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This study investigated whether patients with MDD (major depressive disorder) have deficits in emotional face classification as well as the perceptual mechanism. We found that, compared with the control group, MDD patients exhibited slower speed and lower accuracy in emotional face classification. In normal controls, happy faces were classified faster than sad faces, i.e., positive classification advantage (PCA), which disappeared under the inverted condition. MDD patients showed PCA similar to the control group, although the inversion effects of happy and sad faces were more evident. These data suggest that the dysfunction of categorizing emotional faces in MDD patients could be due to general impairment in decoding facial expressions, reflecting the more common perceptual motion defects in face expression classification.
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INTRODUCTION

Patients with major depressive disorders (MDD) have defects in recognizing facial expressions. This kind of facial expression recognition difficulty already exists in children with depression, and even if the individual recovers from the onset of depression, this kind of difficulty still exists (Lee et al., 2016). Importantly, these deficits may lead to a decline in social cognitive function and may be associated with subsequent recurrence of depression. According to the cognitive theory of depression, in the process of the onset, maintenance, and recurrence of MDD, there is cognitive preference in processing emotional stimuli, which plays an important role in the development and persistence of depression (e.g., Joormann and Gotlib, 2006; Venn et al., 2006).

Previous studies have shown that MDD patients have specific impairment of positive expression cognition. For example, Surguladze et al. (2004) found that, compared with the control group, MDD patients were less likely to label 50% of distorted happy faces with happiness, indicating that MDD patients had difficulty in recognizing mild happy expressions. Gotlib et al. (2004) showed the participants facial images that slowly changed from a neutral expression to a fully emotional expression, and found that, compared with the control group, MDD patients need higher intensity to correctly recognize happy faces. Using the forced choice task, in which participants were asked to choose which of the two faces showed stronger emotion, Joormann and Gotlib (2008) showed that MDD patients could not judge subtle happy expressions as stronger than neutral and negative expressions and that when happy expressions and negative expressions (such as anger, fear, or sadness) appeared at the same time, MDD patients were less likely to choose happy faces as stronger emotional expression, indicating that the difficulty of positive emotion detection in MDD patients may lead to their lack of strong feeling and reduce their approach behavior.

Different from the attention, memory, and recognition of emotional faces, the simple classification of facial expressions is mainly based on the experience and top-down processing of common feature attribute template. It is found that, in healthy people, positive facial expressions (i.e., happy expression) are categorized faster than negative facial expressions (such as sadness, anger, etc.), which is referred to as positive classification advantage (PCA) (Leppänen and Hietanen, 2004). This classification advantage is not related to the early stage of face processing reflected by the N170 of ERP components, but related to late classification processing reflected by the P3 component (Liu et al., 2013; Song et al., 2017; Yan et al., 2018). Converging evidence has found that MDD patients have cognitive dysfunction in facial expression judgment and recognition. For example, there was evidence that MDD patients completed emotion classification tasks with much slower speed and could not accurately recognize the subtle changes of other people's facial expressions in the social environment, which may be the basis of the impairment of interpersonal function in depression (Leppänen et al., 2004). Surguladze et al. (2005) asked participants to identify sad, happy, and neutral facial expressions with different presentation times (100 and 2,000 ms) and found that, compared with the control group, MDD patients only showed slight differences in the accuracy of identification, but showed obvious deficiencies in the identification of mild happy expressions. On the contrary, there was evidence that the classification accuracy of happy expressions in MDD patients was better than all other expressions such as angry, sad, neutral, and surprised faces (Conte et al., 2018). To date, the research results on the process of facial expressions in MDD patients, especially processing sad faces, are actually inconsistent. However, these studies did not pay attention to the face classification by expression per se, that is, they did not systematically observe whether there is PCA phenomenon as well as its perceptual mechanism in MDD patients. In fact, previous studies have shown that the expression processing disorder is affected by task goals in MDD patients. For example, Leppänen and Hietanen, 2004 found that, in the expression matching task (identifying whether the third face matches the first face or the second face), the MDD patients did not show any difference from the control group, but in the emotion recognition task, they had a longer reaction time to the sad emotion.

In addition, the main source for PCA is based on global/configural processing, that is, when the spatial arrangement of the face structure is disturbed (such as face inversion), the PCA weakens or disappears (Song et al., 2017). Recently, de Fockert and Cooper (2014) used the Navon task, a standard task investigating local and holistic processing, to study the relationship between depression and visual processing. They found that the participants with low depression showed global processing bias, i.e., the response to global information was significantly faster, but the participants with high depression did not observe the difference, suggesting that depression was related to the decrease of global processing advantage. The present study would directly explore the PCA in MDD patients as well as the influence of face inversion on expression classification. Specifically, we would explore whether patients with depression have decreased or enhanced PCA. We would also determine the perceptual mechanism of PCA in depression, that is, local processing or global/configural processing.



METHODS


Participants

In this study, we recruited 32 MDD patients (17 females; 22–45 years, mean 33.5 ± 9.6 years) from the outpatient department in the 960th Hospital, China. Each patient was admitted for a psychiatry evaluation for the first time in their lives, and had never used any antidepressants, anxiolytic drugs, or antipsychotic drugs according to the interview and hospital records. Thirty-four age-matched healthy control participants were recruited by social recruitment (18 females; 20–45 years, mean 32.9 ± 9.9 years; p = 0.25; Table 1)1. According to DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition), each patient was diagnosed with MDD. Patients with a history of mental or neurological disorders were excluded. The exclusion criteria also included head trauma, learning disabilities, bipolar disorder, and alcohol or drug abuse.


Table 1. Demographic and clinical characteristics of major depressive disorder (MDD) and healthy controls (HC).
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Hamilton Depression Rating Scale 17 item scores (HRSD-17) were used to assess the severity of depression (23.16 ± 3.29 and 2.49 ± 1.08 in patients and controls, respectively; p = 0.000) and 14 item Hamilton Anxiety Scale (HAMA) scores showed the severity of comorbid anxiety (20.38 ± 3.18 and 2.57 ± 1.05 in patients and controls, respectively; p = 0.000). According to the score of MMSE (Mini-mental State Examination), there was no obvious cognitive impairment in the depression group (29.6 ± 3.56 and 29.2 ± 3.32 in patients and controls, respectively; p = 0.86). During this study, no patients took antidepressants, mood stabilizers, antipsychotics, anxiolytics, and hypnotics.

The healthy control group did not have any history of major mental or physical diseases, and did not take any drugs that affect the nervous system. All participants were given a certain reward and provided their informed consent before the experiment, which was approved by the Ethics Committee of the 960th Hospital, China.



Stimuli and Procedure

In order to avoid the low-level processing of facial features as well as boredom by the excessive repetition of one single model, using Adobe Photoshop CS6 we constructed each emotional category to consist of 40 different schematic face models by manipulating the distance among facial features and by manipulating the shape of the facial features. For example, the distortion of second order relations in each of the face stimuli were made by reducing the distance between the eyes by 10–20%, lowering the eyes and the eyebrows level relative to the tip of the nose by 10–20%, or reducing the distance between the root of the nose and the mouth by 10–20%. Three types of emotional faces, i.e., happy, sad, and neutral facial expressions, were included (Figure 1). Each type of emotional faces included 40 different pictures which were randomly presented in upright and inverted conditions, with a total of 240 face pictures (120 upright faces, 40 for each type of facial expression; 120 inverted faces, 40 for each type of facial expression). All stimuli were displayed in the center of the video monitor; the viewing distance was 100 cm, with the vision angle of about 7.27° × 6.06°.


[image: Figure 1]
FIGURE 1. Schematic stimuli used in the present study.


The 240 stimuli were divided into two blocks (120 faces for each) and presented randomly. The participants were asked to press the corresponding buttons on the keyboard, i.e., “X” by left index finger, “N” and “M” by right index finger, representing happy, sad, or neutral, respectively, as quickly and correctly as possible to classify the expressions of each face. The reaction buttons (e.g., “X” = happy, “N” = sad, “M” = neutral) were cross balanced in the participants. Each stimulus lasted for 300 ms and, after the response, the next trial was presented after a random interval of 600–800 ms. There was a short break between two blocks. Before the formal experiment, there was an exercise sequence with 36 stimuli (six faces in each stimulus category), which were not presented in the following experiment.



Data Analysis

Response time (RT) and response accuracy were analyzed by a three-way ANOVA, with Expression (happy, sad, neutral) and Orientation (upright, inverted) as within-subject factors and Group (controls, patients) as the between-subject factor. Degrees of freedom were adjusted using the Greenhouse–Geisser epsilon correction factor for all ANOVAs and pairwise comparisons used Bonferroni corrections for multiple comparisons.




RESULTS

For each subject, the trials with RTs more than ±2 SD were excluded. Table 2 showed the classification performance of emotional faces in controls and MDD patients, respectively. The results of statistical analysis were as follows:


Table 2. The accuracy rate (%) and reaction times (RTs) of classification of emotional faces in healthy controls (HC) and MDD patients, respectively.
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For the analysis of accuracy, the main effect of Group was significant [F(1, 64) = 4.02, p = 0.049], Partial η2 = 0.198, showing lower accuracy in MDD (88.9%) than controls (95.4%). The face inversion significantly disturbed facial expression classification, [F(1, 64) = 5.13, p = 0.027], Partial η2 = 0.118, showing decreased accuracy in inverted (89.8%) over upright (94.4%) conditions. The main effect of Expression was also significant, [F(2, 128) = 3.58, p = 0.031], Partial η2 = 0.139, revealing that neutral face classification was categorized more accurately (95.0%) than happy (90.5%, p = 0.026) and sad faces (90.8%, p = 0.035), but there was no significant difference between the latter two conditions (p = 0.87). The two-way interaction of Orientation * Expression was significant, [F(2, 128) = 3.98, p = 0.021], Partial η2 = 0.159 and further analysis showed that face inversion had a slight effect on the accuracy of classifying neutral faces (96.2 and 93.9% for upright and inverted conditions, respectively; p = 0.68), but significantly reduced the classification accuracy of happy and sad faces (93.2 and 87.7% for upright and inverted happy faces, respectively, p = 0.028; 93.7 and 87.9% for upright and inverted sad faces, respectively, p = 0.032). Other effects were not significant.

Similar to the analysis of accuracy, the ANOVA of RTs also showed a significant main effect of Group, [F(1, 64) = 9.89, p = 0.0025], Partial η2 = 0.156, showing slower reaction speed in MDD (931 ms) than controls (737 ms). The face inversion significantly decreased the speed of categorizing facial expression, [F(1, 64) = 8.25, p = 0.006], Partial η2 = 0.153 (772 and 896 ms for upright and inverted conditions, respectively). The main effect of Expression was also significant, [F(2, 128) = 4.05, p = 0.020], Partial η2 = 0.159, revealing that neutral face classification was categorized more quickly (697 ms) than happy (882 ms, p = 0.038) and sad faces (924 ms, p = 0.028), but the latter two conditions did not reach significant difference, although the classification speed of a happy face was faster than a sad face (p = 0.079). The interaction between Orientation and Expression was significant, [F(2, 128) = 6.08, p = 0.003], partial η2 = 0.098. Further analysis revealed that the speed of neutral face classification was not modulated by face inversion (696 and 698 ms for upright and inverted conditions, respectively; p = 0.89), but face inversion significantly delayed the classification speed of happy (768 and 995 ms for upright and inverted faces, p = 0.016) and sad faces (852 and 996 ms for upright and inverted faces, p = 0.028). Although there was no significant difference of the inversion effect between the happy (inversion effect: 227 ms) and sad faces (134 ms, p = 0.085), the PCA was significant in upright condition (sad minus happy: 84 ms, p = 0.035; controls: 87 ms, p = 0.036; MDD: 80 ms, p = 0.039), but absent in inverted condition (3 ms, p = 0.86; controls: −6 ms, p = 0.58; MDD: 8 ms, p = 0.46). Although the Expression * Group interaction was not significant [F(2, 128) = 0.93], interestingly, we did find a significant three-way interaction of Expression * Orientation * Group, [F(2, 128) = 6.26, p = 0.0025], Partial η2 = 0.109. Further analysis of this three-way interaction effect showed that, although the classification of neutral expression in MDD patients was significantly slower than that in the control group, there was no Orientation * Group interaction [F(1, 64) = 0.68], that is, neutral faces did not show inversion effect in both two groups [F(1, 31) = 0.58 and F(1, 33) = 0.78 for MDD patients and controls, respectively]. The main effects of Orientation for both happy and sad faces were qualified by Group, that is, the inverted effect was larger in patients (283 and 211 ms for happy and sad faces, respectively) than in controls [171 and 98 ms for happy (p = 0.028) and sad (p = 0.036) faces, respectively]. Other effects were not significant.



DISCUSSION

In the present study, we directly explored the phenomenon of positive classification advantage (PCA) related to facial expression classification as well as the perceptual mechanism reflected by face inversion in MDD patients (see also, Ridout et al., 2003; Tong et al., 2020). The results showed that the classification of happy faces was faster than that of sad faces in normal control group, i.e., PCA, and the PCA disappeared under the inverted condition. Compared with the control group, the overall classification of emotional faces was slower and the accuracy was lower in MDD patients. However, the PCA effect was similar in MDD patients to that in the controls, although the inversion effects of happy and sad expressions were more evident than in the controls.

In line with previous studies, the present results showed that the classification of happy faces was faster than that of sad faces, i.e., PCA, and this effect disappeared when faces were inverted (Leppänen and Hietanen, 2004; Liu et al., 2013; Song et al., 2017; Xu et al., 2020). It is generally believed that the inversion of the human face will weaken its overall spatial structure and feature information, thus interfering with overall face processing. Therefore, the difference of configural computation between happy and sad faces could be one of the sources accounting for faster classification of happy faces (Leppänen and Hietanen, 2004; Song et al., 2017).

Converging evidence confirmed that the cognitive bias to other people's negative emotion in MDD patients was increased, i.e., negative cognitive bias (Bouhuys et al., 1999; Yoon et al., 2009; Beevers et al., 2015; Scibelli et al., 2016). Inconsistent with the above negative cognitive bias, although the expression classification of faces was slower and the accuracy was lower in MDD patients, i.e., the dysfunction of categorizing facial expressions, we did not find the interaction effect of Group * Expression, suggesting that there was a similar reaction pattern of expression classification between MDD and healthy controls. Similar to the present findings, Karparova et al. (2005) did not find attentional biases for emotional faces in MDD patients, suggesting that MDD patients have general impairment in decoding facial expressions, regardless of the type of expressions. Therefore, the increase of response time and error rate in MDD patients may reflect the more common perceptual defects in the specific processing of facial expressions.

Interestingly, although there was similar PCA between MDD and controls, the inversion effect of emotional faces was more evident in MDD patients than in controls, indicating that MDD patients do process the global/configural information of facial expressions, and may be more dependent on the global/configural processing in facial expression classification than normal controls. However, contrary to the present results, previous studies found that MDD patients tend to pay attention to details and individual information, rather than the global information, which is correlated to depression symptoms. Recently, using the Navon task, a standard task for local and global processing, de Fockert and Cooper (2014) found that the participants with low depression showed faster responses to global processing, i.e., global processing bias, but the participants with high depression did not observe this effect, suggesting that depression was related to the decrease of global processing advantage. In addition, Basso et al. (1996) found that the global processing was positively correlated with the individual trait of wellbeing and negatively correlated with the individual trait of depression. However, the present study also found that, compared with controls, MDD patients showed a similar inversion effect on the classification of neutral facial expressions, indicating that the classification and processing of neutral faces has a relatively complete perceptual processing mechanism in MDD patients. To our knowledge, this is the first study on the cognitive mechanism of expression classification processing in MDD patients and the results of more obvious inversion effects are not consistent with previous studies on the disorder of global processing priority. Although the inconsistency of tasks in previous studies may be one of the reasons, the basic mechanism of this phenomenon needs further study.

In conclusion, this study investigated emotional face classification as well as its perceptual mechanism in MDD patients. We found that, compared with the control group, the classification speed of emotional faces in MDD patients was slower and the accuracy was lower. In the control group, happy faces were classified faster than sad faces, i.e., PCA, which disappeared under the inverted condition. MDD patients exhibited similar PCA to the control group, although the inversion effects of happy and sad expressions were more evident than in the control group.
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FOOTNOTES

1In the present study, we used G PowerWin 3.1 to sample size calculation of data (F tests) with effect size d of 0.4, α err prob of 0.05 and power (1-β err prob) of 0.8 and showed that the current sample sizes of 32 and 34 for MDD and control groups, respectively, were acceptable for this study (Faul et al., 2009).
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