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Objectives: To correctly recognize and respond to your counterpart's emotion is essential for a successful get-together. To ensure this, emotional processes and inhibitory control are linked and interact with each other. However, this interaction can be altered in several mental disorders. In a group of psychosomatic patients, we investigated possible differences in the response inhibition between neutral and emotional stimuli and whether a psychosomatic inpatient and day-hospital patient treatment influences response inhibition profiles.

Methods: One hundred and one patients, diagnosed with different psychiatric diagnoses (77 women, 41.43 ± 13.13 years), completed an emotional stop-signal task (ESST) and an impulsive behavior scale upon admission in an inpatient and day-hospital patient treatment on a psychosomatic ward (T0) and at discharge (T1). Patients with depressive disorders completed the test again after 1 year (follow-up measurement T2, n = 22). Emotional stimuli were angry and neutral faces. Stop-signal reaction time (SSRT) and stop-signal delay (SSD) were calculated as the main behavioral parameters.

Results: We found a significantly higher SSRT for neutral than angry faces at both admission (8.538 ms, p < 0.001) and discharge (11.142 ms, p < 0.001), with a matching higher SSD for angry than neutral faces at both timepoints (T0: 8.360 ms, p < 0.001, T1: (6.950 ms, p < 0.001). The SSRT for angry faces significantly decreased after treatment (-8.485 ms, p = 0.0110). For neutral faces, the decrease failed to reach significance (−5.881 ms, p = 0.250). A significant decrease in SSRT for neutral faces in patients with depressive disorders was found 1 year after discharge compared with admission (−19.040 ms, p = 0.0380).

Conclusion: Our data demonstrate a decreased response inhibition for neutral compared with emotional stimuli and an improved response inhibition for angry faces after discharge in a psychosomatic inpatient and day-hospital patient cohort. Additionally, patients with depressive disorders displayed a significantly better response inhibition for neutral faces 1 year after discharge compared with the baseline measurement. With this study, we provide more evidence for altered emotional response inhibition in different mental disorders and a hint that psychosomatic inpatient and day-hospital patient treatment may help to normalize it, even if the effects remained small and it needs further research to prove causality.
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1. Introduction

Recognizing and reacting correctly to a counterpart's emotions are often essential for a successful interaction. To ensure this, emotion and inhibitory control are linked and affect each other (1). Several studies reported a significant effect of emotion on inhibitory control, although discordant results were reported on the effects (improvement/impairment) of the different emotions on inhibitory control. While some studies showed an increment of reaction time (RT) for emotional stimuli (2–4), others reported a decrease (5–8).

Fewer studies were performed focusing on a special part of inhibitory control, the response inhibition, which describes the ability to stop a prompted motor response due to an upcoming change of conditions, e.g., in a laboratory setting, usually an appearing stop-signal (9). Stop-signal tasks are established tests to examine response inhibition (9–13). In this task, the probands have the assignment to react to a stimulus—usually visual—fast and accurately, but not if a stop-signal (audio or visual) appears. This task is based on the assumptions of the horse race model (14, 16–19). In this model, the ongoing process of the original task (the go task) competes with the appearing process of the stop task. When the processing of the stop task is faster than the processing of the go task, the reaction is successfully inhibited. But in case the stop-signal appears late in the processing of the go-signal, this process is finished before the concurring process of the stop-signal and the reaction is executed despite the stop-signal. With this task, it is possible to estimate the latency of the stop process, the so-called stop-signal reaction time (SSRT) (10, 12–15). Alterations in response inhibition have been shown in participants diagnosed with different mental disorders, such as autism and attention deficit hyperactivity disorder (ADHD) (12, 16, 17), schizophrenia (17–23), obsessive-compulsive disorders (OCD) (12, 17, 24), depression (25–27), and eating disorders (28) compared with healthy controls.

To examine the impact of emotion on response inhibition, several studies combined a classical stop-signal task with emotional stimuli, which are often called an emotional stop-signal task (ESST). In healthy populations, most of the studies showed a decrease in response inhibition, represented in a slower SSRT for emotional stimuli compared with neutral ones, both when the pictures, but not the emotion, were task-relevant (29, 30) and when neither the pictures nor the emotion was task-relevant (1, 31, 32). A common explanation for this phenomenon is that emotional pictures draw attention, which is an important evolutionary advantage as one is able to quickly respond to an upcoming danger (1, 32, 33).

Only a few studies have used emotional stop-signal tasks with individuals diagnosed with mental disorders. Two studies with patients diagnosed with schizophrenia show a different result compared with the studies on healthy participants: Both studies showed facilitated response inhibition, i.e., faster SSRT, for the emotional, i.e., angry, stimuli in comparison with neutral stimuli (19, 23). These findings are contrary to the results of most studies with healthy participants, that most frequently report slower SSRT for emotional than neutral stimuli (1, 29–32). One explanation may be an altered processing of neutral faces in schizophrenia with problems interpreting them resulting in more distraction than easier-to-read emotional pictures (19, 34–37). One study with subclinically depressed individuals found slower SSRT for participants with subclinical depression compared with healthy controls in an ESST, when the emotion was not task-relevant, regardless of whether the presented pictures were neutral or emotional (in this case sad faces were used as emotional stimuli). When the emotion was task-relevant, they could not find any difference in SSRT or SSD (38). Another study not only investigated neutral and negative stimuli, but also positive stimuli. They found no differences in SSRT for patients with depressive disorders and healthy controls but an enhanced reduction of event-related potentials for positive stimuli compared with the controls (39). Similar results were shown for patients diagnosed with borderline personality disorder: no difference in SSRT, but slower event-related potentials regarding the early attention and stimulus evaluation showing an inhibition control deficit for emotional stimuli (40).

Regarding emotion recognition, many studies show a significant alteration in patients diagnosed with mental disorders: In depression, a bias toward negative emotion has been described (41–46) and hypothesized to be a predictor for relapse when distinctive (47, 48). Altered emotion recognition was also found in patients with high levels of social anxiety (49) and in children and adults with posttraumatic stress disorder (50, 51), whereas differences were no longer visible in patients with somatoform disorders when corrected for alexithymia and anxiety (52, 53).

Impulsivity is an important part and diagnostic criterion of several mental disorders (54, 55). Correlations were described regarding single aspects of the multidimensional construct of impulsivity and response inhibition, e.g., when registered with the UPPS-P impulsive behavior scale (56–59). A clear negative correlation was found between the aspect of urgency and response inhibition, but not in the dimensions of lack of perseverance, lack of premeditation, and sensation seeking (56, 59–61).

As most of the studies report cross-sectional data, we were interested in a longitudinal approach to see whether there are not only differences between emotional and neutral stimuli at one timepoint but also changes in response inhibition over time, especially after an inpatient and day-hospital patient treatment at a psychosomatic ward. Therefore, our study examined a population of inpatients and day-hospital patients in a psychosomatic ward to examine possible differences in response inhibition, comparing emotional and neutral stimuli and whether there is an effect of treatment.

The following hypotheses were tested: (1) The SSRT for neutral faces is slower than for negative emotional stimuli in patients with mental disorders. This was shown for patients diagnosed with schizophrenia before (19, 23). As an altered emotion recognition was shown before in different mental disorders (41–46, 49, 50, 52), we assumed that the facilitating effect of the distinct emotion of anger is seen in other mental disorders as well. (2) Response inhibition for both neutral and angry faces is increased after treatment, resulting in a faster SSRT, as an effect of treatment supporting normalization of affected response inhibition (62, 63). (3) At the baseline measurement (T0), the SSRT for neutral and angry faces differs between the individual groups of patients with different mental disorders participating in our study, as they are differences in the extent of alteration in emotion recognition as described above.



2. Materials and methods


2.1. Study design and subjects

The study was designed as a prospective, uncontrolled cohort study at the Department of Psychosomatics Medicine and Psychotherapy, University Hospital Tübingen (Universitätsklinikum Tübingen, UKT). Participants were recruited from all patients being admitted to the department either as full- or part-time inpatient and day-hospital patients between August 2019 and March 2020. Day-hospital patients spent weekdays from 8 a.m. to 4 p.m. in the clinic but went home overnight and for the weekends. The study was approved by the ethics committee of the Medical Faculty of Eberhard-Karls University Tübingen (105/2019BO2).

Inclusion criteria were regular admission for full-time or part-time treatment at the Department of Psychosomatics Medicine and Psychotherapy at the UKT, sufficient knowledge of the German language, and an age ≥ 18 years. Exclusion criteria were acute psychotic episodes, organic brain disorders, pregnancy, current dependency on alcohol or illegal drugs, and refusal to participate.

All patients who passed the inclusion criteria were asked for participation and were included if they provided written consent. Participation was voluntary, and withdrawal at any time during the study was possible and did not have any consequences on the treatment.

Data were collected at two timepoints for all participants: T0 at the beginning of the treatment within 3 days after admission as baseline. T1 was measured at the end of the treatment (within 3 days before discharge). In case of stepping down the intensity of treatment from full-time to part-time treatment to prepare for discharge, the T1 measurement took place within 3 days before the end of the full-time treatment. For the subgroup of patients with depressive disorders, we scheduled a third timepoint of assessment (T2) 1 year after discharge (within a range of ±14 days). Participants who completed all three measurements were given a gift coupon to a local bookshop as a reward (20 €, without being informed beforehand).

The initial aim of the study was to include n = 100 patients in the study within a timeframe of 1 year (August 2019 until August 2020). Due to the COVID-19 pandemic and resulting safety regulations recruitment had to be terminated prematurely, so only 66 patients could complete T1 measurement. Because of the premature end of the study due to COVID-19 restrictions, we conducted an interim analysis. This showed that only the group of patients with depressive disorders was large enough to conduct further statistical analyses. Therefore, we only measured the patients with depressive disorders (F32.1/2/F33.1/2) (n = 41) as the main diagnosis again at timepoint T2.

A total of 18 datasets of originally 119 participants had to be excluded due to violation of one or more criteria that have shown to affect reliable SSRT estimation (64). For the detailed criteria see data modeling (3.4.). After this adjustment, data from 101 participants (77 women) were included at T0, data from 57 participants (45 women) at T1, and data from 22 participants (18 women) at T2.



2.2. Patients and treatment
 
2.2.1. Patients

Psychosomatic clinics in Germany treat patients with different disorders, such as somatoform disorders (ICD-10 F45.1/3/40/41 and F51.0), depressive disorders (ICD-10 F32.1/2, F33.1/2), trauma-related (ICD-10 F43.X), and anxiety disorders (ICD-10 F40.0 F41.1/2/8) as well as eating disorders (ICD-10 F50.X). The necessity of an inpatient or day-hospital patient treatment is decided at the psychosomatic outpatient clinic, where the prospect patients have an appointment ahead of potential admission. There, the patients are assessed by a clinical evaluator. Criteria for full- or part-time inpatient treatment are primary diagnosis, severity of symptoms, comorbidities and somatic consequences of the diagnosed mental disorder, dysfunctional support system or surroundings, problems with preserving daily routines, and failure of outpatient therapy.



2.2.2. Treatment

All patients received the standard treatment of our department, which includes individual and group psychotherapy, music or art therapy, relaxation therapy, movement therapy, weekly ward rounds with senior physicians, and frequent therapeutic contacts with nurses, physicians, and psychologists. Existent psychopharmaceutic medication was continued, and/or psychopharmaceutic medication was started if indicated. Additionally, individual therapy elements such as nutritional counseling, biofeedback therapy, social skills training, occupational therapy, dance or gardening therapy, and family counseling were offered if indicated. Somatic diagnostic with appropriate methods was undertaken if necessary. The mean duration of treatment was 48.61 (±16.09) days.




2.3. Tasks
 
2.3.1. Emotional stop-signal task

At every timepoint, patients completed an emotional stop-signal task (ESST) as described before (19). One hundred and twenty different pictures of angry and neutral faces taken from the face repository of the Brain Behavior Laboratory of the University of Pennsylvania (65) were presented in a randomized order three to four times and balanced for the sex of the depicted faces, resulting in a total of 400 trials (200 trials with angry and 200 trials with neutral faces). The content (sex and emotion of the face) was irrelevant to the task, which was to press the space bar as fast as possible when the picture appeared (go-signal), but not if there appeared a yellow frame around the picture (stop-signal). In the beginning, every picture had a white frame (see Figure 1).


[image: Figure 1]
FIGURE 1
 Procedure of the emotional stop-signal task. (A) Go trial: after the appearance of the picture with a white frame the participant presses, the space bar as fast as possible. The stop-signal delay is not affected. (B) Stop trial, answered incorrectly: the participant presses the space bar although there is a stop-signal (frame turns yellow); thus, in the next stop trial, the stop-signal delay is reduced by 64 ms. (C) Stop trial, answered correctly: the participant resists pressing the space bar correctly when the stop-signal appears; thus, the stop-signal delay is increased by 64 ms. Due to copyright reasons, the pictures in the figure are displayed as cartoons, and the pictures in the emotional stop-signal task were real photographs.


To obtain a balanced ratio between correctly and incorrectly answered stop-signals, we implemented a staircase procedure for the stop-signal delay (SSD, see Figure 1). In the beginning, the SSD was set at 200 ms; with every correctly solved stop-signal, the delay increased by 64 ms; with every incorrectly answered stop-signal, the delay decreased by 64 ms. This procedure is well-established to adjust the difficulty of the stop-signal task (19, 66–69). The rate of go-signal/stop-signal was 3:1 in order to facilitate pressing the button. The patients were requested to react as fast as possible but also as accurate as possible. The pictures were visible for a maximum of 1,000 ms, and if the patient did not press within this time, the picture was registered as missing. We included two pauses of 1 min each for the patients to relax. The patients completed the task on a laptop using the Presentation® software from NeuroBehavioral Systems (Berkeley, CA, USA). They received written instructions on the laptop as well as standardized verbal instructions and the possibility to ask in case of questions.



2.3.2. UPPS-P impulsive behavior scale

All patients completed the German version of the UPPS impulsive behavior scale (58, 70) at all two/three measurement points to assess impulsivity. Cronbach's alpha for the present sample was 0.868 for urgency, 0.725 for lack of premeditation, 0.799 for lack of perseverance, and 0.877 for sensation seeking indicating acceptable (>0.7) or good (>0.8) internal consistency.



2.3.3. PHQ-D

At all two/three measurement points patients completed a German version of the PHQ-D (71) including the subscales PHQ-9 to assess depressiveness, PHQ-15 to assess somatization, and GAD-7 to assess anxiety. Cronbach's alpha for the present sample was 0.909 for PHQ-9, 0.861 for PHQ-15, and 0.943 for GAD-7, indicating good (>0.8) or excellent (>0.09) internal consistency.




2.4. Data modeling of the ESST

Response times were analyzed according to the independent race model (10, 12–15). SSRT was calculated using the SSRTmed method as described before (10, 14). Briefly, we calculated the go-signal reaction time (RTmed) per trial minus the median of the inhibition function, which can be calculated using linear regression to find the SSD where the response rate was 0.5. For a detailed description of the calculation, please see (10). Summing up, better response inhibition is indicated by a faster SSRT and a longer SSD (38, 40, 69). To exclude outliers due to poor performance/non-performance, we implemented criteria as described before (64, 72) to ensure sufficient data quality. We used the lenient outlier criteria, which are (1) percent inhibition on stop-trials between 25 and 75%, (2) percent go responses >60%, and (3) SSRT not negative and >50 ms (64). According to these criteria, we had to exclude 18 datasets of patients who failed in one or more conditions.



2.5. Statistical analysis

IBM SPSS Statistics version 28.0.0.0 was used for statistical analysis. Before further statistical analyses, we explored the missing data. We performed Little's MCAR test to exclude the possibility that the missing data are not random. For both the whole group (p = 0.968) and each of the subgroups with missing data [depressive disorders (p = 0.643), anxiety disorders (p = 0.997), somatoform disorders (p = 1.000), eating disorders (p = 1.000)], we showed that the missing data are at random and it is legit to impute missing data. We used monotone multiple imputations with sets of 500 iterations for each missing value. Statistical significance was set at p < 0.05.

Demographic data were analyzed using descriptive statistics. For an intention-to-treat (ITT) analysis, we performed data imputation for the missing T1 data from all 101 participants who completed the T0 measurement. A repeated-measures ANOVA was used to calculate the effect of emotion and time on SSRT and SSD. A Greenhouse–Geisser adjustment was applied when necessary. Additionally, we calculated a linear mixed model to examine the change of SSR for AF and NF over time as a main effect with time as a fixed effect. A random intercept model with variance components was used, and no additional random effects were applied. No other correlations or interactions were modeled. The PHQ-D-subscales were added in the per-protocol (PP) analysis as covariates. The PP analysis included all 57 participants who completed T0 and T1 measurements. Accuracy was calculated with paired t-tests. As the individual diagnosis groups were quite small, we only conducted PP analyses for the patients with depressive disorders with paired t-tests and Mann–Whitney U-tests in case data were not normally distributed. For all other diagnosis groups, we only reported descriptive data as the individual groups were too small. Additionally, we calculated correlations between the parameters of the ESST, the UPPS-P impulsive behavior scale, and the PHQ-D using Spearman's rho correlations. Additionally, we calculated in the PP analysis a linear multiple regression to examine the influence of psychopharmaceutic medication on the results.

An additional analysis was calculated for patients with depressive disorders, as these were the only diagnosis group with a third measurement point. As we had only missing data in hierarchical follow-up measurements, we were able to calculate a linear mixed model for the ITT analysis of this subgroup. We examined the change in SSRT for NF and AF over time as the main effect. The setup was the same as for the whole group. For the PP analysis, we used a repeated-measures ANOVA as we had three timepoints. A PP analysis was carried out for the results of the UPPS and the PHQ-D. Single missing data were imputed using similar response pattern imputation. To compare the results over time, we used paired t-tests.




3. Results


3.1. Sample characteristic

A characterization of the study population is given in Table 1.


TABLE 1 Sample characteristics.

[image: Table 1]



3.2. Results for the whole group

In the ITT analysis, the rmANOVA, corrected with a Greenhouse–Geisser adjustment because of violation of sphericity, showed significant differences in the SSRT [F(1.453, 815.089) = 17.187, p = < 0.001, part. η2 = 0.030]. Bonferroni-corrected post-hoc analysis showed significantly faster SSRT for angry than neutral faces at T0 (p < 0.001) and T1 (p < 0.001) (Figure 2) and a significantly faster SSRT at timepoint T1 than at timepoint T0 for angry faces (p = 0.0110) but not for neutral faces (p = 0.250). For SSD, the rmANOVA again showed a main effect of emotion, a main effect of time, and a significant interaction of emotion and time [F(1.029, 577.015) = 5.734, p = 0.016, η2 = 0.010]. Bonferroni-corrected post-hoc analysis showed significant differences in SSD between angry neutral faces at T0 (p < 0.001) and T1 (p < 0.001). Furthermore, the ITT analysis showed significant differences between the accuracy of stop-trials between angry and neutral faces at T0 [T(100) = −2.937, p = 0.003], with a trend at T1 [T(100) = −1.959, p = 0.050]. The linear mixed model did not show these effects. There was no significant difference between timepoints T0 and T1, neither for neutral (p = 0.469) nor for angry faces (p = 0.126). In the PP analysis, the repeated-measures ANOVA showed no differences in the SSRT regarding emotion or time [F(1.485, 83.145) = 1.544, p = 0.222]. There was no significant difference for all other parameters investigated: accuracy of go-trials in total, accuracy of go-trials in case of neutral stimuli, accuracy of go-trials in case of angry stimuli, median reaction time in go-tasks (RTmed) in case of neutral stimuli or RTmed in case of angry stimuli (Table 2; Supplementary Table 1).


[image: Figure 2]
FIGURE 2
 Difference of the stop-signal reaction time for angry and neutral faces at timepoints T0 and T1 regarding the whole group. At both timepoints T0 (p < 0.001, Cohen's d = −0.278) and T1 (p < 0.001, Cohen's d = −0.320), there is a significant difference in stop-signal reaction time for angry and neutral stimuli. The SSRT improved significantly from T0 to T1 for angry faces treatment (p = 0.011). Data are expressed as mean ± SD. T0, baseline measurement within 3 days after admission; T1, discharge measurement within 3 days prior to discharge. *p < 0.05.



TABLE 2 Performance of the whole group in the emotional stop-signal task (n = 101).
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3.3. Results for different diagnosis groups
 
3.3.1. Differences between emotional and neutral faces at one measurement point

The results for patients with depressive disorders are reported at point 3.3.2. All other groups were quite small, so only descriptive data are reported (Supplementary Tables 2, 3).



3.3.2. Differences between the single measurement points

The linear mixed model for the ITT analysis in the group of patients with depressive disorders showed a significant difference in SSRT for neutral faces between T0 and T2 (p = 0.038) but not between T0 and T1 (p = 0.386) or between T1 and T2 (p = 0.283; Figure 3; Table 3). There was no significant difference for SSRT for angry faces at any timepoint (T0/T1: p = 0.651; T0/T2 p = 0.318). Even though there was no significant difference between T0 and T1, a continuous decrease in SSRT for neutral stimuli from T0 over timepoint T1 to timepoint T2 was observed (Table 4). The rmANOVA in the PP analysis showed a significant difference between the timepoints for neutral faces [F(2, 42) = 3.824, p = 0.030] but not for angry faces [F(2, 42) = 0.919, p = 0.407]. Bonferroni-corrected post-hoc analysis for neutral faces showed a significant difference (p = 0.020) between T0 and T2. For the other diagnosis groups, somatoform disorders, eating disorders, and anxiety and trauma, we only reported descriptive data, because of the small number of participants (Supplementary Table 2).


[image: Figure 3]
FIGURE 3
 Change of stop-signal reaction time over time for angry and neutral faces in patients with depressive disorders. For patients with depressive disorders, we could show a decrease in stop-signal reaction time for neutral stimuli between baseline and follow-up measurement was significant (T0/T2 p = 0.038, Cohen's d = 0.631). Data are expressed as mean ± SD. T0, baseline measurement within 3 days after admission; T1, discharge measurement within 3 days prior to discharge; T2, follow-up measurement 1 year (±7 days) after discharge. *p < 0.05.



TABLE 3 Results for patients with depressive disorders (T0: n = 41, T1: n = 28, T2: n = 22).

[image: Table 3]


TABLE 4 Results over time for patients with depressive disorders.
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3.4. UPPS-P impulsive behavior scale results

The PP analysis showed a relatively stable self-report of urgency parameters for the whole group as there were no significant changes over treatment. In the group of patients with depressive disorders, the parameter lack of premeditation increased significantly from 21.65 (SD 5.244) points at T0 to 23.25 (SD 4.387) points at T2 [t(19) = −1.6, p = 0.044]. There were no other significant changes over time (Table 5).


TABLE 5 UPPS impulsive behavior scale.

[image: Table 5]



3.5. PHQ-D results

The PP analysis showed a significant decrease in symptom severity for the whole group over treatment in all three scales: PHQ-9 (p = 0.001), PHQ-15 (p = 0.036), and GAD-7 (p = 0.001; Table 6). In the group of patients with depressive disorders, PHQ-9 (p = 0.006) and GAD-7 (p = 0.0.24) decreased significantly between T0 and T1 and PHQ-15 increased significantly from T1 to T2 (p = 0.042; Table 6).


TABLE 6 Patient health questionnaire, German version (PHQ-D).
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3.6. Correlations between ESST parameters, UPPS-P, and PHQ-D

The PP analysis showed strong correlations between the single ESST parameters and the single PHQ-subscales. No significant correlations were found between the ESST parameters and the UPPS-P scale or the ESST parameters and the PHQ-D scales. Weak-to-moderate correlations were found between the UPPS-P parameter urgency and the single PHQ-D subscales as well as between GAD-7 and the UPPS-P parameter lack of perseverance (Table 7).


TABLE 7 Correlations between ESST, UPPS, and PHQ-D.

[image: Table 7]



3.7. Influence of psychopharmaceutic medication

We had data about psychopharmaceutic medication from 47 of the 57 patients included in the PP analysis. Twenty-four of them (42.1%) had no psychopharmaceutic medication at all, 11 (23.4%) used drugs from exactly one medication group listed in Supplementary Table 3, and 12 (25.5%) used drugs from more than one drug group. The linear regression showed no influence of medication in general on the SSRT, neither for angry faces [F(1, 45) = 0.864, p = 0.358] or neutral faces [F(1, 45) = 1.523, p = 0.224] at T0 nor for angry [F(1, 45) = 0.090, p = 0.766] or neutral faces [F(1, 45) = 0.098, p = 0.756] at T1. In an additional analysis, no differences were found regarding the single medication groups at T0 {angry: [F(6, 40) = 0.701, p = 0.650], neutral: [F(6, 40) = 1.523, p = 0.196]} or T1 {angry: [F(6, 40) = 1.327, p = 0.268], neutral: [F(6, 40) = 1.466, p = 0.215]}. See Supplementary Table 3 for detailed information on the used drugs.




4. Discussion

The aim of our study was to investigate a possible change of response inhibition over time after a psychosomatic inpatient and day-hospital patient treatment via an emotional stop-signal task, showing angry and neutral faces. To the best of our knowledge, this is the first study investigating the effect of psychosomatic inpatient and day-hospital patient treatment on response inhibition with an emotional stop-signal task.

We observed a difference in SSRT for neutral and angry faces with a slower SSRT for neutral faces than for emotional faces at both timepoints, before and after treatment, indicating poorer inhibitory control regarding neutral faces. This is in line with former studies that showed an altered response inhibition or emotion recognition in patients with mental disorders (12, 16–28, 38, 69). Our group argued before that the slower SSRT for neutral stimuli in schizophrenia patients might be due to the harder-to-recognize neutral faces, and thus, participants were distracted from the actual task and hesitated to press the button (19) in comparison with the easier-to-recognize and classify emotional faces (19, 23). Unfortunately, we did not collect any data about emotion recognition rates for our participants. In our study, we detected this alteration also for patients with other mental disorders. With these findings, we proved our first hypothesis of a slower SSRT for neutral than emotional stimuli in patients with psychosomatic diseases.

The second hypothesis, a better response inhibition for neutral and emotional stimuli after treatment, indicated by a faster SSRT after treatment, could not be confirmed for both angry and neutral stimuli. The repeated-measures ANOVA showed a significantly better response inhibition for angry faces at T1 compared with T0, indicated by a faster SSRT, but no significant improvement in response inhibition for neutral faces. We showed a significant decrease in symptom severity for depression, somatization, and anxiety after treatment, which is a sign of the effectiveness of the treatment and maybe a hint that the improvement in response inhibition is, at least partly, based on the effect of therapy. Furthermore, we showed a correlation between the UPPS-P subscale urgency, which has been shown to correlate to response inhibition before, and all three PHQ-D subscales before and after treatment. This finding is in line with previous studies showing an improvement in brain function after psychotherapeutic or psychopharmaceutic treatment (73). One could show an improvement in regions that are responsible for emotion recognition and response inhibition in patients with depressive disorders after cognitive behavioral therapy and/or paroxetine treatment (74). Another one showed an improvement after short-term psychodynamic therapy for patients with panic disorders (75) and another for patients with generalized anxiety disorder after mindfulness training (76). A test–retest reliability for the ESST was shown before (77), indicating that our results cannot simply be explained with learning effects.

Divergent from the results for the whole group, patients with depressive disorders displayed a faster SSRT for neutral faces at the follow-up measurement compared with the baseline measurement. The SSRT got faster at every timepoint, and only between these two timepoints and for neutral faces, the difference reached significance. An explanation may be a remission of the disorder after 1 year in a large subset of the patients, but the PHQ-9 showed a stable symptom severity between discharge and 1 year after discharge. An explanation may be a normalization of brain function in remission, as shown before (78, 79). However, this would not explain why only the improvement in response inhibition for neutral faces reached significance. Other studies showed impairment in executive functions even in remission (80–82), giving rise that only a part of executive functions is normalized in remission. This should be investigated in further studies using imaging methods. This study now provides a first hint that inpatient and day-hospital patient psychosomatic treatment leads to a better response inhibition, which is, for patients with depressive disorders, not only stable but improves further over at least a year. Further studies should investigate why there is a difference in improvement between emotional and neutral stimuli and why they do not improve equally.

Regarding our third hypothesis about a difference in SSRT between the different diagnosis groups, we did not find significant differences in SSRT or any other parameter of the ESST. The main reason could be the small sample size and high dropout rate in some of the groups because of the premature end of the study due to the COVID-19 pandemic. Therefore, further studies investigating the different diagnosis groups individually might be interesting as our sample was too small to find differences in the different groups.

In comparison with similar studies with healthy probands, we had to exclude a large group of participants (n = 18) due to poor results, indicating that they did not participate attentively. It was shown before that the motivation and goal of the probands can affect the results (83). Several patients reported after the test that it was challenging and frustrating for them. For some, this was a reason for dropping off the study; others may have changed their strategy or stopped participating actively. As this was not reported before for healthy participants, this may be part of their disease, as patients diagnosed with mental disorders are known for having high dropout rates due to attitudinal barriers (84–86), lower attention (87), and lower concentration being part of the ICD-10 diagnosis criteria for depressive disorders (88). As the study was designed as a prospective uncontrolled cohort study, the biggest limitation is the missing of a healthy control group, which makes it difficult to compare the result to healthy people and decide whether the described effects over time are due to learning effects or due to therapy. Therefore, this study can just hint toward an altered response inhibition when combined with emotional stimuli in patients with several mental disorders. Furthermore, bigger and more controlled studies are necessary to compare the different diagnosis groups and prove the alteration in comparison with healthy controls. However, as described above before, there are results that describe test–retest reliability (77).

In summary, in our study we showed a significant difference in SSRT for neutral and angry stimuli in a psychosomatic inpatient and day-hospital patient population, indicating a better response inhibition when a task is combined with a task-irrelevant negative emotional stimulus, as they may be easier to read and therefore less distracting. After treatment, we detected a significant improvement in response inhibition after treatment for angry faces and a faster, but not significant, SSRT for neutral faces, which might point toward a treatment effect, as symptom severity decreased significantly. However, as this study was performed as an uncontrolled prospective study we cannot say for sure that the observed changes are due to treatment, and therefore, further controlled studies are needed. For patients with depressive disorders, a significant improvement in response inhibition for neutral faces after 1 year was observed, which might be a treatment effect as well or a sign of remission.
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Tl 9.68 (£5.69) 0.001 7.56 (+4.18) 0.036 6.75 (+5.44) 0.001
Depressive disorders (n = 22)
TO 14.45 (6.50) 8.91 (£5.21) 11.14 (£5.42)
Tl 9.91 (&5.66) 0.006 7.36 (+4.09) 0.073 8.05 (&5.96) 0.024
T2 10.68 (£8.18) 0.108 0510 11.60 (£9.51) 0265 0.042 8.64 (£6.83) 0207 0.629
Somatoform disorders (n = 13)
TO 1146 (£5.80) 8.77 (£4.13) 6.54 (£5.78)
Tl 9.15 (4.13) 0.029 7.77 (£4.21) 0.273 4.69 (£5.01) 0.038
Eating disorders (n = 3)
TO 11.67 (£9.07) 6.67 (£5.03) 9.67 (£7.09)
T1 10.33 (£6.03) not 5.33 (£4.04) Not 467 (£4.16) Not
performed performed performed
Anxiety and trauma (n = 13)
TO 10.23 (£6.64) 823 (£4.60) 9.08 (£6.06)
T1 9.85 (£6.65) 0.675 831 (£4.84) 0.888 7.85 (£5.74) 0377

Data were analyzed per protocol. Significant p-values are displayed in bold.






OPS/images/fpsyt-14-1176721-t004.jpg
Timepoint p when p when
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Anger
TO 207.075 0.651 0.318
Tl 202.462 0.461
T2 193.606 0.461
Neutral
To 214.896 0.386 0.038
Tl 205.891 0.283
T2 195.881 0.283

Data were analyzed with a linear mixed model; SSRT, stop-signal reaction time; T0, baseline
measurement; T1, discharge measurement; T2, follow-up measurement 1 year after discharge.
Significant p-values are displayed in bold.
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Whole group (n = 54)

TO 2831 (£7.03) 2198 (£5.10) 2078 (£5.65) 24.46 (£8.11)

T 27.98 (£7.23) | 0577 2259 (£4.82) 0278 1991 (4.73) 0.086 2472 (£7.66) 0599

Depressive disorders (n = 20)

TO 29.65 (£7.34) 21.65 (£5.24) 22,6 (£5.21) 24.05 (£8.49)
T1 30.40 (£6.96) 0.406 22.50 (+3.98) 0.439 20.95 (£3.39) 0.116 244 (+7.42) 0.725
T2 29.35 (£6.24) 0.777 0.29 23.25 (+4.39) 0.044 0.412 20.9 (£3.74) 0.058 0.952 2375 (£7.8) 0.787 0.402

Somatoform disorders (n = 13)

TO 26.54 (£5.74) 2031 (£5.33) 19.92 (£6.26) 24.85 (£8.23)

T1 25.31 (£6.26) 2231 (£5.69) 18.69 (£5.39) 25.23 (£8.69)

Eating disorders (n = 3)

TO 30.00 (£10.58) 22.00 (+5.29) 17.67 (£6.03) 26.33 (£8.62)

TI 2467 (£7.64) 2333 (£5.69) 17.67 (6.66) 2833 (£9.50)

Anxiety and trauma (n = 13)

TO 26.61 (£8.04) 22.54 (£3.92) 18.85 (£4.00) 24.77 (£9.36)

T1 27.08 (£7.90) 23.23 (£6.07) 19.15 (£4.81) 24.62 (£7.94)

Data were analyzed as per the protocol. Significant p-values are displayed in bold.
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Parameter SSRT SSD angry SSD UPPS UPPS lack of UPPS lack of UPPS

neutral faces neutral urgency premediation  perseverance sensation
faces faces seeking
T0
SSRT angry faces 0.838, 0.620, 0.612, 0.034, 0.071, p = 0.600 0016, p = 0903 0.136, 0.010, 0.021, 0.026,
p=0.001 p=0.001 p=0.001 p=0902 p=0312 p=0931 p=0859 p=0828
SSRT neutral 0.838, 0525, 0.565, 0.802, 0.122, p= 0365 0.007, p = 0.962 0241, 0.062, 0011, 0.058,
faces p=0.001 p=0.001 p=0001 p=0527 p=0241 p=0598 p=0928 p=0621
SSD angy faces 0.620, 0.525, 0.989, 0.174, 0.157, p= 0.244 0041, p = 0.760 0.013, 0.118, 0.190, 0.090,
P =0.001 p=0.001 p=0001 p=0195 p=0923 p=0319 p=0104 p=0447
SSD neutral faces 0.612, 0.565, 0989, 0.164, 0.158, p= 0241 0044, p = 0745 0.010, 0.108, 0.198, 0.095,
P =0.001 p=0.001 p=0.001 p=0224 p=0940 p=0359 P =009 p=0420
UPPS urgency 0.034, 0.085, 0.174, 0.164, 0.191, p = 0.154 0.372, p = 0.004 0.017, 0.407, 0324, 0.295,
p=0828 p=0527 p=0195 p=0224 p=0.901 P =0.002 p=0014 p=0.026
UPPS lack of, 0071, 0.122, 0.157, 0.158, 0.191, 0.435, p = 0.001 0.180, 0.168, 0.101, 0.179,
premediation P =0.600 p=0365 p=0244 p=0241 p=0154 p=0.180 p=0211 p=0456 p=0182
UPPS lack of, 0.016, 0.007, 0.041, 0.044, 0.372, 0.435, p = 0.001 0.104, 0.330, 0.190, 0350,
perseverance p=0.903 p=0962 p=0760 p=0745 P =0.004 p=0443 p=0012 p=0158 p=0.008
UPPS sensation 0.136, 0241, 0.013, 0010, 0017, 0.180, p = 0.180 0.104, p = 0.443 0.141, 0.308, 0.285,
seeking p=0312 p=0071 p=0923 p=0940 p=0901 =029 p=0.020 p=0.032
PHQ-9 0.010, 0062, 0.118, 0.108, 0.407, 0.168, p= 0211 0.330, p = 0.012 0.141, 0.557, 0.806,
p=0931 p=059% p=0319 p=0359 p=0.002 p=029 p=0.001 p=0.001
PHQ-15 0.021, 0011, 0.190, 0.198, 0.324, 0.101, p = 0456 0.190, p = 0.158 0.308, 0557, 0.606,
p=0859 p=0928 p=0104 p=0.090 p=0014 p=0.020 P =0.001 p=0.001
GAD-7 0.026, 0058, 0.090, 0.095, 0.295, 0.179, p = 0.182 0.350, p = 0.008 0.285, 0.806, 0.606,
p=0828 p=0621 p=0447 p=0420 p=0.026 p=0.032 p=0.001 p=0.001
T1
SSRT angry faces 0.849, 0.627, 0.629, 0.084, 0.181, p=0.191 0.169, p = 0223 0.170, 0.114, 0221, 0.130,
p=0.001 p=0.001 p=0001 p=0548 p=0219 p=0.400 p=0098 p=0336
SSRT neutral 0.849, 0595, 0.613, 0.137, 0222, p=0.106 0.179, p = 0.195 0.119, 0.036, 0.121, 0.019,
faces p=0.001 p=0.001 p=0001 p=0323 p=0391 p=0.789 p=0370 p=0.0.886
SSD angry faces 0.627, 0.595, 0.996, 0.053, 0.098, p = 0.481 0015, p=0.0917 0.025, 0.120, 0207, 0.031,
P =0.001 p=0.001 p=0001 p=0704 p=0856 p=0375 p=0.123 p=03818
SSD neutral faces 0.629, 0.613, 0.996, 0.054, 0.103, p = 0.460 0.003, p = 0.981 0.019, 0.136, 0.220, 0.040,
p=0.001 p=0.001 p=0.001 p=0.698 p=0893 p=0316 p=0.101 p=0769
UPPS urgency 0.084, 0137, 0.053, 054, p = 0.698 0.077,p = 0582 0362, p = 0.007 0.008, 0428, 0.396, 0.443,
p=0548 p=0323 p=0704 p=0956 p=0.001 p=0.003 p=0.001
UPPS lack of, 0.181, 0222, 0.098, 0.103, 0.077, 0.429, p = 0.001 0.123, 0.169, 0.105, 0070,
premediation p=0.0.191 p=0.106 p=0481 p=0.460 p=0582 p=0375 p=0223 p=0448 p=0615
UPPS lack of, 0.169, 0.015, 0.003, 0362, 0.429, p =0.001 0023, 0.259, 0.158, 0316,
perseverance p=0223 p=0917 p=0981 p=0.007 p=0867 p=0059 p=0255 =0.020
UPPS sensation 0.170, 0119, 0.025, 0.019, 0.008, 0.123,p= 0375 0.023, p= 0.867 0.097, 0.134, 0075,
seeking p=0219 p=0391 p=03856 p=0893 p=0956 p=10483 p=0335 p=0.589
PHQ-9 0.114, 0.036, 0.120, 0.135, 0.428, 0.169, p = 0223 0.259, p = 0.059 0.097, 0.550, 0.810,
p=0.400 p=0789 p=0375 p=0316 p=0.001 p=0483 p=0.001 p=0.001
PHQ-15 0221, 0121, 0.207, 0220, 0.396, 0.105, p = 0.448 0.158, p= 0255 0.134, 0550, 0.568,
p=0098 p=0370 p=0.123 p=0.101 p=0.003 p=0335 p=0.001 p=0.001
GAD-7 0.130, 0019, 0.031, 0040, 0.443, 0.070,p = 0615 0316, p = 0.020 0075, 0810, 0.568,
p=0336 p=10.886 p=0818 p=0769 p=0.001 p =058 p=0.001 p=0.001

Data were analyzed per protocol. Significant p-values are displayed in bold. Correlations were tested with Spearman’s tho correlation.
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