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Introduction

Emotional words are often used as stimulus material to explore the cognitive and emotional characteristics of individuals with depressive disorder, while normal individuals mostly rate the scores of affective words. Given that individuals with depressive disorder exhibit a negative cognitive bias, it is possible that their depressive state could influence the ratings of affective words. To enhance the validity of the stimulus material, we specifically recruited patients with depression to provide these ratings.





Methods

This study provided subjective ratings for 501 Chinese affective norms, incorporating 167 negative words selected from depressive disorder patients’ Sino Weibo blogs, and 167 neutral words and 167 positive words selected from the Chinese Affective Word System. The norms are based on the assessments made by 91 patients with depressive disorder and 92 normal individuals, by using the paper-and-pencil quiz on a 9-point scale.





Results

Regardless of the group, the results show high reliability and validity. We identified group differences in three dimensions: valence, arousal, and self-relevance: the depression group rated negative words higher, but positive and neutral words lower than the normal control group.





Conclusion

The emotional perception affected the individual’s perception of words, to some extent, this database expanded the ratings and provided a reference for exploring norms for individuals with different emotional states.
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Introduction

As reported, depression currently accounts for 4.3% of the global burden of disease, and is expected to be the leading cause of disease burden in high-income countries by 2030 (1). People suffering from depression may experience anhedonia, concentration difficulties, disordered eating and sleeping patterns, feelings of worthless and persistent sadness. Due to the profound negative effects, that depression has on people’s lives, it is critical to diagnose and treat it as early as possible. In general, detecting depression requires thorough and detailed psychological testing by experienced psychiatrists according to acknowledged diagnostic criteria, including interviews, questionnaires, self-reports or testimony from friends and relatives (2). However, people who suffer from depression do not always visit clinics to ask for professional help in the early stage of this disease (3). Due to a lack of authentic social interaction and the fear of being judged, individuals with depressive disorder may use social media networking to express their thoughts and feelings with people similar to themselves (4). Social media platforms such as Twitter, Facebook, Reddit and Instagram offer a virtual community network where people of various demographic backgrounds share sentiments, exchange information, and provide mutual support for common conditions (5).

Numerous studies from the literature have demonstrated that social media can be an important avenue for predicting depression (6–10). Surveillance of the online content and users’ posting activity has been proposed as a complementary or alternative precision tool for the early detection of depression markers (5). In most studies, research objects include posts and photographs shared on social media by users with depressive disorder (11), and the posts are the main object between them. Ophir et al. (12) found that adolescents who explicitly expressed distress in their posts had a higher Beck Depression Inventory II (BDI-II) score than those who did not. Settanni & Marengo (13) found that the presence of depression was positively correlated with the expression of negative emotions on Facebook. Another study found that individuals with depressive disorder tend to use more first-person singular pronouns, such as my and me. In addition, words related to sad mood (tears, cry, pain), loneliness (miss, much, baby), and hostility (hate, ugh, fuckin) were also observed (8). Similarly, Brockmeyer et al. (14) revealed that the use of first-person singular pronouns significantly predicted depressive symptoms approximately 8 months later, even after controlling for depressive symptoms at baseline or discharge. In addition, Gaikar, Chavan, Indore, & Shedge (15) used an SVM(support vector machine) classifier to detect depression-related words and sentences and verified types of depression from those identified words. Cacheda, Fernandez, Novoa, & Carneiro (16) identified several distinctive features of posting activity associated with the onset of depression, such as diurnal cycles, increased negative emotions, decreased social interactions, increased self-focus, and increased mentions of depression-related terms. Leis, Ronzano, Mayer, & Furlong (17) found that the proportion of negative words in depressive user datasets was significantly higher than those in the control dataset. The proportion of polarity of tweets from the two groups was also significantly different, the depressive tweet dataset showed more negative polarity, but the control tweet dataset showed more positive polarity. Based on the above studies, language, especially emotional words, is an important marker in terms of recognizing depression at early stages. In addition, different emotional words also elicited different emotional experiences, which may affect people’s cognition, such as attention (18–20) and memory (21–24). Nonetheless, emotional words used in these studies were standardized because researchers established norms for the emotional characteristics of words. The aim of this study was to explore the characteristics of emotional words in depressed individuals.

According to dimensional models, emotional stimuli are often characterized by two dimensions: (1) valence (ranging from negative to positive) and (2) arousal (ranging from calm to exciting) (25). In addition, dominance or control was another dimension, that was used to discriminate one emotion from another. However, dominance has not been examined to the same extent as valence and arousal in the affective literature, so it has not been widely referenced in the literature (26). The Affective Norms for English Words (ANEW) database was published in 1999 by Bradley and Lang, and has become the authoritative emotional word database (27). Since then, the ANEW has been adapted to other languages, such as Polish (28), Spanish (29) (30), German (31) and Portuguese (32). In view of this, we found that the meaning of words might change under different language circumstances.

The present study aimed to provide a set of depression-related affective norms rated by depressive disorder patients. The cognitive model of depression posits that depression symptoms are maintained by negatively biased cognition, particularly negative cognition about the self. Furthermore, this kind of negative cognition had consistency, namely, it showed negative cognition regarding everything. This range allowed us to determine whether evaluations of affective norms change with depressive symptoms. Specifically, we collected data for the affective dimensions of valence, arousal and self-relevance, and calculated their reliability and validity. We then verified the U-shaped relationship between valence and arousal that was inferred in previous studies (33). Finally, we compared the differences in ratings between the depression group and the normal control group. Consistent with past research (33), our hypotheses were as follows: First, valence and arousal exhibit a U-shaped trend, and self-relevance shows a negative correlation with valence, but a positive correlation with arousal in the depression group. Second, in all dimensions—valence, arousal, and self-relevance—in terms of negative words, the scores of the depression group were higher than those of the normal control group, while the opposite was true for neutral words and positive words.





Method




Participants

Ninety-nine depressive disorder patients (M=26.15 years, SD=7.16 years, range=18-51 years, 26 females) were recruited from the psychology outpatient department and inpatient ward of Xi’an International Medical Center, Xi’an Ninth Hospital, the 904th Hospital of the Joint Logistics Support Unit, the 984th Hospital of the Joint Logistics Support Unit and the 923th Hospital of the Joint Logistics Support Unit. Ninety-two normal control participants(M=24.47 years, SD=8.20 years, range =18-55 years, 25 females)were recruited by hospital advertisements. All participants were right-handed and had normal perceptual and verbal communication skills.

To ensure that all participants met the requirements, the participants must fill out two questionnaires, one for the self-rated Beck Depression Inventory (BDI) (34) and the other for the other-rated Hamilton Depression Inventory (HAMD) (35). The depression group was diagnosed by a physician meeting depressive diagnostic criteria in the Diagnostic and Statistical Manual of Mental Disorders (36), meanwhile, their total HAMD score was higher than 17 points, and the total BDI score was higher than 28 points. The total HAMD score of the normal control group was less than 7 points, and the total BDI score was less than 14 points. This study was approved by the Clinical Trial Ethics Committee of Xijing Hospital (Lot No: KY 20222089-F-2). All participants (or their guardians) signed a written informed consent prior to starting the study.

Four depressive disorder patients were removed because their proportion of identical answers in the questionnaire was greater than 85%, and four depressive disorder patients were removed because they did not complete all questions due to their emotional conditions (37). All normal control group participants completed the entire questionnaire with less than 85% of the same answers. Therefore, the final sample consisted of ninety-one depressive disorder patients (M= 26.02 years, SD = 6.79 years, range = 18–51 years, 23 females) and ninety-two normal control participants(M=24.47 years, SD=8.20 years, range =18-55 years, 25 females). There were no differences between the two groups of participants in terms of gender (χ2=0.09, p=0.770), age (t=-1.34, p=0.183) and education level (χ2 = 2.14, p=0.343), but the depression group’s total BDI score and total HAMD score were both significantly higher than those of normal control participants (t=35.41, p<0.001; t=42.27, p<0.001). Sample characteristics are displayed in Table 1.


Table 1 | Sample characteristics of the depression group (n = 91) and normal control group (n = 92).







Materials and procedure

This study focused on depressive disorder patients’ blogs released in Sina Weibo (https://weibo.com/). Depressive users must meet the following conditions simultaneously. Their responses must contain sentences which expressed “I was diagnosed with depression” or “I have depression” or “I was depressed”. In addition, their blogs always expressed negative feelings, and they had less than 500 followers. First, the author manually located depressive users in the Depression Super Topic. The researcher then used a homemade crawler software program to crawl the retrieved information related to the users with depressive disorder in this section and performed data cleaning. Following this, 8 psychology graduate students were recruited to conduct manual annotation and qualitative analysis of the tweets. We then invited 3 clinical psychiatrists to discuss the data and to identify depressive features in the posts. Finally, the study counted word frequencies of depression-related tests and deleted word frequencies that occurred less than 5 times. In the end, 167 negative words were saved. To match these words and test the validity, this study selected another 167 positive words (M=7.19, SD=0.28, range=6.39-7.82) and 167 neutral words (M=5.36, SD=0.64, range=3.88-6.55) from the Chinese Affective Word System (38).

Three dimensions of 501 words were used to develop three paper questionnaires (valence, arousal and self-relevance), and all participants completed the paper questionnaire in no more than two days. For unspecified reasons, three depressive disorder patients did not rate positive words, and one did not rate negative words. These data were obtained from December 2021 to July 2022.

At the beginning of the experiment, the participants completed an informed consent form, demographic questions (age, gender and education) and the HAMD and BDI inventories. Each participant was given instructions for responding to the three dimensions before starting the rating procedure, and each received a pen to record their responses. The instructions were cited from previous Chinese normative studies (37–39). Before the test, the researcher reviewed the instructions with the participants. When it was determined that each understood the directions, the participants began the test and were reassured that there were no right or wrong answers. Rather, they were asked to respond to each item based on their first instinct. The paper-and-pencil quiz used a nine-point scale, and all participants drew a tick on the corresponding number based on their own instinct.






Results

The results contained three parts. First, we examined the reliability by calculating the internal consistency coefficient and comparing to the ratings of previous studies to confirm research validity. Second, we investigated the relationship between the dimensions in both cohorts. Finally, we compared the differences in the ratings of words across the two groups. All correlations reported in this study were Pearson correlations.




Descriptive statistics

The distributions and descriptive statistics for valence, arousal and self-relevance ratings were displayed in Figure 1. Consistent with prior reports (37, 40), the three distributions deviated significantly from a normal distribution. The distribution of valence ratings was negatively skewed (G1=-0.24). It was observed that 66.07% of 501 words were rated under the middle of the valence rating scale (score of 5). The arousal dimension was characterized by a positive skew (G1=0.61), and we observed that 71.26% of 501 words were rated under the middle of the valence rating scale (score of 5). Consistent with arousal, the distribution of self-relevance ratings was also positively skewed (G1=0.57). It was observed that 65.87% of 501 words were rated under the middle of the valence rating scale (score of 5).




Figure 1 | Distributions and descriptive statistics of 501 affective words. (A) distributions and descriptive statistics of valence ratings. (B) distributions and descriptive statistics of arousal ratings. (C) distributions and descriptive statistics of self-relevance ratings.







Reliability of valence, arousal and self-relevance ratings

To explore the reliability of our methods, we calculated the internal consistency coefficient (ICC) of three dimensions ratings (valence, arousal and self-relevance) by depressive disorder patients. The result of Cronbach’s alpha demonstrated that the present database had high internal consistency (α in Table 2). In addition, we randomly divided depressive disorder patients into two subgroups and calculated their mean ratings for each word. Then, we calculated the Pearson correlation coefficient between the two subgroups. We found that the correlations between the two subgroups were high for valence (r=0.931, p<0.001), arousal (r=0.847, p<0.001) and self- relevance (r=0.965, p<0.001).


Table 2 | Reliability for three affective dimensions.







Consistency of the present and previous ratings

To further explore the validity of these affective norms, we compared current scores with those reported in a previous study (38). This current study’s corpus contained 378 words from a prior study. Pearson correlations were calculated between scores of overlapping words collected from the present and previous norms. Pearson correlation between the overlapping words ratings by depressive disorder patients included in the present study and in Wang was significant in valence (r=0.928, p<0.001) and arousal (r=0.378, p<0.001). Meanwhile, we calculated the Pearson correlation of scores of the overlapping words for valence and arousal between normal control group individuals and Wang. The results showed that the scores were also significantly in valence (r=0.965, p<0.001) and arousal (r=0.751, p<0.001). These results revealed that the participants views of the present study aligned substantially with those in Wang’s research.





Relationship among dimensions in depressive disorder patients

The position of mean word ratings in a two-dimensional affective space defined by valence, arousal and self-relevance was demonstrated in Figure 2. To explore the relationship between the valence and arousal dimensions, regression analysis was carried out. We calculated both the linear function with mean valence as an independent factor and mean arousal as a dependent factor and quadratic functions with mean valence and its square as independent factors, and mean arousal as a dependent factor. The results showed that there was a typical quadratic U-shaped relation between valence and arousal [R=0.874, F (2, 498) = 806.517, p<0.001]. The quadratic model seemed to be more suitable because it explained 75.8% of the variance, while the linear model explained 56.0% of the variance. This result demonstrated that increased positive or negative words would be more arousing than valence-neutral words. This phenomenon was consistent with previous studies (41–43).




Figure 2 | Distribution of the mean ratings for the 501 words among different affective dimensions. (A) distribution of the mean ratings in the valence and arousal variables. (B) distribution of the mean ratings in the arousal and self-relevance variables. (C) distribution of the mean ratings in the valence and self-relevance variables.



In addition, we calculated the Pearson correlation coefficient and used regression analyses to explore the relationship between valence and self-relevance dimensions, with mean valence as an independent factor and mean self-relevance as a dependent factor. Valence was negatively related to self-relevance (r=-0.887, p<0.01), and there was a linear relationship between the valence and self-relevance dimensions, R=0.887, F (1, 499) = 1835.872, p<0.001. This linear model was appropriate as it explained 78.6% of the variance. This result was consistent with the negative cognitive characteristics of patients with depression.

Finally, we calculated the Pearson correlation coefficient and used regression analyses to explore the relationship between arousal and self-relevance dimensions, with mean arousal as an independent factor and mean self-relevance as a dependent factor. Arousal was related to self-relevance (r=0.860, p<0.01), and there was a linear relationship between the arousal and self-relevance dimensions, R=0.860, F (1, 499) = 1415.385, p<0.001. The linear model below explains 73.9% of the variance.





Group differences in the valence, arousal and self-relevance of affective norms

Table 3 demonstrates descriptive statistics of valence, arousal, and self-relevance ratings for 501 affective norms by depression group and normal control group. For each dimension, we conducted a repeated-measures ANOVA with one between-subject factor: group (depression group vs. control normal group) and one within-subject factor: lexical property (negative words vs. neutral words vs. positive words). In valence, repeated-measures ANOVA revealed main effects of group [F(1,332)=1265.52, p<0.001,   = 0.998], lexical property [F(2,332)=5117.38, p<0.001,   =0.939] and the interaction effect between group and lexical property [F(2,332)=635.90, p<0.001,  =0.657]. Because the interaction effect was significant, we further conducted a simple effect test. The results showed that ratings of the depression group were significantly higher than the normal control group in negative words [F(1,332)=38.66, p<0.001,  =0.104], but lower in neutral words [F(1,332)=366.72, p<0.001,  =0.525] and positive words [F(1,332)=2886.05, p<0.001,  =0.897]. In arousal, repeated-measures ANOVA revealed main effects of group [F(1,332)=594.01, p<0.001,  =0.641], lexical property [F(2,332)=509.96, p<0.001,  =0.606] and the interaction effect between group and lexical property [F(2,332)=588.21, p<0.001,  =0.639]. We further conducted a simple effect test due to the significant interaction effect. The results showed that ratings of the depression group were significantly higher than the normal control group in negative words [F(1,332)=21.05, p<0.001,  =0.060], but lower in neutral words [F(1,332)=208.35, p<0.001,  =0.386] and positive words [F(1,332)=1221.94, p<0.001,  =0.786]. In self-relevance, repeated-measures ANOVA revealed main effects of lexical property [F(2,332)=23.67, p<0.001,  =0.067] and the interaction effect between group and lexical property [F(2,332)=2185.21, p<0.001,  =0.868]. No significant main effect of group was found [F(1,332)=1.09, p=0.297,  =0.003]. The result of simple effect test demonstrated that ratings of the depression group were significantly higher than the normal control group in negative words [F(1,332)=2609.74, p<0.001,  =0.887], but lower in neutral words [F(1,332)=238.67, p<0.001,  =0.418] and positive words [F(1,332)=1679.33, p<0.001,  =0.836]. The mean word ratings between two groups in different lexical properties were depicted in Figure 3.


Table 3 | Descriptive statistics in valence, arousal, and self-relevance ratings for 501 affective norms.






Figure 3 | Mean rating for control normal group and depression group in different lexical properties words. (A) mean ratings of valence; (B) mean rating of arousal; (C) mean ratings of self-relevance; C, Control normal group; D, Depression group.








Discussion

In this study, we explored the relationships among valence, arousal and self-relevance. The results are shown below. First, we found that there was a typical quadratic U-shaped relation between valence and arousal, which was consistent with previous studies, such as Chinese (39), Spanish (44), English (45), Croatian (43) and German (31). The more emotionally charged the word, the higher the arousal level it expressed. Second, a strong negative correlation was observed between valence and self-relevance, depressive disorder patients rated negative words as most relevant to them, followed by neutral words, with positive words being the least relevant. This phenomenon reflected the emotional characteristics of depressive disorder patients. According to the Diagnostic and Statistical Manual of Mental Disorders (DSM), depressed mood or loss of interest or pleasure in activities of daily living are core symptoms in depressive disorder patients (36). According to the emotional congruence effect, people are more likely to select and process stimuli that are equal to their emotional state, demonstrating an initiating effect on a particular emotion (46). Therefore, it was natural for those people to rate negative words as more relevant to themselves. It also illustrated the effectiveness of the words, that were selected from depressive disorder patients’ social media posts. Third, we observed a strong positive correlation between self-relevance and arousal, the higher the level of self-relevance was, the higher the arousal level. Because self-relevant information was more easily captured and individuals were more sensitive to self-relevant stimuli (47), the depression group showed higher arousal to negative words than positive words.

Analysis of the valence, arousal and self-relevance ratings between the depressive group and the normal control group revealed several results. In summary, the depressive group scored significantly higher than the normal control group on the dimension of negative words and significantly lower on the dimensions of neutral and positive words. Regarding valence, the two groups showed the same trend of scoring on words, and ratings on negative words were lower than those on neutral words and lower than those on positive words. Regarding arousal, the normal control group scored neutral words lower than negative words and lower than positive words, but the depression group scored neutral words lower than positive words and lower than negative words. Regarding self-relevance, the normal control group scored negative words lower than neutral words and lower than positive words, while the depression group scored positive words lower than neutral words and lower than negative words. Mood congruence implies that the efficiency of memory processing is biased by the congruence between an existing mood and the affective tone of the material mood (48). Depressive disorder patients tended to attribute negative emotions to neutral stimuli rather than positive emotions, furthermore, their preferential processing of emotionally congruent information in the environment may enhance the recognition of negative emotional words over positive emotional words relative to individuals who are not depressed (49). Therefore, the depression group rated neutral and positive words significantly lower than the normal control group on both dimensions. However, on the valence dimension, the depression group rated the negative words significantly higher than the normal control group, which seemed to contradict the results of mindfulness consistency. The reason for this might lie in the fact that participants in the depression group developed sensory adaptation to negative information. Perceptual systems have the ability to adapt to sustained stimulation, when sensory adaptation occurs, their sensitivities change, in that a longer exposure to a particular stimulus alters judgments about the stimulus presented afterward (50). Because depressive disorder patients had been under negative emotions for a long time, they gradually developed sensory adaptation to negative emotions and words expressing sad feelings, thus raising the sensory threshold for negative words, resulting in higher ratings of negative words in depressive disorder patients than in normal control participants. Stimulus-specific adaptation is thought to be a common phenomenon, that has been studied extensively in both mammals and insects (51).

Our study revealed a distinct variation in words evaluation between patients diagnosed with depressive disorder and healthy individuals, particularly concerning negative words. This observation emphasized the representativeness and applicability of the negative words chosen based on data from Sina Weibo. In the era of burgeoning information technology, social media platforms, such as Sina Weibo, have emerged as significant arenas for individuals suffering from depressive disorders in China to articulate their thoughts, sentiments, and psychological states. These platforms served as a valuable repository of linguistic data, and the negative words derived from this information demonstrated a high level of ecological validity. In light of their substantial ecological validity, these negative words could be applied in a multitude of scenarios. They could serve as crucial indicators for network monitoring when amalgamated with machine learning approaches. In addition, they could support individuals in their everyday decision-making, thereby promoting the early detection of depressive symptoms.





Limitations and future directions

There were some potential limitations in the present study. First, the participants included in our study were not sufficient for conducting age analysis. In future research, we plan to include participants from different age groups to explore the relationship between age and scores in various dimensions. Second, due to the prevalence of negative words in the Sino Weibo blogs of individuals with depressive disorder, we exclusively selected negative words for this study. In future research, we aim to select positive and neutral words from the Sino Weibo blogs of individuals without depression to use as experimental stimuli and further explored the differences in ratings between groups for positive and neutral words.





Conclusion

The present research provided preliminary evidence that individuals with depressive disorder, when compared to normal participants, displayed abnormal ratings in valence, arousal and self-relevance dimensions. In summary, our findings indicated that individuals with depressive disorder showed deficits in emotional word processing, and the present research provided a valuable tool for screening depressive patients in clinical settings.
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