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Objectives: Adverse childhood experiences (ACEs) are fundamental factors in developing depression with increased suicide risk. Resilience is considered an important protective factor that can prevent trauma survivors from developing depression. We developed a home evaluation kit for a comprehensive assessment of bio-psycho-social factors related to depression and suicide. This kit contained a psycho-social evaluation battery, named the Protective and Vulnerable factors battery questionnaire (PROVE) comprising depressive symptoms and suicide risk, as well as various depression-related psychosocial factors, such as ACE, resilience, mentalization capacity, and attachment, via online survey tools. Furthermore, salivary cortisol levels were used as biological indicators to assess the hypothalamus-pituitary-adrenal axis function.

Methods: Real-world data analysis was made out of data collected from participants who visited CHEEU Counseling center or Gangnam Severance hospital for mental health check-ups. The participants were put into three mental state groups (green-normal, yellow-borderline, and red-risk) depending on the result of PROVE battery. The difference between psychosocial factors and salivary cortisol indicators by the group was identified by analysis of covariance with sex and age as covariates. Linear regression analysis was conducted to find a significant association of resilience score with other bio-psycho-social variables, such as ACE, attachment, mentalization, or post-awakening cortisol concentrations (area under the curve with respect to ground, AUCg). A partial correlation analysis was performed to evaluate the relationship of AUCg with psychosocial factors.

Results: Depression-related psycho-social indicators were significantly different among groups. Insecure attachment and the mentalization problem are negatively influencing factors to resilience. Furthermore, the severity of depression in participants with ACE was also influenced by mentalization problems. AUCg was different according to the PROVE group, presence of ACE, or resilience level. In addition, AUCg showed a positive correlation with resilience score but negative correlations with depressive symptoms, ACE, mentalization problems, and anxiety or avoidance attachment.

Conclusion: This study suggests that there are some key factors negatively affecting resilience: insecure attachment and mentalization problems. In groups with ACE, a mentalization problem was suggested as a factor that can increase depressive symptoms. AUCg was associated with resilience as well as several other vulnerable factors of depression, showing its potential as a promising biomarker.
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INTRODUCTION

Depression, one of the leading contributors to the global disease burden, has various causative factors and development pathways (1). Adverse childhood experience (ACE) is a well-studied predisposing factor for severe and chronic depression, which is related to elevated suicidal risk (2, 3). ACE includes various types of childhood maltreatment, such as physical, emotional, and sexual abuse, and neglect (4). Recently, the concept of ACE has been extended to include multifaceted stressful childhood experiences, including exposure to domestic violence and bullying (5, 6). ACE affects brain development through various pathways and makes it difficult for an individual to cope with stressful conditions. Brain regions, such as the amygdala, hippocampus, and prefrontal cortex, and neural circuits, such as the hypothalamic-pituitary-adrenal (HPA) axis are particularly affected, compromising their ability to process emotionally-laden or neutral stimuli (7, 8). Eventually, these changes force the brain more predisposed to depression (2, 3).

In particular, the HPA axis is a main neurobiological mechanism that mediates ACEs to cause stress-related disorders, including depression (9). Repetitive or frequent stressors have cumulative effects on allostatic load in the long term, which is linked to alterations in the function of the HPA axis (10). Multiple evidence showed that early adversity may impact the reactivity and regulation of the HPA axis (10). Chronic stressors initially exhibit elevations in cortisol, but often lead to blunted reactivity, which can co-occur with hyper-responsiveness of other stress systems (11). These abnormalities of the HPA axis and stress response system in the depressive disorder have been implied in several hundred studies (12). A recent study identified that lower cortisol levels explained between 10 and 20% of the total associations of ACE with depressive symptoms (9). Taken together, ACE induces a vulnerable state of depression through these changes.

Several studies have shown that 30–40% of children do not develop psychiatric disorders even after being the victims of ACEs (13–15). The main protective factor that prevents depression in these trauma survivors is called resilience, which is the ability to set of adaptive characteristics enabling an individual to cope with and recover from stress or trauma (16). Resilient people who are capable of focusing on positive aspects, establishing healthy relationships with others, and are emotionally conscious and optimistic (17). Promoting resilience can improve physical and mental health, prevent depression, and facilitate favorable treatment outcomes in case trauma survivors develop depression (17). Therefore, it is important to understand what factors could contribute to improving the resilience of patients with ACEs. For the proper evaluation and enhancement of resilience, it is necessary to understand the constructs of resilience and the mechanism that cultivates resilience. We focused on three factors that have been known to be related to resilience: cognitive appraisal, attachment, and stress-response system (18–21).

From the perspective of the positive appraisal style theory of resilience (PASTOR), the discussion of various levels surrounding resilience-from socioeconomic to genetic-has been integrated to some extent (22). According to the PASTOR, a positive cognitive appraisal (evaluation) mechanism protects against stressful life events (22). Here, potentially stressful stimuli are processed internally (appraisal) using various cognitive functions, and the result determines the emotional response to those stimuli. The appropriate functioning of higher-order cognition employed during such processing largely depends on appropriate judgments of social contexts (23). Following underpinning appraisal mechanisms could be crucially determinant of resilience: (1) positive situation classification (which means positively interpreting the current situation) (2) retrospective positive reappraisal of threat (which generate second-order representations of mental states to mitigate negative appraisals in aversive situations) and (3) inhibition of retraumatizing triggers (22). All these cognitive mechanisms are closely related to mentalization, which is necessary for flexible appraisal in the social context (24, 25). Mentalization is the ability to understand the mental state of oneself or others. This is central to a mutual understanding of relationships, self-control, and flexible perception and judgment of the world around in a social context (26). The balanced mentalization is developed through empathic interaction between the child and attentive caregivers and indicates a necessity for secure attachment (27). The mentalization capacity is developed by mirroring in infancy and demonstrating a mentalization narrative about the surrounding world of the child by the caregiver (28). Therefore, children with secure attachment show better mentalizing capacity; they can interpret the world around them properly, and develop positive cognitive appraisal mechanisms, which is crucial to cope with stress more resiliently (21, 26). On the other hand, the absence of secure attachments in early life can lead to distorted mentalization and problems in cultivating resilience (29, 30). Hence, attachment has been shown to be an influential factor for psychological adjustment in individuals who have experienced various kinds of trauma (30, 31). Victims of early life stress need to be supported to promote constructs of resilience and develop protective factors against depression.

On the other side, there have been attempts to find biomarkers of resilience in individuals with ACEs. The dysregulation of the stress response system (the HPA axis) in individuals with ACEs has been focused on as another important mediator of resilience (32, 33). The HPA axis dysfunction can be assessed by measuring cortisol indicators, such as post-awakening cortisol concentrations (area under the curve with respect to ground, AUCg) or cortisol awakening response (CAR or area under the curve with respect to increase, AUCi). Several studies have reported that high resilience is associated with elevated AUCg or AUCi, and these indices can be considered potential biomarkers (34–36). Since most resilience evaluations are assessed using a self-reported scale, the addition of an objective biomarker can help achieve a more scientific evaluation of protective factors.

To sum up, considering resilience in depression evaluation, it is necessary to comprehensively assess several parameters, such as vulnerability (early-life stressors and blunted HPA axis) and protective factors (resilience, secure attachment, and mentalization capacity), as well as symptoms severity. However, there are limited studies that investigated these parameters in depression patients through the integrated bio-psycho-social evaluation. Few review articles suggested that depression should be understood upon the stress-diathesis models (37, 38). In addition, Iob et al. (9) comprehensively clarified the relationship between depressive symptoms and salivary cortisol levels in people with ACE and Laurent et al. (39) explored bio-psychological parameters related to resilience. These studies suggest the possibility that ACEs influence the biological mechanism called the HPA axis and a psychological factor called mentalization and may affect the development of resilience and subsequent depressive symptoms. These previous study results led us to develop an evaluation kit, Minds.NAVITM enables an inclusive assessment of biopsychosocial factors of depression and suicide risk for patients with depressive disorder.

The aim of this study is to investigate the following: (1) factors that influence resilience in the entire group and in each group by depression risk; (2) protective factors against depression in people with ACEs through bio-psycho-social evaluation with Minds.NAVITM; (3) clarify the group differences in salivary cortisol indicators (AUCg and AUCi) and the association of AUCg with psycho-social factors to investigate the possibilities of AUCg as a biomarker of depression within the context of resilience. We hypothesized that secure attachment, high mentalization capacity, and high post-awakening cortisol concentrations would serve as factors that enhance resilience in the entire group, each risk-level group, and also in the group with ACEs (21, 36). It was also assumed that the same factors would be related to decreasing depressive symptoms in people with ACEs (30, 40, 41). Furthermore, AUCg was expected to be highly correlated with the resilience and the psychosocial factor associated with it and making it a potential biomarker (34–36).



METHODS


Participants

Data were collected from participants who visited the CHEEU Counseling Center and Gangnam Severance Hospital and participated in the pilot mental health evaluation project of Minds AI Co. Ltd using Minds.NAVITM. The data were not gathered by dividing the disease group and control group through the design for clinical trials, and data of participants who received mental health evaluation were analyzed retrospectively. Among the participants, there were patients with psychiatric histories or taking drugs, and there were healthy adults. The exclusion criteria were as follows: (1) subjects who have physical diseases or taking drugs that can cause depression; (2) subjects who have been on psychiatric medications for the last 6 months; (3) subjects who have adrenal dysfunction; (4) subjects who have been diagnosed with major psychiatric disorders, such as schizophrenia or bipolar disorder; (5) patients with severe physical diseases, such as cancer or tuberculosis; (6) foreigners and illiterates who cannot read the consent form or questionnaire; (7) subjects who recently received oral or cavity treatment. The final analysis was conducted using the data of a total of 73 participants with an exclusion process (Figure 1). The protocol used for this retrospective study was reviewed by the Institutional Review Board of Gangnam Severance Hospital, Yonsei University College of Medicine [No.3-2021-0451].
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FIGURE 1. Flow chart summary of the participation exclusion process for analysis.




Assessment–Minds.NAVITM

The mental health evaluation was conducted using Minds.NAVITM, which was developed by Minds AI Co. Ltd. (Seoul, Republic of Korea). Minds.NAVITM consists of a self-report questionnaire about protective and vulnerable factors related to depression and salivary hormone analysis (42).


PROtective and Vulnerable Factors BattEry Questionnaire

A self-report questionnaire is a battery tool for the screening and assessment of depression, the PROtective and Vulnerable factors battEry (PROVE). The PROVE test consists of 6 subdomains of depressive symptoms (PROVE-DS), suicide risk (PROVE-SR), adult attachment type (PROVE-AAT), ACE (PROVE-ACE), mentalization capacity problem (PROVE-MC), and resilience (PROVE-KRQ). It is designed to comprehensively evaluate not only depressive symptoms but also protective-vulnerable factors that can affect the overall disease course and treatment plan. The validity and reliability of the PROVE test were verified by comparative analysis with widely used standardized scales (42).


PROVE-DS-Depressive Symptomatology Section

This subdomain consists of a 0–4 Likert 5-point scale of a total of 15 questions. They are asked to review their status for the past 2 weeks and respond to the degree of symptoms related to depression. Zero to 8, 9 to 25, 26 to 37, 38 to 45, and 46 to 48 points indicate no, minimal, mild, moderate, and severe depression, respectively. The Cronbach's α of PROVE-DS was 0.93.



PROVE-SR-Suicide Risk Section

This is a subdomain to evaluate suicide ideation and risk and includes six questions. Five are yes/no questions and 6th is a 1-4 Likert 4-point item. The total score ranges from 0 to 20, 0 to 4, 5 to 7, and 8 or more indicating low, borderline, and high suicide risk, respectively.



PROVE-AAT-Adult Attachment Type Section

This is a subdomain to investigate adult attachment, and the responses are based on the intimate and close relationships that the participants currently have. It consists of attachment anxiety and avoidance subscales. Attachment anxiety assesses the degree to which an individual is preoccupied with an attachment object or fears rejection/abandonment, while attachment avoidance is a level of reluctance and discomfort in getting close to the other person. It includes nine questions each about attachment anxiety and avoidance on the Likert 7-point scale and some items are reversely scored. The total range of each subscale is 9 to 63 points. A higher score indicates more anxiety or avoidance. Based on the two subscales, adult attachment types are finally classified into the following four types: (1) secure, low attachment anxiety and avoidance scores, (2) dismissing, low attachment anxiety score and high attachment avoidance score, (3) preoccupied, high attachment anxiety score and low attachment avoidance score, (4) disorganized, high attachment anxiety and avoidance scores. The Cronbach's α of attachment anxiety and avoidance score were 0.93 and 0.77, respectively.



PROVE-ACE-Adverse Childhood Experience Section

This subdomain evaluates negative experiences, such as abuse, neglect, and bullying during early life. It contains a total of 52 items on a 4-point Likert scale and 6 subscales, and measures (1) emotional abuse (5 items), (2) physical abuse (9 items), (3) sexual abuse (10 items), (4) neglect (10 items), (5) exposure to domestic violence (10 items), and (6) bullying (8 items) during childhood or adolescence. A higher score indicates more negative experiences during early life. The cutoff score for each subscale differs according to sex. In this study, participants were classified as having or not having ACE depending on whether any item exceeded the cutoff of each subscale or not. The Cronbach's α of PROVE-ACE was found to be 0.95 and by sub-scale, 0.86 for emotional abuse, 0.88 for physical abuse, 0.92 for sexual abuse, 0.9 for neglect, 0.93 for domestic violence, and 0.9 for bullying.



PROVE-MC-Mentalization Capacity Problem Section

This is a subdomain to identify mentalization problems and consists of five sub-factors, including a total of 16 items with a 5-point Likert scale. Five sub-factors are as follows: (1) lack of emotional awareness (4 items, cutoff score 10), (2) lack of emotional expression and interaction (4 items, cut-off score 10), (3) psychic equivalence mode (2 items, cutoff score 6), (4) hasty incomplete mentalizing (3 items, cutoff score 9), and (5) lack of mentalizing others (3 items, cutoff score 5). A higher score indicates a failure of the mentalizing process and a lack of mentalization capacity. The Cronbach's α of sub-factors of PROVE-MC was 0.47–0.76.



PROVE-KRQ-Resilience Section

The Korean Resilience Quotient (KRQ)-53, modified and supplemented Resilience Quotient Test (RQT) developed by Reivich and Shatte according to the Korean situation, was used to measure resilience in PROVE battery (21, 43, 44). Resilience can be classified into three sub-factors as self-regulation ability, interpersonal relationship ability, and psychological optimism. KRQ is a 5-point Likert-type scale consisting of 53 items, and a high score can be interpreted as highly resilient. A total score of 212 or higher, and 181–211, and 180 or less are classified as high, average, and low resilience, respectively. The Cronbach's α of PROVE-KRQ was found to be 0.92 and by sub-scale, 0.83 for self-regulation ability, 0.85 for interpersonal relationship ability, and 0.89 for psychological optimism.



Group Classification Algorithm

The comprehensive PROVE-battery results are presented as green-healthy, yellow-borderline, or red-risky mental health states by integrating the results of the first and second evaluation steps (Figure 2). The first evaluation step includes results of PROVE-AAT, PROVE-ACE, and PROVE-KRQ, which may have an impact on the development of depression. Based on the results of these three subdomains, the balance between the protective and vulnerable factors for depression can be categorized into “good,” “normal,” or “cautious” conditions (Figure 2). If a participant has no vulnerability factor regarding insecure attachment, positive ACE history, and deficient resilience, one's balance is categorized as “good.” When he/she has one vulnerable factor among three subdomains, one's balance is categorized as “normal.” If there are two or more vulnerable factors reported, this balance is considered “cautious.” In the second evaluation step, the groups were divided into depressive or non-depressive subgroups with/without suicidal risk based on the severity of PROVE-DS and SR. Considering the results of the first evaluation result together, the final PROVE battery result is presented as a green-healthy, yellow-borderline, or red-risky mental health state. If the protective-vulnerable factor balance is not “good” but “normal,” one may be categorized as a yellow group because there is a risk of depression even without significant depressive symptoms or suicidal risk (41, 45, 46). Otherwise, if a person is categorized as a “cautious” subgroup and reports minimal or mild depressive symptoms in the second assessment step, one can be finally classified as a “red” state. The classification algorithm for PROVE is presented in Figure 2.
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FIGURE 2. Flow chart summary of the analysis of results of the PROtective and Vulnerable factors battEry questionnaire (PROVE) battery. The first assessment is based on protective and vulnerable factors of depression, and these results are combined with the current depression, and finally, the participants are divided into the following three groups: good (green) /borderline (yellow)/risky (red). The tables next to it describe the detailed logic from which each process is derived. PROVE, PROtective and Vulnerable factors battEry questionnaire; AAT, adult attachment type; ACE, adverse childhood experience; KRQ, Korean resilience quotient; DS, depressive symptomatology; SR, suicide risk.





Salivary Cortisol Analysis

Saliva samples were collected to examine the HPA axis function indexed by the post-awakening cortisol concentrations (AUCg) and CAR (AUCi). The AUCg is the total cortisol secretions during the post-awakening period and was calculated as the area under the curve with respect to the ground from the time point immediately after awakening to 60 min (47). The CAR, i.e., the value to be referred to in this article as AUCi, is characterized by an increase in cortisol levels within the first 30 min after waking up in the morning (48, 49). Both AUCg and AUCi are reliable indices of the HPA axis function (47). Although there was a lack of measurement of an hour of awakening time, we tried to make it up by offering the first cortisol sample on awakening (S1). Participants were instructed to collect their saliva samples immediately upon awakening (0 min), and 30 and 60 min after awakening on a day with the usual level of stress. Saliva was collected without external stimulation, but with muscle movement and expectoration into the collection tube (Simport Inc., QC, Canada) with a minimum volume of 2 ml at each time point. The participants were asked to not smoke, eat, drink, or brush their teeth for 30 min before the saliva collection. Collected samples were centrifuged (10,000 x g for 15 min at 4°C) to precipitate mucins and debris, and the supernatants were collected and stored at−70°C until further analysis. For the precise interpretation of salivary cortisol data, there are many things to consider, such as time of awakening, sleep quality, sea, age, sex, socioeconomic status, and body mass index, but we only corrected age and sex due to insufficient information.


Exclusion of Salivary Cortisol Data Collected From Non-Adherent Participants

The typical CAR is defined as an increase in cortisol levels to at least 2.5 nmol/L above baseline (i.e., CARi > 2.5 nmol/L) in healthy participants (50). Non-compliance (first saliva sample collection after a delay of more than 10 min after awakening) is known to be a primary cause of failure to capture the typical CAR in healthy participants (51). In preliminary assays, few participants (n = 12) showed no typical CAR, and the cortisol concentrations at waking, and 30, and 60 min after waking were 14.1 ± 12, 12.4 ± 5.1, and 19.4 ± 6.8 nmol/L, respectively; non-compliance data were removed from the further analyses. The data obtained from 73 compliant participants (mean age, 33.9 years; range, 35 years) were moved to the final analysis in this study.



Measurement of Salivary Cortisol

The cortisol levels in saliva were measured by radioimmunoassay (RIA) as previously described (52, 53). Cortisol antisera were purchased from Accurate Chemical & Scientific Co. (NY, USA). Cortisol antiserum cross-reacts with cortisone, 11-deoxycortisol, prednisolone, cortisol-21-glucosiduronate, cortisol-21-sulfate, and other steroids with cross-reaction levels of 1, 8.9, 31.6, 1.3, <0.01, and <0.01%, respectively. Standards, quality control materials, and saliva samples were routinely assayed in duplicate. The interassay coefficients of variation (CVs) as assessed by quality controls with mean cortisol concentrations of 3.6 and 10.9 nmol/L were 7.4 and 8.5%, respectively (n = 1). The analytical sensitivity for cortisol was 0.4 nmol/L.





Statistical Analysis

Since the cortisol values did not show normal distribution, we used this value by putting a square root on each cortisol value (54). In analysis, the hour of awakening time was not included due to lack of measurement (47, 49). Two methods were used to prove the legitimacy of the current cortisol sampling time. The first one is to remove the sample showing the explicitly atypical pattern according to the described above, and the second one is to present that there is no group-specific difference of S1 (47, 49). Differences in demographic characteristics among PROVE-battery groups were compared using an independent sample ANOVA for numerical variables or a Chi-square (χ2) test for categorical variables. All of the following analyzes have entered the sex and age as covariates. Analysis of covariance (ANCOVA) was used to compare differences in psychological indicators or salivary hormones among different groups. Univariate and multivariate regression analyses were used to explore indicators related to resilience or depression severity. Multicollinearity was not observed, because all variance inflation factor (VIF) values were <1.5. The association between cortisol hormone and psychological indicators was investigated with a partial Pearson correlation analysis. The statistical threshold was set at p < 0.05. All statistical analyses were conducted using IBM SPSS version 25 (IBM Corporation, Armonk, NY, USA). Identifying multivariate outliers using a robust variant of the Mahalanobis distance was done and 1 case was found to be an outlier and excluded from the final analysis.




RESULTS



Demographic and Psychological Characteristics of Each Group

Figure 1 represents the participants' exclusion process. Table 1 shows the demographic characteristics of the study participants of PROVE battery groups. The age of the participants was between 21 and 58 years old. There were significant differences in age, sex, and psychiatric disorder history among PROVE groups. The participants in the healthy (green) group were older than those of the other groups (green vs. red, p = 0.007; green vs. yellow, p = 0.045). The risky (red) group had a higher proportion of female participants as compared to the other two groups (red vs. green, X2 = 4.083, p = 0.043; red vs. yellow, X2 = 10.544, p = 0.001) and more participants with psychiatric disease history than the green group (red vs. green, X2 = 8.32, p < 0.004; red vs. yellow, X2 = 2.425, p = 0.119). No difference in occupational distribution was observed in the three groups. All psychological indicators related to depression were significantly different in the three groups after correction of age and sex as covariates (Table 1). The PROVE scores for depressive symptoms, and mentalization failure were significantly different in all the three groups (PROVE-DS, F1,2 = 88.955, p < 0.001; PROVE-MC, F1,2 = 18.055, p < 0.001). Furthermore, there was a significant suicide risk (PROVE-SR, F1,2 = 15.536, p < 0.001) difference between the red and the other two groups (red vs. green, p < 0.001; red vs. yellow, p < 0.001), while no difference was observed between the yellow and green groups (p = 0.509). The PROVE scores of ACE and resilience (PROVE-ACE, F1,2 = 9.451, p < 0.001; PROVE-KRQ, F1,2 = 10.89, p < 0.001) differed between the green and the other two groups (PROVE-ACE, green vs. yellow, p = 0.011; green vs. red, p < 0.001; PROVE-KRQ, green vs. yellow, p = 0.001; green vs. red, p < 0.001), and the ACE and resilience scores between yellow and red groups were not significantly different (PROVE-ACE, p = 0.274; PROVE-KRQ, p = 1; Figure 3C). The red group showed the highest depressive symptoms, suicide risk, and mentalization failure. There were differences in the attachment types of the participants of these groups (X2 = 29.435, p < 0.001); the proportion of disorganized type was high in the red group (Figure 3F).


Table 1. Demographic and psycho-social characteristics of groups by PROtective and Vulnerable factors battEry questionnaire.
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FIGURE 3. Stress-related salivary cortisol indicators by the group with PROVE battery, presence of ACE, and resilience group. (A) AUCg and (B) AUCi of each PROVE-battery group were represented. (C) AUCg and (D) AUCi were shown according to the presence or absence of an adverse childhood experience. Differences of (E) AUCg and (F) AUCi by each level of resilience were presented. PROVE, PROtective and Vulnerable factors battEry questionnaire; ACE, adverse childhood experience; AUCg, area under the curve with respect to the ground of post-awakening cortisol concentrations; AUCi, area under the curve with respect to the increase of cortisol awakening response. *p < 0.05.




Factors Influencing Resilience in Whole Participants

A univariate linear regression analysis was conducted to understand the effects that enhance resilience, using resilience total score (PROVE-KRQ) as the dependent variable (Table 2). Independent variables were age, sex, childhood trauma (PROVE-ACE score), mentalization (PROVE-MC score), attachment (disorganized type), and AUCg. All factors but sex were identified to influence on the resilience according to univariate regression analysis (age, β = 0.266, p = 0.023; adverse childhood experience, β = −0.422, p < 0.001; mentalization failure, β = −0.425, p < 0.001; disorganized attachment, β = −0.518, p < 0.001; AUCg, β = 0.31, p = 0.008). In the multivariate regression analysis, disorganized attachment (β = −0.359, p = 0.002) was verified as valid resilience predictors. The explain variance of the model was 42.9%.


Table 2. Linear regression analysis of resilience score in whole participants.
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Factors Influencing Resilience in a Risk Group and Healthy Group

The univariate and multivariate linear regression analyses were conducted in the red and green groups to identify the factors that affect resilience in risky or healthy mental health groups respectively (Table 3; Supplementary Table 1). In the risky group, the disorganized attachment (β = −0.91, p < 0.001) negatively influenced resilience in the multivariate regression analysis. This model accounted for a 73.2% variance for this outcome. In the healthy group, all factors that we considered did not have a significant effect on resilience.


Table 3. Linear regression analysis of resilience score in the red group.
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Factors Influencing Resilience and Depressive Symptoms in Groups With ACEs

The univariate and multivariate linear regression analyses were conducted on the participants with ACEs to identify the factors that affect resilience and depressive symptoms each (Tables 4, 5). In terms of the resilience, the mentalization failure and disorganized attachment were indicated as possible negative influencers in univariate regression analysis (mentalization failure, β = −0.394, p = 0.045; disorganized attachment, β = −0.493, p = 0.012), although no factors were identified in the multivariate regression analysis (Table 4). These two factors also has been found to affect participants who have ACEs toward increasing depressive symptoms (mentalization failure, β = 0.533, p = 0.004; disorganized attachment, β = 0.463, p = 0.016) in univariate regression analysis (Table 5). Especially, the multivariate regression analysis verified that mentalization failure can be a possible influencing factor to increase depressive symptoms in people with ACEs (β = 0.41, p = 0.038). The explained variance of the model of resilience and depressive symptoms through multivariate regression analysis were 30.5 and 39.4%, respectively.


Table 4. Linear regression analysis of resilience score in the subjects with ACE.
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Table 5. Linear regression analysis of depression score in subjects with ACE.
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Stress Hormones and Psycho-Social Factors

The AUCg was different by PROVE group, and there was a significant difference between green and red groups (F1,2 = 3.715, p = 0.029; green vs. red (post-hoc), p = 0.025; Figure 3A). In addition, based on the presence or absence of ACE, AUCg showed significant differences (F1,1 = 5.5, p = 0.022; Figure 3C). AUCi did not differ according to the PROVE group or presence or absence of ACE (PROVE group, F1,2 = 2.568, p =0.084; ACE group, F1,1 = 1.708, p = 0.196; Figures 3B,D). Both AUCg and AUCi differed depending on the resilience group (AUCg, F1,2 = 3.44, p = 0.038; AUCi, F1,2 = 4.248, p = 0.018; Figures 3E,F). The high resilience group showed increased AUCi as compared to moderate or low resilience groups (high vs. moderate, p = 0.025; high vs. low, p = 0.018; Figure 3F). The difference of AUCg between each group was not observed after Bonferroni correction (high vs. moderate, p = 1 high vs. low, p = 0.144; moderave vs. low, p = 0.093). Sl did not observe group-specific differences in both the PROVE group, ACE group, resilience group analysis (Supplementary Table 2). AUCg was correlated with a number of depression-related vulnerability-protecting factors after adjustment of age and sex as covariates (Figure 4). The resilience score was positively correlated with AUCg (R2 = 0.313, p = 0.008; Figure 4B), but the scores for depressive symptoms (R2 = −0.244, p = 0.04; Figure 4A), ACE (R2 = −0.426, p < 0.001; Figure 4C), mentalization (R2 = −0.301, p = 0.011; Figure 4D), attachment anxiety (R2 = −0.61, p = 0.028; Figure 4E) and attachment avoidance (R2 = −0.243 p = 0.041; Figure 4E) showed negative correlation.
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FIGURE 4. Partial correlation between AUCg and psychological factors related to depression with covariates of age and sex. Associations of AUCg and (A) depressive symptoms, (B) resilience, (C) adverse childhood experience, (D) mentalization capacity problem, (E) anxiety attachment score and (F) avoidance attachment score are represented. PROVE, PROtective and Vulnerable factors battEry questionnaire; KRQ, Korean Resilience Quotient; ACE, adverse childhood experience MC, mentalization capacity problem; AAT, adult attachment type; AUCg, area under the curve with respect to the ground of post-awakening cortisol concentrations.




DISCUSSION

This study aimed to identify the factors contributing to resilience in the entire group, each group, and the ACE group from a bio-psycho-social perspective. We also tried to analyze protective factors against depression in the ACE group. In addition, we investigated whether AUCg could be a promising biomarker related to depression in context with resilience. This study suggests that disorganized attachment has a major influence on resilience as we validated it at the whole participants level as well as in risky groups or ACE. Mentalization problem also negatively affects resilience in the whole PROVE group and people with ACEs. In addition, mentalization problem is associated with increased depressive symptoms in people with ACEs. Furthermore, we found that the post-awakening cortisol concentration (AUCg) is decreased in the risky group and the ACE group, and CAR (AUCi) is increased in the high resilience group. The AUCg was positively correlated with high resilience and negatively correlated with depressive symptoms and high vulnerable factor scores.

The relationship between attachment, mentalization, and resilience has been described in several studies (21, 26, 55). The concept of resilience has basically consisted of adversity and positive adaptation, and both attachment and mentalization can be prerequisites for positive adaptation (19). According to attachment theory, attachment representation results in inner working models into adulthood, and our behaviors in social and stressful situations are considered a manifestation of it (56). Securely attached people will expect a secure base to which they can return for safety and comfort when distressed while disorganized attached people lack any attachment strategy (56). Meta-analysis showed that secure attachment is significantly associated with resilience and it might be the core factor in positive adaptation (19). Mentalization capacity is also a type of higher-order cognition that enables positive adaptation after adversity. Mentalization is basically generated through mirroring and communication with the caregiver with a secure attachment in childhood. However, people with early life stress or insecure attachment can improve their mentalization capacity through evidence-based psychosocial interventions. This study suggests that the mentalization capacity in the ACE group shows a considerable effect on depressive symptoms. Therefore, treatments that promote mentalization ultimately help cultivate resilience and prevent depression or trigger recovery. This strategy has been originally developed to treat patients with a borderline personality disorder but has also been effective for depression, especially for individuals with ACEs and vulnerable factors. In addition, when an adult with insecure attachment raises a child, improved mentalization capacity is needed to establish a good attachment with the child. In this respect, mentalization-based intervention, such as mentalization-based treatment (MBT), can be used as an important method to enhance acquired resilience. MBT is a manualized treatment developed by Anthony Bateman and Peter Fonagy to increase the mentalizing ability of patients (57). In MBT, the mentalizing capacity is enhanced through emphatic validation within the therapeutic relaxation, and through techniques that directly focus on mentalizing (58). Edel et al. (59) and Bo et al. (60), reported improved mentalization after a 6-week and 1-year treatment, respectively, which proved with improved mentalization task and reflective functioning questionnaire for youth scores. Another study showed that MBT adherence and competence predicted higher mentalizing scores (61). Taken together, MBT has been demonstrated to be effective in increasing mentalizing capacity, which verified its usefulness as a method to enhance acquired resilience.

In terms of biological factors, AUCg showed a significant influence on resilience in the univariate regression analysis, but not in multivariate regression analysis. In the risky group and ACE participants, AUCg was blunted as compared to the healthy group and those without ACE, respectively. AUCi was also blunted in the participants with moderate or low resilience as compared to those with high resilience. Further, AUCg was significantly correlated with protective-vulnerable factors of depression, such as resilience, mentalization, and attachment. It showed a positive correlation with resilience score and negatively correlated with depressive symptoms ACE, mentalization failure, and anxiety and avoidance attachment scores. Taken together, this study shows that post-awakening salivary cortisol concentration and response tended to be blunted when resilience was low and other vulnerability factors or depressive symptoms were high.

Considerable heterogeneity was found in a previous study about linking psychosocial functioning to post-awakening salivary cortisol indices (62). According to the meta-analysis, higher AUCg was associated with depression, and lower AUCg was associated with posttraumatic stress (63). In the case of AUCi, a higher value was associated with general life stress or posttraumatic stress, and a lower value was associated with fatigue or burnout. Overall, AUCg had a greater effect size than AUCi, which implicates that the total cortisol output (AUCg) of the post-awakening period may be significantly affected as the psychosocial predictor than the dynamic increase (AUCi). It suggests that chronic worse psychosocial functioning may blunt the overall output of the CAR system while the dynamic component remained intact (63). This result is consistent with the result of the current study that the lower AUCg is associated with a higher risk of psychosocial factors.

In the previous study that investigated suicide risk and resilience, lower AUCg was related to less resilience and indirectly affected suicide risk (64). Likewise, it has been reported that childhood trauma is associated with lower AUCg (65). Here, repetitive stressful experiences can increase the allostatic load, causing HPA axis dysregulation, which in turn may lead to decreased resilience capacity. There are also reports that suggest that high resilience is associated with high AUCi in healthy individuals (34); such a relationship was also determined in this study (Figure 4). Further studies are needed to evaluate whether an ACE individual with low resilience recovers CAR by enhancing resilience through psychosocial interventions, such as MBT. To investigate CAR as a protective biomarker for patients with depressive disorder, further studies are required.



LIMITATION

A major limitation of this study is that health controls and disease groups were not separately gathered, and the age and sex of subjects have not been matched. There can be confounding factors as a randomized controlled recruitment procedure was not incorporated in this retrospective study; there were significant differences in participants' age, sex, and psychiatric disorder history between different PROVE groups. Even within the actual population, it is likely that women or younger people are likely to belong to the risky group, but it will be difficult to conclude with this research, including uncontrolled small samples. Although age and sex differences were corrected as covariates, there would not be an analysis to explore the exact difference between groups as randomized controlled. A follow-up prospective study is needed with the randomized controlled recruitment process for clinical and control groups.

The other major limitation of this study is uncertainty in the accuracy of saliva samples collection time and the lack of other covariates for interpretation of salivary cortisol. Although all participants were informed of the importance of precise collection time, and S1 showed no differences by group, objective data on saliva collection time was not obtained. In addition to the time of awakening, other information necessary for cortisol analysis, such as sleep duration, quality, light level, season, priority day experience, socioeconomic status, habitual saving history, heavy drinking history, and body-mass-index. were also not collected. Although the data that were determined to show a complete delayed pattern were excluded, the results related to salivary cortisol in this study should be read with a great limit to the interpretation because it could not include important covariates in the analysis. In subsequent prospective studies, we will definitely acquire this information together and include it in the analysis and interpretation.

In addition, the Cronbach's alpha value of PROVE-MC, which measures mentalization, is 0.68, which is lower than 0.7. Therefore, the reliability is thought to be relatively low. We will revise the scale in the future to increase its internal consistency.

The last one is that the relationship of resilience was investigated only with cortisol response as a biomarker. Although there are several resilience-related biomarkers, such as heart-rate variability, neuroinflammation, epigenetic changes, and genetic polymorphisms, they are not used in clinical practice due to a lack of integrated information (22, 66–69). In future studies, it is necessary to evaluate resilience with more multi-faceted relevant biomarkers.



CONCLUSION

In this study, the relationship of resilience with ACE, attachment, mentalization capacity, and salivary cortisol response was comprehensively explored in participants with various levels of depression risk. Resilience is negatively affected by disorganized attachment and mentalization failure, and improving these factors can lead to the enhancement of resilience. In addition, the advance in mentalization may ameliorate depression in people with ACEs. With respect to biological factors, post-awakening cortisol concentration blunted AUCg is associated with low resilience, high depressive symptoms, and high vulnerability factor scores. It is worth verifying the possibility of biological markers through a more precisely designed study.
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Age, mean (SD) 387 (10.26) 32.9(6.26) 309(8.11) 5357 0007
Sex 1051 0005
Male, n (%) 8 (40%) 17 (66.7%) 3(13%)
Female, n (%) 12 (60%) 13 (43.3%) 20(86.7%)
Occupation 3325 0505
Presence, n (%) 13 (65%) 24 (80%) 14 (60.9%)
None, n (%) 3(15%) 4(13.3%) 4(17.4%)
Student, n (%) 4(20%) 2(6.7%) 5(21.7%)
Psychiatric disease history 8574 0014
Presence, n (%) 16%) 11(28.3%) 10 (43.5%)
None, n (%) 19 (95%) 24 (76.7%) 13 (66.5%)
PROVE-DS 4.4.(2.98) 21.7 (7.01) 3157 (7.39) 88955 <0001
PROVE-SR 0.7 (1.34) 2.67(1.9) 68(5.18) 15.536 <0001
PROVE-KRQ 208.1 (23.15) 1748 (21.77) 166.22 (25.73) 10.89 <0001
PROVE-ACE 1225 (0.22) 30.6(17.34) 4052 (22.04) 9.451 <0001
PROVE-MC 21 (695) 265 (6.55) 32.48(7.22) 18.055 <0.001
PROVE-AAT-anxiety 19.35 (8.57) 3353 (8.93) 4235 (12.76) 19.174 <0001
PROVE-AAT-avoidance 30.4(8.98) 32.43(7.9) 4061 (7.99) 6.467 0.003
Attachment type 29.435 <0001
Stable 16 13 3
Aniety 0 10 5
Avodance 3 1
Disorganized 1 6 12

Analysis of variance was performed on the differences in age by group, and chi-square analysis was performed for group-specific iferences in other categorical veriables. Analysis of
covariance was done for the differences in PROVE sub-scales with covariates of age and sex. SD, standard deviation. PROtective and Vulnerable factors battEry questionnaire; DS,
depressive symptomatology; SR, suicide risk; KRQ, Korean resilience quotient; ACE, adverse chihood experience, MC, mentalization capacity problem; AAT, adilt attachment type.
“p < 0.05, *'p < 0.01, ***p < 0.001.
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