
that HT promoted changing one’s perspective since multiple 
trances focused on putting oneself in a former or later self, 
possibly reflecting ToM processes. Since the STS region is 
associated with these emotional and ToM processes [39, 53] 
it seems fitting that right STS activation changed throughout 
HT, but not CBT. CBT, on the other hand, has been shown 
to normalize aberrant amygdala [7] and prefrontal [6] activ-
ity, the latter being associated with cognitive control [9, 
10, 74].

Interestingly, hypnosis has been shown to lead to 
decreased prefrontal activity [89, 90] and disrupted pre-
frontal FC [91]. Therefore, the PFC seems to be important 
to consider when searching for the mechanisms underlying 
therapeutic effects of HT. Our research group investigated 
prefrontal areas in the same study sample as presented here 
(using a different paradigm and NIRS cap placement); the 
results will be published elsewhere.

Secondly, we found that the right STS activation change 
after HT depended on the patients’ rumination: Patients who 
tended to ruminate less before therapy showed a decrease 
while patients who tended to ruminate more showed an 
increase in right STS activation after HT suggesting a cat-
egorical division of patients in high and low ruminators. 
This is in line with previous research of our group, in which 
differential DMN activity was found for high versus low 
ruminating depressed patients [57]. In previous research, 
trait rumination was shown to be positively associated with 
depressive symptoms and their severity [76–77], mediating 
risk factors for depression [78], and predicting treatment 
success [79]. We, as well, found a correlation between rumi-
nation and self-reported symptoms. Further research has 
shown abnormal functioning of the DMN in depressed sub-
jects [60] and decreased FC within the DMN in depressed 
subjects who tended to ruminate [57]. The DMN also seems 
to be linked to ToM and thus emotional processes, which 
elicit increased activity in lateral regions like the STS and 
increased coupling with the medial prefrontal cortex, a core 
node of the DMN [80]. Furthermore, multiple authors sug-
gested a link between hypnotic trance and the DMN e.g., 
[77–80]. More detailed results on the connection between 
HT and the DMN will be derived from a resting-state meas-
urement also conducted in the context of this study and pub-
lished elsewhere. In line with this research, our results might 
indicate a greater degree of depression in highly ruminating 
patients whose decreased STS activity before therapy pos-
sibly reflected impaired emotional processing. The increase 
of STS activity throughout HT in these patients could be a 
neurophysiological correlate of normalized emotional pro-
cessing induced by HT as described above. On the other 
hand, low ruminating depressed patients showed a decrease 
in STS activity throughout HT. Our results propose that low 
ruminators show less severe depressive symptoms and might 
therefore be less impaired in emotional processing. Opposed 
to the more severely impaired patients, the less impaired 
might still be capable to compensate abnormal emotional 
processing with a certain effort. This compensation effort 
could be associated with hyperactivity in the right STS. The 
benefit of HT for these patients could be linked to a decrease 
in right STS activity due to the reduction of over-compensa-
tion. Further research is needed to underpin this hypothesis 
and clarify the interaction of rumination and symptom sever-
ity on depression-related cerebral activity.

Thirdly, the absence of significant predictive value of 
the factors group and rumination for the error rate (RER) 
implies that activity changes in the right STS did not influ-
ence the behavioral data in a measurable way. A possible 
explanation is that the RER is based on the reaction as a con-
sequence of emotional recognition. This reaction is rather 
a judgement than a mirror of the preceding emotional pro-
cessing. Emotional judgement, though, is associated with 



736 European Archives of Psychiatry and Clinical Neuroscience (2022) 272:729–739

1 3

prefrontal activity [85–87] and might not be correlated with 
temporal activity. To get to the core of this effect, further 
research with more specific hypotheses is needed.

Lastly, the portrayed emotion did not predict the FC 
change between EBA and STS throughout therapy nor did 
it predict the activity change in the right STS. In previous 
studies, differences in EBA activation occurred between 
negative emotional body expressions compared to neutral 
expressions [28, 49, 71, 72], but all of these studies were 
conducted with healthy subjects. Indeed, depressed subjects 
have shown aberrant emotional processing on a behavio-
ral level compared to healthy controls [22–24, 26, 88], but 
in these studies cerebral activation was not assessed. The 
cerebral processes measured in our study and the changes 
throughout HT do not seem to be emotion-specific.

Study limitations and future research

To our knowledge, no previous study has investigated the 
FC of these two regions even though they were found to 
be involved in the processing of dynamic, emotional body 
expressions, and none of them including depressed subjects 
[28, 49, 71]. This present study is of an exploratory nature 
and consequently more research is needed to investigate the 
FC between STS and EBA in depressed subjects. Moreo-
ver, other regions involved in the processing of emotional 
dynamic body expression, like the amygdala [49], cannot 
be measured with NIRS. Furthermore, due its relatively low 
spatial resolution, NIRS might not be an adequate method 
to distinguish motion perception and emotional perception, 
which are both associated with activation in the STG. e.g., 
[35, 36]. Therefore, interpretations about emotional process-
ing associated with STS activity need to be considered care-
fully. To further investigate the co-activation of other areas, 
including subcortical ones, and to distinguish intra-STS 
areas, fMRI data should be obtained. Another methodologi-
cal restriction is that we could not perform a short-channel 
regression since our NIRS system does not allow to rou-
tinely include short-distance channels. Therefore, we can-
not exclude the possibility that superficial perfusion changes 
contributed to our NIRS data. A further limitation is that 
systemic effects were not controlled during data preprocess-
ing which might have influenced the results.

The assumption that HT fosters more emotional processes 
than CBT was based on manuals used in the WIKI-D study 
[16] and interviews with experts. We do not claim this to be 
the only differentiating factor between HT and CBT; further 
research is required to clarify the differences. In the future, 
rumination should be continuously included when inves-
tigating depression as it seems to be linked to abnormal, 
depression-specific, cerebral functioning [57]. This would 
help to better understand depression in its many facets and 
to individualize treatment.

Conclusion

This first of its kind study explores the cerebral processes 
underlying differential effects of Hypnotherapy (HT) and 
Cognitive Behavioral Therapy (CBT) in treating depressed 
patients. In the treatment of depressed patients, HT was 
not inferior to CBT [16]. Still, how these treatments work 
(or which group pf patients responds well to either type of 
therapy) remained unclear. In our study, we investigated 
the effects of HT and CBT on cerebral activation associ-
ated with emotional processing. We found that activation 
in the right STS changed throughout therapy specifically 
in the HT group. Further, rumination played a crucial role 
in predicting activation changes in the HT group and thus 
seems to be an important factor to consider when drawing 
conclusions about depression treatment and differential 
indication. We conclude that HT affects emotional pro-
cessing in depressed patients and this effect is moderated 
by the patients’ rumination style. Depression-specific HT, 
its content, effects and underlying processes have rarely 
been investigated and therefore many of our assumptions 
were exploratory in nature. This paper was designed to 
be a first step in the direction of exploring HT and its dif-
ferential effects.
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