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Objective: Somatization symptoms are commonly comorbid with depression. Furthermore, people with depression and somatization have a negative memory bias. We investigated the differences in emotional memory among adolescent patients with depressive disorders, with and without functional somatization symptoms (FSS).

Methods: We recruited 30 adolescents with depression and FSS, 38 adolescents with depression but without FSS, and 38 healthy participants. Emotional memory tasks were conducted to evaluate the emotional memory of the participants in the three groups. The clinical symptoms were evaluated using the Hamilton Depression Rating Scale (HDRS) and the Children's Somatization Inventory (CSI).

Results: The valence ratings and recognition accuracy rates for positive and neutral images of adolescent patients were significantly lower than those of the control group (F = 12.208, P < 0.001; F = 6.801, P < 0.05; F = 14.536, P < 0.001; F = 6.306, P < 0.05, respectively); however, the recognition accuracy rate for negative images of adolescent patients of depression without FSS was significantly lower than that of patients with FSS and control group participants (F = 10.316, P < 0.001). These differences persisted after controlling for HDRS scores. The within-group analysis revealed that patients of depression with FSS showed significantly higher recognition accuracy rates for negative images than the other types (F = 5.446, P < 0.05). The recognition accuracy rate for negative images was positively correlated with CSI scores (r = 0.352, P < 0.05).

Conclusion: Therefore, emotional memory impairment exists in adolescent patients of depression and FSS are associated with negative emotional memory retention.
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INTRODUCTION

Major depressive disorder (MDD) is a chronic disabling condition characterized by abnormal mood changes. The prevalence of MDD increases significantly during adolescence (1) and in results in a high economic burden on society. In the last 20 years the relationship between depression and cognitive impairment in MDD has gained sufficient attention (2). According to Beck's cognitive model of depression, cognitive biases cause individuals with depression to partially remember, perceive, and pay attention to emotions, in particular, they selectively weaken the processing of positive information (3), which plays an important role in the development and maintenance of depression (4).

The relationship between emotion and memory, especially the effect of emotion on memory, has always been the focus of cognitive psychology and neuroscience. Emotional memory is influenced by situational factors that affect the encoding, storage, and retrieval of emotionally stimulating information. Emotional events are easy to remember and have long-lasting and stronger effects than non-emotional (neutral) events, which suggests that emotions can regulate memory efficiency (5). Emotional memory bias can be divided into two types: bias toward negative stimuli and away from positive stimuli (6). Emotional state affects memory function healthy individuals as well as individuals with emotional disorders, who are often impaired by negative emotion (7). Specifically, both adults and adolescents with depression preferentially remember negative information (8–10) and are more likely to have negative emotional memory (11, 12). In a study that utilized an intentional memory task, patients with MDD remembered more negative words than positive words, while the control group showed the opposite results (13).

In addition to understanding the impact of MDD on negative emotional memory, this study also aims to understand functional somatization symptoms (FSS) in individuals with MDD. This study also aims to examine functional somatization symptoms (FSS) in individuals with depression cannot be fully explained by organic pathology (14, 15). FSS are also known as medically unexplained symptoms (MUS), which have been observed in about 25% of children and adolescents in Western countries (16). In China, the incidence of FSS in children was as high as 7.6% (17). Studies in Western countries have found that the incidence of somatization symptoms or symptom groups, in individuals with depression is about 66–93% (18–20). Additionally, a survey of individuals with depression in many East Asian countries, including China, found that somatization symptoms are a common clinical complaint among such patients and more than half of them displaying somatization symptoms (21). Similarly, among children diagnosed with depression, the reported rate of somatization symptoms was twice as high as among those in the control group (22). It should be noted that depressive disorder is a risk factor for somatization symptoms and is not the cause of FSS (23).

An increasing number of studies have reported that the interaction of biological, psychological, and social factors is a common cause of FSS (24–26). Studies of patients with somatoform disorders have shown that their neurocognitive functions of memory, executive function, and attention are impaired (27–30). In addition, studies of children with chronic pain disorders have found that pain symptoms are related to attention and working memory (31). Similarly, patients with somatization disorders have shown preferences for negative memory (32), implying that these patients are more likely to remember somatic symptom words than neutral words. These results suggest that patients with somatization disorders may have both attention and memory bias toward somatic symptom words (33).

In clinical work, we found that many adolescent patients have somatization symptoms, especially adolescents suffering from mood disorders. However, many teenagers go to general hospitals repeatedly due to somatization symptoms. After repeated physical examinations and the advice of general practitioners, they will go to psychiatry or psychological consultation. Some parents do not think somatization symptoms are psychological problems. Therefore, it is of great clinical significance to explore the relationship between depression and somatization symptoms in adolescents. In summary, patients with depression display a memory bias toward negative stimuli or away from positive stimuli. Furthermore, depressive disorders often lead to somatization symptoms, which have the same memory bias toward negative stimuli. However, the memory function in patients of depression with somatization symptoms, especially in adolescent patients, has not been studied. Therefore, we hypothesized that the emotional memory of adolescent patients with depression will differ based on the presence or absence of FSS.



METHODS


Participants

Two groups of participants were recruited. The patient group consisted of 68 adolescent patients with depression recruited from the psychological hospital affiliated with the Anhui Medical University (Hefei Fourth People's Hospital). Two professional psychiatrists interviewed the participants using the Chinese version of the Structured Clinical Interview for the DSM-IV, and reached a consensus about the participants' diagnoses using all the available information. Inclusion criteria for participants were: (1) conformance with the DSM-IV diagnostic criteria for MDD and (2) Han Chinese ethnicity and aged 13–18 years. In contrast, the exclusion criteria for participants were: (1) past or present diagnosis of another major psychiatric Axis I or Axis II disorder such as schizophrenia, or bipolar affective disorder, etc., (2) consumption of any psychotropic drugs within 4 weeks, or history of alcohol or substance abuse, (3) history of substantial physical illness such as head trauma, neurological illness, pain, cardiovascular disease or Gastrointestinal diseases, depression patients have completed clinical examinations such as blood routine, biochemistry, thyroid function, electrocardiogram, brain topography, abdominal color Doppler ultrasound, head CT or MRI at the time of enrollment. (4) medical conditions that could lead to psychiatric symptoms, (5) a standard score of <24 on Raven's Standard Progressive Matrices, and (6) difficulties in vision that were not corrected by the use of glasses or contact lenses. Exclusion criteria for the control group participants were the same as for those in the patient group.

The control group consisted of 38 healthy participants who met the same inclusion and exclusion criteria as the patient group participants, except for the diagnosis of depression. The three groups were matched by age, sex, and years of education (see Table 1).


Table 1. Demographic and clinical data of patients and control group.
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Clinical Symptom Assessment

In the patient group, depressive severity was assessed using the Hamilton Depression Rating Scale (HDRS) (34), while the degree of children's somatization symptoms was evaluated using the Children's Somatization Inventory (CSI), which was translated into Chinese from the revised English version of Garber (35).

The patient group was further divided into two subgroups based on participants' CSI scores, which measured the FSS in children and adolescents. The CSI has 49 items, divided into four factors: gastrointestinal symptoms, pain/weakness symptoms, cardiovascular and other symptoms, and pseudo-neurological symptoms. A 5-point Likert scale (0 = no, 1 = light, 2 = medium, 3 = lay particular stress on, and 4 = seriously) was used to respond to the items for each child's situation in the last 2 weeks, the highest total score on the CSI is 196 points. A score of 19 points and higher indicates the presence of FSS, and higher scores indicate higher severity of FSS. The Cronbach's alpha coefficient was 0.92 for the CSI, in this study, adolescents with scores of 19 or higher were assigned to the FSS group (n = 30), while the remaining children were assigned to the non-FSS group (n = 38).



Emotional Memory Test

The emotional memory test paradigm has been used in clinical settings (36). Emotional memory was tested in two phases: unintentional learning and recognition. Pictures selected from the Chinese Affective Picture System (CAPS) were used as the emotional stimuli (37). A total of 90 photographs were selected; with, 45 being were chosen for the unintentional learning phase (15 photographs depicting emotionally neutral scenes, 15 depicting emotionally positive scenes, and 15 depicting emotionally negative scenes) and the other half being used as distractors during the recognition phase. During the first phase, each picture was presented for 3 s with an interval (no time limit) during which participants were required to rate the picture's emotional valence using a score between 1 (most negative) and 9 (most positive). The recognition phase was conducted 72 h after the first phase. In this phase, the two groups were presented with randomly mixed images on their computer screens. Participants were required to use the keyboard to indicate whether or no they had seen the picture previously. The experimental design is presented in Figure 1.


[image: Figure 1]
FIGURE 1. Both the positive image score and recognition accuracy, neutral image score and recognition accuracy, negative image recognition accuracy, and total recognition accuracy in depressed patients were significantly lower than healthy control. (A) Summarized data for the image score of different emotional image. (B) Averaged data for the recognition accuracy of different emotional image. *p < 0.05, **p < 0.001.


Each participant completed the task independently in the psychometric room, accompanied and supervised only by the tester. Both the first test and the retest were completed in the morning. The trials were conducted on a PC using the E-Prime software. We recorded the participant's valence rating for each picture and calculated the mean for each valence category (negative, neutral, and positive). We evaluated the participants' memory by measuring recognition accuracy (38), which was calculated as the difference between the hit rate and false alarm rate. The number of hits or false alarms was the number of old or distractor pictures identified as seen before by the participant. Hit rates and false alarm rates were calculated by valence category for each participant by dividing by the total number of hits and false alarms.



Ethics Statement

This study involving human participants was reviewed and approved by the Medical Ethics Committee of the Hefei Fourth People's Hospital (number: HSY-IRB-PJ-AYXJJ-ZH001). Informed consent was obtained from all participants in this study, the consent form was signed by the participants themselves or their legal guardians.



Statistical Analysis

Data were analyzed using SPSS (Version 22.0) in this study. The chi-square test and one-way analysis of variance (ANOVA) were used to analyze differences in participants' demographic characteristics. Differences in the clinical symptoms of depression were tested using the independent t-test. A one-way ANOVA and independent t-test were used to compare the differences in valence rating and recognition accuracy by valence (positive, neutral, and negative) between patient and control group participants. The Bonferroni correction post-hoc test and a covariance test were applied for comparing the two patient subgroups (with and without FSS). Pearson correlation analyses were performed to assess the relationship of the HDRS and CSI scores, respectively, with recognition memory performance, in the patient- group. A linear logistic regression model was used to investigate the association between recognition accuracy and the scores of HDRS and CSI scores, respectively. The significance level was set at P < 0.05 for a two-tailed test.




RESULTS


Participant Characteristics

The demographic and clinical characteristics for the three groups (patients with FSS, patients without FSS, and control) are presented in Table 1. Mean normative control ratings for emotional valence and emotional arousal were calculated for set 1: positive photographs valence (M = 6.98, SD = 0.5) and arousal (M = 5.23, SD = 0.82), neutral photographs valence (M = 5.39, SD = 0.54) and arousal (M = 3.57, SD = 0.89), and negative photographs valence (M = 2.73, SD = 0.95) and arousal (M = 5.1, SD = 1.31). Mean normative control ratings for emotional valence and arousal for set 2 were also calculated: positive photographs valence (M = 6.70, SD = 0.77) and arousal (M = 5.48, SD = 0.71), neutral photographs valence (M = 5.58, SD = 0.61) and arousal (M = 3.32, SD = 1.20), and negative photographs valence (M = 2.74, SD = 0.97) and arousal (M = 4.97, SD = 1.08). There were no differences between the participants of the three groups in terms of age, gender, and years of education. The mean CSI score was significantly lower among patients without FSS than those with FSS in the patient group (12.85 ± 11.46 vs. 72.86 ± 25.33, p < 0.05). However, no such difference among the groups was observed in the mean HDRS scores (see Table 1).



Valence Ratings and Recognition Memory


Adolescent Patient Group and Control Group

A comparison of the valence ratings for emotional images revealed that the ratings for positive and neutral images were significantly lower in the patient group (t = −4.942) than in the control group (t = −3.698, P < 0.001); however, there were no significant differences for the negative images (see Table 2).


Table 2. Comparative analysis of emotional memory between patient and control group ([image: image] ± S).
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Furthermore, the recognition test scores revealed a significantly lower rate of recognition accuracy for positive (t = −5.317, P < 0.001), neutral (t = −3.568, P < 0.001), negative (t = −2.871, P < 0.001), and all (t = −4.339, P < 0.001) emotional images in the patient group than in the control group. However, comparative analysis suggested that there were no significant differences in the recognition accuracy rate of emotion images between the patient subgroups or between the patient and control groups (see Table 2 and Figure 2).


[image: Figure 2]
FIGURE 2. Comparison for image score or recognition accuracy between three groups and different image recognition accuracy within FSS group. (A,B) Summarized data for positive (A) and neutral (B) image score recognition accuracy, showing that both positive and neutral image score in depression with or without FSS were significantly lower than healthy control. (C–E) Comparative analysis for the averaged data of positive, neutral and negative image recognition accuracy, suggesting that the recognition accuracy of positive and neutral images in depression with FSS or without FSS was significantly lower than that of healthy control (C,D), but in negative image recognition accuracy, depression without FSS was significantly lower than with FSS, synchronously lower than healthy control (E). (F) Summarized data for the total recognition accuracy in three groups. (G) Within depression with FSS group, negative image recognition accuracy was significantly higher than positive or neutral image, respectively. *p < 0.05, **p < 0.001.




Differences Between Patient Group With or Without FSS and Control Group

A comparison of the scores by emotional images was conducted among the three groups. The results revealed that the positive and neutral image scores of patient groups with and without FSS were significantly lower than those of the control group (F = 12.208, P < 0.001; F = 6.801, P < 0.05, respectively). No such significant differences were found for the negative images, as shown in Table 3.


Table 3. Comparative analysis of emotional memory by group ([image: image] ± S).
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The results also revealed that the patient group with and without FSS had a significantly lower recognition accuracy rate for positive and neutral emotion images and total recognition accuracy rate than the control group (F = 14.536, P < 0.001; F = 6.306, P < 0.05; F = 10.316, P < 0.001, respectively). On the other hand, the recognition accuracy rate for negative emotion images was significantly lower in the patient group without FSS than in the patient group with FSS and the control group (F = 9.907, P < 0.001).

Comparative analysis within the patient subgroups suggested that the recognition accuracy rate of negative emotion images was significantly higher than that of positive and neutral emotional images in the subgroup with FSS (F = 5.446, P < 0.05). The covariance analysis between the patient subgroups after controlling for HDRS scores showed that the recognition accuracy rate of negative images in the subgroup without FSS was significantly lower than in the FSS subgroup (F = 17.71, P < 0.001) (see Table 3 and Figure 3).


[image: Figure 3]
FIGURE 3. Negative image recognition accuracy had a positive correlation with CSI scores, while positive or neutral image recognition accuracy had no relation with CSI scores, respectively. (A–C) Scatter diagram for the recognition accuracy of positive image (A), neutral image (B), and negative image (C), showing that positive or neutral image recognition accuracy had no relation with CSI score (A,B), but there was a positive correlation between negative image recognition accuracy and CSI score (C).





Correlation Analyses

SCI scores for the patient group had a positive correlation with the recognition accuracy rate of negative emotion images (r = 0.352, P < 0.05), as shown in Table 4 and Figure 4. However, no other significant correlations were found with HDRS scores.


Table 4. Correlated analysis between emotional images with HDRS and CSI scores (n = 68).
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[image: Figure 4]
FIGURE 4. Examples of one positive and negative target picture in two phases of emotional memory test (unintentional learning and recognition).


Additionally, the linear regression models revealed that the CSI scores predicted the recognition accuracy rate of negative and positive emotion images (b = 0.447, P < 0.05; b = −0.299, P < 0.05, respectively). Moreover, it was observed that an increase in CSI scores led to an increase and decrease in the recognition accuracy rate of negative and positive emotion images, respectively, as shown in Table 5.


Table 5. Predictors generated by multiple linear Regression with CSI as dependent variables (n = 68).

[image: Table 5]




DISCUSSION

To the best of our knowledge, this is the first study to examine the emotional memory of Chinese adolescent patients with depression, with or without FSS. The key findings can be summarized as follows: First, the positive and neutral image ratings of adolescent patients with depression were significantly lower than those of the control group participants, regardless of FSS. Second, adolescent patients with depression reported significantly lower recognition accuracy rates than control group participants for all three types of images; however, there were no differences in recognition rates of the three types of images among patients with depression. Thus, adolescent patients with depression had no obvious bias for negative emotional memory. Third, while both patient subgroups showed significantly lower recognition accuracy than the control group for positive and neutral images, the patient group without FSS showed significantly lower recognition accuracy than both the patient group with FSS and the control group for negative images; this difference persisted even after controlling for HDRS scores. Lastly, the recognition accuracy rate for negative emotion images was significantly higher than that of positive emotion image and neutral emotion image in patients with FSS, suggesting that depression patients with FSS had a bias for negative emotional memory. Furthermore, the recognition accuracy hit rate for negative images was positively correlated with the CSI score, but no such correlation was found for the recognition accuracy hit rate for positive and neutral images in the patient group.

This study suggest that adolescent patients with depression have a lower degree of arousal in response to positive and neutral stimuli, regardless of FSS. The existing literature indicates that healthy participants' emotional response to positive stimulation is stronger than that of those with first episode depression, suggesting that healthy people have the characteristic of positive emotional bias (39). In addition, various cognitive biases have been reported in patients with depression, such as perceptual bias (negative emotion potency), attention bias, and interpreactive bias (40, 41).

Patients with depression show a decrease in pleasure and arousal from positive vocabulary and an increase from negative vocabulary (42). Patients with somatoform disorders are sensitized to the perception of symptoms, with the attention and exaggeration of sensory signals, they are more likely to experience somatoform symptoms (43, 44). The amygdala receives and integrates all incoming information from the sensory system, cognitively assesses this sensory information, identifies the threats or dangerous cues, generates negative emotions, and attaches meaning to all the information received, especially the negative experiences (45). Therefore, people with depression and somatization symptoms are more likely to be aroused by negative images. Furthermore, results suggest that arousal and valence may operate using distinct neural pathways to mediate the effect of emotion enhancement on memory formation (46, 47). In adolescent patients with depression, the stimulating ability of positive and neutral emotion images decreased, but the stimulation of negative emotion images was unaffected. This finding indicates that the arousal mechanisms may vary for different types of emotion images.

Our study found that adolescent patients with depression have emotional memory impairment but no obvious bias for negative emotional memory was found. In one previous study, the recognition accuracy rate for positive emotion images was significantly lower among adult patients of depression than among healthy controls. Although, there was no statistical difference in the recognition accuracy rate for neutral and negative emotion images between adult patients and healthy controls, the recognition accuracy rate for negative emotion images was significantly higher than that of positive and neutral images among patients with depression. These findings indicate that there is a negative emotional bias in adults with depressive disorders (5). In another study, adult patients with depression showed lower overall memory scores on recall tests and tended to remember negative words better, and the severity of depression was also related to the remembrance of fewer positive words and more negative words (42). In a previous study of working memory, the recognition accuracy rate in adult patients with depression was significantly lower than that in healthy participants, and the reaction time for the former group was significantly prolonged (48).

Additionally, studies on the working memory of adolescents with depressive disorders confirm that they do not give priority to angry faces, that is, negative memory biases (49). The negative memory biases of patients with depression may be mainly caused by inhibitory dysfunction (50). Emotional memory inhibition research has found that, compared to neutral stimuli, negative stimuli improved the recognition accuracy rate of both recall and inhibitory recall conditions, indicating that negative stimuli are not only easier to remember, but also more difficult to be forgotten (51). However, a study that utilized the emotional Stroop task for children with depression aged 13 to 15 years showed no significant difference in response inhibition function between the group with depression and the healthy control group (52). Thus, it can be seen that the neurophysiological activities related to emotional memory in adolescent patients with depressive disorder are different from those in adult patients with depressive disorder.

Our research findings suggest that the positive and neutral emotional memory is impaired and negative emotional memory is retained in adolescent patients of depression with FSS. Furthermore, our findings imply that adolescent patients with depression and FSS have preferences for negative memory, and somatic symptoms may be related to negative memory retention in these patients. Studies of somatization disorder have found that participants with somatoform symptoms showed a memory bias for illness-related stimuli in the word-stem completion task. Moreover, this effect could not be explained by comorbid depression (32) and may be due to different pathological mechanisms of emotional memory between adolescent patients of depression with and without somatic symptoms. Studies show that when somatic symptoms are experienced, the parallel activation of human perception and memory systems produces many perceptual hypotheses aligned with the experience. The primary attentional system (PAS) in patients with FSS selectively pays attention to the “abnormal representation” of somatic symptom information. Due to defects in the process of automatic activation of perception by PAS, the secondary attentional system (SAS) pays selective attention to information such as body sensations, disease information, and negative effects, and the expected physical discomfort interacts with the patient's memory (24). Thus, people with depression and somatic symptoms assign more attention to negative stimuli, thereby, producing stronger negative memories.

The amygdala—the most important brain structure for emotional memory and response—facilitates emotional evaluation, is at the core of the entire emotional memory neural network and plays an important role in activating, consolidating, and processing emotional memory (53). Emotional enhancement effect of memory (EEM) shows that the recall rate of emotional information is faster and more accurate than neutral information; furthermore, increasing the degree of emotional information can enhance memory and promote emotional memory encoding, consolidation, and retrieval when the basolateral amygdala and hippocampus structures are activated (54). Negative stimulation can enhance memory ability in comparison to neutral stimulation; this phenomenon may be associated with the role of emotional events (especially negative stimulation) in improving the excitability of amygdala neurons and their neural pathway activities between the hippocampus and cerebral cortex; thus, strengthening the consolidation of declarative memory. The effect of negative emotion on memory enhancement may depend on the degree of activation and emotional arousal of the amygdala and the degree of interaction between the amygdala and hippocampus (55). The loss of emotional memory is specifically related to the connectivity of the medial prefrontal cortex and hippocampus (56). Studies using MRIs have shown that the resting state functional connectivity (RAFC) in the amygdala, basal dorsolateral prefrontal cortex (DLPEC), and ventromedial prefrontal cortex (VMPFC) is decreased for adolescents with depression, and the function of the frontal edge circuit in emotional regulation is discontinued (57). This neural mechanism may cause emotional memory impairment among adolescent patients with depression.

Moreover, somatic symptoms and emotional disorders may have a common neurophysiological mechanism. Existing studies have shown dysfunctions in certain brain regions of patients with somatization disorder, such as the amygdala, frontal lobe, anterior cingulate, and specific limbic cortex; this damage is associated with pain and mood regulatory system circuits (58–60). Specifically, patients with somatization disorder showed overactivation of VM PFC, fusiform gyrus, and insular lobe in response to negative emotion-regulated pain stimuli (61). When nociceptive stimulation was provided without emotional background, patients with somatization disorder reported overactivation of the amygdala, insular lobe, somatosensory cortex, and inferior parietal cortex, and lower activation of the ventromedial prefrontal/preorbital cortex (62). Therefore, the evidence suggests differences in the neural pathways of patients with depression with and without FSS. These differences may exist in the amygdala, and affect emotional memory function. However, its neural mechanisms need to be studied further.

There are several other limitations to this study. First, the small sample size for patients of depression with and without FSS affected the reliability of the results. Second, the effects of medication on the memory of emotional stimuli remain unclear. Several participants were on antidepressants in the current study. Lastly, the current study is limited due to the cross-sectional nature of its design.

In conclusion, this study found that adolescent patients with depression, with or without FSS, have different degrees of emotional memory impairment. Negative emotional memory impairment was not found in patients of depression with FSS, and it was related to the CSI scores. Somatic symptoms may be a factor affecting emotional memory in adolescents with depressive disorders. These results will provide a clinical basis for planning treatment and interventions for adolescent depression.
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